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General Background

Migration of individuals/genes between populations: a major evolutionary

force (geneflow)
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Migration of individuals/genes between populations: a major evolutionary
force (geneflow)

(A) Environmental gradient

N

pop.0

.
-------------------
-----------------------------------
........
.....
‘e
.
.
P

"y
.
.....
0
.
.
@
o

c§—ti— 1,

-+
Local adaptation N
rA Chine Widith [ 3
v ’
Genetic divergence of E, g
populations 3 : §
< | e Clie Centes <
\ Pesition Alowg Gradient Porition Along Gradient i

Clines / genetic introgression



Most theory assumes a steady (constant) rate of migration...




Most theory assumes a steady (constant) rate of migration...

...but in reality the flow of individuals would often be more agitated.



. . Climate
Migration: not a steady gene flow n
Object Type
~ Vessel
« Dock
« Buoy
« Beam
« Tote
+ Other
« Tolal
200

@

g

5

@

100 4 S :
_] | carlton etal., 2017,
P ame~ Science
| Tt ’w—""' 7l Rafting transportation
|t ; of individuals after
"’“L_‘“.’.&F"""f z tsunamis
0 s

2012 2013 2014 2015 2016 2017
Date intercepted

Carlton et al., 2017, Science ; Nikula et al., 2012, Biology Letters ; Hewitt, 2000, Nature ;
Maclssac et al., 2002, Fisheries and Aquatic Sciences ; Arnegard et al., 2000, Biological Science ; Fujioka et al., 2018, Progress in Oceanography



] ] Climate
Migration: not a steady gene flow n
Object Type
~ Vessal
« Dock
. + Buoy
Behavior ey
+ Other
« Tolal
200
0
5
@
Ballooning dispersal _] | carltonetal, 2017,
© Barnett — | Science
P ;-.—r"" " Rafting transportation
g ¢ of individuals after
..—aL—«"_r.&,-w— I tsunamis
0 ¢ et

2012 2013 2014 2015 2016 2017
Date intercepted

Carlton et al., 2017, Science ; Nikula et al., 2012, Biology Letters ; Hewitt, 2000, Nature ;
Maclssac et al., 2002, Fisheries and Aquatic Sciences ; Arnegard et al., 2000, Biological Science ; Fujioka et al., 2018, Progress in Oceanography



_ guestion Method Allele Sﬁread Genetic diverﬁence Siﬁnature Conclusion v
A 4 A 4

Climate

Migration: not a steady gene flow 0

Object Type
» Vessel

« Dock

« Buoy

+ Beam

« Tote

« Other

« Tola!

Behavior

200 4
@
g
'_5 v
x
100 4 ""(";A‘:
Ballooning dispersal ] | carlton et al., 2017
© Barnett e f—‘ Science |

Human activities

o — : .
— g "w—""'-, Rafting transportation
| gt ¢ 7 of individuals after
e (e 4".".{,._'-0""‘{ e tsunamis

[ =

2012 2013 2014 2015 2016 2017
Date intercepted

“Ballast waters © W.Carter

Carlton et al., 2017, Science ; Nikula et al., 2012, Biology Letters ; Hewitt, 2000, Nature ;
Maclssac et al., 2002, Fisheries and Aquatic Sciences ; Arnegard et al., 2000, Biological Science ; Fujioka et al., 2018, Progress in Oceanography



General Background

»

Constant migration

>

migration rate m

time

T

Variable migration

4 stochastic 4  periodic
E NNV WV
2
©
c > >
0
© . .
5 intermittent pulsed
E ‘
} > >

time



General Background

T

Variable migration

»

Constant migration 4 stochastic 4  periodic

I £ /\/\/\/_\\/\/

2 2

© ©

c cC > >
g O

.% > .% intermittent

= time =




What are the consequences of pulsed migration patterns for:

- genetic divergence
at neutral markers?

- local adaptation, average
fitness and migration load?

Whitlock (1992), Teshima and Tajima (2002), Yamaguchi and Iwasa (2013)



Question

What are the consequences of pulsed migration patterns for:

- genetic divergence at
neutral markers?

- local adaptation, average
fithess and migration load?

