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continuous trait evolution
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continuous random walks
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Independent contrasts

THE FOUR CONTRASTS EXTRACTED FROM THE PHYLOGENY
SHowN IN FIGURE 9, EAcH WiTH ITS VARIANCE, ALL

CompPUTED USING STEPS 1-4 IN THE TEXT

CONTRAST V ARIANCE
X| - Xz Vi + Vs
X4 - X5 Vg + Vs
X3 - X(, V3 + V(’,
X7 — Xg vy + vg
where
X6 _ Va4 X5 + Vs X4
Vg + Vs
Ve = Vg + V4 Vs/(vs + vs)
V')X + v X
X, = 2 | 1 A2
Vi + Vs
\"'7 = Vy + Vi V‘_)/(V| + Vz)
V(', X3 + V3 X(,
X3 ==
vy + Vg
vg = v + vy ve/(vy + vg)




likelihoods of random walks with a covariance
structure - the multivariate normal distribution
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likelihoods of random walks with a covariance
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fitting a Brownian motion model to
bhylogenetic data
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fossil data improve ancestral state estimates
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extending Brownian motion



taxon 1 taxon 2 taxon 3 taxon4 taxon S E(X)

taxon 1
taxon 2
taxon 3
taxon 4
taxon 5

taxon 1| 400,2+100; | 300,2+100,> | 100g* | 1004 0 I d, |
0 MY -
oMy taxon 2| 300,2+100;> | 400,>+100;> | 100> | 1004’ 0 dy
20 MY taxon 3 100, 100, 500, | 200, 0 dy
30 MY taxon 4 1005° 100;° 200> | 5004 | d,
40 MY "
taxon 5 0 0 0

0’Meara et al. 2006
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Simpson’s model of “Quantum Evolution”
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Early Bursts
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early hursts on trees
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early hursts on trees
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early bursts are difficult to detect*
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* when you only have extant taxa
Slater and Pennell (2014) Systematic Biology
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trends screw up your ancestral states (and maybe

your rates)
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Ornstein-Uhlenbeck models - adaptation and
constraint
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Ornstein-Uhlenbeck models - adaptation and
constraint

E[dX] = —a(X — 0)

the expected change in X multiplied by the  X-the “optimal” value
negative of the strength (0)
of selection ()




long term hehavior of an OU process
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long term hehavior of an OU process
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write an OU process simulator

1. what happens when the root state and O are the same?

2. If the root state and O differ and 02=0.1, how strong
does a have to be for the trait to get to O in 10 time units?
How about in 5? How about in 1?

2. Using the example abhove with any a that gets you to
the optimum, what happens if you increase g2 once you ?
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OU on trees
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OU on trees
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variance accumulated by the
common ancestor




OU on trees
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variance accumulated by the
common ancestor



OU on trees

ti; = branch length
accumulated since
divergence

equilibrium co-variance
variance accumulated by the
common ancestor



OU on trees

ti; = branch length
accumulated since
divergence

equilibrium co-variance lost due
variance to independent
evolution

co-variance
accumulated by the
common ancestor
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flavors of phylogenetic OU models

® root state and O are the same [aka single stationary peak]
(geiger, mvMORPH)

e root state and O are the different (maybhe non-identifiable w/o
fossil data)

® 0, a, and/ or 02 differ based on some user defined regimes
(OUwie, OUCH, mvMORPH)

e 0, a, and/ or o2 differ based on regimes that are unknown a
priori (bayou [rjMCMC], I1ou [lasso regression])
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multivariate data

fuliginosa
fortis
magnirostris
conirostris
scandens
difficilis
pallida

parvulus
psittacula

pauper

Platyspiza
fusca

Pinaroloxias

wingL

4.13
4.24
4.40
4.35
4.26
4.22
4.27
4.13
4.24
4.23
4.42
3.98
4.19

tarsuslL

2.81
2.89
3.04
2.98
2.93
2.90
3.09
2.97
3.05
3.04
3.27
2.94
2.98

culmenL

2.09
2.41
2.72
2.65
2.62
2.28
2.43
1.97
2.26
2.19
2.33
2.05
2.31

heakD
1.94
2.36
2.82
2.51
2.14
2.01
2.02
1.87
2.23
2.07
2.35
1.19
1.55

gonysW

1.85
2.22
2.68
2.36
2.04
1.93
1.95
1.81
2.07
1.96
2.28
1.40
1.63
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multivariate data

o—0.5[X—p]" V7 [X—p]

LIXR, p) =

\/(ZW)”Tdet(V)

R is the “evolutionary V is the outer
rate matrix” productR ® G



A

cat-like hypercarnivore
omnivore

weasel-like hypercarnivore
frugivore

mesocarnivore

mass

mass

RLGA

RLGA




