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Recent measurements of chlorophyll, primary produc-
tivity (PP) and nutrients along the central Bay of  
Bengal (BOB) during summer, fall and spring inter-
monsoons showed that the northern bay becomes less 
productive compared to the south in summer and fall 
intermonsoon, in spite of the nutrient input to the  
upper ocean by way of river influx as well as eddy-
pumping. Along the western boundary also, highest 
PP in the northern bay did not occur during summer 
or in the fall intermonsoon, but occurred in the spring 
intermonsoon. The reason for this was explored using 
diffuse attenuation (Kd(490)) and photosynthetically  
active radiation (PAR) which indicates the influence 
of the river flux in curtailing the downward penetra-
tion of solar radiation and cloud cover respectively. 
During summer and fall intermonsoon, biological 
productivity in the northern BOB is severely limited 
by the reduced downward penetration of solar radia-
tion due to the large quantities of sediment brought by 
the adjoining rivers. Though the cloud cover reduces 
PAR in the northern BOB, this has only a secondary 
effect in comparison to the light limitation due to tur-
bidity, which showed an order of magnitude increase 
in the northern Bay. 
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tation, eddy-pumping, photosynthetically active radiation, 
primary productivity, nutrients.  
 
THE Bay of Bengal (BOB) is a tropical basin located in 
the eastern part of the north Indian Ocean. Traditionally, 
BOB has been considered to be a region of low biological 
productivity. Based on the data collected during the  
International Indian Ocean Expedition (IIOE), Qasim1 
showed that though the average surface biological pro-
duction in the BOB was (~ 1.25 times) higher than its 
western counterpart, the Arabian Sea, the column produc-
tion of BOB was much lower. Subsequent studies2,3 cor-
roborated the notion of low biological productivity of the 
BOB. However, recent studies show that episodic events 
such as cyclones4,5 and meso-scale features such as cold-
core eddies6–8 are capable of enhancing biological pro-

ductivity in BOB. The enhanced biological production in 
both cases result from introduction of nutrients from sub-
surface waters to the surface layers. In the former case, it 
occurs through intense wind mixing under the influence 
of strong winds which deepens the mixed layer, while in 
the latter case it happens through Ekman suction.  
 The low biological productivity of BOB has been 
speculated to be due to various reasons such as, narrow 
shelf, cloud cover during summer monsoon, turbidity  
resulting from sediment influx, fresh water-induced 
stratification1,2,6, etc. On the basis of water column stabil-
ity computations and one-dimensional turbulent closure 
model, Prasanna Kumar et al.9 showed that the low bio-
logical productivity in BOB during summer monsoon is 
driven by strong stratification as speculated earlier6. 
However, presently it is not clear whether the biological 
productivity of BOB is limited by the availability of 
sunlight. In the present study, we use data collected by 
clean technique and in situ incubation from the central 
and western BOB following the Joint Global Ocean Flux 
Study (JGOFS) protocol10 to determine the primary pro-
ductivity and constrain it with photosynthetically avail-
able radiation and diffuse attenuation coefficient to 
address the light limitation of biological productivity. 

Data and analysis  

Observational data  

Measurements were carried out along two transects, one 
along the central BOB (88°E) and the other along the 
western boundary of the bay (Figure 1). All 24 CTD 
(conductivity–temperature–depth) stations were occupied 
at 1° interval, 14 along the central BOB and 10 along the 
western boundary. The same 24 CTD stations were occu-
pied three times onboard ORV Sagar Kanya during  
summer monsoon (6 July to 2 August 2001), fall (14 Sep-
tember to 12 October 2002) and spring (12 April to 7 
May 2003) intermonsoons. A Sea-Bird CTD was used to 
obtain profiles of temperature and salinity in the upper 
1000 m and the water samples were collected from vari-
ous depths using a rosette sampler fitted with 13/30L  
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Go-Flo bottles. Water samples were analysed for nitrate 
and silicate with a SKALAR auto-analyser during sum-
mer and with spectrophotometer following Grasshoff  
et al.11 during fall and spring intermonsoons. The sensi-
tivity for nitrate and silicate was 0.1 and 0.5 μM respec-
tively.  
 In addition, nine biological stations (five in the central 
BOB and four along the western margin, Figure 1) were 
also occupied for 24 h for measuring chlorophyll a and 
primary production (PP) according to an in situ incuba-
tion protocol10. Water samples were collected at pre-
dawn from eight discrete depths (near surface, 10, 20, 40, 
60, 80, 100 and 120 m) and used for measuring PP and 
chlorophyll a. Water samples from each depth were col-
lected in four 300 ml polycarbonate (Nalgene, Germany) 
bottles (three light and one dark). One ampoule of 
NaH14CO3 (specific activity of 185 kBq; Board of Radia-
tion and Isotope Technology, Mumbai) was added to each 
bottle. Subsequently, all bottles were tied on to a mooring 
system before dawn, and incubated in situ at respective 
depths. The mooring was in situ from just before sunrise 
to half hour past sunset. Uptake of 14C was measured by 
filtering 100 ml of sample from each bottle through GF/F 
filters (25 mm diameter, 0.7 mm pore size; Whatman, 
USA); filters were transferred into scintillation vials and  
 
