Some additional new methods for plotting
phylogenies & comparative data
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Plotting methods for phylogenies &
comparative data

* Objectives:

— Simple, visually appealing plots that convey
information to user & reader.

— Publication ready figures with minimum post hoc
modification.

— Reproducibility.
e Why plot?
— To understand our data.

— To help our reader understand the data, pattern,
& inference about biology.
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dotTree(tree, X,

length=10, ftype="1"")
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plotTree._barplot(tree,

X)
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plotTree.barplot(tree,x,args.barplot=list(col=sapply(Xx,
function(x) 1F(x>=0) "blue' else "red"),xlim=c(-4,4)))
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phylo.heatmap(tree, X, standardize=TRUE)



phenotype

phenogram(tree,Xx,spread. labels=TRUE, spread.cost=c(1,0))



phenotype

0.00 0.81 1.63 244 3.26

time

fancyTree(tree, type="phenogram95" ,x=x,spread.cost=c(1,0))
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obj<-contMap(tree,x,plot=FALSE)
plot(obj, Iwd=7,xlim=c(-0.2,3.6))
errorbar.contMap(obj)
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length=2 length=2

obj<-setMap(obj, invert=TRUE)
grey<-setMap(obj,c("white","black™™))
par(mfrow=c(1,2))
plot(obj, lwd=7,ftype="off" ,xlim=c(-0.2,3.6), legend=2)
plot(grey, lwd=7,direction="leftwards",

ftype=""off" ,xlim=c(-0.2,3.6), legend=2)
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length=0.5

obj<-contMap(anole.tree,svl,plot=FALSE)

obj<-setMap(obj, invert=TRUE)

plot(obj,fsize=c(0.4,1),outline=FALSE, Iwd=c(3,7),
leg.txt="1log(SVL)")
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3.462 log(SVL) 5.114
HEE 2
length=1

plot(obj,type="fan",outline=FALSE,fsize=c(0.6,1), legend=1,
lwd=c(4,8),xlim=c(-1.8,1.8),leg-txt="log(SVL)")
spp<-c(*'barbatus™,"porcatus","cristatellus',equestris", sagrei'’)

library(png)
w<-0.5
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length=1

for(i in 1l:length(spp)){

xy<-add.arrow(obj,spp[i].,col="transparent”,arr1=0.45, lwd=3,hedl1=0.1)
arrl<-if(sppL[i]l%in%c('sagrei’,"porcatus’™)) 0.24 else if(spp[i]=="barbatus'™) 0.2 else 0.34
add.arrow(obj ,spp[i],col="blue",arrl=arrl, lwd=3,hedl1=0.05)
img<-readPNG(source=paste(spp[i]."-png",sep="""))

asp<-dim(img) [1]/dim(Cimg)[2]

rasterlImage(img, xy$x0-w/2 ,xy$y0-w/2*asp , xy$x0+w/2 , xy$yO+w/2*asp)



trait 2

trait 1

phylomorphospace(tree, X[ ,1:2],xlab=""trait 1" ,ylab=""trait 2')
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obj<-fancyTree(tree
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trees<-make.simmap(anoletree,ecomorph,model="ER",nsim=100,

quiet=TRUE)
obj<-summary(trees,plot=FALSE)

plot(obj,colors=cols, type="fan",fsi1ze=0.6,cex=c(0.5,0.3))
add.simmap.legend(colors=cols,x=0.9*par(Q$usr[1],
y=0.9*par(Q$usr[4],prompt=FALSE, fsize=0.9)




fitted ARD model for ecomorph evolution

Ti1t_ARD<-fi1tMk(anoletree,ecomorph,model="ARD")
plot(fit.ARD,main="fitted ARD model for ecomorph evolution')



fitted ARD model for ecomorph evolution

plot(fit.ARD,show.zeros=FALSE,main=
"fitted ARD model for ecomorph evolution')
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dd<-density(trees)

plot(dd)



I Albula vulpes .

