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1. The correlation structure of interspecific data
2. Different scenarios of selection / drift

3. Change by mutation




1. The correlation structure of interspecific data

Characterisation:
Markovian stochastic process evolving along a tree-like branching phylogeny

Microevolutionary Forces:
selection
random genetic drift
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Covle,z,|= Cov|Elz, 12,1, Elz, 12, 1]+ ElCov]z,.2 2, |

E[Cov[zl.,zj Izv]]= E[E[Zizj |Zv]]—E[E[Zi |ZV]E[ZJ Izv:]
:E[z,.zj]—E[E[zi |ZV]E[Zj |sz+E[Zi]E[zj]_E[zi]E:zj]
= Cov[zi,zj]—COV[E[Zi |ZV],E:ZJ' lzv]]

When evolutionary changes after z, are independent in i and j, then

Covlz..z,12,]=0



GAUSSIAN PROCESS (GRADUAL CHANGE)
RENEWAL PROCESS (BURSTS OF CHANGE)

see appendix of Hansen and Martins (1996)
A diffusion process where the infinitesimal mean and variance are linear in the
state variables and with suitable initial conditions, will produce collections of

states of independently running processes which are MVN distributed.

The trait vectors of species on a tree can be shown to have MVN distributions, if
the root phenotype has a MVN distribution.
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JUST DRIFT

The mean trait vector of a species changes as

Ap(t) = pu(t+1) — u(r)

With only drift, it changes according the distribution (0, N((tv))j

e

if G 1s assumed constant

G
M(t) changes according the distribution ¥ (ﬂ(o)’ O t}

The covariance between species becomes

cov(ﬂi,,uj)=cov(E[ﬂ,- 1 1ElY, |,UZ])= ]\?tfm

e




When there is an equilibrium between drift and mutation in finite populations:

covip,, ;)= cov(Elw, 11,1, Elp, | .1)=2G, 1.

Effective population size can be simplified away.

The covariance between species is proportional to the time they evolved as a
single lineage, before the split.



Random Genetic Drift
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Variance and Covariance

Fic. 3. An illustration of phenotypic change expected under a
Brownian motion model of phenotypic evelution under random ge-
netic drift. Brownian motion can also be used to describe phenotypic
evolution under fluctuating, but on average undirected, directional
selection. Diamonds show changes in the variance through phy-
logenetic time, asterisks denote changes in the covariance, and the
solid line denotes shifts in the expectation of the phenotype.



DIRECTIONAL SELECTION

Brownian motion with a trend
(unfortunately called drift in diffusion language)

ignoring the change in G caused by selection
If the strength and direction of selection fluctuates

P "'s becomes a random variable with distribution N, V)



The result is a diffusion process with a trend equal to G and

: ( G +GV Gjt
variance | pn ) :

corl 1) = con{EL, 11,1 E1 w):(

e

N (v)

+ GVSGjtZ
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Directional Selection
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FiG. 4. An illustration of phenotypic change expected under a
model of directional selection (Brewnian motion with a trend). The
randem fluctuations can be due to random genetic drift or random
fluctuations in the selection differential. Diamonds show changes
in the variance through phylogenetic time, asterisks denote changes
in the covariance, and the solid line denotes shifis in the expectation
of the phenotype.
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STABILIZING SELECTION
According exponential function w
Weak selection W << P

the mean phenotype changes according-w(u- )

Ornstein Uhlenbeck process — rubber band process
H(?) changes according an ugly distribution if G is assumed constant

L() = exp[-GWr(0) + (T —exp[<GW)" 11)6

. cyep e _ -1
The variance approaches an equilibrium V(i)=(2N, W)
if the variance at the root is set at zero.
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The correlation between species phenotypes becomes for a single trait

COI"I"(,UZ-,,UJ ) — CXP(_ GWti<—>j)

The correlation between species averages decreases exponentially with
phylogenetic distance
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Stabilizing Selection
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Fic. 5.  An illustration of phenotypic change expected under sta-
bilizing selection with random fluctuations due to random genetic
drift or short scale fluctuations of the optimum (an Ornstein-Uhl-
enbeck process). In this illustration, the phenotype is pulled towards
an {average) optimum of zero. Diamonds show changes in the vari-
ance through phylogenetic time, asterisks denote changes in the
covariance, and the solid line denotes shifts in the expectation of
the phenotype.
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WITH ENVIRONMENTAL CHANGE
Large jumps in optima: as if selection were directional
The optimum fluctuates fast: exponential decrease in covariance between
species with phylogenetic distance
PUNCTUATED EQUILIBRIUM

Bursts of phenotypic evolution at random points in time.

A renewal counting process
Counts the number of events until time ¢
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Burst-like Change
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Fig. 6. An illustration of phenotypic change under a model of
punctuated change occurring at random points in time. Although
evolutionary change according to this model is quite different from

evolutionary change under the Brownian motion model illustrated
in Fionra 2 rhanoee in the meane variancece and ecovariancse nf
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LONG-TERM RESPONSE

Hill (1982a&b) found, for a completely additive genetic model and a constant
selection differential s that the asymptotic response to selection becomes

Au,.=2N"G, P's

where N, is the so-called variance effective population size, a scaled measure
of true population size.

The instantaneous phenotypic change per generation coming from new
mutations equals

A, =G, P7's
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