 

 
 

Figure 1. Location of CTD (filled circle) and biological (small open 
circle) stations occupied along the central and western boundary of the 
Bay of Bengal during summer monsoon (6 July to 2 August 2001), fall 
(14 September to 12 October 2002), and spring (12 April to 7 May 
2003) intermonsoons overlain on annual mean climatology (1998–
2006) of chlorophyll pigment concentration (mg/m3) obtained from 
SeaWiFS. Chlorophyll pigment concentration map was generated by 
NASA’s Giovani (giovani.gsfc.nasan.gov).  

exposed to HCl (0.5 N) fumes overnight in a closed con-
tainer. Five millilitre liquid scintillation cocktail (Sisco 
Research Laboratory, Mumbai) was added to each vial 
and assayed for radioactivity in a scintillation counter 
(Wallac 1409 DSA, Perkin Elmer, USA). The PP rate was 
calculated and expressed as mg C m–3 d–1, 12 h being con-
sidered as a day10. For the chlorophyll a concentrations, a 
1 litre sub-sample was used from the samples collected at 
all the depths mentioned here. The samples were filtered 
through 47 mm GF/F filters, and the chlorophyll a was 
extracted in 10 ml 90% acetone in the dark for 24 h in  
a refrigerator and its concentration determined using a 
fluorometer (Turner Designs, USA). 

Remote sensing data  

Photosynthetically active radiation (PAR) is an important 
parameter which regulates the carbon fixation by phyto-
plankton and hence the marine primary productivity. 
Similarly the downward penetration of solar radiation is 
important for determining the photic zone within which 
bulk of the primary production takes place. Since the  
diffuse attenuation coefficient (Kd) is an indicator of the 
turbidity of water column, there is an inverse relationship 
between the diffuse attenuation coefficient and the tradi-
tionally used ‘Secchi depth’. Thus, the diffuse attenuation 
coefficient gives an indirect measure of how many metres 
the light penetrates the water column.  
 In the present study, we used satellite-derived spectral 
diffuse attenuation coefficient Kd(490) and PAR from the 
sea-viewing wide field of view sensor (SeaWiFS) having 
a spatial resolution of ~ 9 km and temporal resolution of a 
week (http://oceancolor.gsfc.nasa.gov/) were also used. 
The Kd(490) data used was for 2001 and 2002 while to 
generate the monthly mean climatology of PAR data, the 
period 1998–2006 was used. 

Results and discussion  

To address the role of light limitation in regulating the 
biological productivity in BOB, we first analysed the ver-
tical distribution of chlorophyll a and integrated PP up to 
120 m of the water column during spring intermonsoon 
when the river discharge and associated sediment load 
was the least followed by summer and fall intermonsoon 
when the river influx was the highest. 

