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Chlorophyll a and Phaeophytin Contents in the Surface Water 

of the Antarctic Ocean through the Indian Ocean 

Hiroyuki TOMINAGA* 
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1. Introduction 

Measurement of chlorophyll a as an index of the potential photosynthetic ca­

pacity of phytoplankton provides an indispensable background for the studies of 

marine ecosystem. 

As a program of marine biology of the 9th Japanese Antarctic Research Expe­

dition(JARE) in 1967-1968, chlorophyll a and phaeophytin determinations were 

conducted on board the icebreaker FUJI during the cruise to and from Antarctica. 

The present paper deals with the results of observation on both pigments in 

the Indian sector of the Antarctic Ocean through the Indian Ocean. 

2. Materials and Methods 

The track chart of icebreaker FUJI is shown in Fig. I. The sampling was regu­

larly made at 08:00 and 19: 00 or 20:00 from Fremantle to Colombo via Syowa Station, 
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Fig. J. Course of icebreaker FuJI with sampling stations. 
but at 08:00 in other parts of the course. Chlorophyll a and phaeophytin were deter­
mined by the fluorometric techniques substantially the same as those reported by 
YENTSCH and MENZEL(l963). Surface water was scooped up by a plastic bucket 
and filtered through a glass fibre filter paper (Watmann GF /C, diameter 24 mm). 
For cell destruction and pigment extraction, the filter was ground for 10 minutes in 
a morter with a 90% aqueous acetone solution. The resultant suspension was cen­
trifuged for 5 minutes at 3000 rpm. Initial fluorescence of supernatant fluid was 
read with a fluorometer (Type FPL-2, made by Hitachi, Ltd.) equipped with a red 
sensitive photomultiplier (Hamamatsu Electric Co. Ltd., Type R-136). A Hitachi 
436 filter was used for the excitation and a 66 filter was used for the emmission. 
After the initial reading was made, the solution was acidified with two drops of 
0.1 N hydrochloric acid and the fluorescence was again read. More than five mi­
nutes were spent to get a constant fluorescence reading. 

The concentrations of chlorophyll a and phaeophytin were calculated with the 
following equations: 

chlorophyll a (mg/m3)= K•v•(Fo-Fa) 
V • 1000 

phaeophytin (mg/m3) 

where: 

K•v• [(Fo/Fa max) °Fa-Fo] 
V • 1000 



Fo: Fluorescence before acidification 

Fa: Fluor:escence after acidification 

Fo/Fa m�x: Maximum Fo:Fa ratio=5 (as determined by SAIJO et 
al '. (19p9,) using the same instrument] 

K: Calibr:ation eo:µstant obtained witli chlorophyll a by chlomato­

gr:aphic teGlip.iq_ue=5 (as determined qy SAIJO et al.(1969)] 

V: Volu11fe of sarnpl� in l 

v: V olumt of acetoJJ.� in ml 

3. Results and Disc;:ussion 

The longitudinal ch�ng�s of cp.lorophyll a, phaeophytin, and Fo:Fa ratio be­

tween 14°S at 115°E and the coast of Antarctica at I08°E are shown in Fig. 2. Low 

concentration of chlorophyll 4. (0.03-Q.07mg/rn3) W'1S :µit:as-µr�d in the eastern area 

of the Indian Ocean betwe�n l4°S and about 35°S with little fluctuation. A grad· 

ual increase in concentration was evidently observed from 35°S to 43°S. After a 

slight decrease southward, a conspicuous increased value of 0.9lrng/m3 was recorded 
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Fig. 2. Longitudinal change in chlorophyll a and phaeophytin concentrations, Fo: Fa ratio and 

