Distribution of the Surface Chlorophyll a along the Course

of the Fui1 to and from Antarctica in 1979-1980
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Abstract: The measurements of chlorophyll a concentration in the surface sea
water were carried out at 216 stations along the route of the icebreaker Fuii from
November 1979 to April 1980. This observation was conducted as a part of the
routine works of marine biological program of the Japanese Antarctic Research
Expedition (JARE).

The geographical distribution of chlorophyll a resembled the results obtained
by the previous JARE investigators. High chlorophyll a concentrations were
observed in the Southern Ocean and also in the areas adjacent to the landmass.
In the Southern Ocean, the chlorophyll a concentration fluctuated from 0.06 mg/
m? to 2.89 mg/m®. The chlorophyll a was high and fluctuated particularly near
the Subtropical Convergence, the Australasian Subantarctic Front, the Ant-
arctic Convergence and in the pack-ice region along the Antarctic coast.

To study the distribution of chlorophyll a and its correlation to the oceanog-
raphical conditions, a two-hour interval observation was carried out from 34°S
and 60°S along 110°E on the southward leg. The more detailed information on
chlorophyll a distribution was obtained, although the data are still insufficient to
explain clearly the relation between them.
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1. Introduction

The investigation of chlorophyll a distribution in the surface water along the cruise
track of the icebreaker Fuir has been carried out as a part of the routine works of the
marine biological program of the Japanese Antarctic Research Expedition (JARE).

The present author made the determination of the concentration of surface chloro-
phyll a during November 1979 to April 1980 (JARE-21). FukucHiI (1980) discussed
the regional distribution of surface chlorophyll a along the route of the Fu based on the
data acquired by the JARE biologists between 1965 and 1976. In his report, however,
he gave the averaged figures of chlorophyll a concentration with the large standard
deviation in the regions covering both Subtropical and Antarctic Convergences. There-
fore, to obtain more detailed information on the chlorophyll a distribution the present
author undertook a close interval observation of chlorophyll  in this region.

2. Materials and Methods

The water sampling was ordinarily made two or three times a day. However, the
sampling was carried out at two-hour intervals between Fremantle and 60°S along
110°E. A total of 216 stations were dealt with throughout the present work.

The surface water was sampled with a plastic bucket and was filtered through a
Whatman GF/C glass fiber filter (¢ 47 mm) under reduced pressure. The chloro-
phyll a concentration was determined by the colorimetric method of UNESCO (1966)
using a HITACHI model 101 spectrophotometer on board. The values of chlorophyll
a and basic information on the sampling sites are listed in Appendix 1. Physical and
chemical oceanographic data cited in the present report were obtained by Messrs.
M. MinE and K. MATtsumoTo, who were the oceanographers of JARE-21.

3. Results and Discussion

The observation was started on 23 November 1979 in the western part of the North
Pacific and discontinued on 14 April 1980 near the Okinawa Islands (Fig. 1). As the
Fuir called at Cape Town on her return voyage, the present cruise track was rather
similar to those of JARE 7-16 than JARE 17-20.

Though the present results were obtained by the observations extending over a
period of five months from start to end, it is assumed that they represent regional chloro-
phyll a values along the cruise track.

3.1. The sea areas other than Indian and Antarctic Oceans (Stns. 2-17 and 197-216)
The chlorophyll @ concentrations were in a range of 0.02-0.27 mg/m?® in the western
North Pacific and 0.06-0.22 mg/m? in the South China Sea. High chlorophyll a con-
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Fig. 1. The distribution of chlorophyll a along the cruise track of the FuUJI in 1979-1980.
Concentration of chlorophyll a is shown by a solid line. Nuniterals indicate serial
numbers of sampling stations.

centrations were observed in the Celebes Sea (0.17-0.41 mg/m?®) and the Malacca Strait
(0.14-0.76 mg/m?®). The high value of 0.76 mg/m® was observed at Stn. 200 in the
Malacca Strait on the homeward route. The distribution pattern of chlorophyll a
observed in the areas agreed with those reported by previous JARE investigators.

3.2. Eastern part of Indian Ocean (Stns. 18-26)

Chlorophyll a concentrations of the present work were 0.06 to 0.17 mg/m®. In
general, chlorophyll a concentrations seem to be less than 0.20 mg/m? in this area, as
reported by HUMPHREY (1966) and the previous JARE investigators, except only two
results of 0.43 mg/m® by OHyaMA and MAYAMA (1976) and 0.37 mg/m® by FukucHI
Q977).

