
1

• The Indian Summer Monsoon (ISM) brings seasonal winds and rains to the 
Indian subcontinent and affects over one billion people, but how it has 
changed in the past, and may change in the future, is not yet fully understood. 

• During the Plio-Pleistocene transition (~3.5-2 million years ago) global 
temperatures were 2-3 degrees warmer than today and atmospheric carbon 
dioxide levels were greater than 400 parts per million (ppm) - today’s level is at 
~410 ppm.  This means it could be a useful analogue for future climate.  

• This research uses multiple tools (known as proxies) to reconstruct the Indian 
Monsoon’s evolution during the Plio-Pleistocene transition. These proxies will 
be used on sediment cores from Expedition 353 of the International Ocean 
Discovery Program, drilled in the Bay of Bengal (BoB).  

• Coccolithophores are single celled organisms that live in the surface ocean and 
photosynthesise.  
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• This map shows wind direction and intensity (arrows length) and mean 
precipitation rate (shading in millimetres per day) in Northern hemisphere 
summer and winter.  Sites used in this study are marked with blue stars 
(Northern BoB U1445, Southern BoB U1443).  The area of Indian Summer 
Monsoon is marked by the left-hand blue box. (Modified after Wang et al., 2003). 

• Wind mixing control the nutrients available to primary producers in the photic 
zone (where sunlight reaches).  However, over seasonal to orbital timescales, 
changes in monsoon intensity, freshwater input and ocean circulation can have 
an impact on productivity. 

• How did the monsoon influence ocean stratification and productivity before, 
during and after the onset of Northern hemisphere glaciation?

• What controls productivity and stratification during the late Pliocene?

• How is phytoplankton morphology affected by climate and/or seawater 
chemistry?
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• Assemblage and morphology data for coccolithophores  was collected at ~2-4kyr 
resolution (orbital timescales) using the automated microscope at CEREGE. 

• The relative abundance of F.profunda increases when the nutricline rises due to 
wind driven mixing and primary production in the upper photic zone is higher - so 
a higher percentage F.profunda indicates lower surface primary productivity.

• Looking at the length and thickness of the coccoliths (single calcite plates which 
make up the shell (coccosphere) of a coccolithophore can tell about their 
evolution over a period of time and give us clues as to the carbonate chemistry of 
the seawater they formed in.  

Using CoccolithophoresIntroduction

Preliminary Results for site U1443

Oceanographic Setting

• Peaks in productivity coincide with when the frequency of larger coccoliths 
seems to be higher, although there appears to be a slight lag.  

• From ~39m (roughly 2.4 Ma) there is an increase in productivity.  

Research Questions
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The assemblage of their shells in the sediments can tell us about 
primary productivity in the ocean surface at the time they were alive

When coccolithophores die their calcite shells 
sink to the seafloor, locking away CO2 from the 
atmosphere, and building up layers of sediment.  

Next Steps
• Coccolith assemblage manual counting Northern BoB to compare the sites

• Compare results to bulk sediment geochemical data.

• Put into context with published records.
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