The global view of marine
phytoplankton from ocean colour
satellites

Nick Hardman-Mountford, Takafumi Hirata, Robert Brewin
and Jim Aiken

nick.hardman-mountford@csiro.au

PML | s

)  HHeskaRe



How can we detect phytoplankton
community structure from satellites?

1. Spectral approaches

e Exploiting influence of different pigments associated with different taxonomic
groups on spectral shape

e Brewin et al. (2010) Oceanol. Acta Sin.
2. Abundance-based approaches

e Exploiting relationship between Chlorophyll (Chl) concentration or magnitude of
absorption and size class/functional type

e Aiken et al. (2007) IJRS; Hirata et al. (2008) Rem Sens. Env.; Brewin et al. (2010)
Ecol. Mod.; Hirata et al. (2011) Biogeosci.

3. Optical scattering approaches
e Exploiting relationship between optical scattering and particle size distribution

e Hirata et al. (2009) Appl. Optics; Dall’'Olmo et al. (2011) Biogeosciences; Brewin et
al. (2012) Optics Express; Hirata et al. (in rev.) Rem. Sens. Env.

Further reading: IOCCG 2014. Phytoplankton Functional Types from Space.
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Presentation Notes
And span multiple scales
Diatom – Paralia sulcata 
~20 micron diameter = >250 microm long?
Cyanobacteria
Prochlorococcus ~0.6 micron
More chlorophyll in big cells than small cells
No in a teaspoon, pint, etc?  - pint of diatoms = green, pint of prochorococcus = clear


Q: WHAT CONTRIBUTION DO
DIFFERENT TYPES OF
PHYTOPLANKTON MAKE TO THE
TOTAL CHLOROPHYLL
CONCENTRATION?
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Presentation Notes
Going out and measuring the amount of chlorophyll in a single cell in lots of samples, all over the ocean, in different environments has not so far been a realistic approach. So we need some proxy. 
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Global analysis requires lots of in situ data ...
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Presentation Notes
Chlorophyll is not the only pigment
Range of pigments (photosynthetic, photoprotective)
Because these are distinctive for different groups, can use them for diagnosing the groups present in a sample through a chemical analysis called HPLC
We still need lots of samples from all over the ocean to understand the relationship between different groups and chlorophyll a. 
This is the dataset we have used, like most ocean datasets it has a N Hemisphere bias but is an improvement becasue it does contain samples from less well sampled regions: Indian Ocean, Southern Ocean, S. Pacific



Size class dominance
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Presentation Notes
Different sized phytoplankton have different concentrations of chlorophyll-a in their cells - bigger cells have more and medium sized cells have less
They also contain other pigments that are indicative of their type. 
These pigments are measured through the collection of water samples at sea and can be related to the chlorophyll-a concentration

Phytoplankton of different types can generally be classified into three main size classes: pico (small, <2µm), nano (medium, 2-20µm) and micro (large, >20µm)
These size-classes are not a continuum but have an ecological distribution related to chlorophyll-a

The figure shows a global composition of Chlorophyll-a (x-axis) plotted against other ‘marker’ pigments (y-axis) that are representative of different phytoplankton types:
Zeaxanthin (Zea) is representative of cyanobacteria which are very small (pico-size)
Fucoxanthin (Fuco) is representative of diatoms which are generally relatively large (micro-size)
19’-hexanoloxyfucoxanthin (Hex) is representative of prymnesiophytes which exist generally in the medium (nano) size class but are also prevalent in the small (pico) size class.

Collecting the large amount of data to derive these relationships has required scientists to spend many months at sea over many years in varied parts of the ocean, as shown by the map (top right)
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Spatial area:
Micro = 2-3%
Nano = 18-20%
Pico = 78-81%

As % of chlorophyll ...
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 Abundance approaches are
more robust
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Size class fraction
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Presentation Notes
Different sized phytoplankton have different concentrations of chlorophyll-a in their cells - bigger cells have more and medium sized cells have less
They also contain other pigments that are indicative of their type. 
These pigments are measured through the collection of water samples at sea and can be related to the chlorophyll-a concentration

Phytoplankton of different types can generally be classified into three main size classes: pico (small, <2µm), nano (medium, 2-20µm) and micro (large, >20µm)
These size-classes are not a continuum but have an ecological distribution related to chlorophyll-a

The figure shows a global composition of Chlorophyll-a (x-axis) plotted against other ‘marker’ pigments (y-axis) that are representative of different phytoplankton types:
Zeaxanthin (Zea) is representative of cyanobacteria which are very small (pico-size)
Fucoxanthin (Fuco) is representative of diatoms which are generally relatively large (micro-size)
19’-hexanoloxyfucoxanthin (Hex) is representative of prymnesiophytes which exist generally in the medium (nano) size class but are also prevalent in the small (pico) size class.

Collecting the large amount of data to derive these relationships has required scientists to spend many months at sea over many years in varied parts of the ocean, as shown by the map (top right)


Size class fraction: logistic model
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Fitting a logistic model, parameters are maximum chl and initial slope of curve  meaningful quantities


Size class fraction
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Effects of light-attenuation with depth
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 AMT data and exponential model also show effects of light-attenuation with depth on size class distribution
 At high and low Chl, shift towards nano-phytoplankton with depth



PFTs / Taxonomic Groups
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Can we go further?
Introduce transition from 3 to 10 
Pros
Caveats
Model - Hypothesis to be tested



Global PFT Distribution
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vtoplankton products
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AEsOP Database

Currently
e 4 absorption (ap, Auns Agy ag)
e 51 HPLC pigments

e Spectral nLw at 22
wavelengths

e SPM (total, inorganic,
organic)
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Backscattering-based approaches

absorption scattering
Optical proxy of POC Optical proxy of DOC Optical proxy of POC
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—_ = +
a=a,+a;*dy+ adcpom w " p
Optical proxy of M.biota * Same for backscattering

Lorenz-Mie scattering theory will tell that spectral shape of scattering
represents PSD which is also related to dominant phytoplankton size classes.
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SeaWiFS PFT’s = f(PSD slope)

Picoplankton % (0.5 um to 2 um) Nanoplankton % (2 um to 20 um)

Mission mean of PBv_pico (Sept. 1997 - Dec. 2007) Mission mean of PBv_nano (Sept. 1997 - Dec. 2007)

45 90" 135-180-135-90 - 45 0O

Microplankton % (20 um to 50 um)

Mission mean of PBv_micro (Sept. 1997 - Dec. 2007)

Pico’s dominate oligotrophic
ocean (>90%)

Nano’s in transition regions (~50%)

Micro’s only found in upwelling
zones & high latitudes (<60%)

Kostadinov et al., 2009, JGR
Kostadinov et al., 2010, BG



Backscattering slope from bioArgo
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Conclusions

Abundance-based size estimates — less

sophisticated but more robust (for current
satellites)

Early results for Australian waters look promising

Limiting factor globally is availability of co-located
in situ data

Bio-Argo may improve this for scattering
approaches
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Methods for estimation of phytoplankton community structure from satellite data are advancing
Dominance  Fractions
Size  Functional types
Surface  Depth
Biomass  Rates
Climate variability influences phytoplankton community structure
Allows better quantification of role of phytoplankton in global carbon cycle
Air-sea gas exchange
Carbon export
Future applications for comparison and parameterisation of biogeochemical models
Limiting factor is availability of co-located in situ data
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Size and primary production rates
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Size and primary production rates
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 Global PP 2005 �(Platt et al. 1980)
 51.20+/-0.29 Pg C y-1

Compare previous percentages
 Compare Uitz
 Differences in PI curves 


Or maybe ...
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