
¿Ha habido cambios significativos en la 
tasa de diversificación de a lo largo del 

tiempo?

rt0 < Δrt1
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Mello & Schrago, 2024; Gen. Biol. Evol



Se han propuesto varios 
métodos para estimar cambios 
en las tasas de diversificación.

• Birth-Death-Shift model. 
Stadler, 2011; PNAS

• Episodic Birth-Death model. 
Höhna 2015; J. Theor Biol. 
Magee and Höhna 2021; 
bioRxiv.:426715

• BAMM; Bayesian Analysis of 
Macroevolutionary Mixtures 
Rabosky et al. 2013; Nat 
Comm



• Birth-Death-Shift model. 
Stadler, 2011; PNAS



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 
yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

Longitud de las ramas

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 
yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

Porcentaje de efectividad del muestreo, 
número de veces que ha cambiado la tasa de diversificación

bd.shifts.optim(x, c(0.84,1), grid, start, end, 
yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

“ventana” de actualización

bd.shifts.optim(x, c(0.84, 1), 0.2, start, end, 
yule = FALSE, ME = FALSE, survival = 1)



λ = x1
μ = y1

λ = x2
μ = y2> / < / =



λ = x1
μ = y1

λ = x2
μ = y2> / < / =



λ = x1
μ = y1

λ = x2
μ = y2> / < / =



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

t0

bd.shifts.optim(x, c(0.84, 1), 0.2, 0.5522438, end, 
yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

Último evento de especiación

bd.shifts.optim(x, c(0.84, 1), 0.2, 0.5522438, 19.9102699, 
yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

μ = 0
μ ¹ 0 bd.shifts.optim(x, c(0.84, 1), 0.2, 0.5522438, 19.9102699, 

yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end,

yule = FALSE, ME = FALSE, survival = 1)

Considera Eventos de 
Extinción Masiva (MEE)
en la filogenia bd.shifts.optim(x, c(0.84, 1), 0.2, 0.5522438, 19.9102699, 

yule = FALSE, ME = FALSE, survival = 1)



(TreePar R package)

bd.shifts.optim(x, c(sampling, shifts), grid, start, end, 

yule = FALSE, ME = FALSE, survival = 1)

Usa N para condicionar el valor de
likelihood  

bd.shifts.optim(x, c(0.84, 1), 0.2, 0.5522438, 19.9102699, 
yule = FALSE, ME = FALSE, survival = 1)



• Birth-Death-Shift model. 
Stadler, 2011; PNAS



Likelihood ratio test

1-Shift 2-Shift 3-Shift



• Birth-Death-Shift model. 
Stadler, 2011; PNAS



Modelos episódicos de nacimiento-muerte
Episodic Birth-Death models

Distribución
Horseshoe Markov

• Auto correlación de las 
tasas

Höhna 2015; J. Theor Biol. Magee and Höhna 2021; 
bioRxiv.:426715



¿La especiación en coleópteros 
es mucho más alta que en el 

resto de los insectos ?

λ(Insectos)   < λ(Coleoptera)

¿El resto de los insectos se 
extingue más que los 

coleópteros?

μ(Insectos)   >μ(Coleoptera)

C
ondam

ine
et al., 2016



Mello & Schrago, 2024; Gen. Biol. Evol



MEDUSA r Package
Modeling Evolutionary 
Diversification Using 
Stepwise Akaike Information 
Criterion

Asume filogenia completa



C
ondam

ine
et al., 2016

BAMM
Bayesian analysis of 
macroevolutionary mixtures



• BAMM. 
Rabosky et al. 2014; Nat Comm

Poisson process



• BAMM. 
Rabosky et al. 2014; Nat Comm

Overall rate event: Λ

Root rates: λR, μR

overall states:λ, μ

location parameters for 
each event



Galería de BAMM en 
http://bamm-project.org/bammgraph.html







See control file en:
http://bamm-
project.org/quickstart.html#control-file





RevBayes



https://revbayes.github.io/tutorials/divrate/branch_specific.html


