
No. 18� 1963J (1545) 
On the Oceanographical Observation of the· 6th Japanese 

Antarctic Research Expedition (1961-1962) 

Yushiro KUGA* and Kunihiko WATANUKI** 

m 6t?Zffi1.iemu1:tovt01-;--·7
° 5' 7 /, 7.kimFs1. 

O)m�em!J0)*6*?7ZO) J: , tJ:$�7]\i��) G:ht-:. · 
1. �1roemu1: J: 0 t, 1!Mt:�1:1;t� < O)±�ii

t�iY> Gn -Cv'Q STC O)�rJ1VJ:�1tJJii�iY>G:ht-: 

JJi, 1iln:�1:1;t�lv,�1t°2'.'7F�i\ ttJm�tJJ\ 

tJ: i.J �tJ:,::>f.=tfFftfK lt-:. 7.kifill.0)�1tacbi i.J 

��-c vHJ: < , phosphate-P f ;J:ffifl 50 &cb t.= i.J 

c Ht Iv t·i�iY> G :h tJ: < tJ: i.J, l-1*vMs l 0JJdJ: 
i.J 1gJ$JJt0)1.f i-ci,r,�) G:ht.=. c :hv;t�@.10)7.l(tk 

O)�JJ\ 0 t-: Ct t 001;%-t 0 t 0) t ,ls¥,b:h 0. 

m 1 �7.ktl.r, .t3 J: -cttt�liti,r,J.Kw vl1.Ht t t m 

ti 50 JJtrgJ1-.-citJiY> G :ht.=. c 0) t � 0)7.l(ifill.v;t 2 
J.l rg J}. c 2b _; t.=. 2. 7° 1J ::,,;:z;;t77irJ1, /�'J 771 :::zv:-=c- 0 -c · 

*in! 33 J.lJ: i.J 49 }Jtf:bt-: i.J v:HJ'*f1H:fitJ: 0 

t-:�.�O):e-Jil,li \iji;l!Jtci: t' JJl Gtl5E � :h 01.l(O)l/J � v;t 50 m, 100 m, 150 m, 200 m O)�ifill.f,,iJJ; Gt?ZO) J: 

5 v:�.;z_G*10. 
�TifiJJ; G 50 m 1}tO)f�v ,$51-c v;t, 7 'J 71'J:1JJi 

4>4>tfill.JJ; <, CC v:*JJ\ Grnt-:v'7.kJJi}1r[hC Iv c 
v, 0. C :hvV](O)�l/J t ::kt$:�3&-t 0. 

lJJ\ l 100 m J: i.J t �v' t c 0-Cv;J:tr l 01fill. 
7Jl.\..- '7.kJJi*JJ\ G E§�imh -Cv' 0 J: 5 c 2b 0. 

7 'J 7 fP*in! 33 J.ttti1: ta 0 -c .t3 J: -=c- Go 7 1 
JL,fsi�AAc ffi::ltl: fifJ'.:0t-: F v 'Y �O) i\ta!f:v:J: 9 
. t, ffiJJ\ G::ltv:fi < i:tt0 -C®O)�JJiJ-'tJ: < tJ: i.J, 

� � 0) ;nLJJ i / J, � < tJ: 0 J: 5 c 2b 0 t.=. · i t-: ffi ** 65°49� *in! 49 °03' 11Jli0) r v ,y � 0)*!*1lGh 
t.= 2500 m O)Jre�q=,1:1;t®JJ1�<, C:hvH.Kwv::. 

J: 0 JiimH:: 5f--t t 0) t � .;z_ G h 0. 3. �Tifi7Ji7]( -c:mvht-=±t�-c O):e-Jil,li\ijif{!JO)t-tf 

*7]\ G, 7](0)TO)im1.kv;t::t-7
° :;,, � -O)±�i;-t � 

tJ: 0 ct 7]\i�iY> G ht.=. 7.l(v:�vht.=:1:t�-c vH� 
!IDJJl G 100m 1}t i c -l.8°C c [PJ t c 2b i.J, 100m 
11JliJJ; G��v:1.k1fill.0)�1tJJ1cl')Q. Chv:15'l l-C 
:t-7° :;,, � -O)±�i;-1:v;t�TifiJJl G?7Zmv:1ff.1fill.v:tJ: 
i.J, 0v, .. f1fill.&JJi..r.* L -CJJ\ G�-cYT� L--5Eillll' 

a1:tJ:0. 1m1.kO)m*�-1HitJ.kO)N!T-Cv;t:t- . 
f:;,, � -O)±�i;-J: i.J t 1�v ,1[1[ 2'.' 5f-l -Cv, 0. m::v � 
J=ifi"-c v;tf;t 0 � i.J t l t.:�vHJ:v '· 4. J.;--7° 5' 7 :;,,m1.fO)m*� 41.5 &11Jlia, 
11Mt:��*�:l:O)�,�v::twf.mLt.:t c 0 c 2b Q 

7JI, 1�M[�C C cfitJ: 0 t.::&Jjei;l!JO)t-\:lf!lH: J: Q 

t, 7.k1fill.0)�1t /;t 1l�c, nitrate-N, nitrite-N 
t JJdJ: i.J � < �t±l � ht.=. c O)i'&�-cvv.ktlO)� 
J!!,wcJJii:b0 t�.k.Gn0. 

* A*JT· m 1 tXlHYm 6 tX1¥iffi:!:-fu�iai;l!J�jt. m 2 tX, m 3 tXBz.-cYm 4 t?O'l���1UJl.jt. Japan Meteorological Agency. Member of the Japanese Antarctic Research Expeditions, 1956-57 and 1961-62. Officer of the SOYA for the Japanese Antarctic Research Expeditions, 1957-58, 1958-59 and 1959-60. 
** *�::k¥:1&�¥$1t¥�t�. m 6 tizmti:til!.�laiR!J�jt. Institute of Chemistry, College of General Education, University of Tokyo. Member of the J�panese Aiitarctic Research Expedition, 1961-62. 