water temperature on the way to Antarctica in November to December, 1967. 
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at 50°S. The concentrations of chlorophyll a and phaeophytin were estimated in the 
ranges from 0.25mg/m8 to 0.35mg/m! �ng. frprµ O.tiµi�/D:!� to 0.68mg/m8 respectively, 
and these values showed a teqdency to increase towqrd the pack ice zone. 
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The temperature-salinity (T-S) relations are presented in Figs. 3A and 3B, using 
tµe dflt3: obtai11-�cl by, W A,TA�,\B� 9:pg. HIG��o (1966) in JARE:-9. Judging from 
the T�� r:elatipn in F�g: 31\, it In�Y pe �aid �hat the Ant�rctic Converge:µce fincl 
tµe �µbtre>pic�t Qq:µv�rgeilc� £!.re locateq withil) <;>!' n�arly a� 13°� and �0°£ r�spec7 
t�vely. Ey tµe�e c<;>:µv�i::ge11-c��' tlie A,ntarcti� Oce�n was diviqed irg0. t4e Suba:µtarc­
tic Upper Water :mas� ancl. the Ant9'.f�tic Surfo.ce W flt�r mas�

'. 
f\c<:or�ingly, it 

may be cp11cludecl �hi:'J,t tlie chlorqphyll a con,ce11tration in the Suqantarctic Upper 
Water mass was approxim�tely equal to that in the Antarctic Surface Water mass, 
while the value was remarkably high in the regions of the Antarctic Corwergence 
and the southern end of the Antarctic Surface Water mass. This result W<l;S quite 
similar tp the d�ta obtained by SAIJO and KAWASHIMA (1964) and HosHIAI (1968). 
Borizo,ntal distribution of phaeophytin closely resembled that of chlorophyll a . 

Significant cha:p.ge of the Fo:Fa ratio depending on the water mass was scarcely 
ob,served i:µ this area. 

In the area outside the pack ice zqne along the Antarctic coast from 93°E to 
30°W, 1:>oth pigments were foµnd to concentrate with a wide range of variation(Fig. 4); 
low val�es in both p�gments (chlorophyll a: 0.05-Q.06mg/m8, phaeophytin: 0.14-0.21 
Ing/m8) were measured in the region between 66'?E and 54°E, while high values 
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Fig. 4, Longitudinal change chlorophyll a and phaeophytin concentrations, Fo:Fa ratio and water temperature in the area off the coast of Antarctica in December, 1967 to February, 1968. 
(chlorophyll a: 0.66-0.69mg/m3, phaeophytin: l .28-l.75mg/m3) were recorded at 85°E 

and 29°E. The highest value (chlorophyll a: 72.8mg/m3, phaeophytin: I35mg/m3) 

was obtained in the Ongul Strait located between Antarctica and the Ongul Islands. 

The value of chlo�ophyll was approximately three times larger than the highe�t 
value of 27.3 mg/m3 obtained by BURKHOLDER and SIEBURTH (1961). Such uneven 
distribution of two pigments in this region are attributable to the irregular oceanic 
conditions caused by melting of pack ice and icebergs. Meaningful change in the 

Fo: Fa ratio could not be found. 
Latitudinal variation of pigments and the Fo:Fa ratio from the area off the 

Antarctic coast (69°5I'S, 02°5I'W) to equatorial region of the Indian Ocean (01° 

IO'S, 75°55'E) via Cape Town is presented in Fig. 5. The T-S relation from An­
tarctica to Cape Town(Fig. 3B) indicates that the Antarctic Convergence, the Sub­
tropical Convergence and the Agulhas Convergence proposed by FuKASE (1961) 
seemed to be located nearly at 49°S, 42°S and 38°S respectively. However, in the 
area from· Cape Town to the equatorial region, this relation is too complicated to 
characterize the water masses. As may be seen in Fig. 5, relatively high values of 
chlorophyll a were estimated at 69°S, 54°S, 47°S and 38°S, which corresponded 
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Fig. 5. Latitudinal change in chlorophyll a and phaeophytin concentrations, Fo:Fa ratio and 

. water temperature· on the way from Antarctica in February, 1968. 
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closely to the southern part and northern part of the Antarctic Surface Water masses, 
the central part .of the Subtropical" Upper Water mass and the northern area 
of the Agulhas Convergence respectively. On the other hand low values were 
measured in the region from 56°S to 62°S, at 50°S and ·42°s, or roughly in the 
central part of the Antarctic Surface Water mass, the Antarctic and the Subtropi­
cal Convergences respectively. The profile of decrease·· in the content of · pigments 
at these convergences was quite different from· that obtained on the way to Ant­
arctica. In a cruise of R/V UMITAKA-MARU sailing across four·sections of the Pacific 
sector of the Antarctic Convergence, the increment of chlorophyll a within or near 
the convergence was observed in three sections (ToMINAGA, unpublished data). Thus, 
even in the : region of the Antarctic Convergence the chlorophyll a concentration 
varies considerably from area to area. 

