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Supplementary methods

Phylogenetic data

The phylogenetic data includes 2539 palm species (which were all accepted species at the
time of publication) and is based on a backbone generated from nine plastid and four nuclear
markers, morphological data from ref. [1], supplemented with additional sequences for
several genera [2], and dated following the five calibrations described by ref. [3]. A Bayesian
modeling approach was used to place species without genetic or morphological data in the
phylogeny, based on an estimation of validity of intra-generic taxonomic groupings as
topological constraints [for details see ref. 2]. As this leads to uncertainty in the exact
placement of a species within the tree, all analyses were performed on a set of 100 randomly
sampled palm phylogenetic trees. For visualization purposes and model testing, a maximum
clade credibility (MCC) tree was generated in TreeAnnotator v1.8.2 [4]. Although crown-
group palms radiated initially in the Cretaceous ca. 110 Ma, most diversity emerged during
the Cenozoic (65 Ma until present) (figure 2).

Fruit size data

Fruit lengths for 1834 vertebrate-dispersed palm species were collected from published
literature and were updated to the latest palm taxonomy. In case multiple records per species
were available, the species average was calculated. Species were classified into two main
groups: small-fruited (< 4 cm in length) and large, megafaunal-fruited (> 4 cm in length)
palms [5, 6] (also see summary statistics in table S1). This classification was based on the
seed dispersal ecology of the species: large-fruited palm species rely on large animals
(megafauna > 44 kg) such as tapirs, elephants and extinct gomphotheres, ground sloths and
glyptodonts for their seed dispersal, whereas small-fruited palm species are mainly dispersed
by birds, bats and non-volant, smaller-bodied mammals (figure 1). Dispersal by these
different frugivore ‘guilds’ is expected to have differently affected past extinction and
transition rates of palms, thereby providing a valid comparative framework. We note that fruit
length rather than fruit diameter was used in this study because data on fruit diameter were
unavailable for 405 (our of 1834) palm species, and because fruit length strongly correlates
with fruit diameter (see figure S3). Furthermore, several palms (particularly in subtribe
Attaleinae) have very large, nutlike fruits without fleshy pulp and may rely on dispersal by
rodents rather than megafauna. Although this fruit type was not distinguished in our database,
we evaluated the impact of this trait on the results by repeating the analyses excluding the
Attaleinae (see sensitivity analyses below for details).

For those species not sampled for fruit size in the phylogeny (rn = 765) we imputed
missing values based on the phylogenetic relationships between species and their trait values
[using the phylopars command in the R 'phyloPars' package, ref. 7], and used these to test for
biased sampling (see below for details; imputed trait values were not used directly in the
analyses). These estimates suggested that we sampled 68% of palm species with small fruits
and 82% of palms species with megafaunal fruits.

Distribution data

We used the world checklist of palms [8] (download from June 2015) to assign species to the
New World (predominantly Neotropics) and Old World (Africa, tropical Asia, Australasia
and Pacific). This classification reflects the strong dispersal limitation of palms that has led to



a high degree of palm endemism in these regions [9, 10] (table S1), suggesting largely
independent evolutionary histories of New World and Old World palms. Moreover, these
regions have responded differently to Quaternary global change. For example, South America
experienced the Late Quaternary megafauna extinctions more severely [11], whereas the
island-dominated environments of the Indo-Pacific region may have been particularly
affected by Quaternary sea level oscillations [12].

Frugivore data

We used frugivore classifications of birds [13] and mammals [MammalDIET, 14] to identify
extant species for which at least part of their diet consists of fruit (birds » = 3726; mammals »
= 1682). We additionally extracted the body masses (kg) for these species from ref. [15] and
ref. [16] and log-transformed them. For Quaternary extinct mammals, we extracted body
mass [16] and diet data [17] resulting in data for n = 294 extinct mammals. Frugivores were
classified as those including ‘plants’ in their diet. Frugivorous mammals > 44 kg were
classified as megafauna (extant mammals » = 37; extinct mammals n = 157). We excluded
megafaunal birds (n = 2, Casuariidae). These data were used to evaluate the relative
frequency of frugivores and their body sizes (figure 1).

Simulations on trait-dependent diversification

The Binary State Speciation and Extinction (BiSSE) model [18, 19] implemented in the
‘diversitree’ R package [20] was used to model speciation, extinction and transition rates of
palm lineages with small vs. megafaunal fruits. The BiSSE model jointly estimates these rates
by using dated phylogenetic trees in which branch-lengths reflect time, and binary trait states
(i.e. small vs. megafaunal fruits) are assigned to the species at the tips of the phylogenetic
tree. The joint-estimation of these rates is desirable as trait transitions may not be independent
from speciation and extinction rates [19]. Maximum likelihood is used to optimize full and
constrained models (see below) and Bayesian Markov chain Monte Carlo (MCMC) is
subsequently used to evaluate uncertainty in the parameter estimates of the models used.

Recent criticism on trait-dependent diversification models [21] has encouraged
researchers to perform simulations to test for type I (i.e. detecting a significant effect when it
is not truly there) and type II (i.e. not detecting a significant effect when it is truly there) error
rates. To assess the impact of these error rates using our data and methods, we performed
three simulation studies.

