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Marine Ecology & Biogeochemistry!



Size Matters!



Taxonomy Matters!



Model Elements Depend on Science Questions !

Ecology & Food-webs 
• Phytoplankton, zooplankton, bacteria, … 
• Biological interactions (growth, predation, 
competition, disease, vertical migration, …) 

Carbon Cycle & Biogeochemistry 

Biodiversity 
• Variability within populations 
• Species diversity 
• Community ecology 

Fisheries & Conservation 
• Higher trophic levels 
• Demography, size & age-structure, … 
• Swimming, behavior (individual-based models)  



-Aggregate into trophic levels/functional groups/size classes 

Plankton Functional Type (PFT) Models!

Moore et al. Global Biogeochem. Cycles 2004; LeQuere et al. Global Change 
Biology 2005; Hood et al. Deep-Sea Res. II 2006 



Size-class & 
Functional 
Group 
Variations!

Satellite 
phytoplankton  
size-class estimates 

Model  
phytoplankton PFT 
estimates 

Model PFTs 
blend size & 
geochemistry 
(e.g. formation 
of CaCO3, 
opal, nitrogen 
fixation 

LeQuere et al. 
Global Change 
Biology 2005 



Factors Governing Phytoplankton Competition!

Differential 
growth, nutrient & 
light limitation, 
grazing and 
mortality among 
PFTs 

LeQuere et al. Global Change Biology 2005 



Nutrient 
Limitation!

Moore et al.  
J. Climate 
In press 



Diatom 
Fraction in 
Blooms!

Hashioka et al. 
Biogeosciences 
submitted 



Diatom Fraction vs. Bloom Magnitude!

Hashioka et al. 
Biogeosciences 
submitted 



 Phytoplankton Growth: Diatom/small Ratio!
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Summary of Model Factors: Diatom/small Ratio!

+diatom/small -diatom/small 

Hashioka et al. 
Biogeosciences 
submitted 



Plankton Niches!
Dominant 
Phytoplankton 
Group 

Voigt et al. 
Biogeosciences 
In prep. 



Model Food-webs & Interaction Strengths!
CCSM PISCES NEMURO PlankTOM5 

Sailley et al. 
Ecological Modelling 
2013 

Intended Food-webs (heavy lines strong interactions) 

Obtained Food-webs 



MAREDAT - Towards a world atlas of 
MARine ecosystem DATa!

Buitenhuis et al.  
Earth System Science Data 2013 

Median 

Mean 



Nitrogen 
Fixation 
Rate!

Lou et al. 
Earth System 
Sci. Data 
2012 



Everything is Everywhere but Environment Selects!

Bruggeman & Kooijman  
Limnol. Ocean. 2007  
Follows et al.  
Science 2007 



Biodiversity & Biogeography!

Barton et al. Science 2010 
Follows & Dutkiewicz Ann. Rev. Mar. Sci. 2011  



Trait-based Modeling & Energetic Trade-offs!

Litchman et al.  
Ecol. Lett. 2007 
Litchman & Klausmeier  
Annu. Rev. Ecol. Evol. 
Syst. 2008 
 



Cell Physiology/Allocation Modeling!
Monod Uptake Droop Quota Biochemical 

Components 

Shuter J. Theor. Biol. 1979 
Klausmeier et al. Nature 2004 
Follows & Dutkiewicz  
Ann. Rev. Mar. Sci. 2011 



Discrete versus Continuous Size Classes!

Armstrong Deep-Sea Res. II 2003 

Size 

Discrete Classes 

Continuous Spectral 
Representation 




