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Evolutionary models

Infinitesimal model: offspring follow a Gaussian distribution
around mean of parents, with trait independent variance
Neutral evolution, Brownian motion (Felsenstein 1985)
• dXt = σadBt, X0 = X0

• E [X] (t) = X0, Var [X] (t) = σ2at→∞
• Cov [Xi, Xj ] (t) = σ2atij

Adaptation, Ornstein–Uhlenbeck (Hansen 1997)
• dXt = −α(Xt − θ)dt+ σadBt, X0 = X0

• E [X] (t) = e−αtX0 + (1− e−αt)θ → θ

• Var [X] (t) = σ2
a

2α(1− e−2αt)→ σ2
a

2α

• Cov [Xi, Xj ] = σ2
a

2α(e−2αtij − e−2αt)
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Branching process model

Birth and death rates λ(t), µ(t)

Yule (pure birth) λ(t) = λ, µ(t) = 0, Ti ∼ exp(λi)
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pcmabc: trait dependent speciation

Stochastic model for trait Xt

Birth and death rates functions of Xt
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pcmabc: trait dependent speciation

Stochastic model for trait Xt

Birth and death rates functions of Xt

Birth and death rates λ(t,Xt), µ(t,Xt)

Estimation: ABC
Distance between phylogenies:

TV distance between exps
treedist::wRF.dist()

Distance between trait samples:√
((Var1 −Var2)/(Var1 + Var2))2 + ((E1 − E2)/(E1 + E2))2
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Interface with YUIMA

s imulate_OU_sde<−function ( t , params ,X0 , step ){
A <− c (paste ( "(−" , params$a11 , " )

␣␣␣␣∗ ( x1−(" , params$psi1 , " ) ) " , sep="" ) )

S <− matrix ( params$s11 , 1 ,1)
yuima . 1 d <− yuima : : setModel ( d r i f t = A,
d i f f u s i o n = S , s t a t e . variable=c ( "x1" ) ,
solve . variable=c ( "x1" ) )
s imulate_sde_on_branch ( t , yuima . 1 d ,X0 , step )

}

f b i r t h_r a t e_cons t ra ined<−function (x , params , . . . ) {
x<−x [ 2 ] ; params$b/(1+exp(−x ) )}
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Simulating simulate_phylproc()

1. X(t) :=simulate trait trajectory on lineage with
length height.

2. Mark birth and death events.

3. End lineage at first death event.

4. If some stopping condition is met end simulation.

5. From each birth event repeat steps 1–5.
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Rejection sampling algorithm

X(t) :=simulate trait on lineage with length T

Calculate the birth rate λ(t) as a function of X(t)
Calculate the death rate µ(t) as a function of X(t)

Λ = maxλ(t), decompose λ(t) = Λpλ(t)
Simulate a Poisson process for time height and rate Λ
Accept events from the Poisson process with prob. pλ(t)

M = maxµ(t), decompose µ(t) =Mpµ(t)
Simulate a Poisson process for time height and rateM
Accept events from the Poisson process with prob. pµ(t)
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Interface with YUIMA

dx1(t) = −a11(x1(t)− ψ1)dt+ s11dB(t)

A <− c (paste ( "(−" , params$a11 , " )
␣␣␣␣∗ ( x1−(" , params$psi1 , " ) ) " , sep="" ) )

S <− matrix ( params$s11 , 1 ,1)

model . yuima <− yuima : : setModel ( d r i f t = A,
d i f f u s i o n = S , s t a t e . variable=c ( "x1" ) ,
solve . variable=c ( "x1" ) )
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ns<-T/step; sdedim<-length(X0)
options(warn= -1) ## for warning output of yuima
samp<-yuima::setSampling(Terminal=T, n=ns)

simulobj.yuima <-
yuima::setYuima(model=model.yuima, sampling=samp)

simulobj.yuima <- yuima::simulate(simulobj.yuima,
xinit=X0,space.discretized=TRUE)

time.grid.length<-
length(simulobj.yuima@sampling@grid[[1]])
options(warn= 0)
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trait_data<-NA
if (is.element(".Data",
methods::slotNames(simulobj.yuima@data@original.data))){

trait_data<-
simulobj.yuima@data@original.data@.Data

time_data<-simulobj.yuima@sampling@grid[[1]]
}
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else{ if (dimsde==1){
time_data<-
attributes(simulobj.yuima@data@original.data)$index

trait_data<-c(simulobj.yuima@data@original.data)

class(trait_data)<-"numeric"
names(trait_data)<-NULL

vtorem<-which(time_data>T)
if (length(vtorem)>0){
trait_data<-trait_data[-vtorem]
time_data<-time_data[-vtorem] }

time.grid.length<-length(time_data)
}else{ stop("Error") } }
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Interface with YUIMA

timepoints<-length(trait_data)/sdedim

if (timepoints!=time.grid.length)
{warning("Error in Yuima, wrong lengths of grid")}

##simulated data:
rbind(time_data[1:timepoints],
matrix(trait_data,ncol=timepoints,byrow=TRUE))
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Trait dependent speciation (tree height: 1)

dXt = −3(Xt− θ)dt+ 0.25dWt, birth rate: 10 · | sin(Xt)|

X0 = 1
4 θ = 1

4 X0 = 1
4 θ = 5

4

X0 = 5
4 θ = 1

4 X0 = 5
4 θ = 5

4
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Trait dependent speciation (ABC)

PCM_ABC( phyl t ree , data , par0 , s imulate_OU_sde ,
f b i r t h ,NULL,X0=0,step=0.001 , abcs teps =1000 ,
eps =0.2 , t r e e . f i x ed=FALSE,
d i s t_method=c ( "variancemean" , "wRF. d i s t " ) )

dXt = −α(Xt − θ)dt+ σdWt = −Xtdt+ dWt

birth rate: b/(1 + exp(−Xt)) = 5/(1 + exp(−Xt))

α̂ = 0.946, σ̂ = 0.863, θ̂ = 0.184, b̂ = 4.638
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Including jumps

• Xk(t
+
k ) = Xk(t

−
k ) + Zk · Yk

• Yk ∼ N (0, σ2c,k)

• P (Zk = 1) = pk, P (Zk = 0) = 1− pk
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