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The Journey…
• History of coccolithophore blooms
• Coccolithophore distributions in non-bloom 

conditions
• Remote sensing of coccolithophores from space
• Great Calcite Belt description
• Taxonomic observations
• Relationships to hydrography
• Biogeochemistry



First observations of dense 
coccolithophore blooms…

• Gaarder KR (1938) Plankton studies from the Tromsø 
district 1930-31

• Braarud T (1940) Grønnfargingen av Lenefjorden og 
Grønnfjorden i Vest-Agder (“A Green tint in Lenes Fjord 
and Basic Fjord in West-Agder”)

• Braarud T (1945) A phytoplankton survey of the polluted 
waters of inner Oslo fjord. 

• Wiull (1949) The phytoplankton of the Oslofjord in the 
spring of 1938

• Birkenes E, Braarud T (1952) Phytoplankton in the Oslo 
fjord during a "Coccolithus huxleyi summer". 

• Berge G (1962) Discoloration of the sea due to 
Coccolithus huxleyi "bloom"
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Coccolithophore diversity 
decreases towards the poles



What is a coccolithophore bloom?

• Holligan et al. (1983) observed 8500 cells 
per mL and 78,000 coccoliths per mL

• But note, chlorophyll can be ~1 mg m-3

• But it represents a significant discoloration



The discovery of mesoscale blooms 
of coccolithophores…

• The first observation of dense blooms from space 
Holligan et al. (1983)

CZCS image; 19 June, 1979

Loose coccoliths plus a coccolith-packed fecal 
pellet from bright water



Gulf of Maine- Late 1980’s

• Our first observations of a mesoscale 
coccolithophore bloom

• Used satellite (AVHRR) to confirm huge 
areal extent

• First direct observations of carbon fixation 
in such a bloom (into CaCO3)

R/V Argo-Maine, June 1988; Wilkinson Basin                          2,000 cells mL-1
300,000 coccoliths mL-1



Just when we thought 
these blooms couldn’t get 

any bigger…



AVHRR- June 18, 29 and July 1, 1991 
composite

Total area = 0.5 million km2

[Coccolithophores]= 10,000 mL-1
[Coccoliths] = 300,000 mL-1



South of 
Iceland, 

1991
Outside
Bloom

Inside
Bloom

Constant “color chip”
for comparison of water 

color



While most were looking down, 
others were looking up…

View from Lufthansa flight #423, 38,000 feet



All bb’ validation data

Performance of the PIC 2‐band/3‐band algorithm 

SE bb’ <5x10‐5 m‐1

C. Mitchell/ J Hopkins; Bigelow Laboratory
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The PIC algorithm regularly observed a high 
reflectance feature in the S. Ocean…The 

great calcite belt
- Appeared to contain 1/3 of the PIC in the 

global ocean 



Great Calcite Belt description…
• Region of consistently high reflectance in 

the Southern Ocean (in ocean color 
remote sensing) Balch et al., 2011. JGR 
Gas-Ex Special Issue

• Observed annually by CZCS, SeaWiFS, 
MODIS Aqua, MODIS Terra, MERIS and 
VIIRS missions (1978-present)

• 52 million km2 (16% of the global ocean)
• Culprit…Emiliania huxleyi but there are 

very few observations!



Other observations from the region…

MODIS Aqua Dec

Cubillos et al., 2007
Mohan et al., 2008; 



13 research cruises have crossed 
various parts of the Great Belt between 

Punta Arenas, Chile and Fremantle, 
Australia (half the Southern Ocean…

• AMT 15-22, 24 (southern end of each 
transect goes through the GCB)

• Southern Ocean Gas Ex
• COPAS ’08 (Patagonian Shelf)
• Great Belt I (Punta Arenas, Chile to Cape 

Town, S. Africa)
• Great Belt II (Durban, S.A. to Fremantle, 

Australia



Are coccolithophores actually observable in 
microscopy samples from GCB I?
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SEMs-H. Smith, NOC



Are coccolithophores actually observable in 
microscopy samples from GCB II?

SEMs-H. Smith, NOC

Stn 5; 13m
Stn 27; 20m36;17m

Stn 36; 17m



Are coccolithophores actually observable in 
microscopy samples from GCB II?

