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Supplementary Methods 1 - Gene and taxon sampling
We based our analyses on 11 gene regions: the mitochondrial COI gene (1473 bp) and the
nuclear genes ArgKin (596 bp), CAD (850 bp), DDC (373 bp), EFla (1240 bp), GAPDH
(691 bp), IDH (710 bp), MDH (733 bp), RpS5 (617 bp), RpS2 (411 bp), and wingless (412
bp). These gene regions have been used extensively in molecular systematic studies of
Nymphalidae. Most unpublished sequences that we use have been generated according to
protocols reported in !,

We assembled our dataset from two databases: our own VoSeq ? and BoLD 3. From
each of these databases we extracted all the individuals classified as “Nymphalidae”, which
gave us 10,477 individuals and 23,138 individuals respectively (as of May 2016). In the
VoSeq dataset, we filtered multiple hits of species names by keeping only one species
representative having the highest number of base pairs available. This first list of taxa was
compared to the dataset imported from BoLD, which allowed adding 415 taxa absent from
VoSeq for a total of 3,070 taxa. This list of taxa was further cleaned by checking for
misspellings of names leading to multiple representatives per species. We also removed all
the barcode sequences imported from BoLD that were not associated with a published paper
on GenBank. We checked for the validity of all species names, mostly relying on online
resources (e.g.
http://ftp.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ditrysia/papilionoidea/nymphalidae/).
When we encountered a disagreement on taxon assignment we searched for the most recent
relevant source of information to decide whether the taxon was included as a valid species or
removed. All these sequences were aligned in Codon Code v.7.1.2 (CodonCode Corporation,
www.codoncode.com) and uploaded into our VoSeq database. Finally, we used RAxML
v.8.2.12 % on the full dataset, to search for the best scoring topology. We partitioned the
dataset into 4 subsets: 1% position of all nuclear genes, 2" position of all nuclear genes, 3™
position of all nuclear genes, 1** and 2™ position of COI (3™ position of COI was excluded).
We selected a GTR+G to model substitution rates for each partition. This RAXML analysis
was used to identify misidentifications, rogue taxa, and other species with unexpected
phylogenetic positions likely resulting from human/laboratory error and to check for
misalignments. Rogue taxa were removed from the dataset. After these cleaning steps, we

ended up with a final taxon sampling of 2,866 species (Supplementary Data 1).



Supplementary Methods 2 - Time-calibrated phylogeny

1 - Overview
The scale of our dataset prevented us from a direct timing of divergence analysis of the full
dataset. Therefore, we adopted a tree grafting procedure (e.g., >~’). We first built a backbone
tree, based on a dataset of 800 taxa with at least 6 sequenced gene regions available. This
backbone was time-calibrated using a set of 20 secondary calibrations from a recent genus
level time-calibrated tree of all Papilionoidea ®. We then inferred 15 species-level trees,
corresponding often to the different subfamilies. For these trees, we included as many species
as possible regardless of the amount of molecular information available, and we estimated
relative times of divergence. Finally, these subclade trees were rescaled using the age of the
root estimated in the backbone analysis, to be grafted on the backbone tree. This process was
performed on the posterior distributions of both the backbone and the subclades to build a

posterior distribution of grafted trees, each tree with 2,866 species.

2 - Backbone dataset
To build a robust time-calibrated backbone tree, we created a subset of taxa that had at least 6
gene regions out of 11 to limit the potential effect of missing information in our molecular
dataset. All genera were represented in this subset, which contained 1,172 taxa. We further
refined this list by removing some taxa from clades that were overrepresented. As such, our
final dataset contained 789 species classified as Nymphalidae (Supplementary Data 1). We
added 11 outgroups, including Lycaenidae and Riodinidae — the two sister families of
Nymphalidae - and Pieridae, sister family to Lycaenidae + Riodinidae + Nymphalidae.
Preliminary analyses revealed potential saturation with the 3™ codon position of COI for the

time-calibration analysis. Thus, we excluded this position from the backbone analyses.

3 - Time-calibrated backbone phylogeny
For the backbone tree, we followed ®’s partitioning strategy for the backbone: 1% position of
all nuclear genes, 2" position of all nuclear genes, 3™ position of all nuclear genes, 1* and 2™
position of COI. For each subset, the substitution rate was modelled by a GTR+G. First, we
performed a maximum likelihood search with RAXML v.8.2.12 * to obtain a topology. This
topology was almost identical to that obtained in *’s time calibration of butterflies, which is
our source of secondary calibrations for this study. To ensure correct estimation of the crown
and stem ages of the subclades that were to be grafted, we compared the subclade tree

topologies (see below), and checked that the deepest node within each subclade was included.



This backbone topology was then time-calibrated using BEAST 1.8.3. °. To time-calibrate the
backbone tree we used the same partitioning strategy as for RAXML and GTR+G to model
the rates of substitution. For each subset, we set an uncorrelated lognormal relaxed clock
(unlinked across partitions, four independent clocks). For calibrating the clocks, we relied on

8

secondary calibrations taken from °. The butterfly fossil record is depauperate, which

108 estimated a time-calibrated genus-level

drastically limits their use in time-calibrations
tree of butterflies, using the most complete set of fossils up to date, which provides the most
robust age estimates for the root of Nymphalidae and internal relationships to date. Using
these estimations, we defined a set of 20 calibration points across the tree (Supplementary
Table 2. 1). We used normal priors for these calibration points, where the mean and standard

deviation were adjusted to recover the age and credibility interval from ®

. We ran eight
independent BEAST analyses for 40 million generations each, sampling every 40,000
generations. We checked for convergence of the Markov chains Monte Carlo (MCMC) using
Tracer v.1.6. After removing the first 10 million generations as burn-in we combined the
different runs using LogCombiner 1.8.3 °. Posterior distributions of node ages were
synthesized by extracting the median and 95% credibility interval (CI) for each node. This

tree was compared to that of ® to ensure that we recovered expected ages.

Supplementary Table 2. 1. Clades corresponding to the nodes constrained for time-
calibrating the backbone tree. Information about the shape of normal prior (mean and standard
deviation) is also given.

