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WHAT INFORMATION IS ON TREES?
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WAYS TO USE TREES
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SPECIES

CO-OCCURRENCE

Barnagaud et al. 2014
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Wasp genus_Ficus spp. Pollinator
Agaon_F cyathistipula :

Eupristina_F. microcarpa
Pegoscapus F. aurea
Platyscapa_F. religiosa

Dolichoris_K vasculosa

C O EVO L U T I O N | 'I Blastophaga FE carica
| Valisia FE triloba
Tetrapus F adhatodifolia
Wang et al. 2021 I \ Tetrapus_F. maxima
Blastophaga FE gasparriniana
Wiebesia F. sagittata
Ceratosolen_F hispida
Ceratosolen_F. hainanensis

Ceratosolen_F. microdictya

Kradibia_F. cyrtophylla
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Ficus subgenus:  Pharmacosycea Urosticma
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Thalassoma purpureum

Hemigymnus melapterus // Thalassoma virens
Coris aygula I v @

Coris flavovittata \\ o\ \‘f - , /I /N Halichoeres socialis
W\ ,,

No. of grid cells
1 258

Pseudolabrus gentheri

FUNCTIONAL
TRAITS

Floeter et al. 2017

Semicossyphus pulc

Odax pullus

Scarus guacamaia Symphodus roissali
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Cetoscarus bicolor D
Cheilinus undulatus



USING TREES IN
RESEARCH
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CREATING TREES DE NOVO

Relationships between organisms are
unknown

Use a variety of traits
Morphology
Behavior
Genetics

Incorporate fossils and molecular clocks for
dating
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USING EXISTING TREES

Finding the right tree
Broadness
Detail
Current hypotheses




FROG EXAMPLE: QUESTION

Evolution of parental care in poison frogs
Broadness: Include all dendrobatid frogs

Detail: Tips represent species
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FROG EXAMPLE: STEPS

Find a paper with a useful tree
Find the tree file

Download tree file and use
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ALL FROGS

Feng et al. 2017

Leiopeimatoidea

Discoglossoidea
Anura

Pipoidea

Pelobatoidea

Neobatrachia

Microhylidae

Rancidea|

Afrobairachia

[os)

K-Pg boundary

Natatanura

Net diversification rate

Time before present (Mya)

Helvaphame purce i
fee!

.w::m:"*
Unrd’mws.uﬁr*l

o

i
mm“.m
Peyraisera fi

s
Poadaes mpnm,

}— Fenacophordae

elyoeleqoaey oy

EIYOEIJB(OSN



Leiopeimatoidea

Discoglossoidea
Anura

Pipoidea

Pelobatoidea

Helvaphame purce i
fee!
.w::m:"*

umdmm..am

o

Neobatrachia

TOO BROAD

i
mm“.m
Peyraisera fi

Feng et al. 2017

Microhylidae

Rancidea|

Afrobairachia

[os)

K-Pg boundary

Natatanura

ris3 oot
N)yﬁmmpnm: }— Fisc by

Net diversification rate

E Tuschhoff, EEB Seminar 2023
Time before present (Mya)

elyoeleqoaey oy

EIYOEIJB(OSN



Excidobates

Andinobates

Ranitomeya
) Ameerega
DENDROBATIDAE
204 A
16.9 19.57 Colostethus
36 2
Guillory et al. 2019 W %
72 Ta
& o Epipedobates
10 ;
o $ S erstoneia
Dendrobates | EE Hyloxalus

E Tuschhoff, EEB Seminar 2023

Allobates




Excidobates

Andinobates

Ranitomeya

B> Ameerega

GOOD SCALE 4
TIPS ARE GENERA \
16.9 19.57 Colostethus
Guillory et al. 2019 . %
&S - Epipedobates
10 ;
o $ S erstoneia
Dendrobates | EE Hyloxalus

E Tuschhoff, EEB Seminar 2023

Allobates




a Silverstonei

Paruwrobates: Hyloxalus...‘......::z::;::.-::..: o Epipedobates *ﬁ,h,_;b
Ectopoglossu ' .o.'...::......onoooooo....:.- ..m Py
S‘ 00%500% .'00.'.0.:_ k Colostethus
%000 002
%50®
-

‘o.;;.'\\
oo e Leucostethus
o

00g¢ .:::..

