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Broad classification:

Organic Carbon & Nutrient

Mixotroph Zooplankton

Inorganic
Nutrient

What is/are the factors that determine
the trophic strategy of plankton?
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Size of organisms
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Q1: How the size of an organism affects its trophic strategy?

Q2: How the trophic strategy of an organism of a specific size
changes with environmental conditions?
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PHOTOAUTOTROPHY

Mathematical model for unicellular organisms

Trophic strategies are defined by the investments in three resource harvesting

traits that leads to the highest growth rate

<+ MIXOTROPHY ey

Nutrients

HETEROTROPHY

Light
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“A specific organisms’ trophic strategy is

(4

defined as a point within the triangle.”...............
Andersen et al. (J. Plank. Res, 2015)

Trade-offs :

1. Investments increase the costs of synthesis
and maintanence of organells and structure

2. 2 (investments)<1
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Schematic representation of the model
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Schematic representation of the model

Uptake of resources :

Uptake process Respiration Synthesis Allocation
0t oo A; Xi .
; - Jo=]  —Sifi (i=LN,F)
| E\ l MaxXt AiXi+) max.i Y
| 1
............. A— o

I : Affinitiy

, :

y neenothy | Max uptake rate

15+ 384; —_—

| : . R N-osmotrophy @ 2

" w 2 T r

| SE > K5 Size (V pgC) dependence :

. L.y E Chloroplasts &, = '

I

| : _

i ‘ i Structure 1 ]max.i - Miqf)iv

/

T

Excess Cor N

7 DTU Aqua, Technical University of Denmark Correlation between organism size and trophic strategies 06/10/2015



s aip.V
Affinitiy : A = c. V% g
y : CI Cfi(,biv + CiVai

Affinity (4,) —

Investments [‘?5:] —>

Correlation between organism size and trophic strategies 06/10/2015

8 DTU Aqua, Technical University of Denmark



Affinitiy : 4, = ¢,v%
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Affinitiy : 4, = ¢,v%

VKR Centre of Excellence
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Limited by size
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VKR Centre of Excellence
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Affinitiy : 4, = ¢,v%

Affinity for nutrient:
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Affinitiy :

Affinity for food:

Cfi(,biv
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Schematic representation of the model
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Schematic representation of the model
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Calibration of other parameters

Max uptake rates Respiration

rate

Marafion et al. (2013)
Moloney & Field (1989)
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Photosynthetic rate (;.g C/day)

Validation of calibrated parameters

10710 10°8 106 104 102 10°
Size (1.g C)

23 DTU Aqua, Technical University of Denmark

Maximum nutrient uptake rate (g N/day)

VKR Centre

(B)

10*

108 107 10 107 104
Affinity for nutrient (I/day)

Maximum rate of phagotrophy (g C/day)

Affinity for food (lI/day)

Correlation between organism size and trophic strategies

10°° 107 10°° 1073 107! 10"

06/10/2015



24

Optimal investments and trophic strategies
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Optimal investments and trophic strategies
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Optimal investments and trophic strategies
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Optimal investments and trophic strategies
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Conclusions:

e The transition from photoautotrophy to heterotrophy
emerges as a consequence of how benefits of investments in
different resource harvesting strategies change with size.

e Among the mixotrophs a pattern of two types emerges:
generalist mixotrophs invest in all three different resource
uptake strategies and hetero-mixotrophs only invest in
photosynthesis and phagotrophy.

e Generalist mixotrophs are relatively smaller compared to the
hetero-mixotrophs.
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Trophic strategies at
different
environmental
conditions
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Conclusions:

30

Mixotrophy is an optimal strategy for a large size range of
organisms under oligotrophic conditions

Generalist mixotrophs occur under most conditions, whereas
hetero-mixotrophs occur mostly under nutrient limited and
high light conditions.

Bottom-up processes dominate the selection for trophic
strategy, while top-down processes are more important for
size-selection.
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Seasonal
succession of
trophic strategies
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Some more results:

All fluxes and growth rate
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