First, we randomly evolved a neutral binary trait (with states A and B) on 10
empirical palm phylogenies under four transition rate (‘q’) scenarios (q = 0.01,q=0.1,q=1
and q = 10) [following suggestions by ref. 21], providing a gradient from rare to frequent
character state changes. These simulated traits are expected to be ‘neutral’ with respect to
speciation, extinction or transition rates, as they evolved under a simple ‘Markov discrete’
(Mk) [22] model of evolution. We then evaluated the changes in 95% Bayesian credible
intervals in speciation, extinction and transition rates over time given the selected models
from our initial analysis (see table S6), and after running the MCMC for 1000 generations
(results in figure S1). We repeated this procedure using our observed transition rates from the
global dataset (qmegataunal to smait = 0.017; Qsmall to megafaunal = 0.006) on the simulation of neutral
traits on 100 empirical palm phylogenetic trees (results in figure S2).

Second, we simulated 10 birth-death phylogenetic trees of 1774 species (the sample
size in the empirical trees) with an age of 105 Ma (the age of palms) with extinction rate =
0.19 and speciation rate = 0.2. This creates phylogenetic trees in which lineages accumulate
through time similarly to our observed data (see figure S5). We then randomly evolved a



neutral binary trait (with states A and B) on these phylogenies under an equal transition rate
scenario (q = 0.02). Again, we evaluated the changes in 95% Bayesian credible intervals in
speciation, extinction and transition rates over time given the selected models from our initial
analysis (see table S6), and after running the MCMC for 1000 generations (results in figure
S6). This simulation will indicate whether we, using a time-dependent BiSSE model with
arbitrarily defined time slices, may falsely infer imbalanced transition or extinction rates
towards the tips of the trees, due to imbalance in tree shape, number of lineages and splitting
events during these time slices (see table S2).

Third, we used the trait-dependent diversification process to simultaneously evolve
10 phylogenetic trees and a binary trait (with states A and B). We started the simulation at 37
Ma in order to obtain phylogenetic trees of approximately 1774 tips, similar to the empirical
data. First, we simulated an extinction rate shift at 2.6 Ma for one of the trait states (extinction
rate from 0.02 to 0.3), whereas the other trait state kept the same extinction rate (extinction
rate = 0.02). The effect of the trait on speciation and transition rates remained constant
between trait states and through time (speciation rate for both trait states = 0.2; transition rate
for both trait states = 0.02). Similarly, we simulated a transition rate shift at 2.6 Ma for one of
the trait states (transition rate from 0.005 to 0.34), whereas the other trait state kept the same
transition rate (transition rate = 0.005). The effect of the trait on speciation and extinction
rates remained constant between trait states and through time (speciation rate for both trait
states = 0.2; extinction rate for both trait states = 0.02). We evaluated the changes in 95%
Bayesian credible intervals in speciation, extinction and transition rates over time given the
selected models from our initial analysis (see table S6), and after running the MCMC for
1000 generations (results in figure S7). These simulations were done to test whether we may
correctly infer an increase in extinction or transition rates for one of the trait states in the
Quaternary when it is truly there.

Sensitivity analyses

We performed two sensitivity analyses to assess the robustness of our results with respect to
our classification of palms with megafaunal fruits. First, to evaluate whether our arbitrary cut-
off value to classify palms with megafaunal fruits as those with fruits > 4 cm affects the
results, we repeated the time-dependent diversification analyses using cut-off values of fruits
> 3.5 cm and > 4.5 cm to classify palm species with megafaunal fruits (n = 260 for 3.5 cm
analysis; n = 186 for 4.5 cm analysis) versus small fruits (n = 1514 for 3.5 cm analysis; n =
1588 for 4.5 cm analysis). We evaluated the changes in 95% Bayesian credible intervals in
extinction and transition rates over time given the selected models from our initial analysis
(see table S6), and after running the MCMC for 10000 generations on 100 empirical palm
phylogenetic trees (results in figure S10). Sampling fractions reflecting species and their traits
(small or megafaunal fruits) sampled from the total were corrected for these datasets (33% of
species with small fruits and 8% of species with megafaunal fruits were not sampled in the
3.5 cm dataset; 32% of species with small fruits and 6% of species with megafaunal fruits
were not sampled in the 4.5 cm dataset).

To evaluate whether the inclusion of palms with large (= 4 cm), nutlike fruits that
may be dispersed by rodents rather than megafauna influences our results, we excluded the
subtribe Attaleinae in the Cocoseae from the data, and repeated the analyses. The Attaleinae
typically includes palm species with large, nutlike fruits [25], and our Attaleinae sampling
comprises 46 species with small fruits and 52 species with megafaunal fruits. We evaluated
the changes in 95% Bayesian credible intervals in extinction and transition rates over time
given the selected models from our initial analysis (see table S6), and after running the



MCMC for 2000 generations on 20 empirical palm phylogenetic trees (results in figure S11).
Sampling fractions reflecting species and their traits (small or megafaunal fruits) sampled
from the total were corrected for this dataset (33% of species with small fruits and 10% of
species with megafaunal fruits were not sampled in this dataset).