28 Yushiro KUGA and Kunihiko WATANUKI (1546) [1¥fffi�;p/-

1. Introduction 

The 6 th Japanese Antarctic Research Expedition ship, the " SOYA ", left Tokyo 

on the 30 th of October 1961 and returned on the 17th of April 1962. Along the 

course to and from Antarctica, the amount of dissolved gases and nutrient matter 

in the sea water were observed. Sampling of the surface water was made daily at 

9: 30 local time during the cruise. And the determinations of temperature, dissolved 

oxygen, phosphate-P, silicate-Si, ammonia-N, nitrite-N, and nitrate-N were made on 

board. Samples of the sea water were stored in the pyrex bottle and the polyethylene 

bottle. Polyethylene bottles of 5 litres and 20 litres were used for the purpose of 

storing sampls studyed trace elements such as U, Ra, and B etc. Some of them were 

stored adding 5 ml of concentrated nitric acid or filtering with No. 4. G. glass filter. 

Bathythermograph observation was made once a day together with collecting the 

sample. Vertical observations (10 stations) were made also. 

In this report, the authors represent the results which were obtained between 

Cape Town and Antarctica. 

2. Method of analysis or observations 

Temperature measurement: Canvas bucket was used for the collection of the surface 

sea water and temperature was measured by ordinary method. A portion of the 

sea water was applied to chemical analysis. 

Bathythermograph observation: Conventional method was used. 

pH: TOA DENPA pH meter. 

Standard solution : phosphate buffer pH 6.86. 

Chlorinity: After returning to Japan, Fajans-Miyake's method was used. 

Determination was made by S. MURATA. 

Dissolved oxygen: Winkler's method (titration). 

Phosphate-P: Denige's method (colorimetry). 

Silicate-Si: Silicomolybdic acid method (colorimetry). 

Nitrite-N: Griess-Romijn method (colorimetry). 

Nitrate-N: Strychnine method (colorimetry). 

As a reference conductivity of the sea water was measured with portable con

ductometer. 

3. Results of BT observation 

The results of bathythermograph observation were represented in Appendix 1. 

The curve of the plotted data was omitted in this report. 

4. Results of surface observation 

The results of surface observation were represented in Appendices 4 and 5 with 

weather conditions. The variation of temperature, pH, dissolved oxygen and other 
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nutrient matters were depicted in Figs. 1 and 2. 
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Fig. 1. Variation of surface water components from Cape Town to Antarctica. 
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Fig. 2. Variation of surface water components from Antarctica to Cape Town. 
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Fig. 1 shows the distribution of surface temperature, pH, dissolved oxygen, 

chlorinity, phosphate-P, silicate-Si and nitrite-N of the sea water between the Cape 

of Good Hope and Antarctica. And Fig. 2 shows the distribution of these components 

on the return cruise. 

· The surface water temperature decreases to l0°C at 41 °8 and to 6°C at 45°8, and 
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to 2°c at 50°S. And the coldest water layer, with temperature ranging from 0°C to 
-l.8°C was extended to the south of 58°S. 

As shown in Fig. 1 a sharp change of water temperature at the surface occurrs 
40° -43°S where the water temperature goes down from 20°C to l0°C. Thus it may 
be considered as Agulhas Convergence Region. And Subtropical Convergence Region 
may be supposed about 45·0s where the water temperature goes down from 12°C to 
6° C, while Antarctic Convergence may be considered to locate near 48° S where the 
surface water temperature 2° C was observed. 

On the return cruise somewhat different distribution was observed. 

The values of pH indicate 8.15 at 41 °S and 7.9 from 65°S to the edge of the ice 
sea. On_ the return cruise variation of pH value shows a different type. 

The distribution of chlorinity shows the same variation as the temperature. 
Reduction in the chlorinity from 19.76960 to 18.74960 was observed between 40°S-45°S. 
And in areas south -of 47°S there was less saline water. 

The content of oxygen is 6.08 ml/L near 43°S: it increased to 7.54 ml/L at 51 °S. 
And it increased to 8.30 at 61 °S. But it decreased more or less in the far south 

region. On the return cruise, we did not determine oxygen because of the storm. 
As to the content of silicate-Si in the surface layer, 10 p,g atoms/L was observed 

near 45°S, but it increased 30 p,g atoms/L at the Antarctic Convergence.' The silicate
Si content increased as the observation station approached to the continent and finally 

indicated 60 p,g atoms/L. On the return cruise the change at the Antarctic Conver
gence is not so clear as before. 

As to the phosphate-P, 1.0 p,g atoms/L was observed at 43°S and the content 
increased gradually as the station approached the ice edge. Then 3.6 p,g atoms/L was 
observed at 55°S. On the return cruise we could not detect phosphate-P at 52°S. 

The differences of nutrient matter distribution in outward and returning cruise 
may be considered that it was partly because of the bad ice condition in this expedi
tion. 

5. Results of vertical observations 

The results of vertical observation are represented in Appendix 3. Some places 
where vertical observations had been carried out in Antarctica, are depicted in Fig. 3. 
The details of the observation are summarized in Appendix 2 and the data was shown 
in Figs. 4-12. 

As to the surface water, the value of pH was below 8.0 and the chlorinity was 
low as 18.8996o, while in Antarctic circumpolar water, pH exceeds 8.0 and chlorinity 
attains the constant value of about 19.20960 down to 2000 m at the several stations. 

The lower chlorinity found near the surface might result from the melti�g of ice. 
The amount of dissolved oxygen was about 7 ml/L in the surface water, but it 

decreased to 4 ml/L in Antarctic circumpolar water. 
Concerning phosphate, the contents in the surface water were 2-3 p,g atoms/L 
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and a few changes were observed in the vertical direction. 

31 

Silicate-Si in the surface water was more than 60 µg atoms/L and increased with 

the depth. Finally it indicated 100 µg atoms/L down to 2000 m. 
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Fig. 3. Stations: vertical observation carried out. 

O: vertical. observation 

+: water sample (20 l) 
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p: plankton 

I: ice sample 

16/II: 16, Feb. 

Station No. 1 showed a somewhat different type of distribution because of locating 

in the pack ice region. 

