Vertical Distribution of Chlorophyll a in the Indian
Sector of the Antarctic Ocean in 1972-1973
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Abstract: In the Indian sector of the Antarctic Ocean, vertical distribution
of chlorophyll @ down to a depth of 500 m was investigated. The observations
were carried out as part of the marine biological programs of the 14th Japanese
Antarctic Research Expedition at six stations on the southward leg of the Fusi
between 38° and 60°S along 105°E, two stations south of 60°S in December 1972,
and at nine stations on the northward leg between 67° and 35°S along 15°E in Feb-
ruary and March 1973. High surface chlorophyll ¢ contents and the remarkable
subsurface maximum of chlorophyll @ were distributed in the Antarctic water on
the southward leg. Integrated chlorophyll @ stocks in a 0-250 m water column
were in the range of 17-129 mg/m*® and high values were found in the Antarctic
water on the southward leg. The enhancement of chlorophyll « in late December
seems to coincide with the blooming season of phytoplankton in the Antarctic
water. The integrated stocks of chlorophyll @ in the euphotic zone were in the
range of 8-43 mg/m?. A large amount of chlorophyll @ contents below the eupho-
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tic zone were distributed mainly in the Antarctic water. Positive correlations
among surface chlorophyll a contents, subsurface chlorophyll a contents and in-
tegrated chlorophyll a stocks were found.

1. Introduction

The surface distribution of chlorophyll a in the Indian sector of the Antarctic
Ocean was investigated as part of the marine biological programs of the 14th Japanese
Antarctic Expedition (JARE) in 1972-1973 (KurobpA, 1978). Surface distributions
of chlorophyll pigments in the present area have been studied by the JARE members
since 1965 (FukucHi, 1980). However, there were few data about the vertical distri-
bution of chlorophyll a pigment that may contribute to the estimation of the primary
standing crops and production.

The present paper describes the vertical distribution of chlorophyll a pigment
obtained on the 14th expedition in order to clarify the distributional properties of
chlorophyll a in relation to oceanographical structures and to obtain basic data for
estimating the standing crops of chlorophyll @ in the Antarctic Ocean.

2. Materials and Methods

Vertical observations were carried out at six stations between 38° and 60°S along
105°E longitude and two stations in the Antarctic water south of 60°S on the south-
ward and westward legs to Syowa Station (69°00’S, 39°35'E) during a period from
December 18 to 28 in 1972. Furthermore, between February 27 and March 7 in
1973 about two months later than the former legs, nine stations were occupied on the
northward leg between 67° and 35°S along 15°E longitude (Fig. 1). At each station
physical and chemical oceanographic observations were carried out (SuGITA and
IwaNAGA, 1974). In addition, color of sea (Forel scale) and transparency (Secchi
disc readings) were observed (Appendix 1).

Water samples of 250 m/ at 15 layers down to the 500 m depth excluding the sur-
face water were collected by Nansen bottles. The surface water was sampled by a
plastic bucket. The chlorophyll @ and phaeophytin contents were measured with a
fluorometer on board the icebreaker Fuii as described in KuropaA (1978). The pig-
ment ratio was calculated as the percentage of chlorophyll a to the sum of chlorophyll
a and phaeophytin. The sampling depths were estimated by wire length and angle
(Appendix 1). The integrated chlorophyll a stocks in the euphotic zone and in the
water column down to 250 m were calculated. Three times the Secchi depth is em-
ployed as an estimated value of the euphotic depth.
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Fig. 1. Vertical profiles of chlorophyll a and euphotic depths (W) at 17 stations observed
during a period from December 1972 to March 1973.

3. Results and Discussion

3.1. Sectional distributions of water temperature, chlorophyll a and pigment ratio
3.1.1. Along 105°E on the southward leg in late December

As seen in Fig. 2 (upper), there are two convergence zones, that is, the Subtropical
Convergence (STC) and the Antarctic Convergence (AC). Accordingly, there are
three typical water masses; the Subtropical water, the Subantarctic water and the Ant-
arctic water. While the Subtropical water was stratified in the upper 100 m layer,
vertical mixing of water was developed well in the Subantarctic water. In the Ant-
arctic water, there was a remarkable minimum layer of water temperature between
80 m and 150 m.

