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Phytoplankton

* Microscopic photosynthetic organisms at the
base of most aquatic food webs

* Name derived from the Greek word nAayktog,
meaning wanderer



Cyanobacteria

Diatoms



Vertical Distribution of Phytoplankton

Opposing gradients of 2 essential resources:
Light supplied from above
Nutrients (N, P, Si) supplied from below

Many phytoplankton can regulate their depth

In poorly mixed water columns, these depth-
regulating phytoplankton form thin layers
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Questions

What determines layer type?

What determines layer location?
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Game Theoretical Approach

Assume phytoplankton form thin layer

Strategy: depth of layer, z,

Given layer at z, determine equilibrium profile of
nutrients and light

Look for strategy z* that prevents growth
everywhere else (ESS)

(Klausmeier and Litchman 2001)



Too Deep — Light-Limited
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Too Shallow — Nutrient-Limited
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Just Right — Co-Limited

"where there is light, no nutrients are left,
R* and where nutrients remains, there is no

light" - Margalef (1978)
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ESS Depth, z*
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Effect of Model Parameters

Increase light supply / competitive ability
Increase lin
Decrease abg, a
Decrease I*

=>» Move layer down (increase z*)

Increase nutrient supply / competitive ability
Increase Rin
Decrease R*

=>» Move layer up (decrease z¥)
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Overview of Outcomes

Deep Chlorophyll
Maximum
(O<z*<z,) (z"<0)

Surface Layer

Benthic
Layer
(z*>z,)

Background attenuation — a,

Sediment nutrient concentration — R,



Extending this research...

Jarad Mellard [GS] Kohei Yoshiyama [PD]



Laboratory mesocosms

(Mellard et al 2012 Ecological Monographs)
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Fluorescence
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Model Results

]
A B
R=R* ||
01 - o
I egen
|/ ,,-
Zpy—d ,/ iomass (b)
: 'I ----- nutrient (R)
z A N log light (log /)
z—t—
\!
A
[\
oA
zb.. o L |
Figure 2: I Rsed

(Mellard et al JTB 2011)



Simplified model: stratified

pe)

Huisman and Weissing 1994, 1995

Z - Klausmeier & Litchman 2001
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(Mellard et al JTB 2011)



Simplified model: mixed layer
colimited case

pe)
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Simplified model: mixed layer
light-limited case

R Huisman and Weissing 1994, 1995
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Model Results
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Two competitors, stratified
—
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Two competitors, stratified
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Two competitors,
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