The distribution of temperature and the movements of sea water at the depth of 

50 m, 100 m, 150 m, and 200 m were depicted in Figs. 13, 14, 15 and 16. Above the data 

the movements of sea water near Lutzow-Holm Bay were suggested as follows: In 

the shallow layer cold water may be moving from east to west, while in the deep 

layer cold water may be moving in the opposite direction. 
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Fig. 4. Results of vertical observation. 27-XII-1961 66° 18'8, 40°20'E 
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Fig. 10. Results of vertical observation. 
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APPENDICES 

1. Results of BT observation. 
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8 . 2  4 . 4  0 . 1  o . 6  0 . 2  
16 . 3  11 . 5  17 . 5  , 8 . 2  4 . 2  0 . 7  0 . 8  0 . 9  
15 . 9  11 . 3  17 . 4  8 . 0  4 . 2  1 . 0  1 . 2  1 . 4 
15 . 5  10 . 5  16 . 9  8 . 4  4 . 3  1 . 2 1 . 6 1 . 6 

No. 
day 
time 
location 

133 i34 [35 f 36 ·
1

37 38 i39 140 
21-12-1961122-12-1961123-12-1961 125-12-1961 27-12-1961 29-12-1961!30-12-196114-1-1962 

1

1i��1o s lir��4 s 1�1�g2 s 1
1
���13 s ',����8 s ����o s ri:�13 s 1

1

����6 s 
37-23 E 140-51 E \44-38 E 43-36 E 40-20 E 140-19 . 5 E 142-53 . 5 S 46-00 E 

I 
. 

I 
' 

I I 00 1 . 1  -0 . 2 I - 1 .  2 - 1 .  7 - 1 .  7 
I 

O . 0 1 - 0 .  9 , - 1 .  6 
10 1 . 1  - 0 . 2  I - 1 . 2 - 1 . 7  - 1 . 7  - 0 . 2  I - 0 . 9  I

I 

- 1 . 7  
20 1 .  o -o . 2 1 - 1 .  3 - 1 .  7 -1 . 7 . -o .  5 I - 1 .  2 -1 . 8 
30 1 .  0 -0 . 2 I - 1 .  4 - 1 .  8 - 1 .  7 I - O .  5 I - 1 .  4 '

1 

- 1 .  8 
50 0 .  9 -0 .  2 I - 1 .  5 - 1 .  8 - 1 .  7 I - 0 .  8 i - 1 .  7 . - 1 .  8 
75 0 . 8  - 0 . 4  I - 1 . 0  -1 .8 - 0 . 2  I - 1 . 5  i - 1 . 3 I

I 

- 1 . 8  
100 0 .  5 -1 .  3 I 1 .  0 - 1 . 1  1 . 1  I - 1 .  5 0 .  7 -1 . 7 
125 0 .  5 -1 .  2 1 .  4 -0 .  2 1 .  3 I - 0 . 1  1 .  2 . - 1 .  6 
150 0 . 4 - 0 . 8  1 . 6  0 . 5  1 . 4  1 1 . 1  1 . 3  1 - 0 . 9  

200 1 .  2 1 .  0 1 .  6 1 . 1  1 .  5 1 .  4 1 .  4 - 0 .  8 
225 1 .  4 1 . 1  1 .  6 1 .  2 1 .  5 1 .  5 1 .  4 - 0 .  2 

175 0 . 7  o . o  I 1 . 6  0 . 8  1 . 5 1 . 3 1 . 4 - 0 . 6  

_ _  
2
_
5
_
0 

_ ---- =-� 1 
_ ___ __ _:_!_ 1 

1 .  6 1 .  5 1 .  3 o .  3 

No. [41 42 . .. '43 
day 4-1-1962 14-1-1962 7-1-1962 
time 1200 1330 1500 
location 65-49 S 165-48 s 67-09 S 

49-03 E /49-03 E 39-47 E 
00 - 1 . 5  I - 1 . 6  

I 
- 1 . 5  

10 - 1 . 5  
I 

- 1 . 6  I - 1 .8 
20 - 1 . 6  - 1 . 7  I - 1 .8 

- 1 . 7  - 1 . 8  
I 

- 1 . 8  30 
50 - 1 . 8 - 1 . 8 

I 

- 1 .8 
75 - 1 . 8  - 1 . 8  -1 . 8  

100 - 1 . 8 - 1 . 8 I -1 . 8  I 
125 - 1 . 8 - 1 . 5  I - 1 .8 I 

150 - 1 . 8 - 0 . 8  
I 

- 1 . 8 
175 - 1 . 8  - 0 . 2  

I 

-1 . 7  
200 - 1 . 8  - 0 . 3  - 1 . 5  
225 - 1 . 8  0 . 5  

I 
- 1 . 0  

250 -1 . 8  0 . 7  - 0 . 4  

44 45 
16-2-1962 17-2-1962 
0500 0930 
66-18 S 63-33 S 
33-31 E 31-50 E 

- 0 . 3  
I 

0 . 8  
- 0 . 3  0 . 8  
- 0 . 5  0 .8 
- 0 . 8  0 . 7  
- 1 . 3  - 1 . 6  
- 1 . 5  - 1 . 7  
- 1 . 5  - 1 . 3 
- 1 . 5  0 . 2  
- 1 . 5  0 . 8  
- 1 . 5  1 . 1  
- 1 . 3  1 . 3 
- 1 . 0  1 . 5 

1 . 5 

46 
1
47 

18-2-1962 21-2-1962 
0930 jo930 
60-27 s 

r
2-21 s 

30-23 E . 25-27 E 
1 . 1  i 1 . 7 

I 1 . 1  I 1 .  7 
1 . 1  i 1 . 7 
1 . 1  I 1 . 7  I 

I 

1 . 0  I 1 . 7 
- 0 . 8 I 1 . 1  
- 0 . 7  I 0 . 4  

I - 0 . 7  0 . 1  I 

- 0 . 4  0 . 2  
0 . 5  0 . 5  
1 . 2  1 . 1  
1 . 6  1 . 6  
1 . 7 1 . 8 

48 
22-2-1962 
0930 
48-37 S 
23-57 E 

5 . 8  
5 . 8  
5 . 8  
5 . 8  
5 . 8  
5 . 7  
4 . 5  
4 . 0  
3 . 7  
3 . 3 
3 . 5  
3 . 4 
3 . 4 
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No. 49 50 51 
d ay 23-2-1962 25-2-1962 9-3-1962 
t ime 0930 0930 0930 
loc at ion 

1
44-46 s 37-04 S 32-33 S 
22-38E 19-31E 30-12E 

00 11.3 22.2 
I 

24.6 
10 11.3 22.2 24.5 
20 11.3 22.2 24.2 
30 11.3 22.2 24.0 
50 11.3 21.9 23.7 
75 10.4 18.7 20.5 

