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The distribution of size-fractionated chlorophyll a in the Indian Ocean South

Equatorial Current

ZHOU Yadong'?, WANG Chunsheng'>" | WANG Xiaogu'**, LIU Zhensheng'?, LU Yong'?, LIU Xiaohui'"’
1 The Second Institute of Oceanography, SOA, Hangzhou 310012, China
2 Laboratory of Marine Ecosystem and Biogeochemistry, SOA, Hangzhou 310012, China
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Abstract: An investigation of the distribution and size composition of chlorophyll a concentration ( >20 pwm, 2 —20 pm,
0.2 —2 pm) was carried out from April to May 2010 in the South Equatorial Current (SEC) region (10°59'—14°6'S,80°
00'—113°3'E) of the Indian Ocean. The survey was carried out during the inter-monsoon, which is characterized by weak
vertical mixing and low upwelling. The objective of this study was to investigate the spatial distribution and size fraction of
chlorophyll a concentration and to relate this to environmental factors. 9 stations were surveyed and water samples were
collected from 17 layers in 0—200 m water column of each station. A total of 9 profiles of size-fractionated chlorophyll a,
nutrients ( NO; \PO?[ and SiO?) , temperature and salinity were obtained. According to the location of the stations, the
whole survey region was divided into two subregions, CIO ( Central Indian Ocean) survey region and EIO ( Eastern Indian
Ocean) survey region. Results showed that the water column of the survey area is well stratified and the mixed layer was
about 50 m throughout the region. The surface water was characterized by high temperature and low concentrations of

nutrients. The eastern part of the EIO region was influenced by the intrusion of the Indonesian Throughflow and the South
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Java Current, which has high temperature and low salinity. Three characteristics of the chlorophyll a distribution were
revealed: (1) Low chlorophyll a concentration of surface water was widespread in the region (0.122+0.052 mg/m’ on
average ) , but spatial pattern was also observed. The chlorophyll a concentration in the CIO survey region was uniformly
low; however, relatively higher chlorophyll a concentration and higher inter-station variation was observed in the EIO survey
region. (2) A subsurface chlorophyll a maximum layer occurred between 60 and 80 m, which coincided with the
nutricline. (3) The 0.2—2 wm chlorophyll a always dominated and represented 75% of the total chlorophyll a on average,
while the average contribution of 2—20 wm and >20 pm chlorophyll a to total chlorophyll @ concentration were 20% and
5% , respectively. It was suggested that the phytoplankton community in this area was predominated by picoplankton.

Factors affecting the distribution of phytoplankton were discussed. The low chlorophyll a concentration in surface water
can be attributed to the low concentrations of nutrients in upper layers, which were less than or close to the half-saturation
constants (K, values) for nutrients uptake of phytoplankton in oligotrophic seas. Chlorophyll a concentration increased
rapidly in response to the increasing nutrient concentrations in the nutricline. The dominance of picoplanton was also
resulted from the low nutrients concentration because picoplankton were more competent over the netplankton and
nanoplankton under oligotrophic condition. Our results indicated that hydrological structure could affect phytoplankton via
exerting influence over nutrients distribution.

Based on the comparison between the present research and studies in other oceans, the SEC region was classified as
one of the oligotrophic regions, in which the low level of nutrients, especially NO;, played a major role in limiting the

growth of phytoplankton.

Key Words: chlorophyll a; size fraction; the Indian Ocean South Equatorial Current; oligotrophic
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Fig.2 Vertical distribution of temperature, salinity, total Chl a and nutrients in station CTD2
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Table 1 Vertical distribution of Chla, DO and nutrients in spring of CIO survey region in South Equatorial Current

BMHEEE Chl a

JKIR Depth/m / (mg/u) DO/ wmol/L NO3/pmol/L PO3"/pmol/L Si03™/pwmol/L
2 0.0720. 005 — — — —
5 0.066+0.010 405.8+10.7 0.35+0.38 11+0.03 2.85+2.48
10 0.067+0.008 424.5+11.8 0.34+0.33 12+0.01 1.82+0.79
20 0.0720.001 — — — —
30 0.070+0. 006 419.3£10.6 0.52+0.49 0.120.05 2.02+2.06
40 0.083+0.006 — — — —
50 0.139+0.016 409.5+10. 1 0.45+0.34 0.140.05 1.61+1.44
60 0.223+0.060 — — — —
75 0.284+0.036 355.3+75.4 3.45+3.56 0.4120.31 4.65+4.42
80 0.254+0.037 — — — —
90 0. 199+0. 060 — — — —
100 0.167+0.033 247.5+37.6 13.83+1.96 1.00+0. 18 12.20+2.40
110 0.136+0.015 — — — —
125 0.104+0.027 237.4+10.3 16.64+0. 11 1.26+0.07 19.53+1.75
150 0.0340. 005 235.4%11.0 18.92+2.73 1.47+0.03 24.98+5. 11
175 0.0100. 003 229.6+7.0 19.57+3.07 1.58+0.11 27.29+3. 64
200 0.002:0. 003 222.4+25.2 22.10£2.45 1.68+0.22 30.22+4.74

