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Paradox of the
plankton

« Competitive exclusion:
if two species compete for the
same resource, one of them
will be driven to extinction

* How can many species thrive
in environments with limited
resources”?

- Can we modelit?
- When is it stable ?




Consumer-resource modelling

Energy intake -2
Population variation 2

Resource variation =

« J;I : energy intake * W, : energy content of a
* C;,: maximum uptake of resource * l,: leakage fraction
* R, :resource concentration * m; : minimal energy uptake

or maintenance
* K;, : af finity for resource f

e d :dilution rate

N; : population of species i

e g;: conversion factor * D, : fraction of byproduct
;e

(ener gy uptake to growth rate)



Consumer-resource modelling but simpler
Energy intake -2
Population variation = G ' (1 — la)Jfg ] — N;d

Resource variation > |[Eerale= — R,)d — Zz Ni']fg e Ei,ﬁ Diag  lgN; ;g

« J;I : energy intake * W, : energy content of a
* C;,: maximum uptake of resource * l,: leakage fraction
* R, : resource concentration * m; : minimal energy uptake

. for maintenance
* K;, : af finity for resource

e d :dilution rate

N; : population of species i

e g;: conversion factor * D, : fraction of byproduct
;o

(ener gy uptake to growth rate)



Full model

# complete model

def [CRImodel (t, y, ¢, K, w, 1, m, g, d, D):

Population and resources
(can’tgo below 0)

Resource uptake
for every species and resource

Population variation
for every species

Resource variation
for every resource

return np.concatenate((dNdt,dRdt))

Ti fthe simulati

solving differential
equations




First approach - shots in the dark

Random parameters

All Species and Resources Species evolution Resource concentration evolution
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Population / Concentration
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First approach - shots in the dark

Random parameters

All Species and Resources
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First approach - shots in the dark

Random parameters

All Species and Resources Species evolution Resource concentration evolution

c c c
o o o
= = =
© @ ©
— — _
- o A
[ = c c
[} @ [0
=) W L=
c c c
o 5] o
o o] u]
- - -
= c =
o o =]
= = =]
© @ ©
> > >
o o o
o =) [
a a a

4000 6000 8000 10000 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
Time Time Time

— Species 1 Species 3 Resource 2 —— Species 1 —— Species 2 —— Species 3 —— Resource 1 —— Resource 2 —— Resource 3
— Species 2 Resource 1 Resource 3




2"d approach : brute force

Randomization and statisticaltests

dNdt[i] = g[1]*N[i]*growth_intake-(N[1]*d)

\ /

g[x]*growth_intake[x] = g[y]*growth_intake|y]

Equilibrium !



2"d approach : brute force

Randomization and statisticaltests { \

Simulations x1000

PN

Cohabitation Domination

| |




2"d approach : brute force

Randomization and statisticaltests

g*growth_intake




2"d approach : brute force

Randomization and statisticaltests

ggrowth

[0.10000000000000492, dNdt[i] = g[1]*N[i]*growth_intake-(N[1i]*d)

0.09999999999985125]

0.1, / 1 /

0.10000000000000002]

g[x]*growth_intake[x] = g[y]*growth_intake[y] = d
[0.1000093042796803, ‘
0.09988607853201728, l
0.09...

[0.10000000000001025, e
0.10000000000000239] DN/dt =0 = Equilibrium!

d=0.1



2"d approach : brute force

TOO LONG
AND
NOT EFFECTIVE




3'd approach : the answers are in the numbers

‘ \ C;1 = maximum uptake of resource 1

*“ ** o

D : fraction of byproduct
k R,

[:lea kag
Ci; = maximum uptake of resource 2




3'd approach : the answers
are in the numbers

Simulation of the previous slide

All Species and Resources

Equilibrium !

Species 1
Species 2
Resource 1
Resource 2
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At equilibrium :

* _ d(R(l) _R;) B N2*]§1

1

l*]2*1];2




d : dilution rate (decay)
l:leakage

Does the math match the simulations ?

Normalized difference between the theory and the simulations final resources, whenvarying d and | :

R1* RZ2*
1.0 - -0 1.0 - -1
0.95 - 0.95 -
0.9 - 0.9 -
0.85 - - —10 0.85 - .
0.8 - 0.8 -
0.75 - 50 0.75 -
0.7 - 0.7 -
0.65 - 0.65 - 4
0.6 - - 30 0.6 -
0.55 - 0.55 -
0.5 - ~0.5-
0.45 - - —40 0.45 - _ 2
0.4 - 0.4 -
0.35 - 0.35 -
0.3 - - —30 0.3 -
0.25 - 0.25 - - -3
0.2 - 0.2 -
0.15 - - 60 0.15 -
01- 01- B
005- __70 005- -4
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¢ : maximum uptake of resource
l:leakage

Does the math match the simulations ? part 2

Normalized difference between the theory and the simulations final resources, whenvarying c,,and L:

R1*
1.0 - - 0.00
0.95 -
0.9 -
0.85 - —0.25

0.75 - - —0.50
0.7 -

0.65 -
0.6 — -—0.75
0.55 -
0.5 -
0.45 -
0.4 -
0.35 - -—=1.25
0.3 -
0.25 -
0.2 _ -—=1.50
0.15 -
0.1-
0.05 -

-—1.00

-—1.75

0.05 -
0.1 -
0.15 -
0.2 -
0.25 -
0.3 -
0.35 -
0.4 -
0.45 -
0.5 -
0.55 -
0.6 -
0.65 -
0.7 -
0.75 -
0.8 -
0.85 -
0.9 -
0.95 -

R2*

1.0 -

0.95 -
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

- 0.000

- —0.005

- —0.010

- —0.015

- —0.020

0.65 -
0.7 -
0.75 -
0.8 -
0.85 -
0.9 -
0.95 -




d : dilution rate (decay)
[ :leakage

Influence of d and | on population stability

Population outcome by varyingd and |

Simulations

None alive None alive
Bl Only N2 alive Bl Only N2 alive
EEl Only N1 alive Bl Only N1 alive
Bl EBoth N1 and N2 alive Bl EBoth N1 and N2 alive




€1 ¢ maximumuptake of
resource 1 by species 2
: leakage

Influence of c,, and Ll on population stabilitiy

Population outcome by varying c,; and |

Simulations

None alive None alive
Bl Only N2 alive 0.85 Bl Only N2 alive
EE Only N1 alive EE Only N1 alive
EEE Both N1 and N2 alive 0.75 EEE Both N1 and N2 alive

0.6

0.5

0.35

0.25
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0.0




Future investigations

* Control the simulation code
* “Double crossfeeding” :

N,
species 2 leaks a 3™ resource J
that can be used by species 1
* Requires alot of math!!
* Different energy contents for R, )

R;




Feedback on the course

* Lots of maths !!!
* Coding as a group is challenging but interesting
* “Learn by doing” : overwhelming but rewarding

* We did a lot of work that was not useful in the end, but it made us
progress every time

* We liked the freedom that we had for the project



Thank you for listening !

Andthankyou Snorre <3

| know how to fix
that bug on line 255
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