Clade mean stdev
root 83 120
Apaturinae 33.6 4.00
Biblidinae 40.1 4.00
Charaxinae 41 4.0
Cyrestinae 334 4.0
Danainae 42 4
Heliconiinae 47.7 4.5
Limenitidinae 48.7 4.5
Nymphalidae 82 7.5
Nymphalinae 47.5 4.5
Satyrinae 54.4 4.5
Ithomiini 25.6 2.8
Argynnini 29.2 3.0
Adoliadini 32.2 3.2
Limenitidini 16.3 2

Nymphalini 35 3.5



Melitaeini 27.4 2.5

Charaxini_Euxanthini 17.5 2.2
Mycalesina 24.2 2.2
Satyrini 37.2 3.5

4 - Subclade trees
We subdivided the whole family Nymphalidae into 15 monophyletic groups of species
(sublades), all well defined by previous literature. These subclades corresponded to the
Danaini, Ithomiini, Heliconiinae, Cyrestinae, Charaxinae, Libythaeinae, Nymphalinae,
Apaturinae, Biblidinae, Calinaginae, Limenitidinae, Pseudergolinae, Satyrinae group I
(Heteropsis+Coenonympha), Satyrinae group II (Elymnias+Morpho) and Satyrini. For each of
them we included all the species available. We also added two outgroups, one from the sister
clade of the focal subclade and one sister clade to the two previous ones. For each subclade
dataset we started by assessing the best partitioning strategy using PartitionFinder 2 !,
allowing all possible combinations of genes and codon position and all substitution models
available in BEAST. Partitioning strategies were identified using the greedy algorithm and
BIC score. By default, we started by setting one molecular clock (uncorrelated relaxed clock
with lognormal distribution) for each partition. If convergence or good mixing could not be
obtained after running BEAST, we reduced the number of molecular clocks (see detailed
description of subclade analyses). We did not add any time-calibration and therefore only
estimated the relative divergence times. We enforced the monophyly of the clade to be grafted
(i.e., excluding the outgroups); all other relationships were estimated by BEAST. We
performed at least two independent runs with BEAST for each subclade. The length of the
MCMC varied according to the size of the subclade (see detailed description of subclade
analyses descriptions). We checked for convergence and mixing of the MCMC using Tracer
v.1.6.0 (http://beast. bio. ed. ac. uk/tracer). Posterior distributions were finally combined after

removing an appropriate burn-in fraction.

Details of the analysis for each subclade are provided hereafter.

a) Apaturinae

Dataset — The dataset for the Apaturinae consisted of 32 taxa to which two outgroups were
added: Marpesia eleuchea (Cyrestinae), Biblis hyperia (Biblidinae).
Partition Finder — Partition Finder identified 10 subsets.



Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+I+G MDH posl, IDH posl, CAD posl, GAPDH posl,
ArgKin_posl, RpS2 posl, RpS5 posl, EFla posl

Subset 2 TRN-+I GAPDH pos2, RpS5 pos2, EFla pos2,
ArgKin pos2, MDH pos2, CAD pos2, IDH pos2

Subset 3 GTR+G wingless pos3, ArgKin pos3, GAPDH pos3,
EFla pos3

Subset 4 HKY+I CAD _pos3

Subset 5 HKY+G COl-begin_pos3, COIl-end pos3

Subset 6 GTR+G COlI-begin_posl, COI-end posl

Subset 7 HKY+I COl-begin_pos2, COI-end pos2

Subset 8 GTR+G DDC pos3, RpS2 pos3, RpS5 _pos3, IDH pos3,
MDH _pos3

Subset 9 K80 DDC posl, wingless pos2, wingless posl

Subset 10 | JC RpS2 pos2, DDC pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subsetl.at, cg, gt, subset6.ac, at, cg, gt. We used a single molecular clock linked across all
partition to obtain good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 60 million generations, sampling trees and parameters every 6000

generations.
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Supplementary Figure 2. 1. Maximum clade credibility tree for the Apaturinae subclade
from BEAST. Posterior probabilities are indicated at the nodes.

b) Biblidinae

Dataset — The dataset for the Biblidinae consisted of 155 taxa to which two outgroups were

added: Marpesia eleuchea (Cyrestinae), Chitoria ulupi (Apaturinae).



Partition Finder — Partition Finder identified 12 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+I+G DDC posl, ArgKin_posl, RpS2 posl, MDH posl,
RpS5 posl, IDH posl, wingless posl, CAD posl

Subset 2 GTR+I+G COl-begin pos2, EFla pos2, GAPDH pos2,
RpS5 pos2, ArgKin pos2, DDC pos2, IDH pos2,
CAD pos2, MDH pos2, COI-end pos2

Subset 3 GTR+G ArgKin pos3

Subset 4 HKY+I+G MDH pos3, CAD pos3

Subset 5 GTR+I+G COlI-begin_pos3

Subset 6 GTR+I+G COl-end posl, COI-begin_posl

Subset 7 HKY+G COlI-end pos3

Subset 8 GTRHI+G DDC pos3, IDH pos3, GAPDH_pos3

Subset 9 GTR+G EFla pos3

Subset 10 | TRN+I+G GAPDH posl, EFla posl

Subset 11 | JC+G RpS2 pos2, wingless pos2

Subset 12 | HKY+G wingless pos3, RpS5 pos3, RpS2 pos3

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subset3.cg, gt, subsetS.at, ag, cg. We used one molecular clock per subset identified by
Partition Finder and obtained good mixing and convergence. We used a birth-death tree prior.
We performed two runs of 150 million generations, sampling trees and parameters every

15000 generations.
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Supplementary Figure 2. 2. (page before). Maximum clade credibility tree for the Biblidinae
subclade from BEAST. Posterior probabilities are indicated at the nodes.

c) Calinaginae

Dataset — The dataset for the Calinaginae consisted of 6 taxa to which two outgroups were
added: Heliconius melpomene (Heliconiinac), Amathusia phidippus (Satyrinae).