Spring intermonsoon  

The characteristic feature of vertical structure of chloro-
phyll a during spring intermonsoon was the presence of 
subsurface chlorophyll maxima (SCM) along both  
central and western boundary of BOB, situated between 
50 and 80 m (Figure 2, top). The chlorophyll a concentra-



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 98, NO. 10, 25 MAY 2010 1333

tions within the SCM were, in general, between 0.25 and 
0.40 mg/m3. However, north of 18°N along the central 
BOB (Figure 2, top left) and between 16°N and 18°N 
along the western boundary of BOB (Figure 2, top right) 
where SCM was located in the shallower depth (20–
60 m), the chlorophyll a concentrations were about two-
times higher. Though the surface chlorophyll a con- 
 
 

 
 

Figure 2. Vertical distribution of chlorophyll a (mg/m3) during (top) 
spring intermonsoon, (middle) summer and (bottom) fall intermonsoon. 
The white bar represents the column integrated (up to 120 m) primary 
productivity (mg C m–2 d–1) and the white broken line denotes the depth 
of 1 μM nitrate isopleth. The left side of the figure is for the central 
Bay of Bengal transect (along 88°E) and the right side for that along 
western boundary. Dark circles indicate sample location.  

centrations did not vary much (0.06–0.21 mg/m3), it was 
marginally higher along the western boundary of BOB. 
The nutrient distribution (Figure 3, top) showed that  
the upper 30 m water column was devoid of nitrate 
 

 
Figure 3. Vertical distribution of nitrate (μM) during (top) spring  
intermonsoon, (middle) summer and (bottom) fall intermonsoon. Zero 
(0) indicates concentration below detection level. The left side of the 
figure is for the central Bay of Bengal transect (along 88°E) and the 
right side for that along western boundary. The broken line represents 
0.5 μM contour. Dark circles indicate sample location.  
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except in the region where the SCM was shallower (Fig-
ure 2, top). Notice the shoaling of 1 μM nitrate in Figure 
2 (top) where SCM was shallow. In fact, shoaling of 
SCM was caused by eddy-pumping as could be inferred 
from the thermal structure discussed here. Thus, the low 
surface chlorophyll and the SCM was the characteristic 
feature arising out of the oligotrophic condition of the 
upper water column where the phytoplankton growth was 
limited by the availability of nutrients. An examination of 
the thermal structure along the above two transects (Fig-
ure 4, top) showed oscillations within the thermocline 
with doming of isotherms centred at 11°N, 16°N and 
19°N along the central BOB transect (Figure 4, top left) 
and at 14°N and 17.5°N along the western boundary of 
the BOB (Figure 4, top right) respectively. These are the 
signatures of subsurface cold-core eddies, the most 
prominent being the one centred at 19°N along the central 
BOB and at 17.5°N along the western boundary of BOB. 
For a detailed description of the subsurface cold-core ed-
dies and associated biological productivity along the 
mentioned two transects, see ref. 12. Note that the shoal-
ing of the SCM occurred at the location where the eddy 
signatures were most prominent. The column integrated 
PP along the central BOB showed a two-fold increase in 
the northernmost station compared to south (white bars in 
Figure 2, top left), while the increase was one-and-half 
times in the north along the western boundary of the BOB 
compared to south (white bars in Figure 2, top right). 
Here again, the highest PP occurred in the vicinity of 
most prominent eddies. But the PP along the western 
boundary of the BOB was higher than that along the cen-
tral BOB. Thus, the non-availability of nutrients either by 
river input or through upwelling to the upper ocean dur-
ing spring intermonsoon led to the oligotrophic condi-
tions, which limited the surface biological productivity. 
However, the subsurface eddies present during this period 
enhanced the biological productivity as reflected in the 
column integrated PP values in the vicinity of eddies. 

Summer monsoon  

In the summer monsoon, SCM was present only in the 
southern part of the central BOB transect, south of 12°N, 
the core of which was located at 40 m (Figure 2, middle 
left). A patch of chlorophyll a with concentrations greater 
than 0.2 mg/m3 was seen close to the surface in the upper 
10 m in the northernmost region. In contrast, SCM was 
present all along the western boundary section, the core 
of which was deep (~ 60 m) in the south and shoaled to 
20 m in the north (Figure 2, middle right). However, dur-
ing summer monsoon, the chlorophyll a concentrations 
within the SCM never exceeded 0.35 mg/m3, which was 
less-than-half of that encountered during spring inter-
monsoon. The upper 30 m of the water column during 
summer monsoon was also nitrate depleted (Figure 3, 

middle) as in the case of spring intermonsoon but showed 
a concentration of about 0.5 μM in the northernmost  
region along the western boundary of BOB. An examina-
tion of the thermal structure revealed two prominent 
 
 

 
 
