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Ancestral State Reconstruction
or
Ancestral State Estimation

Novaculichthys taeniourus
etextat

ymolutes praetextatus
5_0—.:4:0 molutes tol
ﬁvnghgs a

rouatys
neifensis
martinicensis

-Cheli

o in
acropharyngodon meleagris
jalichoeres marginatus

jalichoeres scapularis
jalichoeres hortulas

jologymnosus annulatus
ologymnosus doliatus
seu coris ashiroi

dg m
Seudbjuloides cerasinus
alassoma luna

=

phoSUS Varits
lalichoeres Dlvlt(ﬂ us
lichoeres

carus oviceps

carus globiceps

carus rvulatus
rus

Caris arelpimms
ca

carus laeniopterus

Garus guacamaia
Carus psittacus
carus schiegell
carus flavipectoralis
‘muri
Cetoscarus bicolor
parisoma chrySopterum
oma virid

Sotomds Spimidens
eptoscarus vaigiensis
heilinus undulatus
neilinus oxycephalus
pibulus insidiator
ilinus fasciatus
rella nigropinnata

nopleura
eudocheilinus octotaenia
Pleragogus cryptus
phocheilus typus

lepticus parrae
odianus rufus
-Bodianus mesothorax

seudodax moluccanus

odon Schoeniomii
aChnOTaImzS maximGs



Ancestral State Reconstruction
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Ancestral State Reconstruction
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Infer how traits have changed
through time

l

Visualize/identify complex
macroevolutionary/macroecological patterns



Evolution of Size in Whales
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Ancestral State Reconstruction

 Reconstruction methods

— Squared-change parsimony
« Weighted or unweighted

— Maximum likelihood
— Generalized least squares (GLS)
— Bayesian



Ancestral State Reconstruction

» Reconstruction methods @
— Squared-change parsimony )
— Maximum likelihood
— GLS _

Ape package
> .
ace function




Ancestral State Reconstruction

* Reconstruction methods
— Squared-change parsimony
— Maximum likelihood
— GLS

@ ace method="GLS”
l &

*Caveat™ this method is unstable and can
generate unusual error messages. Use at
your own risk!



Ancestral State Reconstruction

« Squared-change parsimony
— Minimizes evolutionary change across the tree
— Unweighted ignores branch length information
— Weighted incorporates branch length information

« Maximum likelihood

— Most likely set of ancestral states when whole
phylogeny is considered

— Incorporates branch length information
— Evolutionary model to estimate rate of evolution
(Brownian motion currently implemented in R)



Evolution of Size in Whales

Max. likelihood = 1010cm

Unweighted Balaenopteridae
squared-change Eschrichtiidae
parsimony = 951cm
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Pontoporiidae
Lipotidae
287cm / Monodontidae
293cm Delphinidae

Phocoenidae



Ancestral State Reconstruction

Unweighted
square-change

parsimon branch lengths
4 y are equal

branch lengths Maximum likelihood

square-change
parsimony




@ Implementation

Unweighted U
Square-change ransform branch lengths to =

i using the compute.brlen function in Ape
parsimony tree1<-compute.brlen(tree, 1)
Maximum likelihood
ace(method="ML")



Ancestral State Reconstruction

Discrete traits in _g( @

« Maximum likelihood used to fit Markovian models of
discrete character evolution.

ace(type=discrete)



Ancestral State Reconstruction

Discrete traits in @

e Maximum likelihood used to fit Markovian models of
discrete character evolution. ace(type=discrete)

Equal Symmetrical All-rates different
Character
states| 1 2 3 1 2 3 1 2 3
1170 1 1 11 0 1 2 11 0 1 2
211 0 1 21 0 3 2 3 0 4
3'1T 10 312 3 0 31 5 6 0



Ancestral State Reconstruction

Discrete traits in @

« Maximum likelihood used to fit Markovian models of
discrete character evolution.

Equal Symmetrical All-rates different
Character
states| 1 2 3 1 2 3 1 2 3
110 1 1 117 0 1 2 11 0 1 2
211 0 1 21 1 0 3 2 3 0 4
31 10 31 2 3 0 31 56 0

ace(type=discrete, ace(type=discrete, ace(type=discrete,
model="ER”) model=“SYM”) model=ARD?”)



Disparity

Measure of morphological diversity



Disparity

Evolution of diversity --> species
richness --> morphological richness

* Are taxonomically rich clades also
morphologically diverse?

* How does morphological diversity relate to
ecological differences?



Disparity

Measure of morphological diversity

« Sample-size independent

— Average pair-wise distance between points in
morphospace

pci

pCc2



Disparity

Measure of morphological diversity
« Sample-size independent
+ Geiger package (@

— Average-squared Euclidean distance, if all axes
are in the same units.

— Average-Manhattan distance (sum of the absolute
differences of their coordinates)

Harmon et al. 2003, Science 301: 961-964



Disparity

Geiger package
1. Disparity across the whole tree (compare

to other clades).

— Average pair-wise distance in morphospace
between all species in the dataset

pci




Disparity

Gelger package

Disparity across the whole tree (compare to other clades).

2. Disparity for every clade in the phylogeny

— Average pair-wise distance in morphospace
between all species in the clade




Disparity

Gelger package

Disparity across the whole tree (compare to other clades).

2. Disparity for every clade in the phylogeny

— Average pair-wise distance in morphospace
between all species in the clade




Disparity

Gelger package

Disparity across the whole tree (compare to other clades).
2. Disparity for every clade in the phylogeny

3. Disparity through time

Does disparity correspond to clade differences?




Disparity

Geiger package
1. Disparity across the whole tree (compare to other clades).
2. Disparity for every clade in the phylogeny

3. Disparity through time
— Relative disparity for each node
(disparity for clade/whole tree disparity)

— Calculate at each divergence event average
relative disparity for each sub-clade present
at that time period.



Disparity

3. Disparity through time
— Relative disparity for each node

(disparity for node/whole tree disparity)

— Calculate at each divergence event average relative
disparity for each sub-clade present at that time period.

Time Time



Disparity

3. Disparity through time plots
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Disparity

3. Disparity through time

Average subclade disparity
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High average disparity
through time = variation
within sub-clades

Decreasing average
disparity through time
= variation between
sub-clades




Disparity

3. Disparity through time

Average subclade disparity
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Disparity

3. Disparity through time
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Disparity

3. Disparity through time - Iguanian lizards
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