A weak subsurface maximum of chlorophyll a (0.37 mg/m?®) was found around
120 m at Stn. 2 in the Subtropical water, where the pigment ratio was as less as 31%
(Fig. 2, middle and lower). This may show the low activity of phytoplankton. At
Stn. 5 in the Subantarctic water, there was a marked subsurface maximum of chloro-
phyll a(0.70mg/m?®) around 158 m where the pigment ratio was 79%. This may indicate
the high activity of phytoplankton. The subsurface chlorophyll ¢ maximum there
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Fig. 2. Sectional distributions of water temperature (°C, upper), chlorophyll a (mgim?,
middle) and pigment ratio (%, lower) along 105°E longitude on the southward leg
between 18 and 24 December 1972. STC: Subtropical Convergence, AC: Antarctic
Convergence.

appeared deeper than the euphotic depth. This phenomenon may be closely related
to the effect of remarkable vertical mixing. From north to south toward AC, the
chlorophyll a stocks in the upper 100 m layer increased remarkably. A conspicuous
subsurface chlorophyll ¢ maximum (1.0-1.3 mg/m?®) was distributed between 30 and
80 m in the Antarctic water where pigment ratios were high in the range of 67 to 99%.
In the upper layer above this subsurface maximum, chlorophyll a contents were high
in the range of 0.6 to 1.0 mg/m?® and the pigment ratios were also high more than 90%.
Phytoplankton may have been in full bloom.

In general, it is clear that the chlorophyll a contents as well as the pigment ratios
tended to increase from north (Subtropical water) to south (Antarctic water). As
one of the characteristics of vertical chlorophyll a distribution, a considerable amount
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of chlorophyll a pigments were distributed below 150 m in the Antarctic water, especially
at Stn. 6 near the Antarctic Convergence (Figs. 1, 2). This may be a peculiar phenom-
enon of chlorophyll a distribution in the Antarctic water.

3.1.2. Along 15°E on the northward leg in February-March

While the general features of oceanographic structure were similar to those in the
105°E section (Fig. 3, upper), the STC was strongly formed with a notable change of
water temperature (KUuroDA, 1978).

In the Subtropical water, the subsurface chlorophyll ¢ maximum (0.45 mg/m?)
was distributed around 50 m at Stns. 30 and 32 and the pigment ratios were in the range
of 40 to 50% (Fig. 3, middle and lower). The chlorophyll a content of the maximum
layer was higher and the depth of the layer was shallower than that in the 105°E sec-
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Fig. 3. Sectional distributions of water temperature (°C, upper), chlorophyll a (mg/nt®,
middle) and pigment ratio (%, lower) along 15°E longitude on the northward leg
between 27 February and 7 March 1973. STC and AC as in Fig. 2.
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tion. On the other hand, no subsurface maximum layer was found in the Subantarctic
and Antarctic waters. Consequently, the pattern of chlorophyll a distribution in the
15°E section was remarkably different from that in the 105°E section (Fig. 2).

The chlorophyll a contents in the upper 50 m layer were 0.2 to 0.3 mg/m? in the
Subtropical water, 0.2 to 0.5 mg/m?® in the Subantarctic water and 0.1 to 1.0 mg/m?
in the Antarctic water. Compared with the contents observed in the 105°E section,
the contents in the Antarctic water in the 15°E section were remarkably low, and there
were only three stations (Stns. 16, 18 and 22) where the contents above 0.5 mg/m® ap-
peared. Also, the pigment ratios were lower than 90%. It is considered that this
phenomenon is related with the seasonal periodicity of phytoplankton production
(HART, 1942; HASTLE, 1969); phytoplankton is in bloom in late December on the
southward leg, whereas phytoplankton is decaying in early March on the northward
leg as discussed by KurobpA (1978) and FukucHI (1980).

3.2. Distribution of the integrated chlorophyll a stocks

The integrated chlorophyll a stocks in the water column between the surface and
the 250 m depth varied from station to station in the range of 17 (Stn. 20) to 129 mg/m?
(Stn. 6). The chlorophyll a stocks were generally high in the Antarctic water, espe-
cially in late December (Fig. 4).

The chlorophyll a stocks in the euphotic zone were in the range of 8 to 43 mg/m?.
The maximum stock was measured at the southernmost station (Stn. 17). In the
Subtropical water, the stocks on the northward leg (23 and 24 mg/m®) were higher
than those on the southward leg (17 mg/m?). In the Subantarctic water, the stocks
on the northward leg (17 and 20 mg/m?) were also higher than those on the southward
leg (13 and 15 mg/m?). On the other hand, in the Antarctic water, the stocks on the
northward leg (8 to 43 mg/m?*; mean, 21 mg/m?*) were lower than those on the south-
ward leg (22 to 36 mg/m?; mean, 28 mg/m?). Difference between the two legs in the
integrated chlorophyll a stocks is considered to relate with the seasonal periodicity of
phytoplankton as discussed above.

