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Plotting methods for phylogenies &
comparative data

e Every introductory statistics course teaches us to
always plot our data; however this is often
overlooked in phylogenetic comparative studies.

Why?
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 Phylogenetic data are complex, and standard plotting
methods are not appropriate — specialized methods
are required.



Discrete character methods



Acanthurus triostegus
Acanthurus nigroris
Acanthurus nigrofuscus
Acanthurus thompsoni
Acanthurus coeruleus
Acanthurus achilles
Acanthurus leucosternon
Acanthurus nigricans

Acanthurus olivaceus
Acanthurus dussumieri

O Acanthurus blachii = -
Acanthurus mata
Acanthurus nigricauda T

G Acanthurus chirurgus _
Acanthurus bahianus
Ctenochaetus striatus ' / @
Ctenochaetus strigosus B
Ctenochaetus binotatus ;
{ E Q

@ Nonplanktivore
@ Planktivore

Acanthurus lineatus
Zebrasoma desjardinif
Zebrasoma velifer
Zebrasoma flavescens
Zebrasoma scopas : i‘:ii
Paracanthurus hepatus .
Naso tonganus

Naso vlarmingii

Naso brevirostris .
Naso hexacanthus
Naso unicornis

Naso lituratus

50 40 30 20 10
Millions of years

=

Fig. 1 Time-calibrated phylogeny (adapted from Sorenson ef al, 2013) of acanthurid species included in this stady with a sample stochastic
character map of diet and ancestral state estimates from 500 simmaps indicated at the nodes. Blue and green denote zooplanktivorous and
nonzooplanktivorous species, respectively. Fish outlines illustrate morphological diversity within the clade and are identified as follows
(from top to bottom): Acanthurus thompsoni, A. blochii, A. lewcosternon, A. mata, A. nigricauda, Ctenochaetus binotatus, Zebrasoma velifer,

Z. flavescens, Paracanthurus hepatus, Naso brevirostris, N. lituratus and N. unicoris.

(Friedman et al. 2016; J. Evol. Biol.)
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Fi. 1. A phylogenetic tree for species of Saxifragales with a reconstruction of habitat evolution using SIMMAP (see key for colours). Representatives of major sub-
clades are shown around the tree near the corresponding family name.

(de Casas et al. 2016; Ann. Bot.)
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Figure 1 | Evolution of lethal aggression in non-human mammals.
Tree showing the phylogenetic estimation of the level of lethal
aggression in mammals (1 = 1,024 species) using stochastic mapping.
Lethal aggression increases with the intensity of the colour, from
yellow to dark red. Light grey indicates the absence of lethal aggression,
Mammalian ancestral nodes compared with human lethal violence are
shown in red, whereas main placental lineages are marked with black
nodes. The red triangle indicates the phylogenetic position of humans.
The silhouettes of representative mammals {downloaded from
http://www.phylopic.org) illustrate the main mammalian clades.

They are licenced for use in the Public Domain without copyright,
except for the silhouettes of Murinae (D. Liao), Jaculus (M. Karaka),
Philander (S. Werning), Rattus (R. Groom), Molossus (Zimices),
Balaenoptera (C. Hoh), Rousettus (O. Peles), Connochaetes, Redunca,
and Kobus (]. A. Venter, H. H. T. Prins, D. A. Balfour and R. Slotow),
that are licenced under a Creative Commons 3.0 license
(http://creativecommons.org/licenses/by/3.0).

(Gémez et al. 2016; Nature)
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Fig. 2 Swchastic character mappings of a, b the pollinator and ¢, d the flower phenotype. Pollination)
arategies and flower phenotype are indicaied with coloers. Pollination strategy. Blue = hee pollimtion;
green = humminghird  pollination;  purple = mdent  pollination;  flower  phenotype:  red = TRF,
cvit = FRF. Panels A and C show the maxinum credibility tree with pie chans on its nodes, indicating
the posterior probability of a each pollination strategy and ¢ each flower phenotype retrieved by 1000
sinchastic character mappings. Panels B and D show the superimposition of 1000 phylogenetic trees, with
10 sinchastic character mappings each. (Coor figure online)

(Strelin et al. 2016; Evol. Ecol.)
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Figure 1: Summary of stochastic diet maps on the maximum clade credibility phylogeny for 43 moray eel species. Branch lengths are given
in millions of years (My); scale bar shown in the upper left inset. Nodes receive (.90 or greater Bayesian posterior probability (BPP) support
unless otherwise indicated. Species names in bold are those included in our morphological data set. Shading on branches represents BPP
of piscivory for branch segments across 1,000 stochastic character maps. White indicates that the BPP of piscivory equals 1, and darker
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by encircled numbers. Transitions were determined to occur along branches on which ancestral nodes are light gray (favoring piscivory),
and descendant nodes are dark gray or black (favoring durophagy). Note that the positioning of numbers along branches is arbitrary and
not meant to suggest specific timing of transitions. This figure was generated using the phytools function densityMap (Revell 2012, 2013).

