Exploring the complicated
role of evolutionary
modeling In paleobiology
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Overview

e Two instances where evolutionary modeling meets
human paleobiology

. Seguence evolution models behind molecular
tests tfor natural selection
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* A signature of selection is a detectable trace
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* Molecular detection methods use sequence data
(primarily DNA)

» Ratio of nonsyn. to syn. substitution rates (dn/ds)

» MK tests - within vs. between species variation
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* Molecular detection methods use sequence data
(primarily DNA)

» Ratio of nonsyn. to syn. substitution rates (dn/ds)
» MK tests - within vs. between species variation

» Hitchhiking effects - selective sweeps
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* Molecular detection methods use sequence data
(primarily DNA)

» Ratio of nonsyn. to syn. substitution rates (dn/ds)
» MK tests - within vs. between species variation
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Frequency spectrum

 Sample

DNA sequences (of the same gene

from several individuals within a species

 Compare seguences, determine the number o
alleles (segregating sites), and the frequency of




Frequency spectrum

More precisely, the ¢

sites x at some fregL
sample size of n.

iIstribution of the number of
Eency across a seqguence




sweep
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From Nielsen 2005 based on Sawyer & Hartl 1992
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e Tajima’s D test (Tajima 1989) is a common statistical test for the
frequency spectrum

» Perhaps the most widely used test (Dietrich, pers. comm.

» Used extensively on human DNA (Carlson et al 2005; Nielsen
et al 2005; Oleksyk et al 2010)




Signatures in the frequency
spectrum

e [ajima’s D statistic compares the difference
between the two estimates (normalized
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2. Models of cooperation

 How do strategic social interactions figure into the
evolution of human cognitive complexity?

e Social intelligence hypotheses: e.g., the
demands of larger social groups or the
avellian arms race between cheating and
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 What mechanisms can generate correlated interactions
between behavioral strategies?

 Conditional behavior

e Greenbeards (West and Gardner 2010
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Help versus Harm

Help (Prisoner’s Dilemma)

Consider two games: Help and :
altruism | egoism

Harm .
altruism | bc |
cgoism | b

Conditional behavior can enable
the evolution of costly social
behavior:

Harm (Prisoner’s Delight)

egoism | spite

1. Help: altruism conditional on .
egolism -h
pairing with another altruist l“-
spite || ¢ | -hc

2. Harm: spite conditional on b = benefit from altruism
pairing with an egoist h = harm from spite
c = cost to help or harm
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Help versus Harm

Consider two populations:
1. All conditional altruism in Help
2. All conditional spite in Harm

Suppose we let recognition
evolve in these populations

1. Recognition selected against
In Help

2. Recognition is selected for in
Harm

Help (Prisoner’s Dilemma)

_I altruism | egoism
shrvism | be | <
cgoism | b | 0

Harm (Prisoner’s Delight)

[ egoism [ spite.
Cegoism | 0 | h
Cspite | - | he

b = benefit from altruism
h = harm from spite
c = cost to help or harm
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» Consider a population where individuals play Help with
porobability p and Harm with probability (7-p)




Combining Help and Harm

» Consider a population where individuals play Help with
porobability p and Harm with probability (7-p)

* Four strategies:

E : egoism in both




Coevolution

 Populations are represented by two vectors: one
for type frequencies, one for recognition ability

* Recognition ability can range from 0 and 1
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 Punishment interpreted as altruism and poses a
second-order free rider problem
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Consequences

e [his scenario reverses the order of evolution

* Conditional harming may have evolved first
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Consequences

e This scenario reverses the order of evolution
* Conditional harming may have evolved first

 And it may be crucial for maintaining the very
‘mechanisms that enable cooperation

e
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Wrapping up

* What should our attitude be towards the
usefulness of evolutionary modeling for
paleobiology?

. On molecular tests for selection: optimistic,
ugmented with information

A
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The end. Thanks.

Citations and papers available upon request

—mail: patrick.forber@tufts.edu