3.3. From Fremantle to 60°S along 110°E (Stns. 27-105)
The distributions of the surface chlorophyll @, water temperature and salinity
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between 34°S and 60°S along 110°E are shown in Fig. 2. The Subtropical Convergence
(STC) zone was located between 37°00’S and 38°30’S (from Stns. 40 to 44) and the
Antarctic Convergence (AC) was situated at about 51°40’S near Stn. 83. The Australa-
sian Subantarctic Front (ASF) (GorpoN, 1972) was recognized near Stn. 73, 48°S
between the STC and the AC, where the surface water temperature and salinity changed
abruptly (Fig. 2).

The chlorophyll a concentration was less than 0.12 mg/m?® between Stns. 27 and 38.
It increased to 0.25 and 0.27 mg/m?® at Stns. 39 and 40 of the north edge of the STC
zone. Butitdecreased to 0.13 mg/m?3 at Stn. 41 in the middle of the STC zone, followed
by an increase to 0.24 mg/m?® at Stn. 42. At the south edge of the STC zone, Stn. 44,
it decreased again to 0.12 mg/m®. Though the increase of chlorophyll a in the northern
part of the STC zone had been shown by previous JARE data, it was difficult to clarify
the relation of the surface chlorophyll a distribution to the oceanographical conditions
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Fig. 2. The distributions of the surface chlorophyll a, water temperature and salinity
between 34°S and 60°S along 110°E (STC zone: Subtropical Convergence zone,
ASF: Australasian Subantarctic Front, AC: Antarctic Convergence, Chl. a (@):
Chlorophyil a, T (O): Water temperature, S (R): Salinity).
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due to the scarcity of data on their vertical distributions and also the distant intervals of
surface observation stations as mentioned by KURODA (1978). The chlorophyll a
distribution around the STC obtained by the present two-hour interval observation
agreed with the results reported by PLANCKE (1977) based on the one-hour interval
observation in the sea around the Kerguelen Islands.

The chlorophyll a concentration was in the range of 0.12 to 0.16 mg/m?® from Stns.
45 to 57. After a marked increase of chlorophyll a between Stns. 57 and 60, it main-
tained the high values between 0.22 and 0.26 mg/m?® till Stn. 70. The water tempera-
ture decreased gradually from Stns. 45to 70. Although remarkable decreases of salinity
were found at Stns. 45 and 67, the salinity was stable at other stations between Stns. 45
and 70. However, the correlation between the chlorophyll a distribution and the water
temperature and also the salinity in this region was not detected.

The water temperature and the salinity decreased markedly from Stns. 70 to 83,
where the ASF is. The chlorophyll a fluctuated remarkably around the ASF. Namely,
it was 0.25mg/m?® at Stn. 70 and it reached 0.37 and 0.38 mg/m?® at Stns. 71 and 72 and
decreased again to 0.27 mg/m? at Stn. 73.

Between the ASF and AC (Stns. 74 to 83), the chlorophyll a concentration was low
and fluctuated slightly in the range of 0.10 to 0.20 mg/m®. The water temperature con-
tinued to decrease but the salinity was stable in this region. The correlation of the chlo-
rophyll a to the water temperature and the salinity was not also clear.

As stated above, the AC was situated between Stns. 83 and 84, where the chloro-
phyll @ increased abruptly to 0.41 mg/m?® (Stn. 84). The water temperature decreased
but the salinity increased at the AC. From the AC to 60°S, the water temperature de-
creased gradually. The chlorophyll @ concentration was high (0.19 to 0.46 mg/m?)
in this region. The chlorophyll a and the salinity fluctuated from place to place.

3.4. Along the Antarctic Continent (Stns. 106-137)

The distributions of chlorophyll g, water temperature and salinity along the Antarc-
tic Continent are given in Fig. 3. The chlorophyll a varied in a wide range from 0.06
to 2.89 mg/m® between Stns. 106 and 137. The water temperature and the salinity also
varied widely. Between Stns. 115 and 120 and between Stns. 135 and 137, the chloro-
phyll a concentration was low and did not fluctuate. From Stn. 106 to Stn. 114 and
from Stn. 121 to Stn. 134, the chlorophyll a concentration was high above 0.26 mg/m?®
and fluctuated remarkably. In particular, it fluctuated extremely within a short distance
from Stn. 123 (65°36°S, 49°18’E) to Stn. 131 (68°23’S, 38°51'E), which was a pack-ice
region. Extreme fluctuation of the water temperature and the salinity also occurred
in the short distance.