Figure 4. Vertical distribution of temperature (°C) during (top) spring 
intermonsoon, (middle) summer and (bottom) fall intermonsoon. The 
left side of the figure is for the central Bay of Bengal transect (along 
88°E) and the right side for that along western boundary.  
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doming of isotherms along the central BOB track centred 
at 10°N and 19°N (Figure 4, middle left), and at 17°N 
along the western boundary of the BOB (Figure 4, middle 
right). These were identified as subsurface cold-core  
eddies7. The shallow SCM, noticed at 10°N along the 
central BOB as well as that at 17°N along the western 
boundary of the BOB, resulted from the doming of nitra-
cline (Figure 3, middle), as indicated by the 1 μM nitrate 
isopleth in Figure 2 (middle). The occurrence of chloro-
phyll a in excess of 0.2 mg/m3 in the upper 10 m in the 
northernmost region along both transects suggests avail-
ability of nutrients and its biological uptake. River runoff 
could transport nutrients to the upper waters of the open 
ocean. However, the concentration of nitrate in the upper 
20 m of the water column along the central BOB was  
below detection level, though the northernmost station 
along the western boundary showed the presence of 
0.5 μM in the upper 10 m. This indicated that though 
large portion of the river transported nitrate is biologi-
cally consumed within the estuarine and coastal region, 
some amount of nitrate must be available for the biologi-
cal production in the open BOB. Earlier study by Pad-
mavati and Satyanarayana13 indicated that the nitrate 
concentration from the Godavari River showed a decreas-
ing trend from estuarine to coastal region, with a net  
removal of 14–16% due to their uptake at the surface. 
The column integrated PP showed that along the central 
BOB transect, the highest value of 220.6 mg C m–2 d–1 
occurred in the south at 9°N, whereas the lowest value of 
89.4 mg C m–2 d–1 was in the north at 20°N (Figure 2, 
middle left). However, the column integrated chloro-
phyll a did not vary much with values of 11.1 and 
11.4 mg m–2 d–1 respectively at those locations. Thus, the 
large north–south variation of PP along the central BOB 
with no apparent concomitant variation in the chlorophyll 
biomass is intriguing.  
 Along the western boundary of the BOB, the highest 
PP of 502.01 mg C m–2 d–1 was in the south at 12°N, and 
the second highest value of 433.8 mg C m–2 d–1 was in the 
north at 19°N (Figure 2, middle right). The column inte-
grated chlorophyll a in the given locations was 12.7 and 
18.7 mg m–2 d–1 respectively. This high productivity in 
the south away from high surface chlorophyll a and also 
away from the vicinity of cold-core eddy needs further 
explanation. A careful examination of the thermal struc-
ture along the western boundary of the BOB revealed an 
isotherm oscillation and small doming centred at 12°N 
(Figure 4, middle right) which was also evident in the 
shoaling of 1 μM nitrate isopleth towards 40 m (Figure 3, 
middle right). A strong wind-mixing capable of deepen-
ing the mixed layer can make this nitrate available to the 
upper layers. Increased wind-forcing and advection of 
high salinity waters from the Arabian Sea during summer 
monsoon reduces the stratification of the upper layers in 
the southern BOB and give rise to mixed layer deeper 
than 40 m (ref. 14). Thus, thermocline oscillation coupled 

with reduced stratification and increased wind-induced 
mixing appears to be the mechanism that supplied the  
nutrients to the euphotic zone and resulted in the  
observed high productivity. In spite of the relatively high 
concentration of chlorophyll a in the upper layer and 
some amount of nutrient supply through river runoff  
in the northern BOB during summer monsoon, the bio-
logical productivity in the northern BOB along both  
central and western boundary transects (89.39 and 
443.85 mg C m–2 d–1 respectively) were lower than that 
during spring intermonsoon (427.32 and 469.21 mg C 
m–2 d–1 respectively) which is an anomaly. 