100 9.9 16.1 19.3 
125 9.8 14.2 18.3 
150 9.6 12.8 18.2 
175 9 . 7  11. 7 17.7 
200 9.5 10.7 17.5 
225 

I 
9.5 10.2 17.4 

250 9.4 9.6 
I 

17.0 

No. 57 58 59 
d ay 16-3-1962 17-3-1962 18-3-1962 
t ime 0940 0930 0930 
loc at ion 21-25 S 19-23S · 17-03 S 

l56-19E 59-29E 62-51E 
00 

I 

28.1 28.1 28.4 
10 28.1 28.1 28.4 
20 28.1 28.1 28.4 
30 

I 
28.1 28.1 28.3 

50 27.4 28.1 27.2 
75 

.1 

25.3 26.5 25.1 
100 23.6 24.0 23.7 
122 22.5 23.1 22.3 
150 21.5 22.3 21.5 
175 20.5 21.5 20.7 
200 19.8 20.7 20.0 
225 

I 

18.7 20.2 19.4 
250 17.8 18.8 18.4 

NO. 65 66 67 
d ay 24-3-1962 25-3-1962 26-3-1962 
t ime 0930 0930 0930 
loc at ion 02-55 S 00-21 S 02-07N 

82-54E 86-24E 89-49E 
I 

I 00 28.9 29.0 29.1 
10 28.9 29.0 29.1 
20 28.9 28.9 29 .0 
30 28.9 28.8 29.0 
50 26.2 28.6 28.5 
75 20.7 25.6 

; 

26.2 
100 18.8 22.7 24.2 
125 17.5 20.3 18.7 
150 16.3 I 17.3 16.8 
175 I 15.7 

I 

14.5 14.7 
200 I 15.0 13.5 12.8 
225 

I 
14.4 

I 
12.4 12.4 

250 12.0 12.2 

52 53 
11-3-1962 12-3-1962 
0930 0930 
29-36 S 27-13S 
38-04E 42-05E 

25.3 27.1 
25.4 27.1 
25.4 26.8 
25.3 26.4 
25.3 26.3 
22.3 25.7 
21.0 23.0 
18.7 21.7 
17.1 19.4 
11.8 18.3 
11.3 17.3 
10.9 16.7 
10.6 16.0 

60 61 
19-3-1962 20-3-1962 
0930 0930 
14-37 S 12-20S 
66-14E 69-55E 

29.4 29.2 
29.3 29.1 
29.2 29.0 
29.1 29.0 
29.0 28.0 
26.3 23.7 
23.8 20.8 
22.5 18.4 
20.5 16.0 
18.7 14.5 
17.8 13.6 
16.1 12.8 
15.6 · 12.2 

68 69 
7-4-1962 8-4-1962 
0930 0930 
09-31N ll-39N 
lll-04E 113-45E 

27.6 27.7 
27.4 27.7 
27.0 27.3 
26.7 27.1 
26.2 26.5 
22.1 23.0 
21.3 19.3 
19.6 18.1 
17.6 17.0 
16.7 16.3 
14.7 15.7 
13.5 14.9 
13.2 14.2 

54 
13-3-1962 
0930 
26-06 S 
45-42E 

27.1 
27.1 
27.1 
27.0 
24.5 
23.5 
22.0 

62 
21-3-1962 
0930 
10-01 S 
73-0lE 

- -
70 

29.2 
29.2 
29.1 
28.9 
28.1 
24.2 
20.6 
17.7 
16.0 
15.0 
14.2 
13.3 
12.7 

9-4-1962 
0930 
15-45N 
116-50E 

28.0 
28.0 
27.6 
27.5 
27.3 
23.5 
21.0 
19.0 
17.3 
16.3 
15.6 
14.6 
13.9 

'55-
14-3-1962 
0930 
24-38S 
48-44E 

I 27.7 
27.7 

i· 27.7 i 27.7 
26.4 
25.5 
24.2 
23.0 
21.7 
20.4 
19.0 
18.2 
17.5 

163 
22-3-1962 
0930 
07-31 S 
76-19E 

29.1 
29.1 
29.1 
27.9 
23.3 
19.5 
16.7 
14.0 
22.7 
12.4 
11.8 
11.5 
11.1 

71 
· 10-4-1962 
0930 
18-38N 
119-32E 

26.5 
26.5 
25.5 
23.2 
21.0 
19.6 
18.2 
17.5 
16.3 
14.7 
13.1 
12.5 
12 . 2  

37 

56 
15-3-1962 
0930 
22-54S 
52-22E 

I 27.5 
27.5 

I 27.5 
27.5 
27.5 
24.5 
22 . 6  
21.2 
20.2 
19.0 
17.7 
17.0 

I 
16.3 

64 
23-3-1962 
0930 
05-24 S 
79-27E 

28.9 
28.9 
28.8 
28.8 
28.4 
23.8 
17.5 
25.0 
13.0 
12.2 
11.8 

72 
11-4-1962 
0930 
21-17N 
121-56E 

25.8 
25.8 
25.7 
25.2 
24.5 
24.2 
23.5 
23.2 
22.3 
21.4 
20.6 
19.5 
17.8 
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No. 73�---- j74 I 

- - - -- - ---- -----· day 12-4-1962 13-4-1962 I time 0930 0930 / location 23-39N 26-43 N 
I 

125-17 E 128-36 E I ---- ------;-- - ---;----- ---'-- - - - ..'.___------'- -- ---'- -- --00 10 20 30 50 75 100 125 150 175 200 225 250 

Station 
1 
2 
3 

4 
-----�-

5 

22.8 22.7 22.7 22.5 22.2 21 . 5  20.8 20 .2  19.4 18 .7 18.3 17 .7 17.3 

22 . 0  22 .0  21 .8 21.6 21 . 4  21 .0  20 .8 20.4 20 . 2  19 .5  19 .0  18 .5  
I 

I 

2. Details of vertical observations. 
Date 

36-XII-27 1000-1330 
36-XII-29 1650-1800 

' -----·-·-

I 
36-XII-30 0400-0730 

I 37- I -3 -4 1 

I 

2310-0300 I 

I 

I 

37- I -4 1200-1700 
1 -- -- --, 
I 37-II-15 

Locality 
66-18 S 40-20 E 
65-00 40-19.5 
65-43 42-53.5 
65-26 46-00 
65-48 .8 49-02 .8  
67-33 