Ancestral state reconstructions
To infer the ancestral fruit type (small or megafaunal) in palms, we explored two different
methods to perform ancestral state reconstructions. First, we used stochastic character
mapping to sample fruit size histories from their posterior probability distribution [26]. This
was done by sampling 500 stochastic character maps using a Markov chain Monte Carlo on
the palm Maximum Clade Credibility (MCC) phylogenetic tree under the unequal transition
rate model (i.e. the transition rate from small to megafaunal fruits is different from the
transition rate from megafaunal to small fruits). This resulted in a sample of unambiguous
histories for small vs. megafaunal fruits over the phylogeny. We summarized these by
showing the posterior probability that the edges and nodes of the tree are inferred to have
megafaunal fruits (as compared to small fruits). Analyses were performed using the
‘make.simmap’ function in the ‘phytools’ R package [27]. Results are shown in figure 2.
Second, we used the parameters from the global BiSSE model (table S3) to
reconstruct marginal ancestral states for small and megafaunal fruits on the palm MCC
phylogenetic tree, using the asr.marginal function in the ‘diversitree’ R package [20].These
reconstructions take the effect of fruit size on speciation and extinction rates into
consideration, as ancestral states may not be independent from these rates. Results are shown
in figure S4. Both methods provided qualitatively similar results.
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Supplementary tables

Table S1: Biogeographic distribution of palm genera that contain species with small (< 4 cm
in length) vs. megafaunal (> 4 cm in length) fruits. Columns summarize the mean, minimum
(min) and maximum (max) fruit length in cm, the sample size (i.e. number of species), the
percentage (%) of taxa with small vs. megafaunal fruits from the total in the region, and
examples of palm genera with these typical fruit types (% of species in genus with these

fruits, if not mentioned indicates 100%).

Biogeographic

region

Fruit type

Fruit
length
mean
(min —
max) [cm]

Sample
size

%

Typical small- and megafaunal-fruited
lineages (% of species with fruit type)

Global

Small

1.55
(0.21-3.9)

1607

88%

See NW and OW

Megafaunal

6.76
(4-35)

227

12%

See NW and OW

New World
(NW)

Small

22
(0.21-3.9)

569

84%

Acoelorrhaphe, Asterogyne, Barcella,
Brahea, Butia, Calyptrogyne,
Calyptronoma, Ceroxylon, Chamaedorea,
Chelyocarpus, Colpothrinax, Copernicia,
Cryosophila, Desmoncus, Dictyocaryum,
Euterpe, Gaussia, Geonoma, Hemithrinax,
Hyospathe, Iriartea, Iriartella, Itaya,
Juania, Jubaea, Leopoldinia,
Lepidocaryum, Leucothrinax, Lytocaryum,
Neonicholsonia, Oenocarpus,
Pholidostachys, Prestoea, Pseudophoenix,
Reinhardtia, Rhapidophyllum, Roystonea,
Sabal, Schippia, Serenoa, Synechanthus,
Thrinax, Trithrinax, Washingtonia, Welfia,
Wendlandiella, Zombia

Megafaunal

6.77
(4-35)

110

16%

Ammandra, Aphandra, Manicaria,
Mauritia, Pelagodoxa, Phytelephas,
Acrocomia (33%), Aiphanes (9%),
Allagoptera (20%,), Astrocaryum (74%),
Attalea (95%), Bactris (4%), Coccothrinax
(5%), Mauritiella (33%), Parajubaea
(67%), Pritchardia (37%,), Socratea (25%),
Syagrus (29%), Wettinia (20%,)

Old World
(OW)

Small

1.55
(0.39-3.8)

1038

90%

Acanthophoenix, Actinokentia, Adonidia,
Archontophoenix, Basselinia,
Beccariophoenix, Bentinckia,

Brassiophoenix, Carpentaria, Caryota,
Ceratolobus, Chamaerops, Chuniophoenix,

Clinosperma, Clinostigma, Cyphokentia,

Cyphophoenix, Cyphosperma,




Cyrtostachys, Deckenia, Dictyosperma,
Dransfieldia, Drymophloeus, Dypsis,
Eleiodoxa, Eremospatha, Guihaia,
Heterospathe, Hydriastele, Hyophorbe,
Iguanura, Jubaeopsis, Kentiopsis,
Korthalsia, Laccospadix, Laccosperma,
Lanonia, Lemurophoenix, Lepidorrhachis,
Linospadix, Livistona, Loxococcus,
Marojejya, Masoala, Maxburretia,
Mpyrialepis, Nephrosperma, Oncocalamus,
Oncosperma, Oraniopsis,
Phoenicophorium, Physokentia, Pigafetta,
Plectocomia, Plectocomiopsis, Podococcus,
Pogonotium, Ptychosperma, Retispatha,
Rhopaloblaste, Rhopalostylis, Roscheria,
Ravenea, Rhapis, Satakentia, Sommieria,
Tahina, Tectiphiala, Trachycarpus,
Verschaffeltia, Wallichia

Megafaunal

6.71
(4-30)

117

10%

Actinorhytis, Bismarckia, Borassodendron,
Borassus, Carpoxylon, Eugeissona,
Hedyscepe, Hyphaene, Kerriodoxa,