Fall intermonsoon  

In fall intermonsoon also SCM was present along both 
the central and western boundary transects of BOB. The 
chlorophyll a within SCM along the central BOB varied 
from 0.3 to 0.4 mg/m3, whereas the core of SCM which 
was located at 40 and 60 m in the south shoaled to 20 m 
in the north (Figure 2, bottom left). The chlorophyll a 
concentrations at the surface varied from 0.12 to 
0.37 mg/m3 with higher values towards south. Along the 
western boundary of the BOB, however, the core of SCM 
did not show significant variation and was located at 
about 40 m with a concentration of 0.35 mg/m3 (Figure 2, 
bottom right). A patch of high chlorophyll a with concen-
trations greater than 0.4 mg/m3 was seen close to the sur-
face in the upper 20 m in the northernmost region. The 
surface chlorophyll a in this region was 0.77 mg/m3, 
whereas in the south it was 0.13 mg/m3. The upper 20 m 
of the water column along both the central and the west-
ern boundary of BOB was devoid of nitrate (Figure 3, 
bottom) except where the nitracline shoaled under the in-
fluence of cold-core eddy. In fact, a close correspondence 
was noticed between the shoaling of SCM with that of 
1 μM nitrate isopleth (Figure 2, bottom). The thermal 
structure revealed three distinct doming of thermocline 
centred at 8°N, 14°N and 18°N along the central and two 
along western boundary of the BOB at 12°N and 18°N 
respectively (Figure 4, bottom), which were identified as 
cold-core eddies12. Thus, the shoaling of nitracline and 
SCM occurred under the influence of cold-core eddy pre-
sent at these locations. Note that nitracline shoaling was 
more intense in the north than that in the south (Figure 3, 
bottom). In spite of the nitracline shoaling and the nitrate 
concentrations reaching up to 1 μM in the upper 10 m in 
the north along the central bay, the column integrated PP 
values were the least (181.73 and 184.14 mg C m–2 at 
18°N and d–1 at 20°N respectively). The maximum PP of 
512.85 mg C m–2 d–1 occurred in the south where the  
nitrate concentrations in the upper 20 m was below de-
tectable levels but that in the 20–30 m of the water column 
had a concentration of ~ 3 μM. Hence, the occurrence of 
low PP in the north where the nitrate concentrations in
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Figure 5. Vertical distribution of primary productivity (mg C m–3 d–1) during (top) spring intermonsoon, (middle) summer and (bottom) fall  
intermonsoon. The left side of the figure is for the central Bay of Bengal transect (along 88°E) and the right side for that along western boundary.  
 
 
 
the upper 10 m was ~ 1 μM and that in the 20–30 m  
water column was ~ 5 μM, was an anomaly. Along the 
western BOB, however, the highest PP was in the north 
(350.46 mg C m–2 d–1) and lower values were towards south 
(196.43 mg C m–2 d–1 at 15°N and 244.63 mg C m–2 d–1 at 
12°N respectively). Though the maximum PP occurred in 
the north along the western boundary of the BOB, the 
values were not dramatically high compared to those in 
the south. In fact, along the western boundary PP in the 
north was only about one-and-half times greater than that 
in the south. In contrast along the central bay, the PP 
value in the north was two-and-half times less than that 
of the south.  
 Thus, of all the three seasons, the column integrated PP 
along the central BOB transect was the least during sum-
mer monsoon though nutrients were available in the 
northernmost BOB by way of river input and eddy-
pumping. The fall intermonsoon also showed the lowest 
column integrated PP in the northern BOB. The highest 
PP of all the seasons in the north was in the spring inter-
monsoon. Along the western boundary of the BOB also, 
the highest PP in the north did not occur either in summer 
or fall intermonsoon, but occurred during spring inter-
monsoon when there was presumably no nutrient input 