1 Megalops cyprinoides
Elops saurus
Moringua javanica
Paraconger notialis
Serrivomer sector

Ariosoma shiroanago
'_E Poeciloconger kapala

Ariosoma balearicum
|—: Parabathymyrus macrophthalmus

Ariosoma anago

Cynoponticus ferox
luraenesox cinereus
Muraenesox bagio
Congresox talabonoides
—_— Scuticaria tigrina
Uropterygius micropterus
Gymnothorax flavimarginatus
Gymnothorax kidako
Gymnothorax reticularis
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
— Gymnothorax castaneus
Gymnothorax moringa
Oxyconger leptognathus
— e Myrichthys magnificus
Ichthyapus ophioneus
| Pisodonaphis cancrivorus
Brachysomophis crocodilinus
Myrichthys breviceps
Qphichthus serpentinus
Ophichthus zophachir
lyrichthys maculosus
— Scolecenchelys breviceps

Conger japoriicus
 I— Conger myriaster

- Conger wilsoni
—E Conger verreaxi
Myrophis vafer

Saurenchelys fierasfer

-1 Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus

Gavialiceps taeniola

Ne ma melanurum
| — Facciolella gilbertii

Gnathophis longicauda

Simenchelys parasitica

Eysomma anguillare

aupichthys hyofomrotdes

Nemichthys scolopaceus

Serrivomer beanit

Anguilla japonica

Anguilla bicolor

Anguilla anguilia

Anguilla rostrata

Venefica proboscidea

Heteroconger hassi

Gorgasia taiwanensis

) Kaupichthys nuchalis

) Moringua edwardsi

M

@suction  @bite

dotTree(eel . tree,fmode,colors=setNames(c("'blue","red"),
c('suction”,"bite")), ftype=""1",fs1ze=0.7)



Albula vulpes
Megalops cyprinoides
Elops saurts
Moringua javanica
Paraconger notialis
Serrivomer sector
Ariosoma shiroanago
Poeciloconger kapala
Ariosoma balearicum
Parabathymyrus macrophthalmus
Ariosoma anago
Cynoponticus Terox
uraenesox cinereus
pr— Muraenesox bagio
Conﬁmspx talabonoides
Scuficaria figrina
Uropterg/g.'us micropterus
Gymnothorax flavimarginatus
Gymnothorax kidako .
Gymnothorax reticularis
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
— Gymnothorax castaneus
Gymnothorax monn%a
Oxyeconger leptognathus
richthys magnificus
Ichthyapus ophioneus
Pisodonophis cancrivorus
Braa_‘hgsomapms; crocodilinus
Myrichthys breviceps
Ophichthus serpentinus
Ophichthus zophochir
lyrichthys maculosus
Scolecenchelys breviceps
Conger japonicus
Conger myriaster
_ Conger wilsoni
Conger verreaxi
Myrophis vafer
Saurenchelys fierasfer
- Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus
Gavialiceps taeniola
! melanurum
Facciolella gilbertii
Gnathophis longicauda
Simenchelys parasitica
Dysomma anﬁrwl!are i
aupichthys Ryoproroides
Nemichthys scolopaceus
Serrivomer beanil
Anguiila japonica
Anguilla bicolor
Anguilla anguilla
Anguilla rostrata
Venefica proboscidea
: Heteroconger hassi
Gorgasia taiwanensis
Kaupichthys nuchalis
Moringua edwardsi

0 PP(state=bite) 1
length=50

eel . trees<-make.simmap(eel .tree,fmode,nsim=100,quiet=TRUE)
obj<-densityMap(eel .trees,states=c(*'suction’,"bite"),plot=FALSE)
plot(obj, lwd=4,outline=TRUE, fsize=c(0.7,0.9), legend=50)



I Albula vulpes
Megalops cyprinoides
Elops saurus
Moringua javanica
Paraconger nolialis
Serrivomer sector
Ariosoma shiroanago
Poeciloconger kapala
Ariosoma balearicum
Parabathymyrus macrophthalmus
Ariosoma anago
Cynaponticus ferox
luraenesox cinereus
Muraenesox bagio
Conlgrespx talabonoides
Scuficaria tigrina
Uropterlygrus micropterus
Gymnothorax flavimarginatus
Gymnothorax kidako
Gymnothorax reticularis
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
Gymnothorax castaneus
Gymnothorax moringa
Oxyconger leptognathus
Myrichthys magnificus
Ichthyapus ophioneus
Pisodonophis cancrivorus
Brachysomophis crocodilinus
Myrichthys breviceps
Ophichthus serpentinus
Ophichthus zophochir
lyrichthys maculosus
Scolecenchelys breviceps
Conger japonicus
Conger myriaster
Conger wilsoni
Conger verreaxi
Myrophis vafer
Saurenchelys fierasfer
) Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus
Gavialiceps taeniola
Nettastoma melanurum
Facciolella gilbertii
Gnathaphis longicauda
Simenchelys parasitica
'De/somma anguillare
aupichthys hyoproroides
Nemichthys scolopaceus
Serrivomer beanit
Anguiila japonica
Anguilla bicolor
Anguilla anguilla
Anguilla rostrata
Venefica proboscidea
Heteroconger hassi
Gorgasia taiwanensis
Kaupichthys nuchalis
Moringua edwardsi