Partition Finder — Partition Finder identified 9 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR ArgKin posl, RpS2 posl, EFla posl,
wingless posl, DDC posl, RpS5 posl,
GAPDH posl, CAD posl, MDH posl, IDH posl

Subset 2 HKY RpSS5 pos2, MDH pos2, GAPDH pos2, DDC pos2,
ArgKin_pos2, IDH pos2, EFla_pos2

Subset 3 GTR EFla pos3, ArgKin pos3

Subset 4 TRN MDH pos3, CAD pos3

Subset 5 TRN+I CAD pos2, COI-end posl, COI-begin posl

Subset 6 HKY+I COl-end pos3, COI-begin pos3

Subset 7 HKY COlI-end pos2, COI-begin_pos2

Subset 8 GTR RpS2 pos3, IDH pos3, RpS5 pos3, GAPDH_pos3,
DDC _pos3, wingless pos3

Subset 9 JC wingless pos2, RpS2 pos2

BEAST analysis — In order to improve the quality of our runs, we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subset3.cg, subset8.cg, subsetl.at, gt. We used a single molecular clock linked across all
partition to obtain good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 50 million generations, sampling trees and parameters every 5000

generations.
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Supplementary Figure 2. 3. Maximum clade credibility tree for the Calinaginae subclade
from BEAST. Posterior probabilities are indicated at the nodes.

d) Charaxinae

Dataset — The dataset for the Charaxinae consisted of 234 taxa to which two outgroups were
added: Calinaga davidis (Calinaginae), Amathusia phidippus (Satyrinae).
Partition Finder — Partition Finder identified 11 subsets.

Subset # Substitution model Gene fragments and codon positions
Subset 1 TRN+I+G ArgKin posl, GAPDH posl, MDH posl,
EFla posl, RpS2 posl, RpS5 posl
Subset 2 HKY+I+G MDH pos2, RpS5 pos2, EFla pos2, GAPDH pos2,
ArgKin_pos2, DDC pos2, IDH pos2
Subset 3 TRN RpS2 pos2, wingless pos2, ArgKin pos3
Subset 4 HKY+I+G MDH pos3, CAD pos3
Subset 5 GTR+G DDC posl, wingless posl, CAD posl, IDH posl
Subset 6 TRN+I CAD pos2, COI-begin_pos2, COI-end pos2
Subset 7 GTR+G COlI-end_pos3, COI-begin_pos3
Subset 8 TRN+I+G COl-end posl, COI-begin_posl
Subset 9 GTR+I+G DDC pos3, IDH pos3, RpS2 pos3, GAPDH pos3
Subset 10 | GTR+I+G EFla pos3, RpS5 pos3
Subset 11 | K8O+I+G wingless pos3




BEAST analysis — In order to improve the quality of our runs we replaced the substitution
model of subset3 by K80. We used one molecular clock per subset identified by Partition
Finder and obtained good mixing and convergence. We used a birth-death tree prior. We

performed two runs of 100 million generations, sampling trees and parameters every 10000

generations.
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Supplementary Figure 2. 4. (page before). Maximum clade credibility tree for the
Charaxinae subclade from BEAST. Posterior probabilities are indicated at the nodes.

e) Cyrestinae

Dataset — The dataset for the Cyrestinae consisted of 28 taxa to which two outgroups were
added: Antanartia delius (Antanartia), Chitoria ulupi (Apaturinae).

Partition Finder — Partition Finder identified 11 subsets.

Subset # Substitution model Gene fragments and codon positions
Subset 1 GTR+G wingless posl, RpS5 posl, ArgKin posl,
RpS2 posl, MDH posl, CAD posl
Subset 2 HKY+I DDC pos2, ArgKin pos2, CAD pos2, IDH pos2
Subset 3 GTR+G EFla pos3, ArgKin pos3
Subset 4 HKY+I+G MDH pos3, CAD pos3
Subset 5 GTR+I+G COl-end_pos3, COI-begin_pos3
Subset 6 TRN+I+G COlI-end posl, COI-begin posl
Subset 7 HKY+I COl-begin_pos2, COI-end pos2, RpS5 pos2,
GAPDH pos2, MDH pos2, EFla pos2
Subset 8 TRN+G wingless pos3, DDC pos3
Subset 9 TRN+I+G wingless pos2, DDC posl, IDH posl,
GAPDH posl, EFla posl
Subset 10 | GTR+G RpSS5 pos3, RpS2 pos3, IDH pos3, GAPDH pos3
Subset 11 | JC RpS2 pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subset5. at, cg, gt. We used one molecular clock per subset identified by Partition Finder and
obtained good mixing and convergence. We used a birth-death tree prior. We performed two

runs of 60 million generations, sampling trees and parameters every 6000 generations.
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Supplementary Figure 2. 5. Maximum clade credibility tree for the Cyrestinae subclade
from BEAST. Posterior probabilities are indicated at the nodes.

f) Danaini

Dataset — The dataset for the Danaini consisted of 46 taxa to which two outgroups were

added: Tellervo zoilus (Tellervini), Libythea celtis (Libytheinae).

Partition Finder — Partition Finder identified 11 subsets.

Subset # Substitution model Gene fragments and codon positions
Subset 1 GTR+G wingless posl, RpS5 posl, ArgKin posl,
RpS2 posl, MDH posl, CAD posl
Subset 2 HKY+I DDC pos2, ArgKin pos2, IDH pos2, CAD pos2
Subset 3 GTR+G EFla pos3, ArgKin pos3
Subset 4 HKY+I+G MDH pos3, CAD pos3



Subset 5 GTR+I+G COl-end_pos3, COI-begin_pos3

Subset 6 TRN+I+G COl-end posl, COI-begin_posl

Subset 7 HKY+I COl-begin_pos2, COI-end_pos2, RpS5 pos2,
GAPDH pos2, MDH pos2, EFla pos2

Subset 8 TRNEF+G DDC pos3, wingless_pos3

Subset 9 TRN+I+G wingless pos2, DDC posl, IDH posl,
GAPDH posl, EFla posl

Subset 10 | GTR+G RpSS5 pos3, RpS2 pos3, IDH pos3, GAPDH pos3

Subset 11 | JC RpS2 pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subset5.at, cg, gt, subset10.cg, subsetl.cg. We used a single molecular clock linked across all
partition to obtain good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 60 million generations, sampling trees and parameters every 7000

generations.
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Supplementary Figure 2. 6. Maximum clade credibility tree for the Danaini subclade from
BEAST. Posterior probabilities are indicated at the nodes.

g) Heliconiinae



Dataset — The dataset for the Heliconiinae consisted of 248 taxa to which two outgroups were

added: Pseudergolis wedah (Pseudergolinae), Cymothoe caenis (Limenitidinae).