Latania, Medemia, Metroxylon,
Neoveitchia, Normanbya, Pholidocarpus,
Raphia, Satranala, Voanioala, Wodyetia,

Areca (31%), Arenga (25%), Balaka
(20%,), Burretiokentia (20%,), Calamus
(1%), Calyptrocalyx (4%,), Chambeyronia
(50%), Corypha (75%), Daemonorops

(1%), Howea (50%,), Johannesteijsmannia

(50%), Licuala (1%), Nenga (40%), Orania
(50%), Phoenix (7%), Pinanga (1%),

Ponapea (33%), Ptychococcus (50%),

Salacca (75%), Saribus (11%),

Sclerosperma (33%), Veitchia (14%)

10




Table S2: Summary of number of speciation events, number of lineages, transition rates

and number of transitions for each time slice in this study. These are inferred from the
palm phylogenetic data using the time-dependent BiSSE model. The number of transitions

was calculated by multiplying the transition rate (in lineages / myr) for each of the states
(small vs. megafaunal) by the number of lineages and the total time spend in each time slice.

Time

Inferred transition rates

(Ma) Speciation events Lineages (lineages / myr) Transitions
Towards  Towards Total Small to Megafaunal Small to Megafaunal
present past megafaunal to small megafaunal to small
0.5 35 1523 1774 0.035 0.721 31 640
1 144 1414 1690 0.021 0.338 35 571
2.6 458 1100 1611 0.011 0.122 48 511
5 805 753 1318 0.009 0.063 59 417
10 1192 366 925 0.008 0.040 70 367
15 1340 218 459 0.008 0.032 49 222
20 1411 147 282 0.007 0.029 39 162
25 1461 97 179 0.007 0.027 30 120

11



Table S3: Trait-dependent vs. time-dependent diversification model selection for global
palms (BiSSE). Nine BiSSE models were fitted to the palm Maximum Clade Credibility
(MCQC) tree: eight trait-dependent diversification models, and one time- and trait-dependent
diversification model. The best-fitting model within the ‘trait-dependent diversification’
models given the fewest number of parameters (i.e. 5 Df) is indicated in bold (*). This model
indicates that small- and megafaunal-fruited palm lineages evolved with equal extinction
rates. However, the full time-dependent (and trait-dependent) diversification model (12 Df)
had the best fit to the data, suggesting that global palms show a diversification rate shift at the
Neogene-Quaternary boundary.

Model constraints  Df LnLik AIC ChiSq P

Full (no constrain) 6 -5978.8 11970

2e-06
Asmall ~ Amegafaunal 5 -5990.1 11990 22.610 .
* Memall ~ Wmegafaunal 5 -5979.4 11969 1.144 0.285
sma megafaunal =~ . 1
Gl 5 megafaunal s 50861 11982 14590 000
qmegafaunal - small ook
}\'sma ~ }\‘me afauna <2.2e-
07 fmemfunal g 60269 12062 96.045 ©
Hsmall ~ “megafaunal 16 dkk
Trait-dependent  Agnan ~ Amegafauna
diversificat L 7.4¢-06
iversification  Qumaii, megatanai~ 4 -5990.7 11989 23.621 e
qmegafaunal - small
Msmall ~ Mmegafaunal,
5.2e-05
ol et~ 4 -5988.7 11985 19.732 o
qmegafaunal - small
}\'small ~ }\‘megafaunal,
small =~ Mmegafauna <2.2e-
Homall = Hmegafuunal, 3 60331 12072 108.491 ©
(small - megafaunal ™~ 16 ***
qmegafaunal - small
Time- and trait-
1me- and trail * Full (no 20014
dependent . 12 -5940.7 11906
. . . constraint) Hkok
diversification

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p

= extinction rate, q = transition rate, ~ = equal to (constrain). Significance codes: 0 '***'
0.001 '**'0.01 *' 0.05'.'0.1"'" 1

12



Table S4: Trait-dependent vs. time-dependent diversification model selection for New
World palms (BiSSE). Two BiSSE models were fitted to the New World palm Maximum
Clade Credibility (MCC) tree. The full time- and trait-dependent diversification model (12
Df) is indicated in bold (*). This model fitted the data significantly better than a model
without time-dependent trait diversification. This suggests that New World palms show a
diversification rate shift at the Neogene-Quaternary boundary.

Model constraints  Df LnLik AIC ChiSq P
Trait-d dent Full time- 4.4e-11
aependen ull {no time 6 22183 44486  60.043 ¢
diversification dependent) *oAk
Time- and trait-
* Full

dependent ull (no 12 -21883  4400.6

. . . constraint)
diversification

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p
= extinction rate, q = transition rate, ~ = equal to (constrain). Significance codes: 0 '***'
0.001 '**'0.01 '*' 0.05'.'0.1"'" 1
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Table S5: Trait-dependent vs. time-dependent diversification model selection for Old
World palms (BiSSE). Two BiSSE models were fitted to the Old World palm Maximum
Clade Credibility (MCC) tree. The full time- and trait-dependent diversification model (12
Df) is indicated in bold (*). This model fitted the data significantly better than a model
without time-dependent trait diversification. This suggests that Old World palms show a
diversification rate shift at the Neogene-Quaternary boundary.