| HMH%HW I

@ bite @suction []bite—>suction [Jsuction—>bite

dotTree(eel .tree,fmode,colors=setNames(c("'red","blue'),c("'bite", " suction'™)),fsize=0.7,Ftype="1", legend=FALSE)
add.simmap. legend(x=0,y=-4,colors=setNames(c("'red","blue'™) ,c("'bite", "suction'™)) ,prompt=FALSE,
vertical=FALSE, shape="'circle™)
nulo<-sapply(eel.trees,markChanges, sapply(setNames(c("red","blue™),c("bite", " suction')),make.transparent,0.05))
add.simmap. legend(colors=sapply(setNames(setNames(c(*'red","blue™),c("bite", " suction'™))[2:1],
c("bite->suction’,"suction->bite')) ,make. transparent,0.1),prompt=FALSE,x=50,y=-4,vertical=FALSE)



[ 1]
15 250

body size (cm)

Albula vulpes
Megalops cyprinoides
Elops saurus
Moringua javanica
Paraconger notialis
Serrivomer sector
Ariosoma shiroanago
Poeciloconger kapala
Ariosoma balearicum
Parabathymyrus macrophthalmus
Ariosoma anago
Cynoponticus ferox
luraenesox cinereus
Muraenesox bagio
Congresox talabonoides
Scuticaria tigrina
Uropterygius micropterus
Gymnothorax flavimarginatus
Gymnothorax kidako
Gymnothorax reticularis
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
Gymnothorax castaneus
Gymnothorax moringa
Oxyconger leptognathus
Myrichthys magnificus
Ichthyapus ophioneus
Pisodonophis cancrivorus
Brachﬁsomopms crocodilinus
Myrichthys breviceps
Qphichthus serpentinus
Ophichthus zophochir
lyrichthys maculosus
Scolecenchelys breviceps
Conger japonicus
Conger myriaster
Conger wilsoni
Conger verreaxi
Myrophis vafer
Saurenchelys fierasfer
Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus
Gavialiceps taeniola
Nettastoma melanurum
Facciolella gilbertii
Gnathophis longicauda
Simenchelys parasitica
Eysomma anguillare
aupichthys hyo/omrotcfes
Nemichthys scolopaceus
Serrivomer beanit
Anguilla japonica
Anguilla bicolor
Anguilla anguilla
Anguilla rostrata
Venefica proboscidea
Heteroconger hassi
Gorgasia taiwanensis
Kaupichthys nuchalis
Moringua edwardsi

dotTree(eel .tree,bsize, length=10,fsi1ze=0.7, lwd=7, ftype=""

text(x=28,y=-1.8,"body size (cm)",pos=4)

")
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e 0 PP(state=bit
15 250 body size (cm) (State=bite)
length=50

Albula vuipes
Megalops cyprinoides
Elops saurus
Moringua javanica
Paraconger notialis
Serrivomer sector
Ariosoma shiroanago
Poeciloconger kapala
Ariosoma balearicum
Parabathymyrus macrophthalmus
Ariosoma _anago
Cynoponticus ferox
luraenesox cinereus
Muraenesox bagio
Congresox talabonoides
Scuficaria tigrina
Umpterg/gius micropterus
Gymnothorax flavimarginatus
Gymnothorax kidako
Gymnothorax reticularis
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
Gymnothorax castaneus
Gymnothorax moringa
Ox! yconger leptognathus
Myrichthys magnificus
Ichthyapus ophioneus
Pisodonophis cancrivorus
Brachysomophis crocodilinus
Myrichthys breviceps
Ophichthus serpentinus
Ophichthus zophochir
lyrichthys maculosus
Scolecenchelys breviceps
Caonger japonicus
Conger myriaster
Conger wilsoni
Conger verreaxi
Myrophis vafer
Saurenchelys fierasfer
Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus
Gavialiceps taeniola
Nettastoma melanurum
Facciolella gilbertii
Gnathophis longicauda
Simenchelys parasitica
Dysomma anguillare
aupichthys hyoproroides
Nemichthys scolopaceus
Serrivomer beanii
Anguilla japonica
Anguilla bicolor
Anguilla anguilla
Anguilla rostrafa
Venefica proboscidea
Heteroconger hassi
Gorgasia taiwanensis
Kaupichthys nuchalis
Moringua edwardsi