I

I Observation I depth 
1000 m 
2500 

' 2500 
----�--

2500 
2500 
1000 

Dredge 

Angle 10 ° depth 2560m stone 100, max. 9 cm X 7 cm X 3 cm mud 0 . 4l ,  shells. Angle 40° depth 980m mud l .  ll , shells 
-�-----

I 

2300-2400 33-35 
I 

stone 200, max. 7 cm x3 . 5  cm x3 cm 
-----1 

7 I 3 7-II-16 66-58 Angle 10 ° depth 1210m 
____ / 0345-0500 33-33 BT only stone 16 , max. 3 cm x 2 cm x 2 cm mud 0.12l. 

- --

8 37-II-16 66-17 . 5  Angle 20 ° depth 1260m 0930-1040 33-30 . 5  1200 stone 2, mud 2 . 0l 

9 37-II-24 I 41-27 0630-1010 21-07 1200 
--

I 37-III-22 07-08 .5  10 1300-1600 76-48 I 1500 
I -- ··------- · ·- -·-··-
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Depth 
m 

00 
10 
25 
50 
75 
85 

122 
161 
242 
327 
418 
610 
809 

1009 

Depth 
m 

00 
10 
25 
50 
75 

100 
144 
192 
292 
392 
492 
597 
791 
985 

1201 
1498 
1992 
2489 

3. Subsurface oceanographic observation. 
Station 1. Dec .  27, 1961 1000-1330 66°18'S 40°20'E 

toe . ·, H ·1 02 
I p I 

Si 
I

I 

P 
I ml/L µg A/L 

1 

µg A/L 

-1.6 ice i 

-1.82 7.98 7.14 3.6 50 
-1.81 8.02 7.15 3.7 51 
-1.84 8.10 6.72 2.7 42 
-1.47 7.92 6.45 2.7 69 

1.97 7.94 4.40 4.8 73 
0.19 7.96 4.20 3.6 82 
1.31 8.10 3.96 4.1 91 
1.37 8.00 4.25 4.0 73 
1.37 8.00 4.18 3.9 86 
1.29 7.90 4.38 3.7 68 
1.07 7.93 4.18 4.2 87 
0.89 7.90 4.46 3.0 87 
0.71 7.92 4.40 2.5 96 

Cl 
%o 

18.87 
18.87 
18.92 
19.03 
19.16 
19.19 
19.22 
19.22 
19.23 
19.23 
19.22 
19.22 
19.21 

I N02 NOa 
I µg A/L µg A/L 

0.2 n .  d .  
0.1 
0.2 
0.3 
-
-

-
-

0.1 
-

Tr 
-
Tr 

Station 2. Dec .  29 , 1961 1630-1800 65°00'S 40°19.5'E 

t°C p H 

-0.2 
I 

7.90 
-0.20 

I 

8.00 
-0.59 7.98 
-1.03 . 7.98 
-1.71 8.06 
-1.62 7.90 

0.56 7.82 
1.21 7.90 
1.42 7.92 
1.42 7.91 
1.31 7.95 
1.21 

; 

7.90 
1.00 7.90 
0.82 i 7.89 
0.64 I 8.00 
0.47 I 8.00 
0.26 

• 

7.92 
0.07 8.01 

02 P Si 
I / I I ml /L µg A/L µg A/L I 

7.72 3.3 21 
7.62 2.3 21 
7.63 2.2 21 
7.83 2.8 21 
7.41 3.2 60 
7.15 1.8 60 
4.93 3.1 69 
4.49 1.2 78 
4.30 1.8 87 
4.28 2.2 78 
4.36 2.7 87 
4.31 3.4 · 1C6 
4.81 4.1 87 
4.47 2.8 101 
4.49 1.1 87 
4.57 3.3 97 
4.76 4.2 111 
4 . 84 2.5 120 

C l  
%o 

18.82 
18.87 
18.86 
18.88 
18.92 
18.97 
19.11 
19.18 
19.20 
19.21 
19.20 
19.22 
19.21 
19.20 
19.20 
19.20 
19.19 
19.20 

'

I 

N02 
µg A/L 

. n. d.  

I 

I 

I 

NOa 
µg A/L 

n . d .  



40 

Dep th 

00 
9 

24 
46 
69 
92 

140 
189 
288 
389 
487 
621 
816 

1010 
1204 
1498 
1993 
2491 

Dep th 

00 
9 

23 
46 
69 
92 

136 
178 
259 
348 
440 
505 
738 
912 

1085 
1350 
1820 
2307 

Yus hir o  KUGA and Kunihiko WATANUKI (1558) [1¥ftU!Jf�f-

Station 3. Dec. 30, 1961 0400-0730 65°-43'8 42 °53 .5'E 

t
°

C p H 02 p Si Cl N02 N03 
ml/L µg A/L µg A/L ?Co µg A/L µg A/L 

-1.0 7.90 7.59 4.1 56 18 . 76 n. d .  n. d .  
-0.76 7.96 7.68 3.7 58 18.85 
-1.15 7.98 7.61 3.6 58 18.84 
- 1.85 7.93 7.00 3.2 56 19.23 
-1.81 7.99 6.67 3.3 65 19.13 

0.32 7.90 4.98 3.7 78 19.14 
1.18 7.83 4.26 2.2 68 19.22 
1.34 7.91 4.36 1.9 68 19.20 
1.20 7.85 4.39 4.1 87 19.19 
1.13 7.89 4.50 3.7 87 19.20 
1.00 7.98 4.33 4.1 86 19.23 
0.90 7.98 4.40 3.4 78 19.16 
0.79 7.88 4.56 4.2 77 19.22 
0.63 7.98 4.66 2.7 111 19.22 
0.43 7.92 4.49 4.0 97 19.21 
0.31 7.92 4.71 0.2 97 19.19 
0.05 7.92 5.02 2.1 97 

-0.16 7.89 5.09 2.3 92 

Station 4. 3-4, Jan .  1962 2310-0300 65 °26'S 46 °00'E 

t
°

C p H 0:) p Si Cl N02 NOs 
ml/L µg A/L µg A/L %o µg A/L µg A/L 

- 1.6 7.93 7.55 2.3 60 18.69 n. d .  n. d .  
- 1.54 8.00 7.29 2.5 69 18.74 
-1.79 7.97 6.88 2.8 69 18.88 
- 1.81 8.08 6.81 2.7 87 18.93 
-1.80 8.00 6.82 2.4 81 19.01 
-1.77 8.00 6.85 2.8 69 19.01 
-1.18 8.10 6.35 2.4 87 19.15 
-0.65 8.00 6.25 2.8 78 19 . 26 

