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Chlorophyll a Content in the Indian Sector 

of the Antarctic Ocean 
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Abstract: Measurement of chlorophyll a in the Indian sector of the 
Antarctic Ocean was carried out during the cruise:of R. V. KAIYO MARU 
of the Fisheries Agency, from December 1979 to March 1980. 

The chlorophyll a content in the surface water was measured at 
stations from Fremantle to the station of 61 °S, 100°E (1/7-1/15, 1980) 
and from the station of 61 °S, 120°E to Melbourne (l/27-2/8, 1980). The 
surface water chlorophyll a content in the former course ranged from 
0.05 to 0.44 mg/m3, and in the latter it ranged from 0.02 to 0.18 mg/m3• 

Surface water chlorophyll a was larger on the outward leg than on the 
homeward leg. 

The chlorophyll a content at 36 stations which were arranged along 
five transections in the survey area was measured on water samples 
taken from 10 layers between the surface and the depth of 200 m. The 
chlorophyll a content ranged from 0.00 to 0.95 mg/m3

• 

The water mass which contained more than 0.5 mg/m3 chlorophyll 
a could be regarded as a core in the subsurface water. The chlorophyll 
a peaks were observed near the picnocline at most of the stations. 
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1. Introduction 

From December 12, 1979 to March 8, 1980, R. V. KAIYO MARV made 

a cruise of the Indian sector of the Antarctic Ocean as part of the BIOMASS 

program. The chlorophyll a content in the surface water was measured on the 

outward leg from Fremantle to the station of 6 I 0S, I00°E (1/7-1/ 15, 1980) 

and on the homeward leg from the station of 61 °S, l 20°E to Melbourne 

(1/27-2/8, 1980). The vertical distribution of chlorophyll a was investigated 

in the survey area bounded by 61 ° and 65°S parallels and 100° and l 20°E 

longitudes. 

There are many reports on the chlorophyll a content in the Indian sector 

of the Antarctic Ocean (ICHIMURA and FUKUSHIMA, 1963; SAIJO and KA WA

SHIMA, 1964; EL-SAYED and TURNER, 1977; PLANCKE, 1977). However, reports 

on the vertical distribution of chlorophyll a in this region are few (EL-SAYED 

and TURNER, I 977). The purpose of the present paper is to describe the 

results of the surf ace and vertical observations of chlorophyll a along the 
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Fig. J. Map showing the chlorophyll a measurement stations occupiea by R. V. KAIYO MARV 

in the southern ocean during the period from 6 January to 9 February, 1980. 

STC; Subtropical Convergence, AC; Antarctic Convergence, O; stations of surface 

observation, e; stations in the survey area (6J0-65°S, 100°-120° £). 
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cruise tracks of the KAIYO MARU and in the survey area. 

2. Materials and Methods 

The sampling stations are given in Fig. I. The surface water was taken 

by the cloth bucket and the samples from 9 layers between 10 m and 200 m 

were obtained by Nansen bottles. The surface water samples on the outward 

and homeward legs were collected four times a day at 2:00, 8:00, 14:00 and 

20:00 (local time). In the survey area, the observation sites were set at 5° 

longitude intervals (Fig. 1). Then, the sea water of 100 to 200 ml was filtered 

through a glass fiber filter (Whatman GF /C 47 mm in diameter) with the aid 

of a vacuum-pump. Pigments trapped on the filter were extracted with 90 % 

acetone solution by the use of an ultrasonic generator. After centrifuging the 

extract for 5 minutes at 3000 rpm, the amount of chlorophyll a and phaeophytin 

was determined fluorometrically according to the method reported by SAIJO 

(l 975). A Turner Model-III fluorometer was used for the pigments determina

tion. The intrinsic fluorecence values of phaeophytin and the acid factor were 

5.13 and 1.8, respectively. 

3. Results and Discussion 

3.1. Surface observation on the outward leg 

Longitudinal variation of the chlorophyll a content was observed on the 

outward leg from Fremantle to the station of 65°S, 100°E (Fig. 2a). The 

observation was done from January 7 to 15, 1980. The Subtropical Conver

gence and the Antarctic Convergence are assumed to be at about 40°S and 

56°S latitude, by the data of temperature and salinity observations, which are 

given in 1979 KAIYO MARU Survey Cruise Report. Chlorophyll a increased to 

0.29 mg/m3 at about 46°S after a remarkable decrease (0.05 mg/m3) near the 

Subtropical Convergence. From 46°S to the Antarctic Convergence, chlorophyll 

a fluctuated between 0.12 mg/m8 and 0.21 mg/m8, and the value increased be

yond the Antarctic Convergence. Particularly along Section I of the survey 

area the chlorophyll a concentration was between 0.22 mg/m3 and 0.44 mg/m3 • 

In the sea north of the Subtropical Convergence, in the Subantarctic 

region, and in the Antarctic region, the mean values of the chlorophyll a 

content and the standard deviations were 0.13 ± 0.00, 0.18 ± 0.06, and 0.25 

+ 0.10 mg/m3
• respectively. 
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Fig. 2. Longitudinal changes of chlorophyll a on the outward (a) and homeward (b) legs. 