1

plot(obj$tree,colors=obj$cols,add=TRUE, ftype=""off", lwd=5,
xlim=get("last_plot.phylo",envir=_PlotPhyloEnv)$x.1im,
ylim=get("'last _plot.phylo",envir=_PlotPhyloEnv)$y.l1im)

add.color.bar(leg=50,cols=obj$cols, title="PP(state=b
prompt=FALSE ,x=70,y=-2)

ite)",




Albula vulpes
Megalops cyprinoides — 1
Elops saurus —
Moringua javanica
Paraconger notialis
Serrivomer secfor
Ariosoma shiroanago
Poeciloconger kapala
Ariosoma balearicum

Ariosoma anago
Cynoponticus ferox
Muraenesox cinereus
Muraenesox bagio
Congresox talabonoides
cuticaria tigrina
Uropterygius micropterus
Gymnothorax flavimarginafus
Gymnothorax kidako
Gymnothorax reticulars
Rhinomuraena quaesita
Gymnothorax pseudothyrsoideus
Gymnothorax castaneus
ymnothorax moringa
Oxyconger leptognathus
lyrichthys magnificus
Ichthyapus ophioneus
Pisodonophis vory
Brachysomophis crocodilinus
Myrichthys breviceps
Ophichthus serpentinus
Mpmcrrrhus zophochir
lyrichthys maculosus
Scolecenchelys breviceps
Conger japonicus
Conger myriaster
Conger wilsoni
Conger verreaxi
Myrophis vafer
Saurenchelys fierasier
Rhynchoconger flavus
Bathyuroconger vicinus
Uroconger lepturus
Gavialiceps faeniola
Nettastoma melanurum
Facciolella gilbertii
Gnathophis longicauda
Simenchelys parasitica
Dysomma anguiliare
Kaupichthys hyoproroides
Nemichthys scolopaceus
Serrivomer beanii
Anguilla japonica
Anguilla bicolor
Anguilla anguilla
Anguilla rostrata
Venefica proboscidea
Heteroconger hassi
Gorgasia taiwanensis
Kaupichthys nuchalis
Moringua edwardsi

15 body size (cm 250

0 PPEstate:bitei 1
ength=

length=60

layout(matrix(1:3,1,3),widths=c(0.39,0.22,0.39))
plot(obj, lwd=6, ftype="off", legend=60,outl ine=TRUE, fsize=c(0,1.2))

plot.new()
plot.window(xlim=c(-0.1,0.1),ylim=get(""last_plot.phylo",envir=_PlotPhyloEnv)$y. lim)

par(cex=0.6)
text(rep(0, length(obj$tree$tip.label)),1:Ntip(obj$tree),gsub("_"," ",obj$trees$tip. label),font=3)
plot(setMap(contMap(eel . tree,bsize,plot=FALSE), invert=TRUE), lwd=6,outline=TRUE,direction="l1eftwards", ftype="off", legend=60,

fsize=c(0,1.2),leg.txt="body size (cm)'™)
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phenogram(eel .trees[[1]],bsize, lwd=3,colors=setNames(c("'blue™,"red"),c("'suction”,"bite')),spread. labels=TRUE,
spread.cost=c(1,0),fsize=0.6, ftype="i"

add.simmap. legend(colors=setNames(c("blue","red"),c("'suction”,"bite')),prompt=FALSE,shape="circle",x=0,y=250)

obj<-summary(eel . trees)

nodelabels(pie=obj$ace,piecol=setNames(c("'red",""blue'),colnames(obj$ace)),cex=0.6)

tiplabels(pie=to.matrix(fmode[eel .tree$tip.label],colnames(obj$ace)),piecol=setNames(c(*'red",blue™),
colnames(obj$ace)),cex=0.4)



lat. long<-read.csv("latlong.csv", row.names=1)
obj<-phylo.to.map(tree, lat.long,plot=FALSE)
plot(obj, type="phylogram',asp=1.3,mar=c(0.1,0.5,3.1,0.1))



plot(obj,type="direct",asp=1.3,mar=c(0.1,0.5,3.1,0.1))
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trees<-read.tree("'cophylo.tre'™)