lcHIMURA and FUKUSHIMA (1963) observed a 'high concentration of chlorophyll 
a in the area between 43°S and 58°S. According to HosHIAI (1968) the chloro­
phyll a concentration was rather low between· 50°S and 59°S, except the region of 
62-23°S and 43-49°S, which agrees s1.1bstantially w1th .. the present observation. 
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Fig. 6, Geographic distribution of chlorophyll a in the surface water. 
Distribution of the chlorophyll a concentration in the area from Cape Town 

to the equatorial water mass of the Indian Ocean near Colombo showed a similar 

pattern obtained in 1966-1967 CI:IosHIAI, 1968). and 1968-1969 (TAKAHASHI, 1969); 

fluctuation of the concentration was large from Cape Town to 22°S but small 

from 22°S to the equatorial region. 

Finally, summarizing these results, the chlorophyll a concentrations of the Ant­

arctic Ocean and of the Indian Ocean were in the range from 0.05 to 0.91 mg/m8 

(averaging value 0.24mg/m8) and from 0.02 to 0.60mg/m8 (averaging value 0.17mg 

/m8) respectively. This indicates that the chlorophyll a concentration in the Ant­

arctic Ocean was much higher than that in the Indian Ocean and its fluctuation 

also was more pronounced in the Antarctic Ocean(Fig. 6). 

The concentration of phaeophytin in the Antarctic Ocean was found in the 

range from 0.14 to l .75mg/m3(averaging value 0.5Img/m8) and that in the Indian 

Ocean from 0.08 to L7Img/m8(averaging value 0.39mg/m8). Distribution of phaeo­

phytin_ appeared to be parallel with that of chlorophyll a. The correlations be­

tween phaeophytin (P mg/m8) and chlorophyll a(C mg/m8) are most satisfactorily 

fitted with the following equations: 

P= 1.95 C+0.05 (r = 0.94) in the Antarctic Ocean 

and 

P = 2.74 C+O.Ol(r == 0.91) in the Indian Ocean 

where r is the correlation coefficient. It is apparent that the ratio of phaeophytin 
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to chlorophyll a content in the Antarctic Ocean is slightly lower than that m the 
Indian Oceari. 

.The Fo : Fa ratios in ,. the Antarctic Ocean rahged from 2.2 1 to 3,9 (average 3.0), 
whil� in the Indian Ocean the values wereSrom-2.0 to ,3.6 (average 2.7). II9wever, 
any significant change in ·. these ratios with . water .. mass -:was , not observed. Further 
investigation is necessary to elucidate this subject. 
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Date I Time I 
(LT) La#tude I 

Nov. 29 167 ' 08 :00 19°091N 
30 08 :00 14°051N 

Dec. 1 08 :00 9 ° 19'N 
2 08 : 00 4°031N 
3 08 :00 0°571 5 
4 08 : 00 4°351 5 
5 08 : 00 8°401. 5  

