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Outline da aula

Breve historico da morfometria geométrica
“revolucao” na morfometria na década de 1980
Principais conceitos e aplicacoes

Principais métodos comparativos para dados
multivariados
— Taxa evolutiva

— Ajuste de modelos evolutivos levando em conta
correlacao entre traits

— Mudanca de estado 6timo ao longo da filogenia



Logica da morfometria tradicional
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Problemas com a morfometria
tradicional

Usa varias medidas lineares, razdes e angulos
mas que nao capturam a posicdo dos marcos
anatomicos

Dificil estabelecer homologia entre estruturas
Medidas lineares nao capturam geometria

Geram varias variaveis correlacionadas que
precisam passar por reducao (e.g., PCA) antes
de serem usadas

Confunde tamanho e formato
Sempre o PC 1 é relacionado com tamanho



Vantagens da GM

* Consegue separar Tamanho de Formato, além
de fornecer técnicas de visualizacao

e Permite medir formas nao so em 2D como em
3D



Definicao de forma

“all the geometric information
that remains when location,
scale and rotational effects are
filtered out from an object”

Kendall 1977
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David Kendall

Desenvolveu o aparato
matematico/geomeétrico
para medir forma

Fred Bookstein

Desenvolveu métodos
estatisticos que hoje em
dia fazem parte do
“catecismo” da GM

James Rholf

Adaptou Procrustes para
dados de landmark
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Michigan Morphometrics Workshop
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Morphometric Tools [P
Landmark Data
Geometry and Biolog
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Operacoes que nao mudam o formato
do objeto
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http://www.emmasherratt.com/morphometrics



Original configurations

‘ween




1) Digitize landmarks 2) GPA (remove non-shape variation)

Q
i,

3) Statistical analysis (e.g. MANOVA)
4) graphical depiction of results (statistical and morphometrlc)

Adams et al. 2013



* Landmarks: coordenadas cartesiana (X,Y) que
sao homologas entre exemplares (ou espécies)

e Semi-landmarks: nao homologos, usados para
descrever contornos
— Antigamente eram usados outline techniques
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Métodos comparativos



O que vimos até aqui?

* Formas de descrever um fenotipo

— Contagem

— Categorizacao (e.g., branco, preto)

— Medidas lineares (e.g., tamanho corporal, altura)
 Mas e fenotipos multivariados?

— Formato do corpo, formato da pata etc

— Processos de selecao nao necessariamente podem
modificar o tamanho e sim a forma

— Evolucgao correlacionada: um atributo pode ser
modificado nao por selecao sobre ele, mas sim por acao
de selecao num atributo correlacionado



RRPP > Inference
PGLS for multivariate traits

Canonical Phylogenetic Ordination > Constrained/Canonical

Phylogenetic Canonical Correlation Analysis Ordination
Phylogenetic Principal Component Analysis X
> Multivariate
Phylogenetic Factor Analysis Unconstrained/Factor Analysis (e.g., derived from Geometric morphometrics)

Comparing rates between compartments of

a multidimensional trait - modularity Eliition of evokalio s s
u

Blomberg's K for multiple traits

mvSLOUCH for models with evolutionary time lag

h
POCEO0 IO, Fitting evolutionary models

Detecting shifts in multivariate to multivariate data
correlated traits package PhylogeneticEM

fitting BM, EB, OU with Penalized Llkelihood
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Salamandras do género Plethodon do leste dos EUA. Varias espécies do
grupo P. cinereus tem distribuicao restrira. Trabalhos com outros grupos
demonstraram que espécies com distribuicao restrira podem exibir
elevadas taxas de evolugcao morfologica



PGLS para traits multivariados

doi:10.1111/evo.12463

@fp} A METHOD FOR ASSESSING PHYLOGENETIC
LEAST SQUARES MODELS FOR SHAPE AND
OTHER HIGH-DIMENSIONAL MULTIVARIATE
DATA

Dean C. Adams'2-3



Selecao de modelos para traits
multivariados

Syst. Biol. 67(1):14-31, 2018
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Multivariate Phylogenetic Comparative Methods: Evaluations, Comparisons, and
Recommendations
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A Penalized Likelihood Framework for High-Dimensional Phylogenetic Comparative
Methods and an Application to New-World Monkeys Brain Evolution