Partition Finder — Partition Finder identified 13 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 TRN+I+G GAPDH posl, EFla posl, ArgKin posl,
RpS2 posl, RpS5 posl

Subset 2 TRN+I+G RpS2 pos2, RpSS5 pos2, EFla pos2, GAPDH pos2,
ArgKin pos2

Subset 3 GTR+G ArgKin pos3

Subset 4 HKY+I+G MDH pos3, CAD pos3

Subset 5 GTR+I+G CAD posl, MDH posl, IDH posl

Subset 6 GTR+I+G DDC pos2, IDH pos2, CAD pos2, MDH pos2, COI-
begin pos2, COI-end pos2

Subset 7 GTR+G COl-begin_pos3

Subset 8 TRN+I+G COlI-end posl, COI-begin posl

Subset 9 GTR+G COl-end pos3

Subset 10 | GTR+I+G IDH_pos3, DDC pos3

Subset 11 | SYM+G wingless pos2, DDC posl, wingless posl

Subset 12 | GTR+I+G RpS2 pos3, wingless pos3, EFla pos3, RpS5 pos3

Subset 13 | TRN+I+G GAPDH pos3

BEAST analysis — In order to improve the quality of our runs we replaced the default priors

for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:

subset9.cg. We used one molecular clock per subset identified by Partition Finder and

obtained good mixing and convergence. We used a birth-death tree prior. We performed three

runs of 100 million generations, sampling trees and parameters every 10000 generations.
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Supplementary Figure 2. 7. (page before). Maximum clade credibility tree for the
Heliconiinae subclade from BEAST. Posterior probabilities are indicated at the nodes.

h) Ithomiini

Dataset — The dataset for the Ithomiini consisted of 337 taxa to which two outgroups were
added: Danaus plexippus (Danaini), Tellervo zoilus (Tellervini).

Partition Finder — Partition Finder identified 12 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 TRN+I+G ArgKin posl, RpS2 posl, EFla posl

Subset 2 GTR+I+G RpS5 pos2, GAPDH pos2, DDC pos2, CAD pos2,
IDH_pos2, ArgKin pos2, EFla_pos2

Subset 3 GTR ArgKin_pos3

Subset 4 HKY+I+G MDH pos3, CAD pos3

Subset 5 GTR+I+G RpS5 posl, GAPDH posl, wingless posl,
MDH posl, CAD posl, IDH posl, DDC posl,
wingless pos2

Subset 6 GTR+I+G COl-end pos3, COI-begin_pos3

Subset 7 TRN+I+G COl-end_posl, COI-begin_posl

Subset 8 TRN+I+G MDH _pos2, COI-begin pos2, COI-end pos2

Subset 9 K80 DDC pos3

Subset 10 | GTR+I+G EFla pos3, wingless pos3, RpS5 pos3

Subset 11 | GTR+G IDH pos3, GAPDH pos3, RpS2 pos3

Subset 12 | JC+I RpS2 pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subset3.at, cg, gt, subset3.ag, cg. We used one molecular clock per subset identified by
Partition Finder and obtained good mixing and convergence. We used a birth-death tree prior.
We performed two runs of 100 million generations, sampling trees and parameters every

10000 generations.
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Supplementary Figure 2. 8. Maximum clade credibility tree for the Ithomiini subclade from
BEAST. Posterior probabilities are indicated at the nodes.

1) Libytheinae

Dataset — The dataset for the Libytheinae consisted of 10 taxa to which two outgroups were
added: Danaus plexippus (Danaini), Heliconius melpomene (Heliconinae).

Partition Finder — Partition Finder identified 10 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+G DDC posl, CAD posl, MDH posl, IDH posl,
wingless posl, ArgKin_posl, RpS5 posl,
RpS2 posl, EFla posl, GAPDH posl

Subset 2 HKY+I RpSS5 pos2, GAPDH pos2, MDH pos2,
ArgKin pos2, EFla pos2, IDH pos2, DDC pos2,
CAD pos2

Subset 3 HKY ArgKin_pos3

Subset 4 HKY+G IDH pos3, MDH_pos3, CAD_pos3

Subset 5 HKY+G COl-end pos3, COI-begin pos3

Subset 6 TRN+G COl-end posl, COI-begin_posl

Subset 7 HKY COlI-begin_pos2, COI-end pos2

Subset 8 GTR RpS2 pos3, DDC pos3, GAPDH_pos3, RpS5 pos3,
wingless pos3

Subset 9 HKY+G EFla pos3

Subset 10 | JC RpS2 pos2, wingless pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subsetl.at, cg, gt. We used a single molecular clock linked across all partition to obtain good
mixing and convergence. We used a birth-death tree prior. We performed two runs of 30

million generations, sampling trees and parameters every 3000 generations.
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Supplementary Figure 2. 9. Maximum clade credibility tree for the Libytheinae subclade
from BEAST. Posterior probabilities are indicated at the nodes.

j) Limenitidinae

Dataset — The dataset for the Limenitidinae consisted of 311 taxa to which two outgroups
were added: Pseudergolis wedah (Pseudergolinae), Heliconius melpomene (Heliconinae).

Partition Finder — Partition Finder identified 14 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+I+G GAPDH posl, ArgKin posl, wingless pos2,
EFla posl, RpS2 posl

Subset 2 GTR+I+G EFla pos2, ArgKin pos2, DDC pos2, RpS5 pos2,
CAD pos2, IDH pos2, MDH pos2, GAPDH_pos2

Subset 3 GTR+G ArgKin pos3

Subset 4 HKY+I+G CAD _pos3, MDH_pos3

Subset 5 GTR+I+G DDC posl, wingless posl, CAD posl, RpS5 posl,
MDH posl, IDH posl

Subset 6 GTR+I+G COlI-begin_pos3

Subset 7 GTR+I+G COl-begin posl, COI-end posl

Subset 8 GTR+I+G COlI-begin_pos2, COI-end pos2

Subset 9 GTR+G COl-end pos3

Subset 10 | K8O+I+G DDC pos3

Subset 11 | GTR+I+G EFla pos3

Subset 12 | GTR+I+G IDH_pos3, GAPDH_pos3




Subset 13 | JC RpS2 pos2
Subset 14 | GTR+I+G RpS2 pos3, RpS5 pos3, wingless pos3

BEAST analysis — After multiple attempts to modify priors we could not obtain a good
convergence of the MCMC. Hence, we decided to fix the topology. We performed an analysis
with IQtree to search for the best topology. The topology was then enforced in our BEAST
analysis and we only estimated the relative branch lengths. We also replaced the default prior
for rates of substitutions by uniform prior ranging between 0 and 10 for the following case:
subset9.cg. We used two molecular clocks: one for the mitochondrial gene fragments and one
for the nuclear gene fragments. We used a birth-death tree prior. We performed two runs of