The few existing theoretical studies suggest
that increasing temporal variability of migration
rate should decrease the effective migration
rate (i.e. promote genetic divergence)




Mainland-island model

One small island population
(effective population size Ne)




Method

Mainland-island model

One big mainland population
(with some genetic composition) One small island population
(effective population size Ne)
AA



Method

Mainland-island model

Individuals migrate from mainland into the island
at some rate m (mean number of migrants per generation)

One big mainland population
(with some genetic composition) One small island population
(effective population size Ne)
AA



Method

Modelling of pulsed migration

Bursts of migration (migration events): n migrants per migration event

Mean number of migrants per unit time (m) is kept constant

— The occurrence rate of migration events = m/n
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Modelling of pulsed migration

Bursts of migration (migration events): n migrants per migration event

Mean number of migrants per unit time (m) is kept constant

— The occurrence rate of migration events = m/n



Pulses occur randomly in time at rate m/n
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2. Dynamics on island population

Continuous time stochastic logistic demography
Carrying capacity K = Ne

Density-dependence on death




wSeperalBackoround Qucsiion, SNMSHUUNID  Rosul's e RO e QRSB JCorciusion

2. Dynamics on island population

Continuous time stochastic logistic demography
Carrying capacity K = Ne

Density-dependence on death
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Method

3. Metrics of interest

We compute the effective migration rate m_

Alleles from the mainland population will eventually overtake the island population.
— How long does it take (time to fixation)?

— Frequency of mainland alleles at some time t?

The effective migration rate is, for some level of migration pulsedness level n, the value of

migration rate that would produce the same dynamics with constant migration (n=1).

m_>m = migration pulsedness increases geneflow

m_<m = migration pulsedness decreases geneflow
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4. Mathematical predictions

Under a slow-fast limit (m<<1), and assuming a constant population size N, we obtain that

migration pulsedness increases geneflow iff

u - > nu -
N+n N+1

fof G(x)dx
J G(z)dz
with G(z) = exp [2N.s((2h — 1)z? — 2hx)] (Kimura, 1962).

u(f) =




4. Mathematical predictions

With some further analysis, migration pulsedness increases geneflow if

(N +1)?
2N,N(hN + 1 — h)

S 81 =

and decreases geneflow otherwise.
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4. Mathematical predictions
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4. Mathematical predictions
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5. Stochastic simulations with larger migration rates

Weak migration (m=0.1) Medium migration (m=1) Strong migration (m=10)
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Result A

6. Important message A: the fingerprint of pulsedness

Migration pulsedness increases geneflow for deleterious alleles (s<s,)
Migration pulsedness decreases geneflow for beneficial alleles
= Migration pulsedness homogeneizes fixation rates over genomes

This homogeneization effect is not comparable to what would be produced by a
reduction in effective population size under continuous migration



Result A

6. Important message A: the fingerprint of pulsedness
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Result A

6. Important message A: the fingerprint of pulsedness

Migration pulsedness increases geneflow for deleterious alleles (s<s,)
Migration pulsedness decreases geneflow for beneficial alleles
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Result B

7. Important message B: pulsedness reduces local adaptation

Migration pulsedness increases geneflow for deleterious alleles (s<s,)
Migration pulsedness decreases geneflow for beneficial alleles
= Migration pulsedness reduces mean fithess and local adaptation



Result B

7. Important message B: pulsedness reduces local adaptation

Migration pulsedness increases geneflow for deleterious alleles (s<s,)
Migration pulsedness decreases geneflow for beneficial alleles
= Migration pulsedness reduces mean fithess and local adaptation
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Conclusion

Conclusion

Migration pulsedness has important consequences:
- ltincreases the rate of neutral genetic divergence
- It favors maladapted alleles over beneficial alleles

Pulsed migration patterns are less favorable to the adaptation and persistence of
small isolated populations (Peniston et al. 2019)

In terms of conservation strategies, it would be better to introduce small many
individuals at regular intervals, rather than many individuals on rare occasions.

Extending to ecology:
— Pulsed migration would decrease the effective migration rate of neutral species
— Pulsed migration would promote the invasion of less adapted mainland species on

small islands
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