SEMs-H. Smith, NOC

Stn 53; 14m

Stn 87; 18m

Stn 53; 14m

Stn 63; 19m Stn 73; 16m
Stn 93; 19m

Stn 119; 7m



There are consistantly “light and dark” 
parts of the GCB: 2002-2013 Aqua PIC 

climatology



A close-up view of the belt…PIC & 
pCO2



Bio-optical/hydrographic 
observations

• Do high reflectance waters of the 
GCB correspond to high scattering 
waters associated with PIC?

• Are these high reflectance waters 
associated with specific water 
masses?



Patterns of satellite PIC [monthly 
binned] similar to ship-based 

optical estimates of PIC (sampled 
over 35d; bb’ )

Calcite backscattering



Ratio of Int calcification:photosynthesis 
roughly tracks standing stock of PIC (bb’)



T/S Plot with just patches of elevated 
bb’/bbptot defined

Salinity (PSU)         Salinity (PSU)         

0.6

0.5

0.4

0.3

0.2

0.1

0

Patches

Patches



Highest PIC backscattering relative 
to total particle backscattering:

• Is not exactly at the climatological 
front positions but is close

• Greatest relative importance of PIC 
backscattering in the GCB is between 
the sub-antarctic front and the sub-
tropical front



Latitudinal Sections through 
Atlantic

• How does the coccolithophore light 
scattering vary?

• How does coccolithophore concentration, 
PIC and BSi vary?



Integrated distributions of PIC, BSi 
and coccolithophores

AMT 15-22



bb’ vs Lat; AMT19



Mean 
Section of 

Cocco 
cells: 
Entire 
AMT

SAG EQ NAGSSTF NSTF

200

158

125

100

80

63

50

40

30

Cocco Cells & Aggs (mL-1)



Mean 
Section of 
coccolith 

concentra-
tion: Entire 

AMT

SAG EQ NAGSSTF NSTF

10000

6300

4000

2500

1600

1000

Coccoliths mL-1



Mean 
Section of 

BSi: 
Entire 
AMT

SAG EQ NAG

0.30

0.18

0.10

0.06

0.03

0.018

0.010

BSi (mmol m-3)

SSTF NSTF



Mean 
Section of 
PIC:POC 

Entire 
AMT

SAG EQ NAGSSTF NSTF

0.4

0.3

0.2

0.1

0



Classic mandala of phytoplankton 
succession (Margalef, 1978)…

Life-forms of phytoplankton as survival alternatives in an unstable environment. 
Oceanologica Acta 1: 493-509



Role of 
stability:

Chl section 
shows 

strongest 
correspon-
dence with 

BV 
frequency
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Section of 
cocco cells 

with BV 
frequency 
overlaid… 

less 
correspon-
dence than 

with 
chlorophyll
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Int PIC 
highest at 

lowest Brunt-
Vaisalla 

frequencies

Brunt-Väisälä Freq. (cycles h-1) at 150m depth
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Increasing the scale of observation…viewing  
all cruises
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CaCO3 backscattering (m-1; 531nm)  



Putting all cruises together…

Rio de la Plata

Equatorial

SubTropGyres

SubTrop Fronts

Sub-Ant waters

Polar waters



Biogeochemistry, global trends



MODIS-Avg 
Great Belt PIC 
(40-50oS) … 
elevated PIC 

concentrations 
near continents 

and islands!
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PIC Global Time Series (MODIS-Aqua)
Mission record- Highest PIC during austral 

summer->95% non-bloom
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Possible role of dust and metal 
limitation of phytoplankton… 

Ben Twining, Bigelow LaboratoryDust distribution of Jickells et al, 2005

=neither Zn, Fe or 
Co limited

= iron limited = Zn limited



Southern Ocean and Great Belt pCO2
N. Bates, Bermuda Inst. Of Ocean Sciences

High surface pCO2 in the region of high bb’ and PIC biomass



Summary- Biogeochemistry of  
coccolithophore blooms…

• Highest coccolithophore density regions of GCB 
show enhanced pCO2 (Iceland feature and GCB)

• Iceland and former GoM feature were real “blooms”
• Satellite-derived PIC estimates show enhancement 

near continents- possible role of dust/iron?
• Trace-metal limitation in GCB appears greatest in 

Indian Sector- consistent with dust deposition 
mechanism.  Iron limitation also in N. Atlantic 
(Nielsdóttir et al, Global Biogeo. Cycles, 2009)

• Elevated abundance associated with low (AMT) to 
moderate stability (GCB).



Thank you!

The seasonal cycle of PIC as measured by NASA MODIS Aqua