Pleistodontes<-trees[[1]]

Sycoscapter<-trees[[2]]

assoc<-read.csv(''assoc.csv')

obj<-cophylo(Pleistodontes, Sycoscapter ,assoc=assoc,print=TRUE)

plot(obj, link.type="curved”, link.lwd=3, link. Ity="solid", link.col=make.transparent("blue',0.25),
fsize=0.8)
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plot(obj, link.type="curved", link. Ilwd=3, link. lty="soli1d",
link.col=""grey",fsi1ze=0.8)

nodelabels.cophylo(which="left",frame="circle',cex=0.8)

nodelabels.cophylo(which="right",frame="circle",cex=0.8)
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left<-rep(’black”,nrow(obj$trees[[1]]$edge))

nodes<-getDescendants(obj$trees[[1]],30)

left[sapply(nodes, function(x,y) which(y==x),y=obj$trees[[1]]$edge[,2])]1<-"blue"
right<-rep("'black™,nrow(obj$trees[[2]]1$edge))

nodes<-getDescendants(obj$trees[[2]].25)

right[sapply(nodes, function(x,y) which(y==x),y=obj$trees[[2]]%edge[,2])]<-"blue"

edge.col<-list(left=left,right=right)

plot(obj, link.type="curved", link. lwd=3, link. Ity="solid", link.col=make. transparent(*blue™,0.25),fsize=0.8,edge.col=edge.col)
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trees<-read.tree(''density.tre')
densityTree(trees, type="cladogram",nodes=""Intermediate'")



1.0 0.8 0.6 0.4 0.2 0.0

densityTree(trees,use.edge. length=FALSE, type=""phylogram",
nodes=""inner"")
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compare.chronograms(tl,t2)
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]
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Elephant shark

plotTree(vertebrates,xlim=c(-24,450))

labels<-c('Cartilaginous fish","Ray-finned fish",
"Lobe-finned fish","Anurans',"Reptiles (& birds)",
"Birds","Mammals", ""Eutherians™)

nodes<-labelnodes(text=labels,shape=""ellipse',cex=0.8)
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plot(anoletree,cols,xlim=c(0,9),ylim=c(-4,Ntip(anoletree)), ftype="0off")
add.simmap. legend(colors=cols, prompt=FALSE,x=0,y=-4,vertical=FALSE)
text<-sample(anoletree$tip.label,20)

tips<-sapply(text,function(x,y) which(y==x),y=anoletree$tip.label)
linklabels(text, tips, link.type="curved')
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obj<-setMap(contMap(anole.tree,svl,plot=FALSE), invert=TRUE)

plot(obj, type="fan", ftype=""off", lwd=c(2,6) ,outline=FALSE,xlim=c(-1.3,1.3), legend=0.8, leg.txt="1og(SVL)"")
nodes<-c(105,117,122,135,165,169,68,172,176,183,184)

labels<-paste("'Clade",LETTERS[1: length(nodes)])

for(i in 1l:length(nodes))
arc.cladelabels(tree=obj$tree, labels[i1],nodes[i],orientation=if(labels[i]%in%c("'Clade G","Clade J'))

"horizontal"™ else "curved",mark.node=FALSE)



Jurassic I\
Cretaceous
Paleogene
Neogene
Quaternary

plotTree(tree,plot=FALSE)
obj<-geo.legend(alpha=0.3,cex=1.2,plot=FALSE)

obj$leg<-h-obj$leg

plotTree(tree, ftype="off",ylim=c(-0.2*Ntip(tree),Ntip(tree)), lwd=1)
geo. legend(leg=obj$leg,colors=obj$colors,cex=1.2)



Plotting methods for phylogenetic
comparative methods

This is just a sample — not a comprehensive survey of the full
suite of plotting methods available in phytools.

Plotting is non-trivial. Every basic statistics course teaches us
that we should always visualize our data, yet many
comparative studies neglect this step.

R is a powerful graphical environment because it allows users
to combine any of the basic R graphics capabilities onto our
plotted trees.

(DEB 1350474)
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