(Collar et al. 2014; Am. Nat.)



Fig. 1 Reconstructed history of reef living according to a the
percentage of extant species living on reels given in FishBase
b classification of Bellwood and Wainwright (2002). Color gradation
represents the posterior probability of reef (red) or non-reef (biue)
moestry according to 1000 stochastic chamcter maps on the
maximum clade credibility phylogeny from Near e al. (2013)
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converted to the family level. Histograms of the number of habitat
transitions from non-reef to reef (gray) and from reel to non-reef
{whire) according 1o ¢ the percentage of extant species living on reefs
given in FshBase d classification of Bellwood and Wainwright
{2002), cakulated from the 1000 stochastic chamcter maps

(Price et al. 2015; Coral Reefs)
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Fig. 1 (A) High confidence gains and losses of the baculum derived from stochastic mapping. Red branches indicate species with a
baculum, blue without; numbers in red (blue) boxes indicate the proportion of iterations that mapped a baculum gain (loss) to those
particular branches. Branches where a transition occurred in at least 50% of the iterations are highlighted in (B)—(H), which correspond
to regions labeled B—H in panel A. Fig. 1A is meant to give an overall impression of the distribution of bacula across mammals; a
zoomable version is provided as Supplementary Figure 1.

(Schultz et al. 2016; ICB)
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Left: a phylogeny of taxa in the TwinsUK study
(Greengenes tree pruned to include only OTUs
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Right: corresponding twin-pair intraclass corre-
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See also Figure S2.
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Figure 2. Association between sexual dimorphism in dorsal pattern and ecomorph in 36 species of Anolis. A, Phyloge-
netic tree with coloured branches representing values of dimorphism in dorsal pattern (Euclidean distance). Circles at
tips represent ecomorph and the colour legend is the same as in (B). B, Values of dorsal pattern dimorphism according

to ecomorph class.

(Medina et al. 2016; B. J. Linn. Soc.)
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Figure 4. Phylogenetically Corrected Principal Components Anal-
ysis lllustrates Major Proportional Differences across Rodent Limbs
(A) pPC2 is mapped as a continuous trait on the phylogeny of rodents with
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(Moore et al. 2015; Curr. Biol.)
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Fig. 1 Phylogeny of 82 speces of NW crotalines, with branches coloured Shaded by ratio 55D values 550 was eoonsructed onto the
phylegeny using the contMap function of the phytools package (Revell, 2012) in B 2.15.2 (R Development Core Team, 2012). Rediwhite
and blue/black coloration oomresponds o the extremes of male-biased and female-biased 55D, respectively. Black drdes indicate nodal

SUPPOET > 95 % (see Appendiz 53 for all suppon values).
(Hendry et al. 2014; J. Evol. Biol.)
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Figure 3. Ancestral climate preferences (annual mean temperature [°C] and annual precipitation [¢m])
reconstructed using the ‘contMap’ function in the phytools R package.

(Moriniére et al. 2016; Sci. Reports)
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Fig. 2. Mean FNAI values mapped per focal species weighted by percentage cover estimates for (a) all co-oocurring Cyperaceas in the study and (b) only
corocourning Carex. Mean values were mapped onto one of 100 randomly chosen phylogenies from the Bayesian posteror distribution using the contMap
function available in the phytools package Rewell 2012) of R and are for ilustration only. Blue colouring represents focal species with higher FNRI, whereas
red colouring represents focal species with lower FNRI values. The colour bar in the bottom left hand corner of each phylogeny gives the sale of FNRI
values and corresponding colours for each phylogeny. Abbreviations for each clade are the same as those in Appendix 54. Phylogenetic over-dispersion in
the Vignea clade and phylogenetic clustering in the Core Carex clade became more evdent when the spedes pool was narrowed to only co-oocurring

Carox.
(Elliot et al. 2016; J. Veg. Sci.)
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FIGURE 3 | Ancestral character estimates for OB volumes plotted onto
an avian phylogeny. This method usas ancestral character estimation to
visualize historical character states for OB volumes (plotted as a continuous
trait) along the branches of a tree (see methods, Revell, 2013). The trait mapped
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was the relative size of OBs expressed as the residuals of the best fitting PGLS
model of OBs against brain volume-OBs. The phylogeny is largely basad on
Hackett et al. (2008), with further resolution coming from other studies (ses
Materials and Methods).