3.2. Surface observation on the homeward leg 

Longitudinal variation of the chlorophyll a content on the homeward leg 

from the station of 65°S, l 20°E to Melbourne is given in Fig. 2b. The obser

vation was done from January 27 to February 8, I 980. The Subtropical 

Convergence and the Antarctic Convergence were situated at about 44°S and 

59°S latitude, respectively. The chlorophyll a concentration along Section V was 

lower than along Section I. The maximum value along Section V was 0.17 mg 

/m3
• The chlorophyll a content remained at low level below 0.14 mg/m3 be

tween the Antarctic Convergence and the Subtropical Convergence. The fluc

tuation of chlorophyll a was little except in the area near the Antarctic Con

vergence, where chlorophyll a value was 0.02 mg/m3
• In the area north of the 

Subtropical Convergence it ranged from 0.09 mg/m3 to 0.18 mg/m3
• The 

distribution pattern of chlorophyll a in the surface water on the homeward 

leg was quite different from that on the outward leg. 
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Fig. 3. Chlorophyll a profile along Section J. 
x ; inflection point of sigma-t. 
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Fig. 5. Chlorophyll a profile along Section III. 
x; inflection point of sigma-t. 
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Fig. 4. Chlorophyll a profile along Section II. 
x; inflection point of sigma-t. 
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Fig. 6. Chlorophyll a profile along Section IV. 
x ; inflection point of sigma-I. 
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Fig. 7. Chlorophyll a profile along Section V. 

x ; inflection point of sigma-t. 
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Fig. 8. Horizontal distribution of the transparency in the survey area. 
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The mean values of the chlorophyll a content in three water masses men

tioned above, with the standard deviations, were 0.14 + 0.03, 0.10 ± 0.04, and 

0.10 ± 0.04 mg/m3, respectively. 

3.3. Chlorophyll a profiles in the survey area 

Chlorophyll a profiles along five sections are given in Fig. 3 to Fig. 7. Chlo

rophyll a concentration higher than 0.05 mg/m3 was found above the depth 
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of 1 30 m, and it was hard to detect chlorophyll a in the waters deeper 

than I 30 m. Chlorophyll a concentrated at the depth of about 50 m in Sec

tions I and IV and at the 30 m layer in Section II and I I I .  Water of h igh 

chlorophyll a over 0 .5 mg/m3 was not found in Section V. High concentration 

of chlorophyll a appeared near 64°S in Sections I , I I  and IV, and near 62°S 

in  Section I I I .  The inflection points of sigma-t are shown with crosses in F igs. 

3 to 7. The water of h igh chlorophyl l  a concentration was found at the inflec

t ion points along Sections I , II and I I I .  However, along Sections IV and V, it 

appeared below the inflection points. The highest chlorophyll a concentration 

(0.95 mg/m 3) was observed at the depth of 50 m near 64°S in  Section I .  The 

extent of the water of high chlorophyll a concentration became smaller toward 

east and the concentration of chlorophyll 

h igh in the southern part of the survey 

(Fig. 8) . The reversed relation between 

the chlorophyll a distribution and the 

transparency is d iscern ible in F ig. 3 to 

Fig. 8 .  

3.4. Distribution of pigment ratio 

I n  general, the p igment rat io as 

shown by the percentage of chlorophyl l 

a to the sum of chlorophyl l  a and 

phaeophytin can be used as  an index 

of the activity of phytoplankton. The 

relationship between the pigment ratio 

and the chlorophyll a content was exam

ined in the surface water and the wa

ter of 50 m depth at I O  stations be

tween of 6 I 0S and 6 I 040'S and at I O  

stations between 64 °20 'S and 65 °S in  

the survey area (F ig.9) . At  both layers, 

the pigment ratio of the southern stations 

was generally low compared with that 

of the northern stations. The result 

showed that phytoplankton was more 

active in  the northern part. Furthermore, 

a decreased. The transparency was 

area and it increased toward east 
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Fig. JO. Vertical distributions oj chlorophyll a (0-0). chlorophyll a + phaeophytin (.6.-.6.), 

water temperature (8-e), sigma-t ( X - X) and pigment ratio (chlorophyll a/ chlo

rophyll a + phaeophytin) ; dotted zone. a;  St. 51 (60° 57.4' S, 105°02.3' E), b; St. 45 

(62°59.7'S, 105 °00.6' E), c; St. 38-1 (64°53. 5' S, 105°07.6'£). 

to know the vertical d istribution of the act ive fraction of phytoplankton in 

the survey area, the vertical distribution of the pigment ratio was investigated 

at Sts. 5 1, 38- 1 and 45, which represented north, south and intermediate 

stations. The results are illustrated in F ig. I O  with the profiles of chlorophyll 

a, phaeophytin, water temperature and sigma-t. 

