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DIVERSITY OF PHYTOPLANKTON

Phytoplankton diversity matters:

- As base ofoodweb
- For carbon cycling
- For resilience of ecosystem

IO ocetng overse paons



OBSERVING DIVERSITY
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V9 18S rDNA Unpublished data_: . .
metabarcoding Courtesy of Shruti Malviya, Chris Bowler and

the TARA consortium
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OBSERVING DIVERSITY

nano and micro phytoplanktonrichness
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Microscopy from AMT:
Data courtesy of Pedi©@ermeno




OBSERVING DIVERSITY

What do observations tell us?

- Distinct regional variations in diversity
- But still too sparse to formalize distinmatterns

What controls the patterns of diversity?

- Several theories of universal drivers (e.g. SST, latitude, product
- But observations do not show any clear drivers

(see e.glrigoienet al, 2004; Smith, 2007; Fuhrman et al, 200Bustet al, 2012;
Cermencet al, 2013; RodrigueRamos et al 2015)
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TALK OUTLINE

A Past MIT studies: Controls on diversity*
(3 approaches exploring diversity)

A Current MIT work: Dimensions of diversity*

A Ongoing and future directions

*Diversity is not the only thing we are working on;
and we are not the only ones working on this toy
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MODELLING DIVERSITY




MODELLING DIVERSITY

N, fixers

2

silicifiers mixotrophs

phytoplankton functional types (PFT)
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MODELLING DIVERSITY: PFTs

MIT model examples:
Dutkiewicz et al, GBC, 200
Dutkiewicz et al, BG, 2013
Dutkiewicz et al, BG, 2015

phytoplankton functional types
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MODELLING DIVERSITY: PFTs

1. What controls ceexistence of PFTs?




MODELLING DIVERSITY: PFTs

1. What controls ceexistence of PFTs?

Seasonality: Dutkiewicz et al., GBC, 2009

Grazing control: Ward et al., L&O, 2012

Resource Supply ratioDutkiewicz et al., GBC, 2012
Ward et al, L&O, 2013
Dutkiewicz et al., BG, 2014




MODELLING DIVERSITY: PFTs

1. What controls ceexistence of PFTs?
e.g.diazotrophsand nondiazotrophs(Dutkiewicz et al., GBC, 2012)
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MODELLING DIVERSITY: PFTs

1. What controls ceexistence of PFTs?
e.g.diazotrophsand nondiazotrophs(Dutkiewicz et al., GBC, 2012)
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ratio Fe to N supply must bqg
greater than nordiazotroph
requirement for N




MODELLING DIVERSITY: PFTs

MIT model examples:
Dutkiewicz et al, GBC, 200
Dutkiewicz et al, BG, 2013
Dutkiewicz et al, BG, 2015

phytoplankton functional types
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MODELLING DIVERSITY

diversity within functional types
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MODELLING DIVERSITY WITHIN PFTs
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MIT model examples:

Follows et al, Science, 2007
Dutkiewicz et al, GBC, 2009
Barton et al, Science, 2010
Clayton et al, L&O F&E, 2013
Clayton et al, BG, 2017

diversity within functional types
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MODELLING DIVERSITY WITHIN PFTs

Follows et al, Science, 2007
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MODELLING DIVERSITY WITHIN PFTs

2. What controls diversity:

Neutral Theory: Barton et al, Science, 2010

Roles of grazers: Vallinaet al,Prog Ocean., 2014
Proweet al,Prog Ocean., 2011

Role of transport: Clayton et al, L&O F&E, 2013
Levy et alL&O F&E, 2013
Levy et al, RFIF, 2015

Richness (# phytoplankton
types coeexisting)

Clayton et al, L&O F&E, 201

I u Hi Modelling Diverse Phytoplankton Communities -




MODELLING DIVERSITY: SIZE CLASSES




MODELLING DIVERSITY: SIZE CLASSES

Many parameters
are a function of
cell volume:

a\P

(e.g. max growth
rate, affinity,
sinkingetc)

MIT model examples:
Ward et al, L&O 2012
Ward et al, JPR, 2014
Follett et al, in revision

phytoplankton size classes
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MODELLING DIVERSITY: SIZE CLASSES

Many parameters
are a function of
cell volume:

a\P

(e.g. max growth
rate, affinity,
sinkingetc)

MIT model examples:
Ward et al, L&O 2012
Ward et al, JPR, 2014
Follett et al, in revision

phytoplankton size classes
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MODELLING DIVERSITY

3. What control number of cexisting size classes?
e.g. Roles of nutrient supply rate and grazersWard et al, JPR, 2013
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MODELLING DIVERSITY

Some lessons learnt:

- 2S OFyQUO Y2RSf aLISOASa

(too many unknown parameters)

- Trait based approach can help

(minimize parameters by having them function of a trait such as size)

- But diversity patterns depends on metric you conside
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TALK OUTLINE

A Past MIT studies: Controls on diversity*

(3 approache®xploring diversity)

A Current MIT work: Dimensions of diversity*

A Ongoing and future directions

*Diversity is not the only thing we are working on;
and we are not the only ones working on this toy
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MODELLING DIVERSITY
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DIMENSIONS OF DIVERSITY

Phytoplankton differ in terms of
A Size

A etc ‘
@
»

size
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DIMENSIONS OF DIVERSITY

Phytoplankton differ in terms of

A size

A trophic strategy

A biogeochemicalunction
A accessory pigments

size

A etc

biogeochemical function
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DIMENSIONS OF DIVERSITY

Phytoplankton differ in terms of

A size

A trophic strategy

A biogeochemicalunction
A accessory pigments

A thermal niche

biogeochemical function
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plankton biomass mean over-60m
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Functional Groups Dutkiewicz et al, in prep