DENDROBATIDAE

iy
@
[ ]
S8
Dendrobates e H
sensu lato 4 ;
!..J
o0
+ @
.9
®
[ ]
.i
2

Carvajal-Castro et al. 202 g

Colostethus ~
ruthveni

0. - o 0%
(N ]
... :.. e N OO...................., AT
0.0 -oooooo?::'.:.._... i

Anomaloglossus

Allobates

Y Nna Y Nna Y Nna
0 - 00 - o0 -

E Tuschhoff, EEB Seminar 2023 Conspicuousness Tadpole deposition site (phytotelmata Sex of tadpole carrier (female)




Paruwrobates Hyloxalus ._..0.0.0.:::::::::.'::.- ‘o Epipedobates ]
Ectopoglossu. 2 .o‘..‘0'.....«-0000.00....:.-...% 7 i
... ..... () ... i
o0 e ’Oo...o_ Colostethus
o® ..o. o
%50®
R

N,
RN
2 oo Leucostethus
oote

GOOD SCALE <

TR

TIPS ARE SPECIES | ... [}

Carvajal-Castro et al. 202 g

Colostethus e
ruthveni

Phy.'loates '.'f.'.??.‘_’::....“_.”“.“.. eevee®’
le@. .. 'Oooooofz-.:..’_'... .
Allobates Anomaloglossus
Y Nna Y Nna Y Nna

Conspicuousness Tadpole deposition site (phytotelmata Sex of tadpole carrier (female)

E Tuschhoff, EEB Seminar 2023




FROG EXAMPLE: STEPS

a. Carvajal-Castro et al. 2021
2. Find the tree file

3. Download tree file and use




FROG EXAMPLE: FIND TREE

Read methods of Carvajal-Castro et al. 202 |

Did they make their own tree!

If yes, look in supplementary materials or data
accessibility statement

If no, look at source paper
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PHYLOGENETIC DATABASES

Dryad: data repository with many trees

Open Tree of Life: find supporting and
conflicting studies for nodes

MorphoBank: matrices of morphological
characters and associated trees

PhylomeDB: gene phylogenies
DataOne: search across multiple databases




TREES IN R
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TREE FORMATS

Newick:

" Tips ((A:1,B:2):3,C:4);

 Sister taxa




((A:1,B:2):3,C:4);

Tips
Sister taxa

Branch lengths
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TREE FORMATS

Phylip: includes multiple sequence
alignments

NEXUS: includes comments and
additional information in blocks




PLOTTING ATREE IN R

Package: ape
Functions:
read.tree() for Newick trees

read.nexus() for NEXUS trees
plot.phylo() draw and adjust appearance



Gorilla

Homo

FPan

library (ape)

mytr <- read.tree(text = "((pan:5,homo:5):2,gor1lla:7);")
plot.phylo (mytr)




Gornilla

Homo

FPan

geo <- factor(c("Africa", "World", "Africa"))

mycol <- c("blue", "red") [geoO]
plot.phylo (mytr, tip.color = mycol)




Gornilla

Homo

1 FPan

add.scale.bar ()




Gornilla

Homo

FPan

axisPhylo ()




4 [35orilla
@ @-Jr::mr::
[1] 5]
[ I [ I @ ﬂjan
6 5 4 3 0

nodelabels ()

tiplabels ()
edgelabels ()




Gonlla

Homo

Fan

plot.phylo(mytr,x.1lim=12)

phydataplot (x, mytr, "m", offset 2,




ANSWERING
QUESTIONS

WITH
PHYLOGENIES

* How fast are traits
evolving!?

* Are traits correlated
with one another?

* What were the
ancestral traits?



IMPORTANT PACKAGES

ape: Paradis et al. 2023

phangorn: Schliep et al. 2023

phytools: Revell 2023




RATES OF EVOLUTION

Package: geiger

Functions:
fitDiscrete() models vary by # of rates
fitContinuous() variety of models

fitContinuousMCMC() writes to BEAST-
friendly text file
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TRAIT CORRELATIONS

Package:
Function:

pgls() linear model for continuous traits



TRAIT CORRELATIONS

Package:
Function:

fitPagel() direction of effect for
binary traits




TRAIT RECONSTRUCTION

Package:
Function:

ace() continuous and discrete traits




TRAIT RECONSTRUCTION

Package: HISSE

Function:

MarginReconHiSSE() probabilities of traits
at nodes and tips



TRAIT RECONSTRUCTION

Package: phangorn
Function:

ancestral.pml() no probabilities
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