6 08 :00 ' 14 ° 151 5 
7 08 :00 19 °071 5 

8 08 :00 23°581 5 

9 08 :00 28°571 5 
Freniantle 

15 20 :00 32°491 5 
16  · 08 :00 34° 1 1 1 5 

20 : 00 35 °31 1 5 
· 1 7  08 :00 37 °571 5 

20 :00 40 °21 1 5 
18  08 : 00 42 °491 5 

20 :00 45 ° 161 5 
' 19 1 

. .  08 :00 47 °45' 5 
20 :00 50°081 5 

· 20 i 08 :00 52 °341 5 
20 :00 54 °27' 5 

21 08 :00 55°391 5 
20 :00 59 ° 191 5 

22 08 :00 61 °401 5 
20 :00 62° 131 5 

23 08 :00 62°281 5 
20 :00 62°5 1 1 5 

24 08 :00 62 °581 5 
20 :00 63°33' 5 

25 08 :00 64° 141 5 
20 :00 64°281 5 

26 08 :00 64°401 5 
20 :00 65° 171 5 

27 08 :00 65°29' 5 

Hiroyuki . ToMINAGA . . Ci¥Ili�*4 

APPENDIX · 

L . 1 d I Water 
. IChlor';):hyll alPhaeophytiri I Ol}gt u , e temp. (°C) (mg m8) · (mg7m80 

131  ° 1 31 E 26. 3 0. 08 0. 20 
129° 191 E 26. 7 0. 05 0. 1 3  

127 ° 171 E 26. 7 0. 04 0. 1 1  
124°071 E 27. 6 0. 09 0. 19 
1 19°471 E 28. 5 0. 09 0. 20 
l 18°421 E 28. 4 0. 42 · 0. 57 . ·  
l l5°431 E · 28. 2 0. 3 1  0. 52 
1 14°241 E 27; 9 0. 06 . 0. 15 
l 13 °241 E 25. 0 · 0. 04 0. 10 
11 2°31 1 E 23. 6 0 .. 01 0. 14 
1 12°571 E 20. 0 0. 05 0. 1 1  

· 1 13°4'5' E 19. 8 · 0. 03 0. 08 
1 1 1 ° 171 E · 1 8. 0 0. 06 . O; 13  
108°461 E 17 . 2 0. 03 · o. w  
107°471 E · 14.  3 0. 20 0. 36 
107 ° 161 E 12. 4 0. 24 0. 44 
106°48' E 10. 4 0. 27 0. 51 
107°02' E 10. 5 0. 24 0. 61 
107° 171E 8. 3 0. 23 0.'46 
I08°081 E 4. 8 0. 9 1  1 .  60 
108°551 E 2. 7 0. 33 0. 60 
I08°21 1 E 2. 0 0. 35 0. 68 , 
106°501 E 0. 8 0. 25 0. 42 
l05° 1 1 1 E 0. 8 0. 25 0. 47 
l03°401 E 0. 4 0. 28 0. 58 
98°561 E 0. 5 0. 39 0. 76 
93°321 E 0. 2 0. 33 0. 74 
88°31 1 E 0. 4 0. 66 1 .  28 
83°081 E 0. 6 0. 22 0. 39 
77 °531 E 1 .  1 0. 16 0. 22 
72°021 E 0. 6 0. 1 1  0. 24 
66°201 E 0. 2 0. 08 0. 21 
60°531 E 0. 2 0. 05 0. 14 
53 °301 E -0. 5 0. 05 0. 17  
49 ° 141 E -0. 2 0. 21 0. 34 

Fo : Fa 
ratio 

2. 8 
2'. 6 

2. 5 
3. 1 
3. 1 
4. 4 
3. 7 

2. 8 
2. 9 
3. 3 
3. 0 

3. 2 
3. 2 
2. 0 

' 3. 6 
3. 5 

. · 3. 4 
2. 8 
3. 2 
3. 6 

3; 5 
3. 4 
3, 7 
3. 4 
3. 2 
3. 4 
3. 1 
3. 4 
3. 5 
3. 3 
3. 1 
2. 7 
2. 8 
2. 4 
3. 9 
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Date Time Latitude (LT) 

