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Evolution by Means of Natural Selection (Darwin, 1859)
Universal Common descent, Descent with modification
Fitness: survival, reproduction
Natural Selection, Sexual Selection
Mutation, Heritable variation

Genetic drift



Criticisms
Young earth, Genesis, Blasphemy, Human uniqueness...
Inheritance of acquired characteristics (Lamarck)
Blending inheritance

Origin of Species
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Evolution as Gene-Frequency Change

2
w + pgw

where w is the average fithess and given by:

W= p*waa +2pqW A, + §*Waa 2)






Evolution as Adaptation (Wright 1931, Fisher 1930)

Ap = p'—p
PPw A + Paw A,
w

—P

This equation can, with a bit of algebra, be rewritten as follows:

ap = El(p(wan—wan) = (wan = waa)

The change of fithess with every change of p is:

dw
@ =2(p(was —wa,) — q(Waa —wa,))

And thus:

(3)

(4)

(5)

(6)



Details for the skeptics...

W = pPwaa + 2P4W Aq + 4 Waa (7)
Because p + g = 1 this expression can be rewritten as:

W = pPwaa+2p(1—plwag+ (1 —p)*waa

= pPwaa +2pwag — 2P°Wpg + Wag — 2pWag + P Waa. (8)
The derivative of w with respect to p is now (provided the fitness coefficients
are independent of p):

dw

@ == 2PZUAA —I— ZZUAa - 4prlZ - ZwQa + 2pw(;la

= 2(pwpga+Wa, — 2pW A, — Wag + PWaa)
2(pwpapa+ (1 —plwag — pwa, — (1 = p)Waa)

= 2(pwpgp+qwa, — PWAg — qWaa)
2 (

pP(was—wag) — 9 (Wag —wag)) - (9)
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Now, recall the expression for the change in p (equation (3)), which can in a
few steps be rewritten as:

Ap = p'—p
_ plpwas+qwa,)
_ plpwaa +qwa,) pw
W W
_ P _ =
= w(PwAA +qwp, —W). (10)

Inserting equation (7) into equation (10), and rearranging using the fact that
qg=1-—p, gives:
Ap = (pwas+qwa, — P*was — 2pqwaq — 4 Waa)

P(Wap—pPwaa)+qwas — 29w A, — §°Waa)

N Y

PAW AL + qW 4q — 2PqW A — §°Waa)

Pwap+Wag — 2PW A, — Waa)

SIEIEIEIRES

(
(P(waa —waq) — q(Waa —wag))- (11)



The Adaptive Landscape (Wright, 1932)
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Limits to Optimality

“Natural selection tends only to make each organic being as perfect
as, or slightly more perfect than, the other inhabitants of the same
country with which it comes into competition. And we see that this
Is the standard of perfection attained under nature” (Darwin, 1872,
p 163)

biophysical and genetic constraints
the speed of evolution

mutational load

fluctuating fitness
frequency-dependent fithess

correlation, levels of selection
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Evolutionary Game Theory (Maynard Smith & Price, 1973)

An Evolutionary Stable Strategy (ESS) is a strategy that cannot be invaded
by any other strategy, because all other strategies get either a lower payoff

when playing against the ESS, or if their payoff is equal, they get a lower
payoff when playing against themselves.

That is, if W(i, j) gives the payoff for a player playing strategy i against an
opponent playing strategy j, then i is an ESS Iff:

Vi(W(Q, i) > W(j,i) VW, i) =W(ji) > W(j,j))
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Problem of cooperation  Why would senders be willing to send honest sig-
nals, and hearers be willing to receive and believe the signal?

Honest signaling theory (Zahavi, Maynard Smith, Grafen, Bergstrom)

Problem of coordination  How is, after each innovation, a shared code es-
tablished and maintained? And which code?

Coordination games (Lewis, Skyrms, Nowak, this talk)
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A formalism for communication under noisy conditions

e Assume that there are M different meanings that an individual might
want to express, and F different signals (forms) that it can use for this
task.

e The communication system of an individual is represented with a production

matrix S (S gives for every meaning m and every signal f, the probability
that the individual chooses f to convey m);

e and an interpretation matrix R. (R gives for every signal f and meaning
m, the probability that f will be interpreted as m).




e Signals can be more or less similar to each other and there is noise on
the transmission of signals which depends on these similarities (confusion

matrix U).

e Meanings can be more or less similar to each other, and the value of a
certain interpretation depends on how close it is to the intention (value
matrix V)




Example: alarm calls (vervets, squirls, ...)

Three different types of predators: from the air (eagles), from the ground
(leopards) and from the trees (snakes).

The monkeys are capable of making a number (say 5) of different sounds
that range on one axis (e.g. pitch, from high to low) and are more easily
confused if they are closer together.

