Modelos SSE

(State-dependent Speciation and Extinction)



CONTENIDO

1) La motivacion
2) Un poquito de historia

3) BISSE (Maddison et al., 2007)
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* Derivemos una likelihood!
 SSE super-bloom: MuSSE, quaSSE, GeoSSE.
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* Model inadecuacy (Rabosky & Goldberg, 2015)



1) Motivacion



e Comparar
diferencias/correlacion
es en caracteres
(continuos) entre
clados.

* ;Que efecto tiene un
caracter en la
diversificacion de un
clado?

e ;Cual es la historia
evolutiva de un
caracter?
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2) Un poquito de historia



PIC (Phylogenetic independent contrasts)

* “Corregir” el
efecto de la no-

iIndependencia de

las muestras.

* Popular para
aplicar pruebas
estadisticas a
datos
filogenéticos,
comunmente
continuos.
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Sister-clade comparisons

* Comparar tasas de
diversificacion entre
grupos.
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Sister-clade comparisons

* Comparar tasas de
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3) Anatomia de un modelo BiSSE

Binary State-dependent Speciation and Extinction



Recordatorio: Modelo BD (birth-death)
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Recordatorio: Modelo BD (birth-death)
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Recordatorio: Modelo BD (birth-death)
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Recordatorio: Modelo BD (birth-death)
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Modelo BISSE
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Modelo BISSE
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Modelo BISSE
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Modelo BISSE
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Modelo BISSE
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¢.Como hacemos inferencia?

ot Likelihood P
/ p(data | 0) - p(0)
p(0 | data) p(data)




¢.Como hacemos inferencia?

Pogtert Likelihood Prior
[ pdata] 8)-pi®)
0 | data) =
p(# | data) p(data)
Normalization

dDy,(t)
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Atributos de un modelo SSE

* Modela simultaneamente (1) el proceso de diversificaciony (2) la
evolucion de un caracter (por medio de un CTMCQC).

* i-Toma en cuenta la posibilidad de eventos no observados a la
hora de calcular la verosimilitud!

* Permite separar el efecto de la especiacion del efecto de la
extincidon (en contraste con sister-clade comparisons).
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I Estimating a Binary Character’s Effect on Speciation and Extinction
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Abstract —Determining whether speciation and extinction rates depend on the state of a particular character has been of
long-standing interest to evolutionary biologists. To assess the effect of a character on diversification rates using likelihood
methods requires that we be able to calculate the probability that a group of extant species would have evolved as observed,
given a particular model of the character’s effect. Here we describe how to calculate this probability for a phylogenetic
tree and a two-state (binary) character under a simple model of evolution (the “BiSSE” model, binary-state speciation and
extinction). The model involves six parameters, specifying two speciation rates (rate when the lineage is in state 0; rate when
in state 1), two extinction rates (when in state 0; when in state 1), and two rates of character state change (from 0to 1, and from
1 to 0). Using these probability calculations, we can do maximum likelihood inference to estimate the model’s parameters
and perform hypothesis tests (e.g., is the rate of speciation elevated for one character state over the other?). We demonstrate
the application of the method using simulated data with known parameter values, [Birth-death process; branching process;
cladogenesis; extinction; key innovation; macroevolution; phylogeny; speciation; speciose; statistical inference.]
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BISSE en revbayes! (El viernes
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Time

Maddison et al. 2007

ClaSSE Goldbarg et al. 2011

conper 02

Mult-state

Cactano et al. 2018

Hidden states

Helmstetter et al., 2023 Ecology Letters
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La popularidad de los modelos SSE
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La popularidad de los modelos SSE
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FIGURE 4 A set of densities depicting the distribution of values for five data set properties in SSE models that infer trait dependent
diversification (coloured densities) and those that do not (grey densities). The data set properties shown are (a) number of tips in the
phylogenetic tree used with the SSE model (data taken from n = 621 models), (b) the age of the tree used with the SSE model (n = 529), (c) the
total number of genetic markers (nuclear + plastid + mitochondrial) used to infer the phylogenetic tree used with the SSE model (n = 615), (d) the
tip bias, here calculated as the largest tip frequency divided by the smallest (n = 426) and (e) the global sampling fraction (n = 616).
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