0.62 8.00 5.01 2.8 86 19.30 
0.92 8.02 4.77 2.4 97 19 . 31 
0.78 7 . 98 4.95 2.0 97 19.37 
0.76 7.92 4.59 2.8 99 19.37 
0.70 8.00 4.69 2.9 106 19.19 I 

0.52 8.00 4.75 3.2 106 19.18 
0.43 8.00 4.73 2.1 115 19.36 
0.24 7.90 4.95 2.9 115 19 . 19 
0.00 7.93 4.97 2.9 114 19.19 

-0.19 7.99 5.18 2.8 87 19.18 
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Depth 
m 

00 
10 
25 
50 
75 

100 
149 
195 
290 
390 
514 
612 
809 

1006 
1203 
1502 
2002 
2502 

Depth 
m 

00 
45 
90 

243 
404 
674 
870 

depth 
m 

00 
89 

134 
315 
500 
787 
981 

1180 

t
°

C 

-1 .2  
-1 . 27 
-1 .44 
-1.82 
-1 .84 
-1 .83 
-1 .81 
-1 .82 
-1.72 
-1 .18 

0 . 39 
0 . 49 
0 . 34 
0 . 13 

-0 .02 
-0 .08 
-0 . 20 
-0 . 23 

t
°

C 

-1 .6  
-1 .82 
-1 .80 
-0 .77 
-0.47 

0 . 17 
-0 .15 

Station 5. Jan. 1962 1200-1740 45°48.8'8 46°00'E 

pH 

I 

7.98 
8 . 18 
8.18 
8 . 11 
8 . 17 
8 . 12 
7 . 92 
8 . 00 
7 . 92 
8 . 03 
7.90 
7.87 
7 . 88 
7 . 86 
7 . 89 
7 . 88 
7 . 90 

I 
8 . 01 

02 I P I Si I ml/L µg A/L µg A/L 

7 . 94 0 . 3  53 
7.78 2 . 1  43 
7 . 81 2 . 4  43 
7 . 02 2.4 62 
7 . 05 2 . 4  62 
7 . 09 2 . 4  66 
7 . 29 2 . 4  51 
7 . 22 2.4 51 
7 . 29 2 . 4  66 
6.71 2 . 0  53 
5 . 13 1 . 9  79 
4 . 80 2 . 4  72 
4 .85 2 . 4  87 
5 . 01 2 . 4  97 
4 . 91 2.4 97 
5 . 09 2 . 4  83 
5 . 25 2 . 4  97 
5 . 16 2.4 106 

Cl 
%a 

18 . 77 
18 .76 
18.78 
18 . 90 
18 .96 
18 . 97 
19 . 00 
19 . 02 
19 . 13 
19 . 19 
19 . 16 
19 . 20 
19 . 22 
19 . 20 
19 . 19 
19 .18 
19.21 
19.21 

I 

Station 6. Feb .  15, 1962 2300-2400 67 °33'8 33°35'E 

N02 NOa 
µg A/L µg A/L 

n.d. n . d.' 

Cl 
%o I N02 

µg A/L 
NOa 

µg A/L 

7 .95 7 . 19 2 . 7  65 I 18 .85 Tr -

8 . 10 7 . 09 2 . 4  56 18 . 93 0 . 4  Tr 
8.15 6.81 2 . 1  61 19 . 04 0.2 2 . 1  
8 . 01 6 . 27 2 . 1  69 19 . 17 0 . 4  5 . 6  
8 . 07 5 . 26 2.8 83 19 . 22 0 . 7  -

8 . 10 4.97 2 . 3  85 19 .26 Tr 8 . 0  
7 . 98 4 . 92 2 . 4  97 19.23 0.3 5 . 0  

Station 8. Feb. 16, 1962 0930-1040 66°17 . 5'8 33°30 . 5'E 

t°C p H  

0 . 7  8 . 05 
-1 .79 8 . 06 
-1.78 8 . 12 

0 . 06 8 . 00 
0 . 55 8 . 15 
0 . 37 8 . 10 
0 . 20 8.10 
0 . 03 8.10 

I 02 I p 
I

I 

Si I [ ml/L µg A/L µg A/L . 
7 . 90 2 . 3  61 
7 . 09 2 . 4  69 
6 . 96 2 . 2  65 
5.43 2 . 7  79 
4 . 99 2.3 

I 
79 

4 . 87 2 . 1  87 
4 . 98 

I 
2 . 4  92 

5 . 13 2 . 4  97 

Cl 
%o 

18.89 
19 . 10 
19 . 11 
19 . 23 
19 . 24 
19 . 28 
19 . 29 
19 . 24 

I N02 
µg A/L 

I 

I 

± 

0 . 1  
0 . 6  
0 . 2  
6 . 7  
7 . 5  
Tr 
± 

I 

NOa 
µg A/L 

-
10 . 0  

-
0 . 5  
± 

Tr 
10 . 4  
10 .8  



42 Yushiro KUGA and Kunihiko WATANUKI 

Station 9. Feb. 24, 1962 0630-1010 41 °27'8 21 °07'E 

Depth t°C pH 02 p Si Cl N02 N03 
ml/L µg A/L µg A/L 0/ µg A/L µg A/L m /00 

00 15 . 0  8 . 18 5 . 70 - - 19 . 41 - -

10 15 . 05 8 . 28 5 . 90 0 . 6 13 19 . 47 0 . 1  0 . 7  
24 14 . 99 8 . 28 5 . 85 0 . 5 13 19 .49 0 . 1  0 . 1  
47 14 . 86 8 . 20 5 . 55 0 . 5  17 19 . 49 0 . 1  Tr 

71 11 . 61 - - - - - - -

95 10 . 83 8 . 20 5 . 81 1 . 2  17 19 . 25 0 . 3  4 . 0  
143 9 . 79 8 . 12 5 . 74 1 . 3  17 19 . 24 0 . 3  1 . 8 
192 9 . 25 8 . 10 5 . 63 1 . 3 22 19 . 18 0 . 7 7 . 2 
289 8 . 92 8 . 02 4 . 78 1 .0 24 19 . 27 2 . 8  8 . 6  