According to EL-SAYED and TURNER (1977), the integrated chlorophyll a stocks
in the euphotic zone (to the depth where light intensity is 1% of surface intensity)
in the Antarctic water were 13 to 15 (mean: 14) mg/m?® at 150°E longitude in March—
May 1969, 11 to 44 (mean: 21) mg/m? in November 1970-January 1971 in the same
area as the present southward and westward legs and 5 to 21 (mean: 13) mg/m® at
170°E longitude north of the Ross Sea in January—February 1972. These values seem
to be lower than the present values, while the direct comparison leaves a question in
different sampling dates and areas. Therefore, chlorophyll a stocks among the three
sectors will be estimated in the future.
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Fig. 4. Distribution of the integrated chlorophyll a stocks in a 0-250 m water column and
in the euphotic zone.

The chlorophyll a stocks in the euphotic zone as well as in the water column below
the euphotic zone are extremely higher in the Antarctic water than those in the Sub-
tropical and Subantarctic waters (Fig. 4). This indicates that a large amount of chloro-
phyll a pigments below the euphotic zone are distributed in the Antarctic water. The
chlorophyll a pigments in phytoplankton transferred from the euphotic zone may be in
an active condition in waters below 2°C in the Antarctic. Generally, the vertical distri-
bution of chlorophyll a is under the large influence of the stability of water (OHwWADA,
1971). The transferring of chlorophyll a from the euphotic zone observed in the present
work might be related with high chlorophyll a stocks in the euphotic zone, vertical
mixing of water above the temperature minimum layer and effect of low temperature
on retarding decomposition.

3.3. Correlation between the surface chlorophyll 2 and the sub-surface chlorophyll a
The integrated chlorophyll a stocks in the euphotic zone and in a 0-250 m water
column and the subsurface maximum values are plotted against the surface chlorophyll
a contents (Fig. 5). Positive correlations among these values can be seen. The sur-
face chlorophyll a contents may be a good expedient for evaluating the chlorophyll
a stocks in the subsurface layer. Therefore, this fact may encourage the routine ob-
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Fig. 5. Relationships of integrated chlorophyll a stocks in 0-250 m water column (@) and
in the euphotic zone (2), or subsurface maximum of chlorophyll a (O) against surface
chlorophyll a contents.

servation of the surface chlorophyll a carried out by the JARE members every year
since 1965.
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Appendix 1. Data on chlorophyll a, phaeophyiin, pigment ratio, color of
sea and transparency observed in the Indian sector of the Antarc-
tic Ocean in 1972-1973.
Trans- Depth Chl. a Phaeo. Pigment

Stls’tc;.on lcl?caatle grr%de Position Coslgzg of pa{;x;cy (m)  (mg/m’) (mgms) ratio

(%)

2 1972 38°02’S 3 23 0 0.22 0.11 66
Dec. 18 109°05’E 10 0.23 0.11 68

1023 ~1240 20 0.23 0.11 67

30 0.23 0.12 66

40 0.24 0.31 44

50 0.25 0.34 43

60 0.27 0.42 39

65 0.30 0.14 68

84 0.32 0.13 71

107 0.32 0.36 47

126 0.37 0.83 31

177 0.04 0.11 24

212 0.03 0.08 26

0.01 0.06 14

283
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Appendix 1 (continued).
S DAFA poston COOrO parency Deph Chlje Phace PR
(%)
4 1972 45°03’S 3 22 0 0.23 0.10 70
Dec. 20 107°25’E 10 0.23 0.09 72
0850~0922 20 0.22 0.10 69
30 0.24 0.12 67
39 0.21 0.12 63
49 0.22 0.12 65
59 0.21 0.11 66
77 0.21 0.11 65
100 0.27 0.27 50
127 0.22 0.31 41
150 0.11 0.17 39
199 0.05 0.06 46
249 0.04 0.16 20
299 0.01 0.05 16
399 0.00 0.05 7
498 0.01 0.04 18
5 Dec. 21 48°51’S 3 20 20 0.37 0.11 78
0855~0930 104°47’E 30 0.37 0.15 71
40 0.26 0.08 77
50 0.27 0.07 79
60 0.42 0.05 90
82 0.37 0.15 72
106 0.38 0.10 80
134 0.38 0.12 77
158 0.70 0.19 79
212 0.19 0.25 43
249 0.03 0.08 25
299 0.02 0.07 23
399 0.01 0.04 25
498 0.02 0.05 25
6 Dec. 22 52°56’S 4 15 0 0.76 0.0s 94
0901~0929 104°51’E 10 0.70 0.08 90
20 0.76 0.05 94
30 0.86 0.09 91
39 0.93 0.13 88
49 0.99 0.09 92
59 0.93 0.01 99
82 1.31 0.63 67
106 0.31 0.25 56
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Pigment

Appendix 1 (continued).

