Can time-lag In niche construction
solve the tragedy of the common?

Phuong NGUYEN
Postdoc — IEES
Supervisors: Manon Costa, Florence Debarre, Nicolas Loeuille



Niche construction Is ubiguitous

Organisms modify the surrounding environment which then feedback on them and the
neighbouring species

Beavers build dams

Trees produce oxygen



Niche construction Is ubiguitous

Organisms modify the surrounding environment which then feedback on them and the
neighbouring species

Niche construction can also be negative




Time-lag In niche construction
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Time-lag In niche construction

0.75 Niche construction genes facilitate other genes
‘ (Laland 1996)
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Time-lag In niche construction
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Time-lag In niche construction
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Time-lag In niche construction
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Can time-lag In niche construction
select for lower production of waste?
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Homogeneous unstructured
population
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Homogeneous unstructured

population
Toxic
% = cpSR —dS — SvW
Higher consumption
d—RIIR—CSR—(SRR _ = _
dt higher waste production
dW



Evolution without time-lag

Reproduction ratio of the consumer

CmutpR* (Cres)
R =
d+ oW
OR  pR*(cres)
8cmut N d + vW*




Evolution without time-lag

Reproduction ratio of the consumer

CmutpR* (Cres )

R= 1o~
OR  pR*(cres)

8Cmut B d + vW*
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Numerical results with time-lag

Mutation rate = 0.01
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Numerical results with time-lag

Mutation rate = 0.01

1000000

800000 1

600000 -

400000 -

200000

0

1000000

800000

600000 -

400000

200000 A

0 ==

0

10

20 30
Consumption rate

0.35
17.5
0.30
15.0 1
0.25
12.5 1
020 3
£ 10.0
o
015 75
010 504
005 251
000 %0
R 1200 1
1000 1
03 5
z
a
02 & 600
400
01
200 A
00 01

—— Resource
1 Waste
-
)0
-~ Resource
Waste
T T T T
0 200000 400000 600000 800000 100C

Time

Waste dynamics is
much faster than
resource dynamics

Waste dynamics is
much slower than
resource dynamics



Structured population: Time-lag

consumption

Resources

between generation

consumption waste production
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Simplified structured population

* Higher growth rate
produce higher waste
density

dJ
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Ecological equilibrium

RciR
B = AT > 1

(%UA—FCZA) (%UJ"‘dJ"‘CJR)




Ecological equilibrium

caBcy

R

(%UA—FdA) (_UJ+dJ+CJR)

Adult and tionJuvenile density at equilibrium
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Adult and juvenile density at equilibrium

Ecological equilibrium
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Invasion fithess

CJmutRCAR
(CJmutR + dJ + 'UJW* (CJres))(dA + UAW* (CJres))
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(%UA + dA) (%UJ + dJ + CJR)




Invasion fithess

CJmutRCAR
(CJmutR + dJ + 'UJW* (CJres))(dA + UAW* (CJres))

Bmut —

caRcjR

B =
(%UA + dA) (%UJ + dJ + CJR)

Condition that select for smaller growth rate:
caR < dj—+ ’UAW*(CJ))

If the density of the waste in the environment is
sufficiently large, smaller growth rate can be
selected for?



Invasion fithess
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Simulation with moderate mutation
rate
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Juvenile’s average growth rate

Simulation with moderate mutation

[==]
!

=y

(%]
!

T T T T T T T T T
o0 025 050 075 100 125 150 175 200
Time 1e7

Waste density

E B
(=

Pt
LA
L

(=]
L

rate

[z
L

g8 &

Fe—

Density

T T T T T T T T T
000 025 o050 075 100 125 150 175 200
time 1e7

0030 -
00259 |
0020 A
0015 +
0010 A
0.005 1

0000 4

— Adult
Juwenile

M\Mwwmm

T T T T T T T T T
000 025 050 075 100 125 150 175 200
time 1le7

Starting population has larger growth rate (2.3) — larger initial waste production




Simulation with moderate mutation
rate
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Trade-off between growth and

reproduction
dp(cs) <0
dcj _ Higher growth rate at juvenile results in lower
reproduction in adult
dg(cy)
> i)
dc J
dpy(cy)
= 0 Higher growth rate results in higher waste production

dCJ



Evolutionary singular strategy

PIP for linear function: ol(c,)=r,.—ac,
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Effect of different parameters on the
ESS




Effect of different parameters on the
ESS
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Effect of different parameters on the
ESS

Juvenile sensitivity to pollution v,



Conclusions

* In a homogeneous unstructured consumer population, the lag between the
dynamics of the niche and the dynamics of the niche constructor cannot
select for lower waste production

* In a structured population with juvenile and adult consumers, without any
direct trade-off, selection for lower waste production cannot be selected for
If the evolution of the consumer is slow

* If the consumer can evolve fast, lower waste production can be maintained
for some short periods of time.

* Only a direct cost on waste production can select for lower waste production



On going analysis

* Simulations for different speed of the dynamics
of the niche.

* Incorporating resource dynamics.



High mutation rate, slow ecological d
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High mutation rate, very slow waste
dynamic

Starting value of the growth rate
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