50 million generations, sampling trees and parameters every 5000 generations.
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Supplementary Figure 2. 10. (page before). Consensus tree for the Limenitidinae subclade
from IQtree. Numbers at the nodes are SH-aLRT support (%) / ultrafast bootstrap support
(%).

k) Satyrinae group II

Dataset — The dataset for the Satyrinae group II consisted of 169 taxa to which two outgroups
were added: Anaea troglodyta (Charaxinae), Brintesia circe (Satyrinae).
Partition Finder — Partition Finder identified 10 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 TRN+I+G wingless pos2, ArgKin posl, RpS2 posl, EFla posl

Subset 2 TRN+I+G RpS2 pos2, EFla pos2, RpS5 pos2, ArgKin pos2,
GAPDH pos2, DDC pos2

Subset 3 HKY+I+G DDC pos3, ArgKin pos3, wingless pos3

Subset 4 HKY+I+G CAD _pos3, MDH_pos3

Subset 5 GTR+I+G GAPDH posl, IDH posl, RpS5 posl, MDH posl,
CAD posl, DDC posl, wingless posl

Subset 6 GTR+I+G MDH pos2, COI-begin pos2, COI-end pos2,
CAD pos2, IDH pos2

Subset 7 GTR+G COlI-begin_pos3, COI-end pos3

Subset 8 GTR+I+G COl-begin_posl, COI-end posl

Subset 9 GTR+I+G GAPDH pos3, RpS5 pos3, EFla pos3

Subset 10 | GTR+G RpS2 pos3, IDH pos3

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
sub7.ag, at, gt, cg. We used one molecular clock per subset identified by Partition Finder and
obtained good mixing and convergence. We used a birth-death tree prior. We performed three

runs of 100 million generations, sampling trees and parameters every 10000 generations.



NW117_20_Elymnias_bammakoo

0.96

IW11_Elymnias_papua
NW112_19_Elymnias_hypermnestra
OX14_Elymnias_ceryx

DL_11_QO065_Elymnias_congruens
NW121_22_Elymnias_nesaea
NW121_20_Elymnias_casiphone
DL_09_MO008_Elymnias_melias
AM150_Elymnias_mimalon
HD_14_B110_Elymnias_agondas

0.88

NW142_8_Xanthotaenia_busiris
NW106_10_Zethera_incerta
NW121_7_Ethope_noirei
CP_B02_Penthema_darlisa

1 GBLN1801_08_Penthema_adelma

L‘E NW118_14_Neorina_sp
- GBLN993_07_Neorina_patria

DL_02_P687_Aemona_lena

0.91

NW17727_Faunis_menado

BOPM522_12_Melanocyma_faunula

CATS067_10_Taenaris_dimona
0. 097 NW102_4_Taenaris_cyclops
- NW102_1_Morphotenaris_schoenbergi

NW97_7_Stichophthalma_howqua

NW111_15_Thauria_aliris

SA_8_2_Thaumantis_klugius
BOPM171_12_Discophora_timora

0.95

I1_E NW101_6_Discophora_necho
NW102_2_Discophora_sondaica
BOPM527_12_Amathusia_friderici

1 NW114_17 Amathusia_phidippus

NW111_14_Amathuxidia_amythaon
0.9 BOPM520_12_Zeuxidia_aurelius
0. 5 NW101_2_Zeuxidia_dorhni
- UMKL_JJWO0333_Zeuxidia_doubledayi

LEP_14258_Dulcedo_polita

0.92

0.78

LEP_08924_Pseudohaetera_hypaesia

0.6

CPO01_84_Haetera_piera
LEP_09925_Cithaerias_pireta

1 LEP_14257_Cithaerias_pyropina
_|-|Jo__99 LEP_08919_Cithaerias_cliftoni
— NW93_1_Cithaerias_aurora

LEP_08908_Pierella_lena
LEP_08935_Pierella_lucia
PM14_12_Pierella_astyoche
LEP_08928_Pierella_hortona
58— CP14_08_Pierella_nereis

0.99 LEP_08934_Pierella_lamia
4%5 LEP_08925_Pierella_hyceta
— LEP_09921_Pierella_luna

1

— 0.79

NW102_5_Hyantis_hodeva

PM15_09_Morphopsis_albertisi

EW11_1_Manataria_hercyna

CP16_12_Cyllogenes_woolletti

NW102_12_Melanitis_ansorgei

KA_P631_Gnophodes_chelys

NW121_18_Melanitis_zitenius
0. UMKL_JJW0245_Melanitis_phedima
NW66_6_Melanitis_leda

CP13_03_Paralethe_dendrophilus

CP13_01_Aeropetes_tulbaghia

1 SW_086_Tarsocera_dicksoni
} | 1 E1 SW_116_Tarsocera_cassus
— 0.78 NW144_3_Tarsocera_fulvina

- CP15_06_Torynesis_magna

—1 0.93

SW_120_Torynesis_orangica
-8W_123_Torynesis_pringlei
d§%139_Torynesis_mintha

SW_141_Torynesis_hawequas

_@ SW_121_Dira_jansei
1 - SW_124_Dira_swanepoeli

0.86

_@ CP15_04_Dira_clytus
— SW_122_Dira_oxylus
1 SW_098_Serradinga_bella
! GBMIN35706_13_Dingana_bowkeri

1 0 2W70827Dingana7dingana
’ 1N_119_Dingana_jerinae
SW_118_Dingana_alaedeus
1 SW_127_Dingana_angusta
§ 125_Dingana_clara
_126_Dingana_alticola

1

CP09_56_Caerois_chorinaeus
—— CGCM468_08_Antirrhea_avernus

L NW109_12_Antirrhea_philoctetes

CP_CIl04_Antirrhea_watkinsi

PM14_32_Antirrhea_taygetina
PM14_35_Morpho_eugenia

CMO04_Morpho_marcus

NW110_7_Morpho_anaxibia
NW110_13_Morpho_rhetenor
CM28_Morpho_cypris
NW110_12_Morpho_hecuba
NW126_22_Morpho_cisseis
CM133_Morpho_theseus
CMO02_Morpho_niepelti
NW126_1_Morpho_hercules
CPO07_01_Morpho_amphitryon
CM13_Morpho_telemachus