JULIEN CLAVEL, LEANDRO ARISTIDE, AND HELENE MORLON

Methods in Ecology and Evolution

Methods in Ecology and Evolution 2015, 6, 1311-1319 doi: 10.1111/2041-210X.12420
APPLICATION

MVMORPH: an R package for fitting multivariate
evolutionary models to morphometric data

Julien Clavel?*, Gilles Escarguel® and Gildas Merceron®
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TABLE 2.
Support for BM, OU, and EB models for the evolution of New World monkeys’ brain shape over 100 trees from the Bayesian posterior distribution

Model GIC (mean + 2SD) AGIC (2.5-97.5% range) % trees preferred Parameters® (mean + 2 Sd)

BM —726 505 + 410 4.95-258 0 -
ou —726 504 + 409 1.03-260.4 3 a=934e+48e"
EB —726 618 + 379 0-0.30 97 r=-—0.91+0.69

The EB model is preferred (lowest GIC value) in 97% of the trees.
2The Brownian parameters are given in the multidimensional R matrix (see also Fig. 4).
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2. Bivariate representation of the covariance constraints used in mvMORPH
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# Fitting the models

# BM1 - (Equal rate matriz)
model_1<-mvBM(tree, data, model="BM1", diagnostic=FALSE, echo=FALSE)

# BMM - (Proportional rate matrices)
model _2<-mvBM(tree, data, param=list(constraint="proportional")
, diagnostic=FALSE, echo=FALSE)

# BMM - (Shared eigenvectors between rate matrices)
model_3<-mvBM(tree, data, param=list(constraint="shared")
, diagnostic=FALSE, echo=FALSE)

# BMM - (Similar correlations between rate matrices)
model_4<-mvBM(tree, data, param=list(constraint="correlation")
, diagnostic=FALSE, echo=FALSE)

# BMM - (Similar variances between rate matrices)
model _5<-mvBM(tree, data, param=list(constraint="variance")
, diagnostic=FALSE, echo=FALSE)

# BMM - (Independent rate matrices)
model_6<-mvBM(tree, data, model="BMM", diagnostic=FALSE, echo=FALSE)

# Compare the models with AIC
AIC(model_1)

> [1] 37.4709

AIC(model_2)

> [1] 31.20892

AIC(model_3)

> [1] 24.68785

AIC(model_4)

> [1] 29.59168

AIC(model_5)

> [1] 38.76954

AIC(model_6)

> [1] 25.99354
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Brain shape convergence in the adaptive radiation of
New World monkeys
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Mudancas de pico adaptativo
levando em conta a correlacao entre traits
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Modularidade e integracao de fenotipos

complexos

Arnold et al. BMC Evolutionary Biology (2017) 17:251
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Estimar taxas de evolucao para
diferentes modulos

Methods in Ecology and Evolution

Methods in Ecology and Evolution 2016, 7, 565-572 doi: 10.1111/2041-210X.12511

Testar hipdteses de conjuntos ] o ]
Evaluating modularity in morphometric data: challenges

modulares e
‘ with the RV coefficient and a new test measure

Dean C. Adams"?*

ORIGINAL ARTICLE

doi:10.1111/evo.12743

“} o i phy_logerfetlc t?St 1o s Testar taxas de evolugao diferenciais
multiple high-dimensional evolutionary ara atributos envolvidos em

rates suggests interplay of evolutionary _p médulos diferentes
rates and modularity in lanternfishes

(Myctophiformes; Myctophidae)

John S. S. Denton'’23 and Dean C. Adams®



Table 1. Hypotheses of modularity examined in this study, with landmark designations for each hypothesis and the predictions of each
hypothesis with respect to relative rates, covariation, and modularity.

Predictions

Hypothesis Landmarks in set Rates Covariation Modularity
Growth gradients (H1) M1: 1-9, 14, 18-23 M1 > 002 - H1

M2: 10-13, 15-17
Maneuverability/acceleration (H2) M1: 1-9 M1 # OO ~ H2

M2: 10-23
Information 1 (H3a) M1: 1-4, 8-10, 12-14, 21-23 M1 < 05\ Strong H3

M2: 5-7,11, 15-20
Information 2 (H3b) o’Mm1 = 0%\ Weak or none No prediction
Information 3 (H3c) o*M1 = 022 Strong H1 or H2
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Phylogenetic conservatism in skulls and
evolutionary lability in limbs — morphological
evolution across an ancient frog radiation is
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