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1) Recordatorio DEC



Anatomy of a DEC model
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Modelo DEC - Eventos anagenéticos
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¢ Queé significa modelar un proceso como
eventos estocasticos?

* Parametrizamos los eventos de acuerdo a las tasas (rates) a las
que ocurren, e.g., tasa de especiacion, tasa de extincion, etc.

a) No state change, D) State change, C) No state change, d) No state change,
No speciation No speciation Speciation & Extinction Speciation & Extinction

FICURE 2. Alternative scenarios by which a lineage with state 0 at time ¢+ At on the branch might yield clade decended from node N but no
other living descendants.



2) Recordatorio ClaSSE



ClaSSE

(Cladogenetic events)
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3) GeoSSE
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Abstract

Geographic characters—traits describing the spatial distribution of a species—may both affect and be
affected by processes associated with lineage birth and death. This is potentially confounding to
comparative analyses of species distributions because current models do not allow reciprocal
interactions between the evolution of ranges and the growth of phylogenetic trees. Here, we introduce a
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The GeoSSE model

Notacion original de Goldberg et al. (2011)
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THE GEOSSE MODEL

Our model of “geographic state speciation and extinc-
tion,” GeoSSE, differs from the “binary state speciation
and extinction” model (BiSSE, Maddison et al. 2007) in
three specific ways. First, the character states are de-
fined so that a single, wide-ranging species may occupy
more than one area or region simultaneously. Second,
the transitions between states are explicitly parameter-
ized in terms of range expansion through dispersal and
range contraction through local extirpation. And third,
rates of speciation, extinction, and dispersal are tied
to the regions themselves rather than to the character
states, causing the dynamics of wider-ranging species
to be determined by the cumulative effects of the areas
they inhabit.
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FIGURE 1. The states and allowed transitions in a) BiSSE and b) GeoSSE. Both models have six rate parameters and allow state-dependent
speciation (A or s) and extinction (p or x), and anagenetic state changes (g, d, x). GeoSSE additionally allows state changes during speciation in

association with the third (AB) character state.
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FIGURE 1. The states and allowed transitions in a) BiSSE and b) GeoSSE. Both models have six rate parameters and allow state-dependent

speciation (A or s) and extinction (u or x), and anagenetic state changes (g, d, x). GeoSSE additionally allows state changes during speciation in
association with the third (AB) character state.



Verosimilitud de eventos cladogeneéticos

Dca(tc) = Dna(tc)Dma(tc)sa, (2a)
Dcg(tc) = Dng(tc)Dms(tc)ss, (2b)
Dcag(tc) = %[DNAB(tC)DMA(tC) + Dna(tc)Dmas(tc)]sa
+ %[DNAB(tC)DMB(tC) + Dng(tc)Dmas(tc)]ss
+ %[DNA(tC)DMB(tC) + Dng(tc) Dma(tc)]sas-
(2c)

Verosimilitud de extincion

dEs
dt

dEy
dt

dE B
dt

— —(sa+da+xa)Ea(t)+xa + daEas(t) +saEa(t)?,
(3a)

— —(sg +dp + xp)Ep(t) + xp + dgEp(t) + spEp(t)?,
(3b)
— _(SA +Sg +SAag + X4 + JCB)EAB(t) -+ XAEB(f)

<+ xBEA(t) <+ SAEAB(i’)EA(f) <+ SBEAB(i’)EB(i’)
+ SABEA(i’)EB(i’). (3(3)



Chaparral vs forest
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FIGURE 6. Summary phylogenies with tip states for Arctostaphylos and Ceanothus. These are the maximum clade credibility trees with mean
node heights; the posterior set of trees was used in the analysis.




=<
SE A - - - X
b
(=R ‘ “ v
= S L. a
N Especiacion o Extincion
\ el <
o - - / -
D_
<+ - [ .
| S
L's’
o~ - SN
o - S — e <
I ) 1 T I I 1 < 1 1 T I I < I 1 I I T 1
£ 00 01 02 03 04 05 06 0.0 0.5 1.0 1.5 2.0 0 1 2 3 4 5
&
3 =
tﬁ-d) = SC—SF t"\i-e) — e —Xp T f) —  XC = SF
- = XfF—Xc . - = dp—xc - = XF—Sc
)
A Diferencia
en las
N_
-~ tasas
— — ’
- -
O_ L
T T T T
~0.5 0.0 0.5 1.0

rate (per myr)

FIGURE7. Posterior probability distributions of GeoSSE parameters for California plants. Rates of a) speciation, b) extinction, and c) dispersal
were estimated for chaparral (solid lines) and forest (dashed lines) habitats. Differences in d) speciation and extinction rates between habitats,
e) range contraction versus expansion, and f) mechanism of specialization were computed from the six estimated parameters.



Generalizando GeoSSE

Notacion utilizada en RevBayes (Landis et al)

e
W AB->B

WAB AB,A WAB . AB,B

Anagenetic events Cladogenetic events
(d)ispersal (W)
e(x)tinction
(b)etween-region

speciation!



¢,Peroy si nos interesan mas de dos regiones?

e Elnumero de tasas aumenta linearmente con el numero de
regiones.

* Pero el numero de combinaciones de rangos y listado de eventos
posibles aumenta exponencialmente

@ A B C AB AC BC ABC
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The paleogeography information




The paleogeographically informed GeoSSE +J model
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Results

Parameter estimates

Does the GeoSSE framework fix the
overestimation of the jump dispersal (+J)
parameter?
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Results

Parameter estimates

Does the GeoSSE framework fix the

overestimation of the jump dispersal (+J)
parameter?
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Simulations

Simulate trees + biogeographic
history with and without jump

Can we accurately dispersal events

infer biogeographic

parameters usmg -
our model‘?

Check our ability to
infer parameters







The J parameter

Simulated data
No jump events With jump events
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4) Limitaciones GeoSSE



Ventajas y limitantes de GeoSSE



5) Tensorphylo

Diapos cortesia de Mike May



Implementations

TensorPhylo

(default)

RevBayes

BDMM

diversitree

castor

hisse




A general state-dependent birth-death model

Speciation:
Extinction:
Sampling:

Treatment:

Lineage-specific events

Ai(t)

mi(t)

Tree-wide events

v;(t)
vi(t)
pi(t)
Gi(t)

Anagenetic:
Cladogenetic:

Mass-anagenesis:

State-change events
nii(t)
Wiijk (t)

Cij(t)



A general state-dependent birth-death model
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A general state-dependent birth-death model




A general state-dependent birth-death model

0i(8)




A general state-dependent birth-death model
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A general state-dependent birth-death model
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A general state-dependent birth-death model
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A general state-dependent birth-death model
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TensorPhylo

TensorPhylo is a c++ library that computes probabilities of trees under the general state-dependent
model (it doesn’t do inference).

We use the linear algebra library Eigen for all our matrix and tensor operations.
We use adaptive numerical integrators from Boost odeint.

We use OpenMP for parallel processing.



Performance: multiple states, no cladogenesis
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Performance: two states, many tips
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Performance: multiple states, with cladogenesis
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6) Direcciones futuras en Biogeo
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Q Regional Feature Data

Q Feature Effect Parameters

Q Combined Feature Effects
Q Base Rate Parameters

Q Quantitative/Categorical Effects Q Total Biogeographic Rates
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