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Today

* Recap: total-evidence dating

* Intro to phylodynamics and
diversification rate estimation



Recap: Bayesian phylogenetic dating



We use a Bayesian framework

ikelihood PHOTS

P( data | model ) P( model )

P( model | data ) =
P( data )

posterior marginal

probability of the
data



Bayesian divergence time estimation

The data | 3 model components
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Understanding the tripartite approach to Bayesian divergence time estimation
Warnock, Wright. (2020) 5



Bayesian divergence time estimation

=

iy

likelihoo

P

@) @)

o O O |
orHH

o A

{

Q \

'i v "‘

«
|
I
|

probability of the

time tree

U

A

U

Y

priors

l' LN ]
{
= = ,_._.--u__“ = e l

i
,;
y |:
)/
\ [ 0101.. ,




The fossilised birth-death (FBD)
process allows us to calculate
the probability of observing the
reconstructed tree

2 S
)=

B
m Sampling-through-time in birth-death trees. Stadler. (2010)

First implemented: Heath et al. (2014) and Gavryushkina et al. (2014)



Fossils can be incorporated via taxonomy or character data (total-evidence)
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Relationship to (some)
other birth-death

complete vs. reconstructed trees

process models
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These models are special
cases of the FBD process, with
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fossil sampling (p) = zero
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For epidemiology: Stadler et a

12) ~

(2012
See also: Stadler and Yang (20 3)

Review: MacPherson et al. (2022)
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https://www.sciencedirect.com/science/article/pii/S0022519310004765
https://watermark.silverchair.com/4yang.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA4IwggN-BgkqhkiG9w0BBwagggNvMIIDawIBADCCA2QGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMCcX5sX0nJMvpw7sHAgEQgIIDNVaLDkcBgOVExXQ7pRmFBa7I902-k1GBxDs4fKmhyT1keSFTHKN_UauK9vduZBDGQdVwHWFZ3GHU49VWYSgPkr7NVxtmZ4G4kJeP0LLdrSJFcbWchxuZRwvOwlSSudSyQBx4QRh7QS0n124uol6a_kPd4HQ3dY53ZMYi1CdpN8OI4diP73s8mwfcPW7BLRgNYVOWkyXysBd2THqoDCbbCxi6x6r4kFV-jtARVC-eUUIPKBBVxqsu7X6uOBnjxg2H3UBjIhpa_x30hOPwFppfxkXdyRMXKC46v8VaN3g7sS1qxKspGdvNpYK9WEFkXgPqJLXED12c2Sw9fk49gJb2upnj0NeNpBBOS_bL-JuOtpjEOE4rojy6tbil0_oXkK-6izWqYXxGesz3Lb9oTcuhSsVsDceu0SOQFzsAfy2suLaGAkOcZ0QlClSu3G1dwKzae9IFzDQ1PxL0VZnpY8fuizgO4EbbK9XTciI4TaNjvEQqVvZfn22JFo8-BuVv-Lx6YpzR5TUjj1gWWal3Bn9hcbKDDt9VjNSJP3ZkgdHOfkOhleE3WfODVflFJFMCsZlUzkdW91pCtP8lfUlKQhdOTf7iBY90AbicZHMLKVBqtOGw-mhq-28YvdyeXGKAMk2QJJWYGnfsjPFTrW2kgR2pigRu3nj1NHFWIr9b4RJ7qbnQ0XH-hQicLL-2nQNdcLKfTCiMaFFw9TnIdQAzBdpfIUG1YJmeUaKEu2YBC20ebzt0KralTwNAtdZkt9BoZDBfX3nRsBbFYd4mQPr4me33hrn363K15D18authF4OMSGdvnv_pDR2sjFdZg65n3irjsnQ1w_jFpxDhu7xLtU7T87iYhpw9auABxgtykEJynouDp64KW3pdsIjZMfW-tneADyd_mNCY9RkbVG81L7IK6MXJi93ZAhpdkREcyat1h3pxGzm4ZuqUcANFiqgk4AkyzFk-NOkRbg7AK3JEog6VdZh4P4Q5ipY6KD1EOdoVGvv6RGZ2_T3cN6izT6TvjdfEW-NCKXir1VuMfHrRNqJNfu2rCDJjrurqGh1-838LN4U1647yyCNXKLGUqXwzp0nUhFotuolz
https://www.sciencedirect.com/science/article/pii/S0022519309003300
https://academic.oup.com/mbe/article/29/1/347/1750040
https://academic.oup.com/sysbio/article/62/5/674/1684217
https://academic.oup.com/sysbio/article/71/1/172/6308956