If one makes a mistake, typically not every mistake is equally bad.
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sent signal \
intention | | 1kHz 2kHz 3kHz 4kHz 5kHz
eagle 1.0 00 00 00 0.0
shake 0.0 00 1.0 0.0 0.0
leopard 0.0 00 00 00 1.0
received signal
sentsignal | | 1kHz 2kHz 3kHz 4kHz 5kHz
1kHz 0.7 02 01 00 0.0
2kHz 02 06 02 00 0.0
3kHz 0.0 02 06 02 0.0
4kHz 0.0 00 02 06 0.2
5kHz 00 00 01 02 07 )
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received signal |

Interpretation
eagle snake leopard

1kHz
2kHz
3kHz
4kHz
5kHz

Interpretations |

0.0
0.0
0.0
1.0
1.0

eagle
snake
leopard

1
2

1.0 0.0
1.0 0.0
0.0 1.0
0.0 0.0
0.0 0.0
Intentions
eagle snake leopard
9 5
2 9
1 5

9




[

sent signal \
intention | | 1kHz 2kHz 3kHz 4kHz 5kHz
eagle 1.0 00 00 00 0.0
shake 0.0 00 1.0 00 0.0
leopard 0.0 00 00 00 1.0
received signal \
sentsignal | | 1kHz 2kHz 3kHz 4kHz 5kHz
1kHz 0.7 02 01 0.0 0.0
2kHz 02 06 02 0.0 0.0
3kHz 0.0 02 06 02 0.0
4kHz 0.0 00 02 06 0.2
5kHz 00 00 01 02 07 )
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received signal |

eagle snake leopard

interpretation \

[

1kHz
2kHz
3kHz
4kHz
5kHz

Interpretations |

eagle
snake
leopard

1.0 0.0 0.0

1.0 0.0 0.0

0.0 1.0 0.0

0.0 0.0 1.0

0.0 0.0 1.0 /
intentions \

eagle snake leopard

9 5 1

2 9 2

1 5 9 )




Payoff (Utility)

The payoff with a given S and R is:
W(S,R) = Z Z Z Z Smfuff/Rf/mem/
T

A language L is

L=1{S,R}

In an symmetric, cooperative game, the payoff for player 1 with L communi-
cating with player 2 with L’ is:

w(L, L") == (W(S,R") + W(S',R))

N —
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Categorical meanings and signals:

-]
p—
-
-)

U=1I1V=I
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Categorical meanings and signals:

M<F

1 0 00
> = (O 10 O) R=
e maximum payoff. F

e many Nash equilibria

e N0 ESSs

U=1I1V=I
1 0
0 1
0.3 0.7
1 0
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Categorical meanings and signals:

<
J

e maximum payoff: M = F
e many Nash; e.g. all values in S and R at 1

e ESSs: S is row-permutation of I

U=1I1V=I
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Categorical meanings and signals:
M >F
1 0
0 1 0.6
> = 0.3 0.7 R= ( 0
1 0

e maximum payoff: M
e many Nash equilibria

e N0 ESSs

U=1I1V=I
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Noisy signaling, uniform payoffs: V=I

M<F
07 02 01 0 0 )
10000 0.15 0.7 0.1 0.05 0
s=(ooo0o01| u=[005 01 07 01 .05
00100 0 0.05 01 0.7 0.15
\ 0o 0 01 02 07/

e maximum payoff: channel capacity (Shannon, 1948)
e few Nash equilibria

e Atleast M! ESSs

25
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Visualising S and R

R = fl
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Visualising S and R
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Only distinctive lexicons are ESSs

)

(b)

(e)

(g)
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Noisy signaling, heterogeneous payoffs
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Numerical simulations
e The values in the S and R matrices are all either 1 or 0

e Distributed hill-climbing:

1. Random speaker (i) and hearer (j) are picked, and W(S;, R]-) IS mea-
sured,;

2. A random change is made in a random matrix of the speaker (or
hearer), and W(S;, R]-) IS measured again;

3. If the new W(S;, R;) is better, the change is kept; otherwise, it is
reverted.
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Motivation

for this style of optimization:
1. itis fast and straightforward to implement;

2. it works well, and gives, if not the optimum, a good insight on character-
Istics of the optimal communication system;

3. it shows possible routes to (near-) optimal communication systems, and
In a sense forms an abstraction for both learning and evolution.
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Control parameters: V and U-matrices

V:0d, 1d homogeneous, 0d heterogeneous
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Specificity, Coherence, Distinctiveness

U:1d, V:0d homogeneous, t =0, = co = 2 x 108
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Topology preservation, Heterogeneity

U:1d, V:0d homogeneous/heterogeneous, t = oo
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Results: 2d meaning spaces

(a) t=0 (b) t=10° (c) t=00

U:2d, V:2d homogeneous, t = 0,10°, co
(Points in meaning space are connected, if their preferred forms are neigh-
bours in form space)
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Heterogeneity: sacrificing low-valued meanings

(a) t=0 (b) t=10°

U:2d, V:2d heterogeneous, t = 0, 10°, co
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Dimensionality mismatch

(a) t=0 (b) t=10°

U:1d, V:2d homogeneous, ¢ = 0, 10°, co

(c) t=00
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Dimensionality mismatch & Heterogeneity

(a) t=0 (b) t=10° (c) t=00

U:1d, V:2d heterogeneous, t = 0, 10°, co
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Summary of results
Specificity
Coherence (Lewis, 1969; Steels, 1996; Oliphant, 1996)
Distinctiveness (De Boer, 1999; Nowak & Krakakauer, 1999)
Topology preservation (Zuidema & Westermann, 2003)
High-value meanings first

Low-value meanings sacrificed
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