NW162_9_Morpho_polyphemus
NW110_16_Morpho_deidamia
NW100_2_Morpho_epistrophus
CM53_Morpho_epistrophus
NW118_10_Morpho_granadensis
CM81_Morpho_achilles
CM79_Morpho_helenor
NW109_13_Morpho_amathonte
CM43_Morpho_godartii
NW110_9_Morpho_menelaus
CM75_Morpho_zephyritis
NW116_1_Morpho_sulkowskyi
CM66_Morpho_sulkowskyi
NW110_15_Morpho_portis
NW100_3_Morpho_aega
CM121_Morpho_rhodopteron
CM41_Morpho_absoloni
CP04_86_Morpho_aurora

CPO01_78_Bia_actorion

NW109_11_Dynastor_darius

PM14_14_Dynastor_macrosiris

NW126_4_Dasyophthalma_creusa
NW155_8_Dasyophthalma_rusina
CGCM445_08_Dasyophthalma_geraensis

NW17836_Narope_cyllabarus

NW127_27_Narope_cyllene

NN33_Opoptera_arsippe

0.98

NW137_21_Opoptera_aorsa
NW126_3_Opoptera_syme

i

NW155_4_Opoptera_fruhstorferi

— 0.99

NW155_22_ Caligopsis_seleucida
_E PM14_15_Eryphanis_greeneyi
] - PMO06_13_Eryphanis_aesacus

NW155_18_Eryphanis_automedon
|E1 NW17837_Eryphanis_reevesii
PMO06_06_Eryphanis_lycomedon

PM04_19_Caligo_martia
09 PM14_29_ Caligo_idomeneus
0 95' PM14_10_Caligo_euphorbus
) 1 PMO06_15_Caligo_uranus
1 NW109_14_Caligo_atreus

PM06_19_Caligo_placidianus

it PMO06_17_Caligo_illioneus
- PMO06_18_Caligo_teucer
1 NW70_10_Caligo_telamonius

PMO06_20_Caligo_eurilochus

— 0.74

NW122_21_Brassolis_sophorae

NW162_6_Catoblepia_amphirhoe

NW109_15_Catoblepia_orgetorix

1 7 NW155_20_Selenophanes_cassiope
NW17835_Selenophanes_josephus

|:1 NW17839_Catoblepia_soranus
NW155_13_Catoblepia_xanthus

NW155_24_Catoblepia_xanthicles
_{ 0.8 7 NW17838_Catoblepia_berecynthia
NW17840_Catoblepia_versitincta

NW155_5_Penetes_pamphanis
PM14_16_Opsiphanes_camena

0.99

0.7¢ BLU785_0Orobrassolis_ornamentalis

0.86 NW155_6_Blepolenis_bassus
|E0 g@lﬁ 55_3_Blepolenis_batea
‘PMO02_09_Blepolenis_catharinae

NW118_6_Opsiphanes_bogotanus
4' 1 E1PM06_11_Opsiphanes_cassiae
NW118_3_Opsiphanes_tamarindi

0.81 |:1 PMO06_10_Opsiphanes_blythekitzmillerae
] PM06_08_Opsiphanes_boisduvallii

NW109_10_Opsiphanes_quiteria
1 10_SRNP_71551_Opsiphanes_jacobsorum
0 PMO06_12_Opsiphanes_cassina

1 NW155_17_Opsiphanes_invirae



Supplementary Figure 2. 11. (page before). Maximum clade credibility tree for the
Satyrinae group I subclade from BEAST. Posterior probabilities are indicated at the nodes.

1) Satyrinae group II

Dataset — The dataset for the Satyrinae group I consisted of 368 taxa to which two outgroups
were added: Amathusia phidippus (Satyrinae), Brintesia circe (Satyrinae).

Partition Finder — Partition Finder identified 14 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+I+G CAD posl, RpS5 posl, MDH posl, IDH posl,
GAPDH _posl, ArgKin posl

Subset 2 HKY+I+G wingless pos2, ArgKin pos2, EFla pos2, DDC pos2

Subset 3 GTR+I+G ArgKin_pos3, wingless pos3

Subset 4 HKY+I+G GAPDH pos3, CAD pos3, MDH pos3

Subset 5 GTR+I+G COlI-begin_pos2, MDH_pos2, COI-end_pos2,
CAD pos2, IDH pos2

Subset 6 GTR+I+G COl-begin_pos3

Subset 7 GTR+I+G COl-begin posl, COI-end posl

Subset 8 GTR+G COl-end pos3

Subset 9 GTR+I+G DDC pos3, IDH pos3, RpS2 pos3, RpS5 pos3

Subset 10 | SYM+I+G RpS2 posl, DDC posl

Subset 11 | HKY+I+G EFla pos3

Subset 12 | TRN+I+G wingless posl, EFla posl

Subset 13 | TRN+I+G GAPDH pos2, RpS5 pos2

Subset 14 | SYM+I+G RpS2 pos2

BEAST analysis — In order to improve the quality of our runs we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
subl4.at, gt and sub8.cg, gt. We used a single molecular clock linked across all partition to
obtain good mixing and convergence. We used a birth-death tree prior. We performed two

runs of 60 million generations, sampling trees and parameters every 6000 generations.
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Supplementary Figure 2. 12. (page before). Maximum clade credibility tree for the
Satyrinae group II subclade from BEAST. Posterior probabilities are indicated at the nodes.

m) Nymphalinae

Dataset — The dataset for the Nymphalinae consisted of 359 taxa to which two outgroups
were added: Chitoria ulupi (Apaturinae), Marpesia eleuchea (Cyrestinae).

Partition Finder — Partition Finder identified 13 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 GTR+I+G GAPDH posl, IDH posl, ArgKin posl,
wingless posl, MDH posl, CAD posl

RpSS5 pos2, MDH pos2, CAD pos2, DDC pos2,
ArgKin pos2, IDH pos2

ArgKin pos3, DDC pos3

Subset 2 TRN+I+G

Subset 3 GTR+I+G

Subset 4 HKY+I+G CAD _pos3, MDH_pos3

Subset 5 GTR+I+G COl-begin_pos3, COI-end pos3

Subset 6 TRN+I+G COlI-begin_posl

Subset 7 GTR+I+G COl-begin pos2, COI-end pos2

Subset 8 TRN+I+G COlI-end posl

Subset 9 K80+I+G wingless pos2, DDC posl

Subset 10 | GTR+I+G wingless pos3, EFla pos3

Subset 11 | TRN+I+G RpSS5 posl, EFla posl, RpS2 posl

Subset 12 | JCH+G EFla pos2, GAPDH pos2, RpS2 pos2

Subset 13 | GTR+I+G RpSS5 pos3, IDH pos3, RpS2 pos3, GAPDH pos3

BEAST analysis — After multiple attempts to modify priors, MCMC runs did not converge.
Hence, we decided to fix the topology. We performed an analysis with [Qtree to search for the
best topology. The topology was then enforced in our BEAST analysis and we only estimated
the relative branch lengths. We used one molecular clock per subset identified by Partition
Finder and obtained good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 60 million generations, sampling trees and parameters every 60000

generations.
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Supplementary Figure 2. 13. (page before). Consensus tree for the Nymphalinae subclade
from IQtree. Numbers at the nodes are SH-aLRT support (%) / ultrafast bootstrap support
(%).