from rivers. An examination of the vertical profiles of PP 
(Figure 5) showed that along the central BOB transect 
during summer and fall intermonsoon, the PP below 20 m 
depth in the north (at 20°N) was small and below 40 m it 
was negligible (Figure 5, left panels). In contrast, in the 
south during both the seasons substantial amount of PP 
was seen below 20 m depth which extended up to 60 m. 
Similarly along the western boundary also, the PP in the 
north (at 19°N) during summer below 20 m depth  
reduced drastically and below 40 m it was negligible 
(Figure 5, right panels). However, in the south similar to 
that in the central BOB, substantial amount of PP was 
seen below 20 m (17°N and 12°N). Interestingly, during 
spring intermonsoon, the rate of decrease of PP with 
depth in the upper 80 m water column in the north was 
slower compared to both summer and fall intermonsoon 
when the highest column integrated PP of all seasons oc-
curred in the north. It is well recognized that the strong 
stratification that exists during summer due to fresh water 
influx could curtail the vertical transfer of nutrients 
across the nitracline into the mixed layer9 thereby reduc-
ing the primary production6,9. What we notice from the 
vertical profiles of PP is a drastic reduction in PP with 
depth in the upper 20 m water column in the north com-
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pared to south during summer and fall intermonsoon and 
below 20 m (and up to 40 m) there is very little PP in the 
north while PP is substantial in the south. Note that the 
nutrient concentration increases with depth both in  
the north as well as south. The question then is why the 
northern BOB showed less productivity in summer and 
fall intermonsoon, when there is nutrient input to the  
upper ocean by way of river influx in addition to eddy-
pumping? The obvious reason is the light limitation, as 
speculated by earlier researchers1,2,6.  
 To explore the possible influence of the river flux in 
curtailing the downward penetration of solar radiation, 
the satellite derived spectral diffuse attenuation coeffi-
cient, Kd(490), a standard ocean colour satellite product 
of SeaWiFS was analysed. Diffuse attenuation represents 
the rate at which light at 490 nm is attenuated with depth. 
The monthly mean climatology of the freshwater dis-
charge from rivers bordering BOB showed dominant  
discharge during July to October14, which encompasses 
the summer and fall intermonsoon. Accordingly, the  
associated sediment load also will be high during this  
period15. Hence the Kd(490) during 10 June to 15 October 
was averaged during 2001 and 2002 (Figure 6) for analy-
sis. Note that in situ measurements for summer were in 
2001 and that for fall intermonsoon was in 2002. The 
main reason why we use Kd(490) is because it is sensitive 
to all constituents (SPM, CDOM and chlorophyll) of the 
water and is also strongly correlated to Kd(PAR) and 
hence the depth of the photic zone16,17. The Kd values are 
extensively validated with global in situ data18 and have 
standard uncertainties and mean biases of 0.020 and 
0.000 m–1 with measured Kd(490) < 0.25 m–1 and 0.196 
and –0.085 m–1 with measured Kd(490) > 0.25 m–1. The 
dynamic ranges of Kd(490) distribution during 10 June to 
15 October 2001 (Figure 5, top) showed values varying 
between 0.2 and 0.1 m–1 (shades of green) in the northern 
region of BOB. Given the relation for euphotic zone 
depth19 (Zeu) = 4.6/Kd, we get the range of values in the 
northern BOB to be between 23 and 46 m respectively, 
where the light field decreases to 1% of that just below 
the surface. Similarly, given the relation between the 
midpoint of the euphotic zone (Zeum)19, the depth at which 
the light field reduces to 10% of that below the surface, 
to be 2.3/Kd, we get values from ~ 11 to 23 m respec-
tively. Compared to the northern regions of BOB, the 
central regions showed Kd(490) values that are nearly half 
(0.02–0.04 m–1, shades of blue). Thus, the values of Zeu 
and Zeum increased 4–5 times in the central region com-
pared to northern BOB. A similar pattern was seen during 
the same period in 2002 (Figure 6, bottom). Available 
Secchi disc data collected during spring intermonsoon 
2003 cruise showed a strong inverse relationship with 
Kd(490) values. The Secchi disc values ranged from 22 to 
35 m that corresponds to Kd(490) values between 0.02 
and 0.04 m–1. This demonstrates that during the summer 
and fall intermonsoon months, the increased river flux 

(including turbidity) in the northern regions of BOB con-
siderably reduced the depth of light penetration and  
restricts productivity even if nutrients were abundant in 
the upper water column by way of river influx and eddy-
pumping.  
 In addition to turbidity-driven reduction in the light 
penetration in the northern BOB, cloud cover could also 
reduce the availability of light for photosynthesis. Since 
the BOB comes under the summer monsoon regime, it 
experiences strong seasonality in the extent of cloud 
cover with highest during summer (June–August) and 
least in spring intermonsoon (March–May). Hence, the 
spatial distribution of cloud cover over the BOB was  
 
 

 
 