St}st(;on lgcaatle Snmde Position Coslg; of p£;22<5:y D(ergt)h (%};l‘tm%) (fnhgj‘;%') ratio
(m) (%)

6 135 0.25 0.25 50
159 0.24 0.22 52

212 0.21 0.20 52

310 0.04 0.06 44

414 0.04 0.04 51

517 0.05 0.06 44

7 1972 57°29’S 5 11 0 0.85 0.00 100

Dec. 23 104°38’E 5 0.83 0.00 100

0931~1003 15 0.88 0.00 100

25 0.93 0.00 100

35 0.82 0.00 100

45 0.89 0.00 100

55 1.20 0.00 100

71 1.23 0.03 98

95 0.55 0.07 88

119 0.17 0.09 64

143 0.17 0.11 59

190 0.09 0.06 61

221 0.04 0.06 38

265 0.02 0.06 28

353 0.03 0.05 34

441 0.01 0.06 18

8 Dec. 24 60°26’ S S 10.5 0 0.64 0.02 97

0848 ~0918 101°57’E 10 0.62 0.00 100

20 0.63 0.00 100

30 0.94 0.00 100

40 1.05 0.01 99

50 0.73 0.04 95

60 0.49 0.30 63

74 0.36 0.14 72

99 0.16 0.15 51

123 0.10 0.11 47

148 0.03 0.05 33

197 0.02 0.05 27

235 0.02 0.06 24

282 0.01 0.04 21

376 0.02 0.04 29

470 0.01 0.05 13
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Appendix 1 (continued).
U AP positon  CTOT pancy Depth Obg Phace PRCY
(m) (%)
10 1972 61°25’S 4 15 0 0.49 0.06 89
Dec. 26 81°51'E 10 0.34 0.07 83
0916~ 0942 20 0.33 0.04 90
30 0.55 0.12 83
40 0.78 0.13 86
50 0.49 0.27 65
60 0.45 0.28 62
75 0.35 0.20 64
100 0.17 0.07 72
125 0.09 0.06 59
150 0.06 0.07 48
200 0.04 0.05 46
249 0.03 0.04 39
299 0.03 0.08 29
398 0.01 0.04 24
498 0.02 0.04 27
12 Dec. 28 62°31’S 3 23 0 0.25 0.10 91
0851~0918 63°29’E 10 0.20 0.05 81
20 0.21 0.06 78
30 0.28 0.05 8
40 0.32 0.09 79
50 0.62 0.11 84
60 0.82 0.20 81
74 0.63 0.58 52
99 0.32 0.16 66
124 0.18 0.14 56
246 0.02 0.10 16
296 0.03 0.08 25
394 0.03 0.06 32
493 0.02 0.07 19
17 1973 67°05’ S 5 15 0 0.81 0.14 86
Feb. 27 13°43’E 9 1.01 0.14 88
0930~1010 19 0.96 0.18 84
28 0.77 0.26 75
38 0.92 0.19 83
47 0.96 0.12 89
55 0.93 0.22 81
69 0.57 0.53 52
91 0.28 41

0.20
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Appendix 1 (continued).

Station Date and Color of LfaBS*  penth  Chl. @ Phaeo, Figment

No. local time Position sea pafgl)cy (m) (mg/m3) (mg/m?3) r(?%t)i)o
17 114 0.13 0.18 42
137 0.08 0.09 47
145 0.08 0.07 52
182 0.04 0.06 40
220 0.22 0.29 43
294 0.01 0.04 20
368 0.01 0.04 12
18 1973 63°21’S 4 12 0 0.48 0.08 86
Feb. 28 12°37’E 10 0.55 0.11 83
0940~1015 20 0.57 0.12 83
30 0.56 0.13 82
39 0.58 0.11 84
49 0.61 0.15 80
59 0.50 0.29 63
70 0.38 0.28 58
94 0.23 0.22 51
117 0.12 0.13 47
141 0.06 0.09 40
164 0.05 0.08 41
170 0.04 0.08 36
212 0.02 0.07 24
255 0.03 0.07 27
339 0.02 0.04 29
424 0.01 0.03 18
20 Mar. 1 59°52’S 3 16 0 0.14 0.05 72
0906~0940 12°53’E 10 0.17 0.05 78
19 0.16 0.04 80
29 0.14 0.07 69
39 0.15 0.06 72
48 0.17 0.05 77
58 0.11 0.06 65
70 0.08 0.06 58
93 0.06 0.06 51
116 0.06 0.07 46
139 0.05 0.06 45
185 0.02 0.04 30
197 0.01 0.04 21
236 0.01 0.04 24