Exercise

- molecular sequences for living ferns
- fossil ages
- morphology for living and fossil species

FPALE MOUNTATN POLYFPODY, 10
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https://taming-the-beast.org/tutorials/Total-Evidence-Tutorial/

Phylodynamics

Diversification rate estimation



Bayesian divergence time estimation
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Tree shape is informative about underlying dynamics
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This paper coined the term phylodynamics

Grenfell et al. 2004. Science



The skyline birth-death process

First used for tracking the spread of infectious diseases

Time In past

Stadler et al. 2012. PNAS
Gavryushkina et al. 2014. PLoS Comp Bio 14


https://www.pnas.org/doi/10.1073/pnas.1207965110

Estimating parameters in macroevolution

Ants have very variable fossil sampling
over time

count

—We can take this into account using
the FBD skyline model

Age In Millions of Years

Images adapted from April Wright 15



Estimating parameters in macroevolution

count

» ©

Age In Millions of Years

The oldest fossils are around 100 Ma

Different assumptions about the fossil
sampling process produce different results

Skyline models recover an older age
estimate for the origin of ants (= 140 Ma)

See also an example from dinos, Allen et al. 2024
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The multi-type birth-death process

Images adapted from JBS



Simple birth-death process

Extant species only

¢ Parameters:
® ¢ .
) A — birth rate
I ¢
1 U — death rate

. p — extant species sampling probability

18



Rate heterogeneity in evolution

5 T Size discrepancies across clades are
Nl 7, == evidence of variations in evolutionary
Ny - processes
| ‘\ ——@==== [  Many traits are proposed to drive
\ o variation: e.g., body size, mating
o systems, environment
“

Primates Lagomornhd

Bininda-Emonds et al. Nature 2007
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Multi-type birth-death (MTBD) process

2 types, type 1 & type 2

A1 & A2 — birth rates

U1 & g2 — death rates

p — extant species sampling probability




Character-dependent or independent?

- o9
N A A,

Ky M, s Ky K, M3
Typel Type?2 Type 3 Typel Type2 Type3

Character-dependent Character-independent

In a character-dependent model:

The number of types is known and the type at the tips is known

21



The BiISSE/MuSSE/BDMM model

4‘ q12
>
<
@ 4,1
o Parameters of the model:

A — birth rates

® W — death rates
g; — transition rates

p/p — sampling probability

0 Maddison et al. Sys. Bio. 2007
Fitzjohn et al. Sys. Bio. 2009
Kihnert et al. MBE 2016
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SSE/BDMM inference

— Species 1

—  Species 2

Species 3

Species 4

Species 5

Type 1

Type 1

Type 1

Type 2

Type 2

A, A\, — birth rates

# U, 1, — death rates

d12 021 — transition rates
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BDMM extensions

Integration with the skyline
model: piecewise-constant
rates per type

More next week
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Character-dependent or independent?

- o
N\ A,

Ky K Hs
Typel Type?2 Type 3 Typel Type2 Type3
Character-dependent Character-independent

In a character-independent model:

The number of types and the type at the tips is unknown

25



BAMM/MSBD model

As ks Character-independent version of SSE
—e o New estimated parameters:
o N total number of types
s Types of edges and tips
A1y

0 Rabosky et al. Nat. Comm. 2013
Barido-Sottani et al. Sys. Bio. 2020
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Exercise

- Input: time-calibrated

species of hummingbi

ohylogeny of 284

rds

- no phylogenetic character data
- the tree is fixed in this analysis
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https://taming-the-beast.org/tutorials/MSBD-tutorial/

