
•  Do food-webs matter for biogeochemistry?
•  What do ocean food-webs look like?
•  What biological processes influence air-sea 

partitioning of carbon dioxide?
–  HNLC regions
–  Particulate Inorganic Carbon
–  Nitrogen Fixation
–  Remineralization length-scales

•  How might food-webs surprise us?
•  The challenge of scale in ocean biology



•  Biologistʼs love of the details of life

•  Biogeochemistʼs need to simplify in order to 
model global dynamics
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So, what are we really asking? 
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Do we need more structure than 
P-Z-N-B to capture the important 

carbon dynamics for global scales and 
for the partitioning of carbon between 

ocean and atmosphere?

(e.g., more phytoplankton, more 
zooplankton, viruses, marine snow, etc.)
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• Focus on f-ratio and the amount of 
export from surface waters 

• “Ryther-esque” outcome (# trophic steps, 
transfer efficiency)

• Implication that the removal of carbon 
from the surface is directly related to CO2 
exchange with atmosphere
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1.  Incomplete Nutrient Utilization (HNLC)

2.  Particulate Inorganic Carbon:Organic Carbon Ratio

3.  Changes in Nitrogen fixation:Denitrification balance 
(LNLC) 

4.  Changes in Remineralization Length-scales

Do food webs matter for any of these?
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Surface Nitrate (µmoles/kg) 

If nutrient levels stay near detection and   
if C:N:P stoichiometry is constant, 

then P-Z-N should be good enough for the 
global carbon models

–  Those are some big “ifs”

–  There is more of interest on this planet than just 
global carbon
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Boyd et al., 2007



Mostly Diatoms!

Boyd et al., 2007

 delDIC      6    26  17   14   58   21   13          36        nc     <1 



•  Archer and Maier-Reimer, 1994

•  Skeletons of coccolithophorids, foraminifera and pteropods

•  Alkalinity change!  Increase in PIC flux -> increase in pCO2

•  Net effect on atmosphere depends on PIC:POC ratio

•  Community structure effects analogous to remineralization 
length scale

•  Three main taxa:
– Coccolithophorids
– Foraminifera
– Pteropods



(Klaas and Archer, 2002)

3.  Changes in  
Nitrogen Fixation - Denitrification Balance
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3.  Changes in  
Nitrogen Fixation - Denitrification Balance
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Amazon Plume Data (Cooley et al)

N-fixation blooms in
Amazon plume

Highest carbon
Drawdown in center
Of N-fixation blooms



Amazon Plume Data (Cooley et al)

Range of
DIC uptake
Is similar to
HNLC 
results

For most of the oligotrophic ocean 
Fe source is dust 



Nitrogen Fixation Feedback Cycle Hypothesis
(as an example)
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•  Depends on the depth horizon and ventilation time-scale:

–  Annual: 10-20 Gt C/y 
–  Multi-annual (>200 m): 5-10 Gt C/y
–  Multi-Decadal: 2-4 Gt C/y
–  > Centennial: ~1-2 Gt C/y
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Surface bloom of Trichodesmium in Capricorn Channel of the 
Coral Sea/ Great Barrier Reef Area near Australia 



•  Rare burst of intense activity
•  Overwhelm background system
•  Really hard to study!
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Enormous Blooms! 

Asexual 
reproduction 
by budding 



•  Ecosystems are complex-dynamical systems

•  Bloom dynamics are poorly understood and 
hard to study

•  Top-down vs bottom-up, a debate that is sorely 
lacking in ocean science

•  Blooms created and controlled by internal 
dynamics of ecosystem, rarely bounded by 
external controls like nutrients
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Caution:  A real scale conundrum
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Today - best models fully resolve 3 orders of 
magnitude of lengthscale and 4-5 for abundance
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SALPS MAKE BLOOMS

SALPS EAT PICOPLANKTON

•  Community structure matters for the partitioning of 
carbon between ocean and atmosphere

•  Influence is through specific mechanisms that are 
controlled by a tiny subset of biological processes 
operating on a very large scale
– Nitrogen Fixation
– Particle Export from Blooms

•  When community structure is important, the 
outcome often emerges from internal dynamics

•  Rare blooms and scale are a big challenge