Model constraints  Df LnLik AIC ChiSq P
Trait-d dent Full time- 3.7e-13
rat-aependen ull (no time 6 37549 75218 70.192 €
diversification dependent) kokk
Time- and trait-
* Full

dependent ull (no 12 37198 7463.6

. . . constraint)
diversification

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p
= extinction rate, q = transition rate, ~ = equal to (constrain). Significance codes: 0 '***'
0.001 '**'0.01 '*' 0.05'.'0.1"'" 1
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Table S6: Time-dependent model selection for global palms (BiSSE). We used a step-wise
approach to select the best time-dependent diversification model given the global palm
dataset, starting with the most complex model (the full time- and trait-dependent
diversification model) and applying parameter constraints to evaluate the fit of simpler
models using likelihood-ratio tests (nested models) and the Akaike Information Criterion
(AIC, non-nested models). These constraints could be trait dependent (e.g. speciation rates
between small- and megafaunal-fruited palm lineages are constrained to be similar) or time-
dependent (e.g. pre-Quaternary megafaunal lineages and Quaternary megafaunal lineages are
constrained to be similar), or a combination of these. For global palms, 45 time-dependent
BiSSE models were fitted to the palm Maximum Clade Credibility (MCC) tree. The best-
fitting initial models given the fewest number of parameters (i.e. 10 Df) are indicated in bold.
After the initial model selection the best models were combined into even simpler (less
parameter-rich) models (‘extra models tested’). These simpler models, however, were
rejected. The best model (with the lowest AIC) is indicated in bold (*). In this model pre-
Quaternary extinction rates of small- and megafaunal-fruited palm lineages are similar, as
well as the pre-Quaternary transition rates from small to megafaunal fruits and vice versa.
Letters (a-1) refer to rates illustrated in figure S8.

Model parameters

Df LnLik  AIC  ChiS P
(figure S8) i 4

Full time- and trait-
dependent model (no 12 -5940.7 11906

constraint)
All A 8.5e-08
9 -5958.6 11935 35.751
Aa~Ap~ Ao~ Ag ok
All p: de-
" 9 -5953.8 11926 26.092 ? *i*%
He ~ Hf ~ Hg™~ Hn
All q: .8e-
a 9 59540 11926 26426 o000
dGi~ g~ qe~ Qi
Constrain by <2.2e-
All -6017. 1204 154.31
time and trait Mand p 6 6017.9 048 >4.317 16 ***
2.6e-11
All A and q 6 -5971.3 11955 61.145 *i*
8.8e-13
All pand q 6 -5974.9 11962 68.385 *i*
<2.2e-
AllA, pand q 3 -6033.1 12072 184.683 16 4+
Ao~ Apy he ~ g 10 -5943.6 11907 5.701 0.058 .
. -5944.1
Constrain by He~ K Kg ~ Hn 10 11908 6.752 0.034*
time
0.001
di~ qj» Qr~ Qi 10 -5947.8 11916 14.126 .
6.3e-06
Constrain by ha~ Aes Ao~ Ag 10 -5952.7 11925 23.960 *i*
trait
He~ Hg, B~ L 10 -5952.2 11924 22.841 1.1e-05
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Hkskosk

1.8e-06

a4~ 5 G~ @ 10 -59540 11928 26431 o
Ao~ 11 59420 11906 2457  0.117
e~ pur 11 59413 11904  1.033 0.31
a4~ q 11 59416 11905  1.625 0202
Constrain in 10 7.5e-07
re. R~ Koy e ~ it 59548 11930 28200 o
Quaternary ha~hyqeq 10 -5942.0 11904 2592 0.274
*pe~prq~q 10 -5941.6 11903 1739 0.419
9 7.4¢-07
M~ Koy e ~ i, G~ 59564 11931 31280 ..
I
Ao A 50437 11910 598  0.014*
e~ 11 -5940.7 11904 0006 0938
) 0.0001
%~ q 5948.1 11918 14744
- 9¢-05
Constrain in A~ D e~ Lt 10 -5950.1 11920  18.637 ...
t
Quaternary 0.001
A~ Qi 1 10 -5948.1 11916 14.661 o
-5950.6 5.1¢-05
Mo~ M, Qi ~ G 10 11921 19.768 o
3.2¢-08
Ae~Aole~ MG~ O -5959.6 11937 37769 ..
2606
Ao~ he 11 -5952.1 11926 22626 ...
) 2.1¢-06
e~ 1t 159520 11926 22460 ...
a4~ G 11 -5943.7 11909 5900  0.015%
10 1.2¢-09
Constrain by dy~he e~ Iy 59613 11943 41071 o
Il fruit
small 1ruits 1.1e-06
ha~ e, i~ G 10 -59544 11929 27353 5
8.6¢-07
Me~Medi~q 10 -59547 11929 27942 O
1.2¢-09
da~ ot~ Mg G~ G 9 -5962.9 11944  44.405 o
Ao ~ a 11 59414 11905 1263 0261
e~ 11 -5940.9 11904 0255  0.614
0.0002
- 11 -5947.6 11917 1371
Constrain by G~ 39476 on7 3.718 ok
megafaunal M~dape~pn 10 -5941.8 11904 2199 0.333
fruit 0.0001*
rue Ao ~ ha G~ G 10 -59480 11916 14457 .
0.001
e~ M, G~ G 10 -59480 11916 14475
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Ao ~ Ag g~ Wy, g~ qi 9 -5948.5 11915 15.413 0.001 **

