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Why do we care about 
phytoplankton community 

structure?
• Every second breath you take

• Different organisms grow at different rates
• Climate thermostat by taking down CO2

• Not all C is equally sequestered 
• Base of the food web – food quality/toxicity

• Not all phytoplankton is equally good food

R. Foster
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PABLO PICASSO (1881-1973)
'Bull', 1945 (a series of eleven lithographs)



PABLO PICASSO (1881-1973)
'Bull - plate 1', December 5, 1945 
(lithograph)

Biologist?



PABLO PICASSO (1881-1973)
'Bull - plate 11', January 17, 1946 
(lithograph)

Modeler?
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Holism vs Reductionism

• Reductionism attempts to deal with an entire system or 
institution by decomposing them into their individual constituent 
parts. It’s a well established, natural step in the problem-solving 
process in science and engineering, as well as in the 
management of complex organizations.

• Reductionism works quite well in systems whose components 
are fairly stable and interact infrequently using well established 
protocols. But it often fails in complex systems where the whole 
is far from the sum of their parts. Instead of being stable, their 
components will exhibit a high degree of variance, as is the case 
with the behavior of people in sociotechnical systems. And their 
dynamic nature lies in the convoluted interactions between their 
components, leading to feedback loops, side effects, unintended 
consequences and emergent, unpredictable behaviors.



How we did oceanographic expeditions in 1899
Willie, Humboldt Expedition



How we did oceanographic expeditions 100 years later
May 1994
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The Great Western Tropical North Atlantic Productivity 
Controversy

Ryther et al 1967: Amazon River depresses the productivity of WTNA 
covering an area 106km2

low nutrients, phytoplankton counts in the plume

Calef and Grice 1967
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A major bloom of 
Hemiaulus/Richelia in Oct. 
1996 mapped using the 
OCTS satellite off the 

coast of South America, 
was found to extend all 

the way into the 
Caribbean and involved 

the Orinoco Plume as well



The Great Western Tropical North Atlantic Productivity 
Controversy

Muller-Karger et al 1988: 
CZCS imagery shows high 
phytoplankton biomass in 
the WTNA due to the 
Amazon River
high biomass supported by 
nutrients from the river that is 
then recycled
Longhurst 1993 High 
productivity in the WTNA 
is due to eddy edge and 
wind driven upwelling
recycling alone is not enough -
need new nutrients.  High 
biomass is supported by wind 
driven upwelling and upwelling 
along the leading edge of 
eddies







2 morphologies of 
unicellulars (photos by R 

Foster)

Several Trichodesmium species co-
occur

Phytoplankton populations 
dominated by asymbiotic diatoms 

(photos by R Foster)

Richelia associated with H. 
hauckii form long chains &
abundant in upper water 
column (0-45m) (Photos by R 
Foster)
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Stations are divided according to four different habitat types:
River plume, upwelling, on –shelf and offshore 



Insights into 
processes
E.g. mismatch in 
time scales – a lag 
in phytoplankton 
response to 
changes in physics 
and chemistry



To understand community structure we need to understand the interplay 
between nutrient availability and phytoplankton growth rates

• Ship board sampling for rates
• Glider with CTD and microrider

microstructure profiler
• Lagrangian profiler with nitrate 

sensor
• Sediment trap – also “quasi 

Lagrangian” water tracker
• Satellites
• Models



The challenge: Find a 
place with minimum 
lateral advection, enough 
N & P at the surface at 
initial condition, deep 
enough for deploying a 
sediment trap with no 
influence of the bottom





Take Home Messages
• Phytoplankton community structure is an emergent 

property and has to be modeled as such
• We are stuck with static pictures of community 

structure from retrospective analysis
• Drivers and consequences may be spatially and 

temporally mismatched with the physics
• Lack of sensors 
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