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Outlines

� Overview on Phytoplankton model development on going at 
PML (with particular focus on cellular stress responses) 
underlying our objectives which are:

•To model stress responses at the cellular level

•To evaluate biogeochemical consequences and ecosystem feedback 

� Give you a few examples of our novel modelling approach



In “traditional” phytoplankton models (i.e. ERSEM), the cell is a sort of 
“black box” with an income and outcome of carbon. 
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Environment Stress (excess of light, UV, 
Nutrient deficiency, viruses, pollutants) 

No mechanistic description on what happens inside the cell when exposed to stress
In other words, there is no link between physiology, biogeochemistry and ecology

physiology Biogeochemistry Ecology



C income
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The Functional Cellular Compartments (FCC) approach



� Traditionally, model parameters describe properties linked to the 
cell size (allometric approach): 

•Potential growth rate

•Affinity for nutrient, half saturation constants, etc

� In the FCC based model, parameters also describe the 
capacity of the cell to modulate different FCCs

•Max content of specific compounds (max size of each FCC)

Model parameters

-Functional types are identified trough FCC parameters



Carbon/energy investment
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NPC= generic photo-protective 
and/or antioxidant compounds

NPCmin= min NPC cellular quota
NPCmax= max NPC cellular quota

Np= nutrient cellular quota
Npr=optimal nutrient cellular quota



Modelling photo-acclimation and photo-inhibition
Photo-acclimation and photo-inhibition modelled as function of 
The chl (photochemical FCC) to NPC (photo-protective FCC) ratio

� Acclimation implies a progressive increase of one FCC relative to an other

� Photo-inhibition arises when the photo-protection FCC reaches the maximum size



Reproducing observed behaviour: comparison with literature
From MacIntyre et al., 2002

From Geider et al., 1997
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LIGHT INDUCED OXIDATIVE STRESS IN A CHEMOSTAT MODEL

Self shading



Light stress-induced phytoplankton succession

ERSEM (modified) + GOTM (BATS, 1992-94)

Two phytoplankton functional types:
P1=low DMSP producer
P3= high DMSP producer

Assumption: DMSP acts as antioxidant (Sunda et al., 2002)
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OXIDATIVE STRESS MODEL FOR A 
GENERIC WATER COLUMN
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Modelling phytoplankton viral infection

Lysis

Pre-infection

Infection

Threshold 
level

Phytoplankton lysis caused by viral infection can impact on 
ecosystem shunting the C-flux from higher trophic levels to 
the DOC pool (up to 26 % of PP Wilhelm & Suttle,1999)

“The intracellular viral shunt”

Viral shunt Host metabolism FCC

Viral metabolism FCC

Viruses 
addition



From cellular physiology to global 
biogeochemistry Biogeochemical Model

ERSEM

Hydrodynamics Models
•GOTM (1d)
•POLCOMS (3d regional)
•NEMO (3d Global)