n) Pseudergolinae

Dataset — The dataset for the Pseudergolinae consisted of 6 taxa to which two outgroups were
added: Heliconius melpomene (Satyrinae), Marpesia eleuchea (Cyrestinae).
Partition Finder — Partition Finder identified 10 subsets.

Subset # Substitution model Gene fragments and codon positions

Subset 1 TRN+G wingless_posl, DDC posl, ArgKin posl,
MDH posl, RpS5 posl, IDH posl, GAPDH posl,
EFla posl, RpS2 posl

Subset 2 HKY+I DDC pos2, CAD pos2, IDH pos2, RpS5 pos2,
ArgKin pos2, EFla pos2, MDH pos2, GAPDH pos2

Subset 3 GTR+G wingless pos3, ArgKin pos3, EFla pos3

Subset 4 TRN+G CAD pos3

Subset 5 GTR CAD posl

Subset 6 HKY+G COl-begin_pos3, COIl-end pos3

Subset 7 TRN+I COl-begin_posl, COIl-end posl

Subset 8 HKY COlI-begin_pos2, COI-end pos2

Subset 9 GTR+G RpSS5 pos3, DDC pos3, RpS2 pos3, GAPDH_pos3,
MDH pos3, IDH pos3

Subset 10 | JC RpS2 pos2, wingless pos2

BEAST analysis — In order to improve the quality of our runs, we replaced the default priors
for rates of substitutions by uniform prior ranging between 0 and 10 for the following cases:
sub3.cg, sub5.at, cg, gt and sub9.ac, cg, gt. We used a single molecular clock linked across all
partitions to obtain good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 30 million generations, sampling trees and parameters every 3000

generations.



NW101_1_Amnosia_decora

NW118_1_Pseudergolis_wedah

NW100_10_Stibochiona_nicea

JM14_15_Stibochiona_coresia

NW111_10_Dichorragia_nesimachus

JM14_11_Dichorragia_ninus

Supplementary Figure 2. 14. Maximum clade credibility tree for the Pseudergolinae
subclade from BEAST. Posterior probabilities are indicated at the nodes.

o) Satyrini

Dataset — The dataset for the Satyrini consisted of 560 taxa to which two outgroups were

added: Amathusia phidippus (Satyrinae), Bicyclus anynana (Satyrinae).

Partition Finder — Partition Finder identified 17 subsets.

Subset # | Substitution Gene fragments and codon positions
model
Subset 1 | TRN+I+G ArgKin posl, RpS2 posl, EFla posl, MDH posl
Subset 2 | HKY+I+G ArgKin pos2, RpS5 pos2, MDH pos2, GAPDH_pos2,
IDH pos2
Subset 3 | GTR+I+G ArgKin pos3, wingless pos3
Subset 4 | HKY+I+G CAD pos3, MDH_pos3
Subset 5 | GTR+I+G GAPDH posl, RpS5 posl, CAD posl, IDH posl
Subset 6 | HKY+I+G DDC pos2, CAD pos2, COI-end pos2
Subset 7 | GTR+I+G COl-begin_pos3
Subset 8 | SYM+I COl-begin_posl
Subset 9 | GTR+I+G COl-begin_pos2
Subset 10 | GTR+G COl-end pos3
Subset 11 | HKY+I+G COl-end posl
Subset 12 | K80+G DDC pos3, RpS2 pos3
Subset 13 | SYM+G DDC posl, wingless_posl
Subset 14 | GTR+I+G EFla pos3
Subset 15 | K80O+I+G RpS2 pos2, wingless pos2, EFla_pos2
Subset 16 | GTR+I+G GAPDH pos3
Subset 17 | GTR+I+G IDH pos3, RpS5 pos3

BEAST analysis — We used a single molecular clock linked across all partitions to obtain good

mixing and convergence. We used one molecular clock per subset identified by Partition



Finder and obtained good mixing and convergence. We used a birth-death tree prior. We
performed two runs of 100 million generations, sampling trees and parameters every 10000

generations.
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Supplementary Figure 2. 15. (page before). Maximum clade credibility tree for the Satyrini
subclade from BEAST. Posterior probabilities are indicated at the nodes.

5 - Grafting procedure
We built a posterior distribution of grafted trees by randomly sampling trees from the
posterior distributions of both the backbone and the subclades. For each grafted tree, we (1)
randomly picked a backbone from the posterior distribution without replacement, (2)
randomly picked a tree from the posterior distribution of each subclade without replacement,
(3) removed the two outgroups in the subclade tree, (4) rescaled the subclade trees to the
crown age of the subclades in the backbone, (5) removed all the taxa representing the
subclades in the backbone but one, (6) rescaled the branch length of the remaining taxa to the
length of the stem leading to the subclades, and (7) grafted the subclade trees onto the
corresponding stem branches. We repeated this process for 1000 random trees. Finally, we
used TreeAnnotator v. 1.8.3 ? to summarize the tree topology with median node age and 95%
credibility interval of each node. Outgroups were finally removed and the resulting tree was

used for all subsequent analyses.

Supplementary Tree 1. Nymphalidae backbone tree inferred with RAXML and time-
calibrated using BEAST, with mean posterior node ages and 95% credibility intervals
summarized. Available at: https://doi.org/10.5281/zenodo0.5463912.

Supplementary Tree 2. Maximum clade credibility tree of all Nymphalidae included in this
study, with mean posterior node ages and 95% credibility intervals estimated from the
posterior distribution of 1000 grafted trees (1000 subclades posterior trees combined with
1000 backbone posterior trees). Available at: https://doi.org/10.5281/zenodo.5463912.



