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phenotype

 Offsprings acqwre the genetic information of their parents:
Herd ck&
« Permanent alteration of DNA:
alaiong
—_—

Klockion noky relle.

+ Differential survival and reproduction of individuals due to differences in
—
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© Individual based models
@ Birth-death model

@ Improvements
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Individual based models

Modéles individus-centre

» Processus stochastiqu
= Probabilités de survie

Echelle microscopique
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Individual based models
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Birth-death model
Stochastic Birth and death Model
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Individual based models

competition

Birth : £(b)

)

Death : £(d)
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Individual based models

Age or space structure :

Birth : £(b) Death : £(d)
Froub qiret H\A>
ool queliqut )
3 Cl “—  Spatial structures
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Improvements
Different biological aspects

Birth : £(b) Death : £(d)
b (u,N) of'(u, UND)
several species : LL(\I‘ 0\»,_(\)) -k
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Large population approximation

e Large population approximation

=] & = E A
Hélene Leman Stochastic process



Large population approximation

Modéles individus-ce

» Processus stochastiqu 7
g « Probabilités de survie 6[ On Al d@b o
R Echelle microscopique ,_m
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o Limites 'graqnde population'
g Y%
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pproximation

Birth : £(b) Death : & (d + £Nf)
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Large population approximation

Birth : £(b) Death : & (d + £Nf)
K=5
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Large population approximation

Birth : £(b) Death : & (d + £Nf)
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Large population approximation

Birth : £(b) Death : & (d + £Nf)
K =100
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Large population approximation

Birth : £(b) Death : & (d + £Nf)
K =500
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Large population approximation

Birth : £(b) Death : & (d + £Nf)
K = 1000
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Large population approximation: when K — oo

Initially: 3K individuals.

Théoreme (Ethier-Kurtz, 1986)

LNK(r))

—_— — n(t

K ke E’TT] K—+o0 ~—~

Scaled stochastic deterministic limit
process

with

n'(t) = n(t)(b—d —en(t))
n(0) =3

Hélene Leman Stochastic process 29/01/2021 14 /26



Large population approximation

K=1000

b

Limit population behavior :
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Example of reproductive preferences

@ Example of reproductive preferences
Biological context

Model description

Large population Approximation
Dynamics

Dynamics
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Biological context
Motivation

Definition

Species: largest group of organisms in which two individuals are capable
of reproducing fertile offspring.

Definition

Speciation: evolutionary process by which reproductively isolated
biological populations evolve to become distinct species.

=

/

— How does appear?

— joint work with Coron, Costa, Smadi.
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Biological context
Problematic

rm/“rq,)-uu s N).r’mf*‘*()b\()n;

Definition

Homogamy/assortative mating: individuals with similar phenotypes
have a higher reproductive success

vy

© 2005 Greg'Steeves

Pundamilia pundamilia Pundamilia nyererei
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Biological context
Drosophila Melonaster

By André Karwath aka Aka - wikimedia.org

— Can homogamy entail reproductive isolation ?

— Wau, Hollocher, Begun, Aquadro, Xu, Wu (1995)
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Example of reproductive preferences

@ Two patches,

CoN 3/ 0% &
o K
o (>4
@ Haploid population, X X O\ X X
) X
@ two aIIeIes.j and A, /( m.
2
Notation (population):
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Model description
Preferential Mendelian reproduction

Any a-individual :
@ meets with an individual of its patch at rate B;

> mates with probability: % = A ; kjﬁ\@ - G, @
B .

o Offspring types follow Mendelian rules

|
a
(ag) = @ (a4) \; N
2 :
Total production rate of (a, 1)
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Example of reproductive preferences
o Migration:

> mating success dependent migration,

A
at [ N
mN [N“

1
+ NAE

@ Death:

> natural and due to intra-patch competition,
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Example of reproductive preferences Large population Approximation

Large population approximation

Lemma (Ethier, Kurtz 1986)
There is a convergence in probability to (n(t),t € [0, T]), solution to

NA2N3,2
na2+na 2
NnA,2N3,2

d _ Bnaitnai 4 _ Na,1
dt 14,1 t) — A |:b na,1+na d C(nA*l + na’l) mﬂA,1+na,1

( +m

n,
(t) = M1 |: na,1+na1 —d- C(nA’l + na,l) - mnA,li;a,l + mnA,2+na,2
(
( 4

%na,l bﬁa"a,l"l‘nA,l
d _ Banaotnaa 4 _ Na2 na,1Na1
qina2(t) = na2 {b—nA,2+na,2 d—c(naz + na2) m—nA,Hna,J R rerrry

bﬁana,z-HlA,z na,2 } m_41na

dt a2 t) = na72{ Naotnao d— C(nA>2 + na’2) - m"A,2+na,2 na1+na1”
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Example of reproductive preferences Dynamics

Dynamics

Theorem
Almost all trajectories converge to one of the four stable equilibria
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Example of reproductive preferences

-
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Example of reproductive preferences Dynamics

Questions ?
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