Jan. 5 08 :00 68°291 5 
Syowa Station 
Feb. 13 168 08 :00 68° 151 5 

14 08 :00 68°071 5 
20 :00 68°31 1 5 

1 5  08 :00 68°341 5 
20 : 00 68°381 5 

16  08 :00 68°321 5 
20 : 00 67 °571 5 

17  08 :00 68°051 5 

20 :00 69 °51 1 5 
1 8  08 :00 69 °281 5 

20 :00 67 °231 5 
19 08 :00 66°021 5 

20 :00 63° 141 5 
20 08 :00 62 °21 1 5 

20 : 00 59 °521 5 
21 08 :00 58°081 5 

20 :00 56° 161 5 
22 08 :00 54°001 5 

20 :00 52°491 5 
23 08 :00 50°231 5 

20 :00 50°001 5 
24 08 :00 46°27 1 5 

20 :00 44°521 5 
25 08 :00 43° 141 5 

20 :00 41 ° 151 5 
26 08 :00 39 ° 181 5 

20 :00 37 °501 5 
27 08 :00 36°561 5 

20 :00 35 ° 181 5 
Cape Town 
Mar. 8 08 :00 35°031 5 

9 08 :00 33°471 5 
10 08 :00 31 °40' 5 

1 1  08 :00 29 °37 1 5 
1 2  08 :00 27 °221 5 
1 3  08:00 25°081 5 

19 :00 24° 101 5 

Longitude 

38°501 E 

37 °201 E 
33 °37'E  
29 ° 161 E 
24°301 E 
18°301 E 
15°001 E 
07 °381 E 
01 °571 E 
02°501w 
02°361W 
02°421w 
02°401w 
02°201w 
02 °051w 
01 °551w 
01 °201W 
01 ° 101 E 
02°261 E 
02°351 E 
04°091 E 
04 °401 E 
07 °221 E 
08°381 E 
10°091 E 
1 1  °571 E 
13°331E 
14 °421 E 
15 ° 191 E 
l6°231 E 

21 °371 E 
27 ° 171 E 
32° 131 E 
37 °091 E 
42 °301 E 
47 °351 E 
49 °541 E 

I Water IChlorotyllalPbaeophytin i 

temp.( °C) (mg m8) (mg/m8) 

- 1 . 1 · 72. 8 1 35 

- 1. 7 0. 21 0. 42 
-0. 4 o. 19 0. 37 
- 1 . 9 0. 69 1 .  75 
- 1 . 2  0. 08 0. 23 
-0. 6 o. 1 8  0. 36 
- 1 . 1 0. 33 0. 69 
-0. 4 0. 30 0. 60 
-0. 5 0. 22 0. 47 
- 1 .  8 o. 31  0. 69 
- 1. 1 0. 46 1. 02 

0. 6 0. 35 0. 74 
0. 8 0. 21 0. 45 
0. 8 o. 19 0. 39 
0. 9 o. 1 3  0. 51 
0. 9 0. 15 0. 31  
0. 6 o. 12  0. 25 
1 .  4 o. 12  0. 23 
1 . 6 0. 23 0. 52 
1. 5 0. 21 0. 42 
4. 0 0. 1 8  0. 39 
3. 9 0. 1 8  0. 38 
5. 5 0. 54 0. 93 
6. 5 0. 35 0. 90 
8. 4 0. 23 0. 87 

12. 2 0. 23 0. 68 
17. 1 0. 59 1 .  54 
17 . 5 0. 60 1 .  71 
17. 8 0. 23 0. 66 
19. 2 o. 16  0. 38 

21 .  7 0. 49 0. 80 
25. 6 0. 05 0. 09 

22. 9 0. 08 0. 20 
24. 6 0. 06 0. 1 4  

26. 0 0. 12 0. 23 
26. 8 0. 03 0. 08 

26. 6 0. 10 0. 34 
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Fo :Fa 
ratio 

3. 9 

2. 8 
3. 4 
2. 8 
2. 6 
3. 0 
3. 0 
2. 7 
2. 7 
3. 1 
3. 1 
2. 9 
2. 9 
2. 7 
2. 1 
2. 4 
2. 7 
2. 7 
3. 2 
3. 1 
2. 9 
2. 8 
2. 6 
2. 6 
2. 2 
2. 6 
2. 6 
2. 6 
2. 6 
2. 7 

3. 4 
3. 4 
2. 9 
2. 9 
3. 4 
2. 7 
2. 4 
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Date Time Latitude (LT) 
14 08 : 00 22°591 5 