Extra, Mo~ i~ M Gi~Qc 9  -5944.7 11907  7.8603  0.049 *

simpler ‘ .
models tested Mo~ Ko e~ Qi~qe 9 5945.1 11908 8.6178 0.035

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p
= extinction rate, q = transition rate. Significance codes: 0 "***'(0.001 '**'0.01 *' 0.05'.' 0.1"'

"1
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Table S7: Time-dependent model selection for New World palms (BiSSE). We used a
step-wise approach to select the best time-dependent diversification model given the New
World palm dataset, starting with the most complex model (the full time- and trait-dependent
diversification model) and applying parameter constraints to evaluate the fit of simpler
models using likelihood-ratio tests (nested models) and Akaike Information Criterion (AIC,
non-nested models). These constraints could be trait dependent (e.g. speciation rates between
small- and megafaunal-fruited palm lineages are constrained to be similar) or time-dependent
(e.g. pre-Quaternary megafaunal lineages and Quaternary megafaunal lineages are
constrained to be similar), or a combination of these. For New World palms, 24 time-
dependent BiSSE models were fitted to the palm Maximum Clade Credibility (MCC) tree.
From the initial models, the model in which all transition rates were constrained to be equal
was not rejected compared to the full model. All subsequent models, testing variations on
speciation and extinction rate constraints, therefore included the transition rate constrain. The
best-fitting model given the fewest number of parameters (i.e. 8 Df) is indicated in bold (*).
In this model all transition rates are equal, as well as speciation rates of small- and
megafaunal-fruited palm lineages in the Quaternary. Letters (a-1) refer to rates illustrated in
figure S8.

Model parameters

Df LnLik  AIC  ChiS P
(figure S8) i 4

Full time- and trait-
dependent model (no 12 -2188.3 4400.6

constraint)
All % 0.0005
9 21971 44121 17550
ha ~ A~ Ae ~ A *k
All de-12
: 9 22156 44492 54601 oo
He ~ Hf ~ Hg™~ Hn
All g:
d 9 21909 43999  5.326 0.149
qGi~qi~qx~ q
Constrain b 1.6e-11
-onstrain by All A and p 6 22194 44508  62.228 ©
time and trait *kk
-2206.9 1.6e-06
All % and q 6 44258 37.236 o
3.7e-14
All pand q 6  -22258 44636  75.074 o
1.6e-15
All %, pand q 3 22333 44727 90.106 o

GG~ WA A~ o o0t 44100 19.554 0,002 **

Constrain by Ay Ac ~ Ag
me WGTUA T g 91999 44137 23058 Vo0
e e ~ Iy
qi~ g~ qQx~ qi, A~ 2.3e-06
7 22053 44246  34.090
Constrain by Aer Ay~ Ag ks
: e G o e le-12
trait 4~ G e G 7 22209 44558 65213 o
Mg, U~ Hn
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qi~ i~ qQe~ qi> Ao ~

0.0006*

21981 4412.1  19.553
)\'b sksk
Constrain in
g~ Qe G o~ 0.00023
pre- R 21991 44142 20623 o
Mf
Quaternary
Q= i~ Q= G e 22006 44152 24656 0092
)\'b; lvle _ lvlf kskosk
T~ (O ~ ~ ~
4~ ;1" > e 2192.6 44011 8537  0.074.
d
Constrainin g~ qj~ g~ di ke~ 21988 44135 20964 0003
Quaternary Un sk
Gi~ Gi~ Ak~ 1, A~ 0.00030
2199.9  4413.8 23234
A, Mg~ M 45 %%
qiN%ququp )\'aN 0.001
Y 2197.6  4411.1  18.568 e
: e o L~ e-12
Constrain by qi~ ;= i~ dn ke 22170 44501 57522 O
small fruits g ek
i~Y~ ~ s Na™ -11
Q= G5 Q= s A 22166 44472 56630  °F
Ae Mo ~ I ke sk
qi~qi~ qQc~ qi, Ab ~ 7.7e-05
"y 22003 44166  24.084 o
Constrain by g~ qj~ qx~ qi, i~
, 21958 44077 15.114  0.004%*
large fruits Uh
e e e 0002
0~ G~ A dn Ry 22004 44148 24220 OO0
7»d, K~ HUn

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p

= extinction rate, q = transition rate. Significance codes: 0 '***'(0.001 '**'0.01 "*' 0.05".'0.1"'

