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Introduction

Day old carcass
for Carl.

» Bacterial role in carbon cycle ?

|
Decomposer Cafe was a surprisingly
popular spot in the food chain.

“The eye of the
needle through
which all organic
matter entering the

soil must pass”
Jenkinson 1977

Microbial C biomass
= 50-80% labile C

. . . . organic
Microbial respiration m;},np,r

= 10x human emissions (humus)

Tate 2017, World Scientific
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Response to changes

Acclimation

+ physiological
*  within

generation
wersible

Assembly Adaptation

* ecological

* across
generations

* reversible

* genetic
* across

generations

* non-reversible

» Rapid evolution

» Same scale as climate change

» Not introduced in climate models
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Stochastic modeling

How does enzyme production evolve 7

SOCinput 1,

Complex
Formation Depolym.

Complex
Dissociation 1

Leaching Leaching
of SOC of DOC

» Individual based-model (Fournier and Méléard 2004,
Champagnat 2006, ...)



Stochastic modeling

SOC input N ‘%,,

Complex
Formation Depolym.
COC,

Dissociation

Leaching Leaching
of SOC of DOC

Enzymatic reaction :
» Complex formation : rate AZC
» Complex dissociation : rate A_1 X

» Decomposition : rate puX



Stochastic modeling

SOCinput

Complex

Formation Depolym.

Leaching Leaching
of SOC of DOC

Enzymatic reaction : fast events (Frankowicz et al. 1987)
» Complex formation : rate AZC
» Complex dissociation : rate %)\,1)(

» Decomposition : rate % uX
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Stochastic modeling

Leaching Leaching
of SOC of DOC

Simplification of the model when ¢ — 0
» Complex formation : rate V,,pZC = A

o
A1+

zZC
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Stochastic modeling

Leaching Leaching
of SOC of DOC

» mortality : rate dj; with release of
> pa/B SOC
> (1—-p)aDOC
» growth : rate N(1 — gp)yMVmUﬁ

» orowth of %

. o
» disappearance of TN DOC

> enzyme production : rate gp’yZVmUﬁ
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Stochastic modeling

Leaching Leaching
of SOC of DOC

» Enzyme deactivation : rate dz
» Leaching of SOC, DOC : rates l¢, Ip
» SOC input : constant rate I¢
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Model simplification

Counting atoms of carbon :

» A bacteria is a-times larger than a DOC molecule

o = 10"
» A bacteria is «/(-times larger than a SOC molecule or an
enzyme
a/B =107

» Events associated to M are slower.

» SOC, DOC and enzymes are more numerous.
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Model simplification

Theorem

When oo — 400 and N — 0o, convergence to a PDMP where M
evolves randomly according to

» mortality : rate dy; with release of DOC and SOC
between two jumps of M : (z,c,d,A) follow (in carbon biomass)

2 (t) = wwMVZ%M —dyz

d(t)=1Ic—lcc— Vipzc

d/(t) =Ip—Ilpd+Vy,pzc+ (1 — l)de - WMM
Ku+d

Viud
YMm KmU+d7

A1) = wnr(1— )

9/ .



Public good dilemma

Assumptions of rare mutations on ¢

Exoenzyme allocation trait (¢))
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Public good dilemma

Assumptions of rare mutations on ¢

Exoenzyme allocation trait ()

In a
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well-mixed environment, enzyme production is
counter-selected :

Public good dilemma
10/ .



Spatial model

well-mixed

_>

spatially
structured

Abs, Ferriere, Leman (in prep.)
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Spatial model

(10 bacteria per microsite) 10 pm
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Abs, Ferriere, Leman (in prep.)



Example of dynamics

t=o0 Cell
number
100 per
microsite
[}

-
-

M, oo mutant = stronger
- producer

25 50 75 100

Cell
number
1007 per
2l microsite
M., .. = resident = smaller L.

producer -
N

Abs, Ferriere, Leman (in prep.)

12/ .



Example of dynamics
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Abs, Ferriere, Leman (in prep.)
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Example of dynamics
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Abs, Ferriere, Leman (in prep.)
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Evolutionary response

Fitness x TimeMax x Proba Survival
0.0 05 1.0 15 20 25 3.0 35

0.05-0.1 0.1-0.15 0.15-0.2 0.2-0.25

Exoenzyme allocation traits (¢) of competing strains



Evolutionary response

Exoenzyme allocation ESS, ¢*
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Evolutionary response
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The effect of spatial structure is strongly modulated by
diffusion of resources D
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Effect on soil C stock
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Perspectives

> Simplify spatial dynamics
» Spatial continuous setting

» Introduction of the model in a global setting
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Perspectives

> Simplify spatial dynamics
» Spatial continuous setting

» Introduction of the model in a global setting

Thank you for your attention
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