Supplementary Methods 3 - Inference of biogeographic history
We performed a maximum-likelihood estimate of geographical range evolution using the
Dispersal-Extinction-Cladogenesis (DEC) model '® as implemented in the C++ version !” and
recently extended to handle large phylogenetic trees such as the Nymphalidae, be faster even
with a large number of possible ranges, and include new features (DECX model, '¥). We ran
the classical DEC model to estimate ancestral states at all nodes and the main dispersal events
between the biogeographic regions. We designed a biogeographic model spanning the
evolutionary history of Nymphalidae (Late Cretaceous). We assigned extant species to nine
biogeographic regions: Western Nearctic, Eastern Nearctic, Western Palearctic, Eastern
Palearctic, Neotropics, Afrotropics, India, Southeast Asia, and Australasia (Supplementary
Data 1). We designed a time-stratified model in which both the adjacency matrices and
dispersal matrices varied between time periods. Time was divided into five time periods: 100-
80, 80-60, 60-30, 30-10, 10-0 million years to account for increasing or decreasing
connectivity between biogeographic regions through time (Supplementary Table 4. 1. and
Supplementary Table 4. 2.). We used the results of the full model (i.e., including both
connectivity matrix and dispersal multipliers) for subsequent analyses, but we performed
additional analyses with different models to test the effect of our choices on the ancestral-state

estimation.

Supplementary Table 3. 1. Dispersal multipliers matrices for five time-intervals used for
ancestral biogeographic state estimation using DECX. WN=Western Nearctic, EN=Eastern
Nearctic, NT=Neotropic, WP=Western Palearctic, EN=Eastern Palearctic, AF=Afrotropic,
MD=Madagascar, IN=India, SEA=South East Asia, AU=Australasia.

0-10 Myr WN EN NT WP EP AF MD IN SEA AU
WN 1 1 1 0.01 1 0 0 0 0.01 0.01
EN 1 1 1 0.1 0.01 0.01 0 0 0 0
NT 1 1 1 0.01 0.01 0.01 0 0 0 0.01
WP 0.01 0.1 0.01 1 1 1 0 1 0 0
EP 1 0.01 0.01 1 1 0.5 0 1 1 0.01
AF 0 0.01 0.01 1 0.5 1 1 05 05 0.01
MD 0 0 0 0 0 1 1 0.1 0.01 0.01
IN 0 0 0 1 1 05 01 1 1 0.01
SEA 0.01 0 0 0 1 0.5 0.01 1 1 1
AU 0.01 0 0.01 0 001 0.01 0.01 0.01 0.01 1

10-30Myr WN EN NT WP EP AF MD IN SEA AU
WN 1 1 0.5 0.01 1 0 0 0 0.01 0.01
EN 1 1 05 0.1 0.01 0.01 0 0 0 0
NT 05 05 1 0.01 0.01 0.01 0 0 0 0.01
WP 0.01 0.1 0.01 1 1 0 0.1 0 0.01 0



EP 1 0.01 0.01 1 1 0.5 0 0.5 1 0.01
AF 0 0.01 0.01 0 0.5 1 1 05 05 0.01
MD 0 0 0 0.1 0 1 1 0.1 0.01 0.01
IN 0 0 0 0 05 05 0.1 1 0.5 0.01
SEA 0.01 0 0 0.01 1 05 0.01 05 1 0.5
AU 0.01 0 0.01 0 001 0.01 0.01 001 0.5 1
30-60Myr WN EN NT WP EP AF MD IN SEA AU
WN 1 1 0.1 0.01 1 0 0 0 0.01 0.01
EN 1 1 0.1 05 0.01 0.01 0 0 0 0
NT 0.1 041 1 0.01 0.01 0.1 0 0 001 01
WP 0.01 05 0.01 1 0.5 1 0 0.1 0 0
EP 1 0.01 0.01 0.5 1 0.1 0 0.1 1 0.01
AF 0 001 01 1 0.1 1 1 0.1 0.1 0.01
MD 0 0 0 0 0 1 1 0.1 0.01 0.01
IN 0 0 0 01 01 01 0.1 1 0.1 0.01
SEA 0.01 0 0.01 0 1 0.1 0.01 0.1 1 0.1
AU 0.01 0 0.1 0 001 0.01 0.01 0.01 0.1 1

60-80Myr WN EN NT WP EP AF MD IN SEA AU

WN 1 1 0.1 0.01 1 0 0 0 0.01 0.01
EN 1 1 0.1 05 0.01 0.01 0 0 0 0
NT 0.1 041 1 0.01 0 0.5 0 0 001 05
WP 0.01 05 0.01 1 0.5 1 0 0.01 0 0
EP 1 0.01 0 0.5 1 0 0 0.01 1 0
AF 0 001 05 1 0 1 1 0.5 0.01 0.01
MD 0 0 0 0 0 1 1 0.5 0.01 0.01
IN 0 0 0 001 001 05 05 1 0.1 0.01
SEA 0.01 0 0.01 0 1 0.01 0.01 0.1 1 0.01
AU 0.01 0 0.5 0 0 0.01 0.01 0.01 0.01 1
80-100Myr WN EN NT WP EP AF MD IN SEA AU
WN 1 0.5 0.01 0 0.5 0 0 0 0.0 0
EN 0.5 1 0.01 1 0.1 0.01 0 0 0 0
NT 0.01 0.01 1 0.01 0 0.5 0 0 0 0.5
WP 0 1 0.01 1 05 05 0 0 0 0
EP 05 0.1 0 0.5 1 0 0 0 1 0
AF 0 001 05 05 0 1 1 1 0.01 0.01
MD 0 0 0 0 0 1 1 1 0 0.01
IN 0 0 0 0 0 1 1 1 0 0.5
SEA 0.01 0 0 0 1 0.01 0 0 1 0.01
AU 0 0 0.5 0 0 001 001 05 0.01 1

Supplementary Table 3. 2. Adjacency matrices for five time-intervals used for ancestral
biogeographic state estimation using DECX. WN=Western Nearctic, EN=Eastern Nearctic,
NT=Neotropic, WP=Western Palearctic, EN=Eastern Palearctic, AF=Afrotropic,
MD=Madagascar, IN=India, SEA=South East Asia, AU=Australasia.

0-10 Myr WN EN NT WP EP AF MD IN SEA AU
WN 1 1 1 0 1 0 0 0 0 0
EN 1 1 1 1 0 0 0 0 0 0
NT 1 1 1 0 