"1
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Table S8: Time-dependent model selection for Old World palms (BiSSE). We used a
step-wise approach to select the best time-dependent diversification model given the Old
World palm dataset, starting with the most complex model (the full time- and trait-dependent
diversification model) and applying parameter constraints to evaluate the fit of simpler
models using likelihood-ratio tests (nested models) and Akaike Information Criterion (AIC,
non-nested models). These constraints could be trait dependent (e.g. speciation rates between
small- and megafaunal-fruited palm lineages are constrained to be similar) or time-dependent
(e.g. pre-Quaternary megafaunal lineages and Quaternary megafaunal lineages are
constrained to be similar), or a combination of these. For Old World palms, 47 time-
dependent BiSSE models were fitted to the palm Maximum Clade Credibility (MCC) tree.
The best-fitting initial models given the fewest number of parameters (i.e. 8, 9 or 10 Df) are
indicated in bold. After initial model selection the best models were combined into even
simpler (less parameter-rich) models (‘extra models tested’). In the Old World, these simpler
models were not rejected; the best models (with the lowest AIC) are indicated with *. These
models indicate that pre-Quaternary and Quaternary speciation rates of small-fruited lineages,
and pre-Quaternary and Quaternary speciation and extinction rates of megafaunal-fruited
lineages, have been similar, and that the transition rate from small to megafaunal fruits has
been constant through time as well. Letters (a-1) refer to rates illustrated in figure S8.

Model parameters

Df LnLik  AIC  ChiS P
(figure S8) i 4

Full time- and trait-
dependent model (no 12 -3719.8 7463.6

constraint)
All A
9 237269 74717 14124 0.003%*
ha ~ A~ Ae ~ A
All u: 2e-
: 9 373201 74821  24.481 05
He ~ Hf ~ Hg™~ Hn
All g: 2.6e-10
a 9 37436 75052 47573 o
qi~ g~ 9k~ Qi
Constrain by <2.2e-
PR All % and p 6 38160 76440 192349 | T
2e-15
All % and q 6  -37604 75329  81.239 o
2e-15
All pand g 6  -37604 75329  81.239 o
<2.2e-16
All %, pand q 3 238230 76521 206471 -
D ~ Aoy e ~ A 10 37244 74687  9.106  0.011*
5.613¢-
Constrainby e~ [, g ~ [ 10 37296 74792 19576 S
time
7.2-06
a4~ G G~ G 10 37317 74833  23.677 o
Constrain b ha~ by by~ ha 10 37215 7463.0  3.412 0.182
° ir:; y He~ g M L 10 37254 74707 11.123  0.004 **
a4~ G, G~ G 10 -3742.6 75051 45509  1.3e-10

20



Hkskosk

A~ A 11 -3722.8  7467.6 6.013 0.014 *
He ~ ¢ 11 -3721.6 74652 3.540 0.06 .
i~ q; 11 -37202  7462.4 0.820 0.365
10 3.6e-10
Constrain in Aa ~ Ay He ~ it 37415 7503.1 43.473 ns
pre- 3.2e-05
A~ Mby Qi G 1 -3730.2 480. 20.
Quaternary b Qi G 0 3730 7480.3 0.697 s
0.0003*
He~ Lp, Qi q 10 -3727.8  7475.7 16.051 or
9 2.4e-12
M ~ Ms e ~ 1t G~ q 37484 75148  57.157 *i*
11
Ae~ A 37245 7471.0 9354  0.002 **
g~ H 11 -3719.8  7461.7 0.027 0.87
11 0.0003
qQk~ qi 37264 74747 13.117 rs
Constrain in 6.5e-08
~ - 1 -3736. . .
Quaternary A~ A, tg~ L 0 3736.4 74927  33.111 s
e~ A, Gk~ Qi 10 -3726.6 74732 13.622  0.001 **
1.6e-08
He~ M, G~ G 10 -3737.8 74956  35.957 *i*
1.2e-13
A=A le~HnQe~q 9 37514 75209  63.237 *i*
A~ A 11 -3721.5  7465.0 3.335 0.068 .
11 0.0009
e ~ L 37253 74727 11.052 xs
i~ 11 -3720.1 462.1 501 4
Constrain by qi~ 10 3720 746 0.50 0.479
small fruits M~ e, e ~ g 37263 7472.6 12.958  0.002 **
Ao~ e, i~ Qi 10 -3721.8  7463.6 3.978 0.137
e ~ Mg, Gi~ G 10 -37258  7471.6 11.958  0.003 **
A~ e ble~ Mg i~ Qe 9  -3726.7 74713 13.694  0.003 **
Ao~ Aa 11 -3719.9  7461.7 0.105 0.745
He~ Hn 11 -3719.8  7461.7 0.042 0.838
4.1e-09
qi~ q 11 -3737.1 74962  34.562 *i*
~ ~ 1 -3719. X ) )
Constrain by M ~ A, Pt ~ 0 -3719.9  7459.8 0.134 2039338
large fruits Ao ~Ag qj~ q 10 -3737.4 7494.8 35.148 *i_*
3.1e-08
e~ Ly, G~ q1 10 -3737.1 74942  34.579 *i*
1.1e-07
Mo~halli~png~q 9  -3737.4 74928  35.169 *i*
% da ~ e Ay ~ Aa [ ~
Extra models b~ fa, B 8 37219  7459.7  4.0879 0.394
tested M, 4i~ Qi
Aa~Ae bo~AaQi~q 9 37219 74617  4.0918 0.252
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ha~heodo~ho Wi~ g o518 461 3.4631 0.326

M,
}\.a~)\zc7 i~ ) ~
‘L Ao He 9 37218 74616 39990 0262
h,
* Ao~ A ~ i~
b~ has :f MG~ 9 37201 74583  0.6558  0.884
k