(Cornfield et al. 2015; Frontiers Neuroanat.)
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Fig. 2. ML molecular phylogeny of saturniid moths showing multiple independent origins of hindwing tails. Filled black dircles indicate origin of tails. Open
circles indicate losses. Branch colors indicate length of hindwing tail from absent (blue) to =50 mm (red), based on Phytools continuowus character evolution
analyses. Numbers by branches are bootstrap values. Gray shading denotes groups that have spatulate tails and contain species with tail lengths greater than
37.5 mm (the average for A. funa, n = 10). The images of saturniid moths used in these experiments are labeled: (A} A. luna and (B) A. polypheumus. Bold type
and asterisks denote species that have tails longer than 37.5 mm. In combination with our bat-moth interaction data, this phylogeny suggests that tails
serving a clear anti-bat function have evolved 4 times. Three additional origins of very short tails, of uncertain function, are also apparent.

(Barber et al. 2015; PNAS)
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FIGURE 5 | Ancestral character estimates and residual plots for the
(OBs, the principal sensory nucleus of the trigeminal nerve (PrV), and the
optic tectum (TeO). {A) Ancestral characier estimates are plotted using the
order averages for the relative size (expressed as tha residuals of the best fitting
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and Te) and are mapped onto the phylogeny based on Hackett ef al. (2008).
(B} Plots showing each sensory area plotting against the other while indicating
the phviogeneatic relationship of species {black ines). Red ines have bean added
to areas whara the lines cross to allow for the tree branches 1o be more easily
identified.

(Cornfield et al. 2015; Frontiers Neuroanat.)
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Fig. 2 Phylomorphospace projection of
acanthurid species on the first two
principal components. Blue and green
circles denote zooplanktivorous and
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(Friedman et al. 2016; J. Evol. Biol.)
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Figure 5. This phylomorphospace of the stomatopod linkage system illustrates the mechanically equivalent nature of kinematic transmission (KT). The morphospace is com-
posed of PC axes 1 and 2 from a landmark-based PC analysis of 36 stomatopod spedies representing overall morphology of the linkage system. Previous work showed that the
four-bar system in spearing dades (Lysiosquilloidea, Parasquiloidea, Pseudosquilloidea and Squilloidea; shown in colour) all evolve towards high KT values. However, this
phylomorphospace indicates that each clade does so with distinctive morphologies (sometimes multiple morphologies within dades). Furthermore, certain taxa from the
Parasquilloidea and Pseudosquilloidea clades inhabit morphospace adjacent to the smasher dade (Gonodactyloidea; shown in black). (Online version in colour.)

(Anderson & Patek 2015; Proc. B)
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Figure 6. Two phylomorphospaces illustrate the disparate evolu-
tionary variation of our biomechanical metrics overlaid with the
stomatopod tree topology. (&) Phylomorphospace of Reach/size
versus KT. (B) Phylomorphospace of MA versus KT. Smashers (in
blue) represent a monophyletic clade within the stomatopods that
trends toward low values of both KT and Reach/size and high
values of MA. This combination implies low appendage exten-
sion combined with strikes with potentially high force and speed.
Spearers (in red) exhibit a wider range of evolutionary variation
in KT and Reach/size, yet their lowest values of KT and Reach/size
nearly always exceed the highest values in smashers. Spearers also
show low values of MA. The two Hemisquilla species (in purple)
fall at the intersection of smasher and spearers in terms of KT and
Reach/size, yet fall within the smasher range for MA. Mote that
the taxa with the highest values of Reach/size and KT and low-
est values of MA are not necessarily all closely related, potentially
illustrating multiple invasions of this morphospace by spearing
clades.