High values of phytoplankton biomass in the pack-ice region were mentioned by
many investigators. Some of them ascribed the high biomass to the ice algae released
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Fig. 3. The distributions of the surface chlorophyll a, water temperature and salinity
along the Antarctic Continent (Chl. a (@): Chlorophyll a, T (O): Water temperature,
S (W): Salinity).

from ice floes. However, to elucidate the relation between the high chlorophyll a
concentration and the ice algae, detailed and sequential investigations should be under-
taken.

3.5. From Antarctic Ocean to Cape Town (Stns. 138-158)

The distributions of chlorophyll a, water temperature and salinity between Stn.
138 (65°50’S, 03°55’E) and Cape Town are shown in Fig. 4. The intervals between
sampling stations on the northward leg, three times a day, were not close enough to
make a comparison between the data of the southward leg and those of the northward
leg. It is difficult to discuss the presence of such discontinuity in surface water as the
ASF. However, it is possible to outline the chlorophyll a distribution and its relation
to the changes in water temperature and salinity. The Antarctic Convergence and the
Subtropical Convergence zone were presumably situated at about 50°S and between
41°S and 42°S.

The chlorophyll a concentration was high above 0.69 mg/m? between Stns. 138 and
140 but it decreased at Stns. 141 and 142 (0.14 and 0.12 mg/m?®) and then increased
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Fig. 4. The distributions of the surface chlorophyll a, water temperature and salinity in a
transect between Antarctic Ocean and Cape Town (STC zone: Subtropical Con-
vergence zone, AC: Antarctic Convergence, Chl. a (®): Chlorophyll a, T (O): Water
temperature, S (B): Salinity).

toward the AC, where it was 0.55 mg/m®. Between the AC and the STC, the chloro-
phyll a concentration was in the range of 0.15 to 0.21 mg/m®. In the northern part of
the STC zone, it became high (0.38 mg/m? at Stn. 153) again. Toward north from the
STC, it decreased gradually.

In general, the chlorophyll a concentration of the northward leg was lower than the
southward leg.

3.6. Western and northern parts of Indian Ocean (Stns. 159-195)

The chlorophyll a concentrations were low (0.03-0.12 mg/m?) in the regions. The
high concentration of chlorophyll @ was found in the restricted part of the coastal water
such as the vicinity of Cape Town. The present result coincided with those of the pre-
vious JARE investigators.

Acknowledgments

The author wishes to express his gratitude to Prof. K. Kizaki, Ryukyu University,
leader of JARE-21, and Prof. S. KAwaAGucCHI, National Institute of Polar Research,
leader of the wintering party of JARE-21, for their kind support in the on board opera-



42 Atsushi TANIMURA (EEER

tion. The author wishes to express his thanks to Prof. T. HosHiAr and Dr. M. FUKUCH],
National Institute of Polar Research, for their valuable advice and critical reading of the
manuscript. Thanks are also due to Dr. K. Nasu of Far Seas Fisheries Research
Laboratory for his valuable comments on this study. Finally, the author is indebted to
Messrs. M. MINE and K. MaAaTtsumoto, Hydrographic Department, Maritime Safety
Agency, for their kindness in providing the unpublished data and cooperation on board.

References

FukucHi, M. (1977): Chlorophyll-a content in the surface water along the course of the Fui to and
from Antarctica in 1976-1977. Nankyoku Shiryd (Antarct. Rec.), 60, 57-69.

FukucHi, M. (1980): Phytoplankton chlorophyll stocks in the Antarctic Ocean. J. Oceanogr. Soc.
Japan, 36, 73-84.

GORDON, A. L. (1972): Introduction: Physical oceanography of the southeast Indian Ocean. Ant-
arctic Oceanology II, ed. by D. E. Hayves, Washington, D. C., Am. Geophys. Union, 3-9 (Antarct.
Res. Ser. 19).

HuMmPHREY, G. F. (1966): The concentration of chlorophylls a and c in the south-east Indian Ocean.
Aust. J. Mar. Freshwater Res., 17, 135-145.

KuUroDA, K. (1978): Distribution of chlorophyll-a contents in the surface water along the course of
the Fuji to and from Antarctica in 1972-1973. Nankyoku Shiryd (Antarct. Rec.), 61, 65-74.
OHYAMA, Y. and Mayama, T. (1976): Chlorophyll-a contents in the surface water observed during
the relief voyage of Fuii to Syowa Station, Antarctica, in 1975-1976. Nankyoku Shiryd (Antarct.

Rec.), 57, 115-122.

