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Biological traits can be complex
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But this is not really
happening in
macroevolution, right?

Hunt et al. 2008
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Bivariate analysis
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Linear regression

V(X)=a + bx



Univariate Case
dy = —a(y(t) — 6(t))dt + odW
/
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Primary optima

All are scalars= single value

Regression Case
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Rate of adaptation  ————— ( \\. Rate of stochastic

evolution of y

Primary optima as a function of x
Linear regression

O(x) = a + bx dx = o, dW
“~~__, Rate of sfochastic

evolution of x Hansen et al 2008
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Regression Case
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Hansen et al 2008
Hansen & Bartoszek 2012

Optimal
ty, = 20%

>

t»”z = 500/0
t”z = 100':70

o

Response

-

1.0
Predictor

(D]
Q,
o
—
7]
o
)
o —
75}
2]
D)
|
o
]
St
)
St
qo]
a
@
e
)
—
o
>
@

Rate of adaptation (o)

The faster the rate of adaptation, the shallower the slope will be
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Rensch's rule

Geomydae
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Calede&Brown, 2023



Regression Case
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Univariate Case
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Multivariate Case
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Multivariate Case

dy = —A(y(t) — 0(t))dt + XdW
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Different

parameter —
combinations We vv|!| fit some of
imply different fhese in the

patterns tutorial
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Multivariate approaches also can be fit info multiple regimes
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Package Discrete

L10OU (Khabbazian ef al.,
2016)

MVMORPH (Clavel ef al.,
2015)

bayou (Uyeda & Harmon,
2014)

OUCH (Butler & King, 2004)

PHYLOGENETICEM (Bastide
etal, 2017)

SURFACE (Ingram &
Mahler, 2013)

mvSLOUCH (Bartoszek et
al., 2012)

PCMfit (Mitov et al., 2019)

Continuous | Continuous
random

Regime
detection




PCMfit

Model® NS  logLik® BIC®

BM a7 2,585.03 -5,003.38
ou 54  2,684.57 -5,035.75
BM;,» 7 2,08.57 -4,173.93

OUs,» 34  2174.45 -4,138.99
BMs.o 7 1,480.63 -2,918.04
B 34 151057 -2,811.23

Three-regime BM'

2,823.03

-5,484.50

Machado et al. 2023



PCMfit A
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Potential drawbacks of multivariate methods

What should
happen to
the datae¢
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