�89 7 . 82 8 . 00 4 . 28 1 .0 26 19 . 21 6 .0 10 . 0  
446 6 . 34 8 . 00 4 . 71 1 . 9  26 19 . 14 0 . 9  15 . 0  
533 4 . 80 8 . 00 5 . 29 1 . 5 30 19 . 06 1 . 7  17 . 0  
700 4 . 09 7 . 90 5 . 01 0 . 2  40 19 .06 0 . 1 Tr 
875 3 . 44 7 . 92 5 . 16 2 . 4  52 19 . 10 5 . 0  5 . 6  

1056 3 . 22 7 . 92 4 . 00 1 . 5  52 19 . 17 1 . 3  15 . 4  
- -· �  - -- - - - --·- - - --

Station 10. Mar. 22, 1962 1300- 1600 7°08 . 5'8 76°-48'E 

Depth t°C pH 02 p Si Cl N02 N03 
m ml/L µg A/L µg A/L µg A/L µg A/L µg A/L 

00 30 .0  8 . 20 4 . 28 - 9 18 . 97 -

9 28 . 79 8 . 20 4 . 29 - 9 19 . 12 - -

22 28 . 48 8 . 25 4 . 43 0 . 2  9 19 . 27 - -

44 22 . 53 - - - - - - -

66 19 .07 8 .02 2 . 56 0 . 3 17 19 .37 0 . 1 0 . 2 
87 15 . 86 79 . 0  2 . 00 0 . 2  26 19 . 29 0 . 1  ± 

122 12 . 86 7 . 82 1 .  74 1 . 3  30 19 . 29 1 . 0 3 . 0  
159 11 . 90 7 . 80 1 . 75 1 . 3  30 19 . 32 0 . 7  4 . 4  
237 11 . 08 7 . 80 2 . 10 2 .0 26 19 .38 1 . 0 -

320 10 . 21 7 . 80 2 . 25 2 . 3  26 19 . 35 1 .0 5 . 2 
400 9 . 55 - - - - - -

485 8 . 76 7 . 75 2 . 04 2 . 7  30 19 . 34 1 . 4  -

805 6 . 70 7 . 72 1 . 67 0 . 9  56 19 . 32 3 . 0  10 . 2  
1000 5 . 72 7 . 72 1 . 70 0 . 6  65 19 . 31 - 8 . 2  
1300 4 . 56 7 . 80 2 .07 2 . 9  68 19 . 31 - 8 . 2  



4. Oceanographical data observed by the observation ship, the SOYA between Cape Town and Liitzow-Holm Bay. 
Date 

Dec.14 15 
16 
17 
18 
19 
20 
21 
22 
23 24 25 

Time (SAT) 
0930 
0930 
0930 
0930 
0930 
0930 
0930 
0930 
0930 0930 0930 

Locality 
S E 36-20 19-22 

(39-30 21-50 
43-09 25-15 
46-49 27-44 
50-52 30-55 
54-17 33-34 
57-39 37-02 
161-04 40-51 
64-32 44-38 65-28 44-53 65-43 43-36 

Water I 
I 

Dis- Phos ISili�te- ! Nitrite- !Nitrate- , Chlo-temp. pH solved phate-P S1 N N rinity 1 wea-
0 02 µg µg µg µg % ther C ml/L atoms/L 1atoms/L atoms/Latoms/L 00 

17 . 918.131 n. d. I 1 . 3 13 Trace 19 .681 CD 
20 . 3/8.171 4 .91 I Tr O - ± 19 . 761 CD 
12 . 718. 101 6 . 08 
6.218 .071 6 . 97 
2 . 218 .071 7 . 54 
1 . 5

1
8 .021 7 . 54 

0 . 8
1
8 .021 7 .93 

-0 . 718 . 031 8 . 30 
-1 . 58 .011 7 . 56 n. d. \n. d. n. d. -l .817 . 90 1 7 . 41 

0 . 9 
1 .8 
2.3 
3 .6  
2 . 7  
2 . 6  
1 . 2 n. d, 2 . 2  

0 
7 

22 
30 
30 
51 
50 n. d. 51 

+ 

0 . 4 
0 . 3 
Tr 
0 . 3 
0 . 3 
0 .2 n. d. 0 . 1 

+ +  

+ 

+ +  

+ 

+ +  

+ +  

+ n. d. 
+ +  

19 .09 
18.74 
18 . 74 
18.84 
18 .86 
H� . 83

1 
I 18 . 77 n. d. 18 . 77 

CD 
@ 

@ 

@ 

@ 

@ 

26[ 0930 j66-30 40-38 n. d. n. d. n. d. 27\1000-13-30
1
66-18 40-20 n. d. n. d. n. d. 29 1630 65-00 40-19 .5 -0 . 3 7 .  90 7 .  72 

n. d. n. d. 3 . 3  
n. d .  n. d. 51 

n. d. n. d. 0 . 1  
n. d. · n. d .  
+ 

n. d. n. d. 18.82 
* ® CD Q$; 30 1 0400 

Jan. 31 2300 
41 1130 

65-43 4[3 . 51 -1 . 0 17 .  901 7 .  59 
65-26 46-00 i -1 . 617 . 93/ 7 .  55 65- 49-48 . 8  o2 .8I -1 .211 .981 7 .94 n. d. : not determined 

4 . 1  
2 . 3  
0 . 3 none 

56 
60 
53 

0 . 3 
n. d. 
n. d. 

+ 

n. d. 
n. d .  