PLANCKE, J. (1977): Phytoplankton biomass and productivity in the Subtropical Convergence area
and shelves of the western Indian subantarctic islands. Adaptation within Antarctic Ecosystems,
ed. by G. A. LLaNo, Washington, D. C., Smithonian Inst., 51-73.

UNESCO (1966): Determination of Photosynthetic Pigments in Sea Water. Paris, UNESCO, 69 p
(Monographic Methodology, 1).

(Received December 27, 1980, Revised manuscript received January 13, 1981)



No. 72. 19817 Distribution of Chlorophyll 2 along the Course of the Fuit in 1979-80

Appendix 1. Chlorophyll a contents and water temperatures obtained during the relief

voyage of the FuUJI to Syowa Station, Antarctica, in 1979-1980.

STATION NO. DATE TIME LATITUDE | LONGITUDE |CHLOROPHYLL=~A| WATER TEMP,
1979
1 NQVs 23 0802 27 23 4 135 53 E T In 2446
2 1800 25 18 134 55 Gel 4 2543
3 24 08o¢c 22 29 133 35 Ge52 2445
4 1800 20 28 132 46 0.C6 27.3
S 25 0809 17 33 131 29 0405 2749
6 180¢ 15 39 130 29 0.0¢ 2540
7 26 0800 12 43 126 14 0,05 281
8 170¢ 10 48 128 22 3,905 2345
L 27 0800 7 35 127 8 00t 2840
10 18632 5 22 125 46 .02 289
11 28 880¢ 2 60 122 46 C.27 2645
12 180¢C 1 55 121 7 Ce25 2342
13 25 0800 0 3 119 28 0.23 2247
14 1800 1538 118 49 G.20C 295
15 32 0803¢ 4 26 117 43 0.21 298
16 180¢ 6 10 116 47 0e41 296
17 CECe 1 0802 8 42 115 43 0.17 2941
18 180¢C 10 45 115 15 .14 253
19 2 080G 13 47 114 41 0.0¢& 2545
20 1800 15 59 114 10 0407 2845
21 2 osdc 18 56 113 42 0.07 27.1
2z 180¢ 21 2 113 17 [ 2643
23 “ 9800 23 45 112 45 0.10 23.6
24 180¢C 25 55 112 24 0409 2343
25 S 0800 28 36 113 11 0.08 21.2
26 180¢ 35 13 114 14 Ce9 2145
FREMA-TL
27 12 380¢ 33 51 11z 3 0.08 171
28 1090 33 57 111 50 0.0%8 17.0
29 1200 34 8 111 29 0.09 16.8
30 1400 34 18 111 10 0.06 17.5
31 1600 34 29 110 49 0.06 17.5
32 1800 34 41 110 29 0.08 17.1
33 2000 34 49 110 17 0.06 16.4
34 2200 3B 3 110 © 0.05 1643
3s 14 0000 35 24 109 60 0.08 16.3
36 0200 35 46 109 59 0.12 15.7
37 0400 36 8 109 59 0.08 16.1
38 0600 36 30 109 60 0.10 15.6
39 0800 36 51 110 0 023 15.2
40 1000 37 8 109 58 0.27 15.1

43
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE LONGITUBE |[CHLGROPHYLL=A| WATER TEMP,.
41 DEC. 14 1200 37 29 S 109 59 E O0el3 13.3
42 1400 37 49 110 o0 0e¢24 1447
43 1600 38 10 110 0 0s16 13.1
44 1800 38 28 110 1 0el2 1246
45 2000 38 41 110 o0 0«14 12.8
46 2200 39 2 109 59 0.12 1243
47 15 0000 39 24 109 59 0.15 12.3
48 0200 3¢ 35 109 58 O0e.l4 12.2
49 0400 40 6 109 59 0¢15 1201
50 0600 40 27 110 © 0e12 12.2
51 0800 40 48 116 1 Gel2 12.0
52 1000 41 2 110 3 0el2 11.6
53 1260 51 23 110 1 0e16 11.3
54 1405 4l &4 110 1 Gela 11.2
55 1600 4z 6 110 0 0.13 11e2
56 1500 42 26 109 o¢C 0.15 11.4
57 20090 42 39 110 2 0.13 11.3
58 2200 42 60 110 3 0.18 10.9
59 l1é 0000 43 21 110 0 0.22 10.8
50 020G 43 42 109 59 0.26 10.9
el 0400 44 3 109 58 0625 1049
62 04600 ' 44 25 109 59 0.22 10.6
63 0800 44 47 109 58 Ce26 10e6
64 1000 45 4 109 59 0.23 107
65 1200 45 26 110 © 0s21 1047
66 1400 45 4G 110 0 0+24 1047
67 1600 46 11 109 60 0023 10.5
68 1800 46 31 110 3 0e20 10.9
69 2000 46 49 110 1 De23 10.5
70 2200 47 9 110 4 0425 9.8
71 17 0000 47 28 110 5 037 8.8
72 0200 47 49 110 5 038 7s6
73 0400 48 10 110 4 0+27 6.2
74 0600 48 33 110 4 0,16 5.7
75 0800 48 55 110 4 0e12 5.8
76 1000 49 14 110 4 0.10 640
77 1200 49 37 110 3 O0el7 Se2
78 1400 49 58 110 1 010 4.8
79 1600 50 21 109 59 0e12 4e7
80 1800 50 42 109 58 0420 4.8
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Appendix 1 (continued).