Figure 6. Monthly mean climatology (1998–2006) of photosyntheti-
cally active radiation (PAR) (Einstein m–2 day–1). 
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examined during April (peak of spring intermonsoon) and 
July (peak of summer monsoon) by analysing the PAR 
product derived from SeaWIFS. PAR is the downwelling 
flux of photons just below the sea surface integrated over 
the wavelength range of 400–700 nm which is strongly 
affected by the presence of water vapour/cloud. Unlike 
the Kd(490) we choose to use monthly mean climatology 
of PAR for April, July and October because of small  
interannual variability as seen from its standard deviation 
(Figure 7 d–f ). The monthly mean climatology of PAR in 
April showed very small spatial variation between 45 and 
55 Einstein m–2 d–1 with most part of the BOB showing a 
value within a range of 50–55 Einstein m–2 d–1 (Figure 
7 a). In contrast, July PAR in the northern BOB varied 
from 30 to 40 Einstein m–2 d–1 and towards the central and 
southern BOB it increased to 40–50 Einstein m–2 d–1 (Fig-
ure 7 b). In October, however, PAR showed low values 
(~ 40–45 Einstein m–2 d–1) in most part of the BOB (Fig-
ure 7 c). The least PAR values were noticed along the 
western and northern BOB in addition to the Sumatra re- 
 
 

 
 
Figure 7. Monthly mean climatology (1998–2006) of photosyntheti-
cally active radiation (PAR) (Einstein m–2 day–1) during April (a), July 
(b), and October (c) and its standard deviation during April (d), July (e) 
and October ( f ). 

gion. In general, the northern BOB had more cloud cover 
during summer and fall intermonsoon than the central and 
southern BOB as could be seen from the distribution of 
OLR (outgoing longwave radiation) climatology in BOB 
during June–September20. In the northern bay, Kd(490) 
showed a factor of 10-increase compared to the southern 
parts, whereas PAR showed 20% decrease. From this, it 
is clear that during summer monsoon, the role of river  
influx in the northern bay overwhelms that of cloud-cover 
in curtailing the availability of light for photosynthesis.  

Summary and conclusions  

The BOB is traditionally considered to be biologically a 
less productive basin compared to its western counterpart, 
the Arabian Sea. The chlorophyll pigment concentrations 
derived from satellite remote sensing data also support 
this notion. The reasons for this have been variedly attri-
buted to narrow shelf, cloud cover, sediment load, strati-
fication, etc. Being situated in the tropical region 
sunlight, in general, should not be a limiting factor for 
primary production. A recent in situ data collected from 
the central and western BOB during summer, fall and 
spring intermonsoons were used to address the role of 
light in curtailing the biological productivity in the north-
ern BOB. The analysis showed that in spite of the avail-
ability of nutrients in the upper water column by the river 
input and eddy-pumping, the primary productivity in the 
northern BOB was least during summer compared to all 
other seasons. During summer the input of fresh water 
and sediment from rivers was dominant. The highest PP 
occurred during spring intermonsoon when there was 
practically very little river input of fresh water or sedi-
ment to BOB. The analysis of the diffuse attenuation  
coefficient showed that during summer and fall intermon-
soon months, the increased river flux in the northern 
BOB considerably reduced the depth of light penetration 
and restricts primary productivity in spite of availability 
of nutrients. Though the cloud cover over BOB during 
summer and fall intermonsoon also contributed towards 
the reduction of light penetration in the northern bay, the 
effect of river influx overwhelmed. 
 
 

1. Qasim, S. Z., Biological productivity of the Indian Ocean. Indian 
J. Mar. Sci., 1977, 6, 122–137. 

2. Radhakrishna, K., Primary productivity of the Bay of Bengal dur-
ing March–April 1975. Indian J. Mar. Sci., 1978, 7, 58–60.  

3. Devassy, V. P., Bhattathiri, P. M. A. and Radhakrishna, K., Pri-
mary production in the Bay of Bengal during August 1977, 
Mahasagar-Bull. Nat. Inst. Oceanogr., 1983, 16, 443–447.  

4. Madhu, N. V. et al., Enhanced biological production off Chennai 
triggered by October 1999 super cyclone (Orissa). Curr. Sci., 
2002, 82, 1472–1479.  

5. Rao, K. H., Smitha, A. and Ali, M. M., A study on cyclone  
induced productivity in south-western Bay of Bengal during  
November–December 2000 using MODIS (SST and chlorophyll a) 



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 98, NO. 10, 25 MAY 2010 1339

and altimeter sea surface height observations. Indian J. Mar. Sci., 
2006, 35, 153–160.  