315 0.01 0.03 28
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Appendix 1 (continued).
Sigion Daioand  posiion COIr O pureney  Dgpih (Chlg - phacs, Ui
%)
20 394 0.01 0.03 16
22 1973 55°49’S 5 11 0 0.53 0.09 85
Mar. 2 13°07’E 10 0.58 0.10 85
0909 ~0940 19 0.54 0.12 82
29 0.51 0.06 89
38 0.50 0.13 80
48 0.55 0.11 83
54 0.49 0.10 84
68 0.44 0.02 97
91 0.23 0.06 79
113 0.11 0.10 51
136 0.09 0.07 S5
181 0.04 0.06 41
231 0.04 0.05 44
277 0.02 0.06 26
369 0.01 0.04 26
462 0.01 0.04 19
24 Mar. 3 51°46’S 2 30 0 0.14 0.08 64
0859~0930 13°29’E 10 0.15 0.09 63
20 0.15 0.08 66
30 0.15 0.09 61
40 0.16 0.08 67
50 0.18 0.10 65
60 0.18 0.07 71
74 0.19 0.05 79
99 0.16 0.06 73
123 0.08 0.4 64
148 0.04 0.04 51
197 0.01 0.04 28
228 0.01 0.04 14
274 0.00 0.04 9
366 0.00 0.03 11
457 0.01 0.03 16
26 Mar. 4 47°37’S 3 24 0 0.21 0.06 77
0904~0946 13°43’E 10 0.26 0.05 83
20 0.20 0.07 75
30 0.20 0.09 69
40 0.24 0.11 68
50 0.25 0.13 66
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Appendix 1 (continued)

Color of Trans- Depth Chl. a Phaeo. Pigment

Station Date and

No. local time Position sea paz‘:]r;cy (m) (mg/m?) (mg/m?3) r(%fii)o
26 60 0.25 0.12 67
74 0.20 0.17 54
99 0.09 0.08 54
123 0.05 0.08 40
148 0.03 0.08 24
197 0.01 0.05 16
246 0.01 0.04 11
296 0.01 0.04 11
391 0.00 0.03 11
489 0.00 0.03 6
28 1973 43°34’S 4 16 0 0.46 0.40 53
Mar. § 15°14’E 10 0.40 0.31 56
0856~0934 20 0.45 0.39 54
30 0.47 0.39 55
40 0.31 0.33 48
50 0.26 0.36 43
60 0.29 0.34 46
74 0.19 0.25 43
99 0.11 0.24 31
123 0.06 0.11 33
148 0.03 0.06 31
197 0.01 0.04 17
293 0.00 0.03 11
391 0.01 0.04 27
489 0.00 0.03 7
30 Mar. 6 39°33’S 3 30 0 0.22 0.16 58
0851~0920 15°23’E 10 0.22 0.14 62
20 0.23 0.15 61
30 0.26 0.19 58
40 0.33 0.28 54
50 0.53 0.87 38
60 0.31 1.13 22
75 0.22 1.01 18
100 0.11 0.58 16
125 0.06 0.21 21
149 0.03 0.09 23
199 0.00 0.03 11
246 0.00 0.04 S
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Appendix 1 (continued).

Station  Date and Colorof _IfaDS"  penth  Chl @  Phaeo. rigment

No. local time rfosition sea pa{;n)cy (m) (mg/m?) (mg/m3) @’Ei)o
30 393 0.00 0.03 3
491 0.00 0.02 8
32 1973 35°10’S 3 27 0 0.24 0.11 69
Mar. 7 15°14’E 10 0.25 0.11 69
0857~0925 25 0.24 0.12 66
40 0.29 0.22 57
54 0.45 0.40 54
69 0.32 0.37 47
79 0.28 0.58 32
88 0.21 0.32 40
98 0.22 0.23 49
112 0.06 0.11 35
127 0.04 0.09 30
147 0.03 0.08 31
177 0.01 0.06 18
221 0.01 0.07 13
255 0.02 0.07 21
353 0.00 0.05 6

441 0.00 0.04 5