STATION NOe DATE TIHE LATITUDE LONGITUDE |CHLOROPHYLL=A| WATER TEMP.
8l DECe 17 2000 50 55 S 110 0 E Deld 4.8
82 2200 51 18 110 ¢ 0413 448
83 18 0000 51 39 110 1 .13 444
84 0200 52 1 110 2 0441 32
85 0400 52 22 110 2 0426 32
g6 0600 52 43 109 59 0446 3.2
87 0300 53 4 109 58 0445 3.6
&8 100G 53 22 110 © 0429 2.8
a9 1200 53 44 110 1 032 3.0
S0 1430 54 5 110 @& 0.31 3.0
g1 1630 54 28 109 50 0.27 29
92 18C¢ S4 56 109 60 0.26 2.9
53 2030 55 7 11¢ 9 2429 3.0
94 22¢¢C 55 39 110 0 0.33 249
95 19 oo 55 5S4 119 ¢ Ge21 243
38 G26G¢C 56 17 110 8 Ge24 204
L2 GaCO 56 wd 105 59 0.22 2e4
38 U630 57 3 1¢5 58 0.23 le4
39 08850 57 24 109 57 0.24 le6
109 120¢ 57 44 103 56 0.23 1.1
101 123¢ 58 6 103 59 0+13 15
102 1400 58 27 11y 8 0.23 1.0
103 1680 58 53 109 60 027 Ce8
104 1800 56 13 109 59 G.38 Se?
105 2000 53 29 109 59 0425 1.3
106 20 0300 60 14 106 40 0e27 0+
107 1400 60 28 164 39 0435 0e6
103 1800 60 37 103 16 0433 1.1
109 21 0800 61 3 98 1 0457 0.7
110 1400 61 5 95 54 029 0.3
111 1800 61 4 34 55 0e67 0e7
112 22 0800 61 42 89 54 0469 0.2
113 1400 61 50 87 37 0,35 0.0
114 1800 62 2 86 8 0.+26 =0e2
115 23 0800 62 25 80 40 0406 =0e3
116 1400 62 37 78 38 0406 «0s1
117 1800 62 44 77 4 0407 =001
118 24 0800 63 11 71 33 0407 0+0
119 1400 63 21 69 22 0409 0.0
120 1800 63 36 68 2 0419 =0e7
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Appendix 1 (continued).

STATION NO, DATE TIME LATITUDE | LONGITUDE )CHLOROPHYLL-A| WATER TEHP,
121 DEC. 25 0753 63 54 S 61 60 € 0.84 -0e3
122 26 0740 64 20 55 60 0465 0el
123 27 0800 65 36 49 18 1,01 1.1
124 1200 65 48 48 22 1.83 -03
125 28 1800 65 20 47 17 1.64 1.1
126 29 0800 65 27 43 21 l1.92 0e3
127 1200 66 S 42 4¢ 6.98 244
128 1800 67 6 41 38 1.65 : 3.t
129 30 0800 68 10 40 1 2464 -ls1
130 1200 68 20 39 35 2.89 0.9
1CE EOCGE UFF SYUWA STATION