6. Gomes, H. R., Goes, J. I. and Saino, T., Influence of physical 
processes and freshwater discharge on the seasonality of phyto-
plankton regime in the Bay of Bengal. Cont. Shelf Res., 2000, 20, 
313–330. 

7. Prasanna Kumar, S. et al., Are eddies nature’s trigger to enhance 
biological productivity in the Bay of Bengal? Geophys. Res. Lett., 
2004, 31, L07309. 

8. Nuncio, M., Role of eddies in the Bay of Bengal circulation and 
hydrography and in the distribution of nutrients and chlorophyll, 
Ph D thesis, Goa University, 2007, p. 116.  

9. Prasanna Kumar, S. et al., Why is the Bay of Bengal less produc-
tive during summer monsoon compared to the Arabian Sea? Geo-
phys. Res. Lett., 2002, 29, 88-1–88-4.  

10. UNESCO, Protocols for the Joint Global Ocean Flux Study 
(JGOFS) Core Measurements, SCOR Manual and Guides, Paris, 
1994, vol. 29, p. 170.  

11. Grasshoff, K., Ehrhardt, M. and Kremling, K., Methods of Sea-
water Analysis, Verlag Chemie, New York, 1983, p. 419. 

12. Prasanna Kumar, S., Nuncio, M., Ramaiah, N., Sardesai, S., 
Narvekar, J., Fernandes, V. and Paul, J. T., Eddy-mediated bio-
logical productivity in the Bay of Bengal during fall and spring  
inter-monsoons. Deep-Sea Res. I, 2007, 54, 1619–1640.  

13. Padmavathi, D. and Satyanarayana, D., Distribution of nutrients 
and major elements in riverine, estuarine and adjoining coastal 
waters of Godavari, Bay of Bengal. Indian J. Mar. Sci., 1999, 28, 
345–354.  

14. Narvekar, J. and Prasanna Kumar, S., Seasonal variability of the 
mixed layer in the central Bay of Bengal and associated changes 
in nutrients and chlorophyll. Deep-Sea Res. I, 2006, 53, 820–835.  

15. Subramanian, V., Sediment load of Indian rivers. Curr. Sci., 1993, 
64, 928–930.  

16. Siegel, D. A. and Dickey, T. D., Observations of the vertical struc-
ture of the diffuse attenuation coefficient spectrum. Deep-Sea 
Res., 1987, 34, 547–563. 

17. Kratzer, S., Hakansson, B. and Sahlin, C., Assessing Secchi and 
photic zone depth in the Baltic Sea from satellite data. Adv. Mar. 
Biogeochem., 2002, 32, 577–585.  

18. Muller, J. L., SeaWiFS algorithm for the diffuse attenuation co-
efficient, k(490), using water-leaving radiances at 490 and 
555 nm. In SeaWiFS post launch calibration and validation analy-
ses: part 3 (eds Hooker, S. B. and Firestone, K. R.), NASA Tech-
nical Memorandum 2000-206892, Greenbelt, NASA Goddard 
Space Flight Center, 2000, vol. II, pp. 24–27.  

19. Kirk, J. T. O., Light and Photosynthesis in Aquatic Ecosystem, 
Cambridge University Press, New York, 1994, 2nd edn, p. 509.  

20. Mohanty, U. C., Raju, P. V. S. and Bhatla, R., A study on clima-
tological feature of the Asian summer monsoon: dynamics, ener-
getic and variability. Pure Applied Geophys., 2005, 162, 1511–
1542. 

 
 
 
ACKNOWLEDGEMENTS. We thank P. M. Muraleedharan, late G. 
Nampoothiri, and Gourish Salgaonkar for help in data collection and 
analysis, and Pawaskar for preparing the diagrams. This work was sup-
ported by the Department of Ocean Development under the program 
Bay of Bengal Process Studies (BOBPS). We acknowledge Director, 
NIO, Goa and Council of Scientific and Industrial Research (CSIR), 
New Delhi for all the support and encouragement. M.N., J.N., V.F. and 
J.P. are supported by the Senior Research Fellowship of CSIR. This is 
NIO contribution number 4750. 
 
 
Received 23 March 2009; revised accepted 20 April 2010 

 
 
 