19 :00 22 °031 5 

1 5  08 :00 21 °001 5 

19 :00 19 °42 1 5 

1 6  08 :00 1 8°01 1 5 

19 :00 16 °321 5 

1 7  08 :00 15 °091 5 

19 :00 1 3 °341 s 
1 8  08 :00 1 1 °451 5 

1 9 : 00 10°051 5 

19 08 : 00 08.:'05' 5 

1 9 : 00 06 °081 5 

20 08 :00 03 °
27 1 5 

19 :00 01 ° 101 5 

2 1  08 :00 01°00 1 N 

19 :00 02
°
43 1N 

22 08 :00 05 ° 1 1 1N Colombo 
28 08 : 00 05 °54 1 N 

19 : 00 06°001 N 

29 08 :00 06 °051 N 

19 :00 06°081 N 

30 08 : 00 06 ° 1 21N 

3 1  08 :00 04 °491N 

April I 08 :00 01 °301N 

2 08 :00 04 °
3 1 1N 

3 08 :00 08°3 1 1 N 

4 08 :00 1 2 ° 1 21N 

5 08 :00 1 5 °331 N 

6 08 :00 1 8°571 N 

7 08 :00 22 °291N 

8 08 :00 26° 1 31N 

9 08 :00 29 °51 1 N 

10  08 : 00 33 ° 1 31 N 

Hiroyuki ToMINAGA 
Longitude 

52
°
31 1 E 

54
°
431 E 

57
°
101 E 

59
°
031 E 

60 °591 E 

62 °421 E 

64
° 
591 E 

66
°
41 1 E 

68
°
321 E 

70
°
1 31 E 

72
° 1 71 E 

73
°
401 E 

74 °
53 1 E 

75 ° 551 E 

77
°
41 1 E 

78
°
31 1 E 

79
°
33 1 E 

83
°
1 31 E 

85
°
341 E 

88
° 
141 E 

90
°
391 E 

93
°
321 E 

98°
271 E 

I03
°
041 E 

I06
°
251 E 

I09 °
341 E 

1 1 3
°
021 E 

1 16°491 E 

120
°
351 E 

124
°
201 E 

128
°
1 41 E 

1 32 °031 E 

1 35°591 E 

I Water [Chlorophyll a[Phaeophytin I temp. ( ° C) (mg/m3) (mg;m3) 

26. 5 0. 12  0. 25 

26. 6 0. 06 0. 1 5  

26. 8 0. 03 0. 08 

27. 3 0. 03 0. 08 

27. 3 0. 02 0. 08 

27. 7 0. 03 0. 1 3  

27. 3 0. 03 0, 08 

28. 8 0. 06 0. 1 7  

27. 5 0. 06 0. 1 6  

28. 7 0. 09 0. 25 

27. 8 0. 05 0. 1 4  

28. 6 0. 04 0. 1 5  

28. 8 0. 1 4  0. 30 

29. 0 0. 1 3  0. 44 

28. 5 0. 12  0. 36 

28. 6 0. 08 0. 21  

28. 6 0. 1 1  0. 29 

27. 8 0. 19 0. 50 

27. 6 0. 1 5  0. 33 

28. 0 0. 20 0. 49 

29. 6 0. 07 0. 18 

28. 3 0. 1 5  0. 35 

28. 8 0. 1 7  0. 33 

28. 5 0. 38 0. 77 

27. 8 0. 07 0. 19 

27. 2 0. 10  0. 21  

27. 3 0. 1 1  0. 23 

26. 4 0. 1 3  0. 25 

25. 9 o. 30 0. 53 

24. 3 0. 07 o. 19 

20. 7 0. 1 2  0. 32 

2 1 .  6 0. 21  0. 52 

18. 0 1 .  15  2. 49 

Cmffi�;!S} 

Fo:Fa ratio 
3. 2 

2. 8 

2. 6 

2. 4 

2. 1 

2. 1 

2. 4 

2. 5 

2. 6 

2. 6 

2. 8 

2. 3 

3. 1 

2. 4 

2. 5 

2. 7 

2. 8 

2. 8 

3. 0 

2. 9 

2. 8 

3. 0 

3. 4 

3. 3 

2. 8 

3. 2 

3. 1 

3. 3 

3. 6 

2. 8 

2. 8 

2. 8 

3. I 