(Anderson et al. 2014; Evolution)
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Figure 4. A, phylogenetic tree for 66 species of north-east Pacific rockfish. Notable subdades are highlighted in colour:
Ptemmpodus (brown), Sebastodes (purple), Acutomentum (vellow), Sebastichthyes (green); Sebastomus (red), Sebastosomus
(blue), Ecsebastes {pink), Sebastes (grey) and Clades A = B from Hyde and Vetter (2007) (orang ). B, phylomorphospace
plot projecting the tree into PC shape space (PC1 and PC2), with ancestral chararters estimated wsing maximum likeli-

hood and subdades coloured to match the tree. C, phylomorphospace for PC1 and PC3.
(Ingram 2015; Biol. J. Linn. Soc.)
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Fig. 3 Evolution of the two primary axes of
secondary metabolite composition across
Helianthus, as defined by species-level
principal coordinates analysis and plotted
using the phylomorphospace function in
phytools (Revell, 2012). Species are coded by
growth form and life history: annuals (red
circles), erect perennials (green squares), and
basal rosette perennials (blue triangles).
Species are connected by phylogenetic
relationships, with reconstructed ancestral
states of internal nodes plotted in trait space.
MNote that HeliaMet PCO1 is strongly
negatively correlated with the average
number of compounds per species

(R* =0.82; Table 1), HeliaMet PCO2 is
strongly negatively correlated with
abundance of the most common compounds
as described by HeliaMet subset PC1

(R? =0.56; Table 1), and HeliaMet PCO2 is
significantly associated with life history by
PGLS-ANOVA (P=0.0185), with annuals
significantly different from both types of
perennials by post hoc test.

(Mason et al. 2015; New Phytol..)
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Figure 3. Traitgram showing the projection of the greenbul phylogeny into a space defined by sperm total length (um)
(y-axis) and node age [i.e. time since divergence from the root (x-axis]. The vertical position of nodes and branches are
computed via ancestral character estimation using maximum likelihood. The embedded images indictates uncertainty
through increasing transparency of the plotted blue lines around the point estimates, with the entire range showing the

95% confidence interval.

(Omotorigun et al. 2016; Biol. J. Linn. Soc.)
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Fig. 2 Tempo and mode of macroevolutionary diversification in Liolaemus lizards. The bottom plot shows the lineage through time (LTT) curnve of
spedes accumulation over tirme (solid line) and the 95 % (yellow area) to 50 % (red area) confidence intervals (note the most recent pulse is bordering),
The phylogenetic tree in the background shows a maximurrrlikelhood phylogenetic reconstruction of ancestral body sizes {Intransformed) along the
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top plot shaws mean subdade disparity through tme (D) for body size (solid line), compared with the median subcdade DTT (calculated based an
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Fig. 3 Projection of the Liolgemus phylogeny into a morphospace
defined by body size (In-transformed, on ) and time since the clade’s
origin (on x, in My elapsed since the root). Ancestral body size states
are estimated using likelihood The degree of uncertainty is indicated
by increasing transparency of the plotted blue lines around the point
estimates with the ertire range showing the 95 % confidence interval.
Red arrows indicate the position of the three body size peaks (in mm)
identified by the surface analysis (see text for details)

(Pincheira-Donoso et al. 2015; BMC Evol. Biol.)
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Figure. Example 3D traitgram. Figure. Example 3D phylomorphospace.
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Biogeographic methods
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Figure 3 Lineages-through-time plot of the African
danthonioids, showing no change in diversification rate. The
black curve represents the maximum clade credibility tree, and
grey curves represent 200 trees randomly sampled from the
posterior distribution from the set of BEAST trees.
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Figure 4 The comparison between the accumulation of
diversity in winter rainfall (WR) and summer rainfall (SR)
lineages of the African danthonioids. Each point reflects a node
on the maximum clade credibility tree from the BEAST analysis,
the diversity estimate is the marginal probabilities of WR and
SR multiplied by the summed probabilities of WR and SR of all
ancestral nodes, with light grey indicating WR and dark grey SR.

(Linder & Bouchenak-Khelladi 2015; J. Biogeogr.)



AD. McKelwy, ET. Burbrink/ Molecular Phylogenetics and Evolution 106 (2007 ) 61-72

Fig. 2 Admixture map and phylogeographic relationships among taxa, Individual gene trees are reported in Supplementary Material 1.

(McKelvy & Burbrink 2017; MPE)
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Figure 2. Dendrogram to geographic map. Dendrogram solution is linked on the map of Madagascar.
Color codes for species are as follows: Nesomyrmex flavus sp. n.: green, N. gibber: black, N. madecassus:
red, V. nitidus sp. n.: blue. Samples of N. gibber found in Mauritius, East to Madagascar (not shown).

(Cs6sz & Fisher, 2016; ZooKeys)
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New methods
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Figure. Example fitted models from (a.) 6 and (b.) 10 state discrete character data
on phylogenies.
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snout length in rhinogrades
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Co-phylogenetic plotting
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Plotting methods

e All standard statistical courses recommend
plotting your data before analysis & to
understand results.

 Phylogenetic data are inherently more
complex, and thus require specialized
visualization methods.
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