At St. 51 (Fig. I Oa) , a peak of chlorophyll a (0 .47 mg/m3) was found 

at the depth of 50 m below which the chlorophyll a content decreased sharply. 

This layer corresponds to the p icnocline. The p igment ratio was larger than 90 

% in the layer of 0-50 m except 20 m layer, and it decreased gradual ly from 

the 50 m layer toward the deep. At St. 45 (Fig. I Ob) , the maximum value of 

chlorophyll a (0.71 mg/m3) existed at the depth of 30 m. This layer also coin

cides with the p icnocl ine, below which the chlorophyll a content decreased 

remarkably. The p igment ratio was between 80 % and 90 % from the surface 

to the 50 m layer. It decreased gradually toward the deep. At St. 38- I (Fig. 

I Oc) , the chlorophyll a content was lower than at former stations. It i s  distrib-
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uted uniformly from the surface to the deep layer. The pigment ratio was 

approximately 50% at the surface and decreased with depth. KURODA ( I 978) 

reported that the pigment ratio in the Antarctic surface water ranged from 83 

% to  9 I %. This value almost coincides with those of St. 5 1  and St. 45, but 

is higher than that of St. 38-1. 

The gradient of sigma-t was large at St. 5 I and small at St. 38-1. The 

sigma-t gradient of St. 45 was intermediate between those of the above two 

stations. The profile of the water temperature of St. 38- 1 differed from that 

of Sts. 51 and 45. In particular, the remarkable decrease in the water tem

perature of surface layer was recognized from north to south. From the ver

tical distribution of water temperature, sigma-t, chlorophyll a and p igment 

ratio, it was considered that in the southern most part of the survey area, the 

water mass might be unstable. From the longitudinal variation in the temper

ature of surface water, transparency, chlorophyll a concentration and p igment 

ratio in the surface layer, it was assumed that the surface water in the southern 

part of the survey area moved to north being warmed and that the phyto

plankton was increasing in the water layer. 

Acknowledgments 

The authors wish to express their gratitude to Prof. Shiro OKABE, Faculty 

of Marine Science and Technology, Tokai University, for his great encour

agement, to Dr. Keiji NAsu, Institute of Far Seas Fisheries Agency, for his 

constructive advice, and to Mr. Akio NISHIDA, Faculty of Marine Science and 

Technology, Tokai University, for his k ind advice. 

Thanks are also due to Captain Toshiharu TAKAHASHI of R.V. KAIYO 

MARU and his crew for their k indness. 

References 

EL-SAYED, S. Z. and TURNER, J. T. (1977) : Productivity of the Antarctic and Tropical/ 

Subtropical region: A comparative study. Polar Oceans, ed. by M. J. DUNBAR, Cal

gary, Arct. Inst. North Am. ,  463-503. 

lcHIMURA, S. and FUKUSHIMA, H. (1 963) : On the chlorophyll content in the surface wa

ter of the Indian and the Antarctic Oceans. Bot. Mag. (Tokyo), 76, 395-399. 

KuRODA, K. (1978) : Distribution of chlorophyll a contents in the surface water along 

the course of the Fu11 to and from Antarctica in 1972-1973. Nankyoku Shiryo (Ant

arct. Rec.), 61, 65-74. 

PLANCKE, J. ( 1977) : Phytoplankton biomass and productivity in the Subtropical Conver-



No. 73. 1981) Chlorophyll a Content in the Indian Sector of the A ntarctic Ocean 8 1  

gence area and shelves o f  the western Ind ian subantarctic islands. Antarctic Ecosys

tems, ed. by G. A. LLANO. Washington, D. C., Smithsonian Inst . ,  51-73. 

SAuo, Y.  and KAWASHIMA, T. ( 1964) : Primary production in the Antarctic Ocean. J. Ocea

nogr. Soc .  Jap. 19, 22-28. 

SAuo, Y. (1975) : K urorofiru no sokuteiho (A method for the determination of chloro

phyll) .  Rikusu i Gaku Zasshi (Jap. J. Limnol . ) ,  36 (3) , 103-109. 

Su1sANCH6 (FISHERY AGENCY) (1980) : Showa 54-nendo KAIYO MARU Chosa K6kai Hoko

kusho; Dai-1-ji Nankyoku-kai Chosa (1979 KA1Yo MARV Survey Cruise Report; The 

first Antarct ic Expedition), Tokyo, 362 p. 

(Received March 30, 1981 ; Revised manuscript received May 13, 1981) 


