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Spatial structure, population viscosity and altruism

Evolutiorary Feelogy, 1992, 6, 352-336

Altruisim in viscous populations — an inclusive
fitness modcl

D. TAYLOR
Dispuriment uf Mutkercalics snd Sutinis, Gason’s Uslversice. Klugsran O, K70 AN, Canmdo

Surmmury
A viscous population (Harmilton, 19654) is ane it which the movenent af arganisms fram their place of birrs
s ectatively slow. This visoasity has twa importanl effcets: ant is that Lol ifcractions send [ e amang
velatives, and the othics s thal competition foe izecarccs it i he among relutves. The first eec tendt ry
prosmnse and the seoand ta oppose the svalution of altruistic behaviou. T a sinulation Mol of Wilsen o
al. (19921 these two Faclors appe 10 ceacly elaies ane anather, thes appasing the evoluticn af kel
altruiste behsviaur, Here | show, wath an inclusive finess model, thal the same resull hoks in a pasch-
seructured popultion.

Kevwords: aftruism; inclusive fitness; competition: viscosdty
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The choice of life-cycle matters

Constant population size (N), so between two time steps, #B = #ﬂ.

Ohtsuki et al. 2006; Taylor, Day & Wild 2007; Taylor, Lillicrap, Cownden 2010
)




The choice of life-cycle matters

Constant population size (N), so between two time steps, # = #ﬁ

Wright-Fisher Moran Birth-Death Moran Death-Birth
NE) & NE 15 &1 150 &1

Ohtsuki et al. 2006; Taylor, Day & Wild 2007; Taylor, Lillicrap, Cownden 2010
)




The choice of life-cycle matters

Constant population size (N), so between two time steps, # = #ﬁ

Wright-Fisher Moran Birth-Death Moran Death-Birth
NE) & NE 10818 150 &1

& & &

In homogeneously structured populations,
with effects of social interactions on fecundity.

Ohtsuki et al. 2006; Taylor, Day & Wild 2007; Taylor, Lillicrap, Cownden 2010
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Fidelity of parent-offspring transmission

Causes of imperfect strategy transmission
» Mutation
» Partial heritability
» Cultural transmission (vertical)

In the model

Parent Offspring

‘ Unmutated

) Fha (= 4+ pis
‘ Mutated p = _Hs
> *B Ha + g
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Notation

1 if site i occupied by& attimet (1 <i<N)
X(t); X(t) =
0 if site i occupied by‘ attimet (1 <i<N)

Proportion of altruists in the population:

1 N
X==-Y"x.
i=1
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Social interactions

Phenotype
¢i = 6Xfa
and we assume that 6 < 1. (Selection is weak.)

Social interactions affect fecundity
At the first orderin 6, @

fi:1+5<b2jeb,-\i%_cxf>

Proportion of altruists The cost is only paid
among the other deme-mates by altruists
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Notation
B =Bj(X, d): expected # of offspring of individual /;
D; =Dj(X, d): probability that / dies.

» Expected proportion of altruists at t + 1in the proportion of altruists, conditional
on the state of the population at time t:

N
EIRC+-0(8)] = 3 D181 — o+ (\— D)t + By

» Take expectation and lett — oo; consider stationary distribution &

N
Z ZB 1_ Di)Xi+iz:1:Bi,U'V é(xv(snu)

XEQ i=1 W,



Calculations (2)
» Selection is weak (6 < 1) and reproductive values are all equal:
N

) oW, )
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N
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Calculations (2)
» Selection is weak (6 < 1) and reproductive values are all equal:

* 85 2
B*Xi—
ZL 5 % )= 2 uBXigs | 00,
i=1 XeQ
which we rewrite as R 6 N 5
* X _ 7 Wi 2
0B =5 _NIZ_:EO[&S ]Jro(é)
» Using partial derivatives: phenotypes
ow; 8¢k
Z Dy D5 Z a¢k
» We obtain .
*OEX )
=1 k=



Calculations (3)

» Inasubdivided population,

Rousset & Billiard (2000)
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» Inasubdivided population,

W; W;
-1 + (N — 0,

a¢i ( ) a§bin ( ) 8(lsout

> So
JE[X] & " ow, OW; Pin — Pout
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Calculations (3)

» Inasubdivided population,

ow; ow; ow;
—1 + (N — 0,
a¢i ( ) a§Z5in ( ) 8(Zsout
> So
OEX] 6 < | oW, OW; Pin — Pout 2
SuB* = = — +(n—1 O (P — Pout) + O(82).
ol N ; 09 ( )3<Z5in Pij — Pout (Pii = Pour) +0(0%)
=1 |~~~
—-C B R
» Then further decompose with partial derivatives:
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Rousset & Billiard (2000)
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Expected state of pairs of sites and identity by descent

At neutrality (i.e., in the absence of selection, § = 0),

P,'j = Q,'jl/

Expected state

of the i,j pair

= Probability that the two
individuals are altruists

N

Probability that a mutant is
an altruist

= Probability that a given site
is occupied by an altruist

Probability that the individuals at
sites i and j are identical by descent
(no mutation since
their common ancestor)



Expected state of pairs of sites and identity by descent

At neutrality (i.e., in the absence of selection, § = 0),

Pj = Qjv+(1— Q)2

Expected state
of the i,j pair Probability that both sites

= Probability that the two are occupied by an altruist
individuals are altruists

Probability that the individuals at sites
i and j are not identical by descent



Expected state of pairs of sites and identity by descent

At neutrality (i.e., in the absence of selection, § = 0),

Pj = Qjv+(1— Q)2

Expected state

of the i,j pair

= Probability that the two
individuals are altruists

Qin’
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\ strength
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Expected frequency of altruists in the population
Equation for Moran Death-Birth and Wright-Fisher

Mutation-drift ' Variance in the state of one site
equilibrium Selection
\ strength
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Equation for Moran Death-Birth and Wright-Fisher
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Expected frequency of altruists in the population
Equation for Moran Death-Birth and Wright-Fisher

Mutation-drift Variance in the state of one site

equmbrlum Selection
strength
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How does relatedness R change with the emigration probability m?
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Expected frequency of altruists in the population
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Effect of the emigration probability m on the expected proportion of altruists
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Is the result robust?
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Heterogeneous deme sizes (n = 4 as before, but2 < n <5)
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Political implications
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