" R A 28 XK SR A S E A
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e 7 AR . EIO I X% 2 M43 a W BV [ 7E 0. 091—0. 209 mg/m’( CTDS M3 A%, CTD9 i3
), T CI0 PIIX (0.062—0. 075 mg/m’) , M CTD5—CTDO {3 , /K Z M 4R K a WA 230 FH i i
(KT
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Table 2 Vertical distribution of Chl a, DO and nutrients in spring of EIO survey region in South Equatorial Current
BHE4EE Chl a

JKIR Depth/m / (mg/m®) DO/ wmol/L NO3/pmol/L P03~/ pumol/L Si03/pmol/L
2 0.1380. 049 — — — —
5 0.138+0. 053 410.0£24.3 0.30+0.39 0.05+0. 02 5.48%2.56
10 0.133+0. 054 419.945.6 0.39+0.40 0.05+0.03 4.23+2.85
20 0.143+0. 053 — — — —
30 0.143+0. 055 415.648.6 0.38+0. 42 0.05+0. 02 3.97+2.55
40 0.158+0. 058 — — — —
50 0.237+0.079 404.9£13.1 0.37+0. 44 0.09+0. 04 3.97+2.31
60 0.289+0. 096 — — — —
75 0.285+0. 086 355.5+46. 4 3.29+2.03 0.33%0.13 8.00+2.38
80 0.244+0. 081 — — — —
90 0.189+0. 072 — — — —
100 0.146=0. 068 301.8+44.9 10.46+4.21 0.75+0.23 13.09+3. 82
110 0.1100. 038 — — — —
125 0.059=0. 033 275.4+31.1 14.60+3. 46 1.01+0.24 19.37+4.74
150 0.024+0.011 256.0+12.8 17.31£2.60 1.22+0.16 29.33£5.90
175 0.015+0. 010 258.5+23. 1 18.76+3.37 1.38+0.21 28.15%5.18
200 0.0120. 012 242.9+16.8 20.44%3.02 1.48+0.17 28.60+4.19
“ 7 FR A E X 1 K R S E
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JZ . MERE a WHEAIREIX (>0. 2 mg/m”) FTAE /K BRIE I CTDS 34 1 60—100 m F CTD i34 i) 20—80
m , R PSS KBRS R ORI 7K JZ BRI (CTD6 PEERAM) o MIZJRAE T 4R a WA GE T
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XiF 9 ANtV IE A ) 45 DR AR B A3 T 245 SR WY B IXC pico G453 o1 A A XA, X ST R a WREERY
XTI N 75%  CTD1—9 , pico &Gy %44 K a B9 TTHRSEZENE 1 TF, 75 CTDS Mk A B (82% ) , Z %
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Fig.9 Vertical distribution of average Chl a concentration of different size in the two survey regions
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Table 3 Comparison between South Equatorial Current inIndian Ocean and other tropical oligotrophic sea

RIZM A a W 2R a W
WX Surface Chla Pico-Zfhy LL ] I 7K 2/ m SR
Region concentration Pico/ % Depth of Chlorophyll a Reference

/(mg/m*) maximum layer

KV South Atlantic Ocean <0.2 80 50—100 [2]
MR K FGEE Equatorial Atlantic Ocean <0.2 >71 45—60 [6]
PRS- A1 X Tropical open ocean in the Western Pacific <0.1 >60 50—100 [7]
ENRE PERG AR B i X South Equatorial Current in Indian Ocean <0.1—0.2 75 60—80 NI

Longhurst' " 4 E[J B ¥ 10°—40°S [i] 5)™ ) 7 X U5 A B BN BE 7 Bl #HF PR (Indian South Subtropical Gyre
Province ,I1SSG Province) , 1 X 3B KR4I Wl 16 X e JZ 282K a W EE/NT 0. 05 mg/m’, 7 HY U B0 H i 14 55
FFRA H U LY, B 2R 8 3 KO A A6, B A A X 8 1 R JZE 4 a WE, Longhurst Ff )9 A
Rossby-Scaled Eddies (14520, i} L 3438 31t 52 85 375 X 5 ZLAE vh T B BT 2137 Hh e ek i 7k k)
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