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Ecological Importance of Cell Size
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Surface ocean

* utilize new nutrients etficiently
* Prefer turbulent, low light conditions

* Unifying principals that mechanistically explain global, annual mean patterns and
seasonal to interannual variations in particulate flux to depth remain elusive.

* Links between variation in export and air-sea CO, flux and its temporal variation
have only begun to be explored.

* Previous studies suggest [Chl] and PP are not enough to accurately predict flux.

* Phytoplankton cell size is a critical determinant of flux.



Optical Importance of Cell Size
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Motivation

* R_(M) data contains more R=log{(R,443 > R 490 > R_510)/R, 555}

information than just

concentration.
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* SeaWiFS standard
chlorophyll algorithm (OC4).
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Effect of [Chl]Jon R_(A)

Effect of [Chl] on water-leaving radiance

- Chisrephyll
. 0 N :m
Maximum band s N\ i \ e
shifts from 443 to 18
490 to 510 nm with z '
increasing chlorophyll 2
concentration ‘
0 - o —
Spethal Shift | ~ ‘ Wavelength (nm) | % >

O’Reilly et al. 1998



Effect of Cell Size on R_(A)
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Contribution of S,
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Variations in [Chl] impact R (443)
more significantly than S, variations.
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Size Impact on OC4 [Chl]
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LUT
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LUT Retrieval
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Phytoplankton Size Retrieval

Estimated S for May 2006

LR

High CDM/Chl

* Process the remainder of the
SeaWiFS mission
Land/Cloud * Process MODIS-Aqua for the
whole mission
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Validation

e 85% within 1 standard deviation
e 11%, 2 std. dev.
e 4%, 3 std. dev.

Publication
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Export Processes
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Biological pump efficiency — biologically mediated export of carbon
from the surface ocean and its remineralization with depth.



Flux Variation with Depth
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Flux Variation with Depth
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Previous Satellite
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Previous Modeling of Export

pe-ratio model
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Empirical

* Captures site-to-site
variations, but not variability
at specific sites.

Mechanistic

* Full model (87%)

* Primary control — PP (59%)

* Proximate control — size (28%0)

Dunne et al., 2005



Individual EOF — Mode 1

* Global syntheses for particle export &
remineralization have done a good job
capturing differences between regions, but a
poor job capturing seasonal & interannual
variations at individual locations.

* Phytoplankton cell size displays greater
interannual variability than chlorophyll
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* |Chl] - adjustments to seasonal cycle
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Cell Size, NPP & Flux
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Refine Dunne et al. (2005) & Lutz et al. (2007) using phytoplankton size as a key predictor.



pNysIiology
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1)Update export parameterization to include lithogenic & other mineral ballasting.
2)Incorporate improved understanding of how phytoplankton size structure
controls particle export & remineralization.



Objectives & Questions

Objectives -

1) Use newly available satellite retrievals of phytoplankton community
size structure to refine algorithms for sinking biogenic particles and
their remineralization at depth.

2) Integrate into the Darwin model to improve export parameterization.

3) Use the improved Darwin model to understand connections to ocean
carbon uptake and storage.

Questions —

1) Do satellite retrievals of phytoplankton size structure improve
empirical algorithms for the export of biogenic particles from the
surface ocean and their remineralization at depth?

2) How does the variability in the surface ocean phytoplankton size
structure impact the biological pump of carbon to the deep ocean?
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