1980

131 FEB, 11 2249 68 23 33 5 0,384 0,3
132 12 0600 67 49 33 35 1.03 0.1
133 1300 67 40 30 27 0673 0.7
134 1800 67 33 27 1¢ 1.1e 0.6
135 13 0&090 67 13 17 52 [ 0.4
136 1309 67 6 14 52 0.22 0e6
137 1800 67 © 11 45 0.23 0.2
138 14 0500 65 50 3 55 0,79 0.4
139 1300 64 42 2 52 .67 049
140 1500 63 34 2 6 C.71 1.5
141 15 0£00 60 14 2 & Caln 1.0
142 13900 59 2 2 1a Ga12 0.9
143 1300 57 50 z > 0.23 049
144 16 0800 54 33 3 10 D.18 1.2
145 1300 53 30 313 9.33 la4
146 1800 52 36 3 1e 0.20 2.4
147 17 0800 50 36 3 & 9,39 4.2
148 1300 49 49 4 23 0455 443
149 1800 48 52 5 26 t.18 5.9
150 18 0800 46 1 8 19 Q.15 843
151 1300 45 3 9 14 2,18 8.8
152 1809 44 4 10 13 0,21 9.5
153 19 0800 41 15 12 46 0.38 1444
154 1300 40 13 13 4G 0.37 1648
155 1800 39 18 14 25 0,19 1845
156 20 0300 36 55 16 3 0.08 2041
157 1300 36 8 16 36 0.11 2048
158 1800 35 24 17 2 0408 21.0
CAPE TOWN

159 29 1800 34 30 18 12 0.23 2049
160 MAR. 1 0800 36 44 19 46 0429 19.7
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE LONGITUDE |CHLOROPHYLL-A] WATER TEMP.
16l MARe 1 1800 36 51 S 22 16 E 0.09 2443
162 2 0800 36 39 25 50 0,11 2345
163 1800 36 32 28 48 0.09 23.5
164 3 0800 35 56 32 39 0.09 2347
165 1800 34 41 34 45 0.08 2545
166 4 0800 33 4 37 38 0.10 2545
167 1800 31 51 39 39 0.11 2545
168 5 0800 30 17 42 20 0.07 2542
169 1800 27 4 44 18 0.06 2642
170 6 0800 27 24 46 56 0.07 2645
171 1300 26 21 48 3e .07 262
172 7 08C0 24 5% 50 56 0.06 2667
173 1800 24 5C 52 ¢ 0.10 2649
174 8 0833 22 59 53 2¢ 0.05 2646
175 1200 22 1 54 5% 0.07 27.1

PCRT LOUIS

176 17 1403 19 35 58 3¢ C.04 29.0
127 lE fo=Yelo 18 40 61 & 0.04 276
178 1883 18 16 62 57 0,03 745
179 13 9802 18 7 65 42 .03 27.4
180 1800 16 51 67 11 8.04 2862
181 2¢ 0c00 15 17 69 & .06 22e7
182 1803 14 2 70 35 J.C5 2Ce9
183 21 0aao 12 23 72 40 0.05 2844
134 1400 11 24 73 47 0.04 29.3
i85 22 0800 9 47 75 52 0.07 28.4
186 1800 8 31 77 22 0.05 29.0
187 23 0300 6 43 79 28 c.08 29.1
188 1800 5 29 80 57 0.07 2945
189 24 0800 3 47 83 2 0.07 29.4
190 18230 2 33 84 35 0.07 29.6
191 25 0800 0 51 86 32 0.06 292
192 1800 0 24 N gg 2 0.064 32.1
193 26 0800 2 0 89 56 0.09 2946
194 1800 312 91 20 0.05 3040
195 27 08600 4 55 33 24 0.12 29.7
196 1800 6 9 94 53 0.09 29.9
197 28 0800 5 35 97 27 0.19 2947
198 1800 4 42 98 48 0.14 29.6
199 29 08090 342 100 20 0.53 2946
200 30 1800 2 33 101 28 0.76 29.6

47
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE . LONGITUDE |CHLOROPHYLL=A| WATER TEMP.
201 MAR. 31 0800 1 7N 103 33 E 0e68 2947
SINGAPORE
202 APRs 7 1800 1 48 105 22 0e22 2946
203 8 0800 3 8 108 19 0013 2862
204 1800 5 3 109 25 0e14 2843
205 9 0800 7 47 110 56 0409 2841
206 1800 9 14 111 52 010 2848
207 10 0800 11 56 113 31 0.07 28.0
208 1800 13 38 114 58 0.07 2834
209 11 0800 15 47 117 14 0.08 2842
210 1800 17 18 118 52 0406 30.3
211 12 0800 19 36 121 7 0426 2743
212 1800 21 3 122 26 0.10 273
213 13 0800 23 39 123 21 Oell 25.9
214 1800 25 8 124 13 0.18 2543
215 14 0800 26 58 126 28 0.22 255
216 1800 28 10 127 49 027 23.3

(FImERt