18 .76 
18 . 69 
18 . 77 

@ 

® 
@ 

Atmospher . temp. oc 
Wind m/sec 

17 .8  I E 9 .9 
18 .0  I E  N E  8 . 4  

Wave Swell 
E 6 0 21/ I { E 8 . 5  41./4 

• 4 
s 9 .  7 21/2 

{N N E  9 .8 21'4 E N E  3 .0 1 .0 1  S 9 . 2 2 .. 0 E 5 . 5  l3/4 
{ W 12 . 2  3 :.0 11 . 5 I N 8 . 3  I N 3 . 0  1/21 N 6 . 2  13/4 S S WlO . O  1 1/4 
{WNW12.5 4 :·0 9 . 2 I N 16 . 2  I N 5 .0 2 .0 1 S W  12 .0 3 .0 N 8 .0 21/2 2.9 I NW 12 . 6  I NW 5 .0 l3/41 {w�w1tg �:�: 

0 . 4 I W 11 . 4  IW S W 6 .0 2?/41 {WiWiti t'o 
{ W 13 . 0  5 .0 0 . 3 !W S W  11 . 4  I W 4 .8 2 1/21 W S W  7 .2  43{4 S W  14 .0  33/4 
{WNWll . 5  33/4 -0 . 8  !WNW 9 . 0 I W 4 . 5  LOI S S W12 .0  2 . 0  

w 7 . 2  1 1/z -1 . 1  IWNW 7 . 1  IWNW 3.5 8/41 {w;wii:g �if -1 . 3 I E N E  5 . 6 ice -1 . 7 I E S E 13 . 6 E 3 0 1; 
I { N N E  9 . 5 31/2 

• 
4 N E  6 .0 l3/4· -1 . 1  I E 9 . 8 I E 1 .0 1/4 ice. - 1 . 3  I E S E  3 . 5  -0 . 5  N 3 . 2  N ice { NW 12 . 5  2 .0 2 .0  1/41 N N  E 7 . 5  1 .0 -5 .0 I E 5 . 3 I E 2 .0  1/ I { N NW12 . 3  1 1/2 4 N N E  9 .0 1 .0 

1/ { E 8 .  2 l 3 / 4 -1 . 6  I � E  4 . 7 1 N E  2 . 0  1 4 WNWl0 . 2  1 1
/2 I '·'. , { N N  E 13 .0 13/4 -1 .7  WNW 3.5 t N NW .2 . 5  �/4 WNW 9 . 8 1 1b. 

� 
� 

� � � � 
LJ 

,,.--.. � 
01 � � 

\__.I 

� 
g:. 

� 
Cl) 

� 
r5· 

� 
� 

0 
H> 
C-j 
> 
l;d 
tz,j 
� � � � 
I � � � 

N) 

,j::,;. � 



5 .  Oceanographical data observed by the observation ship, the SOYA between Liltzow-Holm Bay and Cape Town. ---- Water j � j' Dis-1 -.Phos /JSilic�te-
1

1 Nitrite- 1Nitrate- i Chlo- 1 - /' Atmos- 1 Wind - -- - -
t H solved 1 phate-P S1 N N I • · t j Wea- pher. e�p. 

j P j 02 
I 

µg . µg I µg µg / rI�J Y ther temp. j C ml/L :atoms/L 1atoms/Vatoms/L !atoms/L, ;oo I / °C m/sec Time Date (SAT) Locality Wave Swell 
Feb. I / S E '  I / 15 , 2100-2400 [67-33 33-35 - 1 . 6i7 . 95 , 7 . 19 

161 0400-0500 166-58 33-33 - 0. 2
1
'8. 10 1 8 . 43 

I I 66- 33- I 16 0930-12001 17.5 30 .5 +0 . 7
1
8.05 7.91 

171 0930 163-33 31-50 I 1. o,s. 00 1 n. d . 
17 0930 60-27 30-23 1 .0 17 .981 n. d. 
181 0930 15 7-59 2�5 . 5 • 2. 2

1
,7. 95 1 n. d . 20 1 0930 155-23 27�17 , 2 · y. 93 1 n. d. 

21 1  0930 152-21 25-57 I 2.0 17 .93 1  n. d. 
221 0930 148-37 23-57 I 5 .  6 /8 .  02! n. d. 
23 0930 44-46 22-38 11.0 \8. 10 1 6 . 10 
24 1 0630-0930 14 1-27 21-07 I 15 . 0 18 . 181 5 .  70 
25 1 0930 137-04 19-3 1 I 21.0[8.20 1 4.95 

2.8 
2.4 
2 .3 
0.6 
1 .3 
0 .6 
0 . 2  

Tr 

I �
I
-- ---- -

I 

I - 1 ·  -� , --- -,- . 64 I Tr ! 18 . 85 i @ I -6.4 I E s E 7. 4 E 3 .0 '/, {�m�tg :j; 
60 

1 

Tr 1 18 .981 @ I - 1 .  7 1 E 6 . 0 E S E  3 . 0 1/2 { � �;1t g  \1� 
I 

1· I I {WNW 9 . 7  1 . 0 60 '

1 

Tr 
1 

18.89/ ® -0 . 7  j E N E  5 .6 E 2 .0 1/z N NW 8 .8 3/4 I I I E --9 3/4 44 j � Tr j 1s.64
1

1 � 0 .3 s s w 14 . 9  s s w 5 .5 2 1

;2 {:�; t� :i;� 
I {N NWll.O 4 1/2 5 0 I ± 18.66 1 @ 1 . 1  WNW 15 . 2  WNW 5 .2 2 1/2 WNW 8.0 4 .0 S S Wl0 .2 2.0 34 18 . 771 Ii 2 .5 NW 16 . 7  NW 7.0 4 . 0 WNWll.2 6 1/2 24 18 .821 * 3 . 1 WNW 20 . 6  WNW 5 .5 3 '/, { N� iij ::/: 24 18 .85 1 CD 1 .6 I w 16 . 2  w 4 .  7 3 . 0 { J"w n:i f/o 

I { w 13 .5 4 1/2 17 
8 
0 

17 

18 . 70 CD 4 . 0 S W  13 .3 S W  5 .5 21/2 S W 12.0 4 . 0 
I 

WNWll.5 2 1/z 
{ s s w10 . 0 2 1/4 19 .14 1  @ 9.9 N NW 6 .5 N NW 2 .5 1/z1 S W  12.5 2 . 0 

w 9. 0 1 1/2 
19.411 @ 

19.581 @ 
15 .0 s 4 .  8 I s 1 0 1; > I { E N  E 10. 5 3 1/ 4 

• 4 = E 7 .8 13/4 

18.4 I S  S E  7 . 1  I S  S E  4 . 0 LOI { S S W. 9.0 2i 0 S E  8.5 1 /2 

� � 

� � �-
0 � c:: 
0 > � 
::! 
0.. � 
i:: 
::! s.: � 
0 

� > z c:: 
::5 

" 
I-' 
OI � 
N) 

\...,I 

r-, � � � ::ttt 