Df= degrees of freedom, LnLik = log likelihood, AIC = Akaike Information Criterion, ChiSq
= Chi-square, P = significance of the model compared to the full model, A = speciation rate, p
= extinction rate, q = transition rate. Significance codes: 0 "***'(0.001 '**' 0.01 *' 0.05".' 0.1"'
"1
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Supplementary figures

Figure S1: Simulations of neutral binary traits (with state A and state B) on 10 random
empirical palm phylogenies and the resulting speciation, extinction, net diversification and
transition rates through time under several transition rate (q) parameters: q = 0.01 (a, b, ¢, d),
q=0.1(e,f,g,h),q=1(,j,k,1)and q=10 (m, n, o, p). These transition rates reflect
changes from state A to B and vice versa from rare (q = 0.01) to frequent (q = 10) changes.
State A and B are expected to be neutral with respect to speciation, extinction, transition and
net diversification rates. Results indicate that when traits are simulated under low transition
rate parameters, extinction rates may show an (unexpected) increase towards the present (b
and f), whereas this increase is less common under high transition rate parameters (j and n).
Transition rates, however, do not show such an increase under any of the scenarios (d, h, 1, p)
but reflect the simulated scenario values (q = 0.01, 0.01, 1 or 10) respectively, as expected.
Speciation rates also do not show a biased trend through time under any of the transition rate
scenarios (a, e, i, m).
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Figure S1 (continued)
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Figure S2: Simulations of neutral binary traits (with state A and state B) on 100 random
empirical palm phylogenies and the resulting speciation (a), extinction (b), net diversification
(c) and transition rate (d) through time when traits are simulated under the observed transition
rate (q) estimates: Qmegafaunal to small = 0.017; Qsmall to megataunal = 0.006. These transition rates
reflect changes from state A (hypothetical megafaunal fruits) to state B (hypothetical small
fruits) and vice versa. State A and B are expected to be neutral with respect to speciation,
extinction, transition and net diversification rates. Results indicate that when traits are
simulated under the observed (empirical) transition rates, the extinction rate shows a
moderate (unexpected) increase towards the present (b). The transition rate, however, does
not show such an increase (d). The speciation rate also does not show a biased pattern through

time (a).
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Figure S3: The relationship between fruit length and fruit diameter in palms (n = 1427). (a)
Linear relationship between log(fruit length) and log(fruit diameter), in which dots represent
species. The coefficients of the linear regression line are indicated. (b) Histogram of the ratio
between fruit length and fruit diameter, showing that the majority of palm species have
globular (roundish) fruits, in which fruit length and fruit diameter are similar.
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Figure S4: Macroevolution of megafaunal palm fruits (Arecaceae). The palm phylogeny
shows the probability of megafaunal fruits (yellow) at the internal nodes on the Maximum
Clade Credibility (MCC) tree of palms. The probabilities were derived from ancestral state
reconstructions under an equal extinction-rate model (table S3). The reconstruction suggests
that all palm fruits have evolved from the ancestral state of a megafaunal palm fruit (ca. 110
Ma). The five subfamilies are indicated at the branches of the tree. All palm genera that
comprise at least one species with megafaunal fruits (n = 59) are indicated at the tips (colors
of the names do not have a meaning). The evolution of small fruits from the megafaunal-
fruited palm ancestor happened at least eleven times. Megafaunal fruits > 4 cm length. All
other palms with small fruits <4 cm in length.

O Megafaunal fruits (= 4 cm) Genera with
O Small fruits (< 4 cm) megafaunal fruits

e-\b
(GAY

GI_( O Clef g

[ty (S (S

ef»é_-e:eie °ce"'

NG t(f(e'

=¢ oS e(ex%‘. Wericar
Q gic

3 (% .—. e

. Attalea
Aracoideae Voanioala

Wettinia
Socratea

, Ammandra
phandra
Licuala
Johannesteijsmannia
T Sanbus

( \-
c’e;«-}a-.‘.
amErle e

o 3
e s = WSS

¢-§_ (g efe efe

~
Ceroxyloideae ~

G
—_— _‘é‘

—0 Coryphoideae

Ksurass S

Borassodendron

Nypoideae

f —Wetroxyion
Salacca

i Raphia
kMawme//a

Calamoideae

Lower
Upper
Paleocene
Eocene
Oligocene
Miocene
Pliocene
Pleistocene

Holocene

Cretaceous Paleogene Neogene

| l | |

Quaternary

o o
Y - ©

30 —

o
<

50 —

o o
~ ©

110 —
100 —|
0
80 —|

Million years ago (Ma)

28



Figure S5: Lineage through time plots based on 100 empirical palm phylogenies (n = 1774,
age = 105 Ma) and 100 simulated birth-death phylogenetic trees (n = 1774, age = 105 Ma)
under speciation rate = 0.2 and extinction rate = 0.19. These simulated trees were used to
evaluate whether the imbalance in tree shape, number of lineages and splitting events between
the time slices influences the inference of extinction and / or transition rates through time
(simulation results in figure S6). The black line refers to the Maximum Clade Credibility tree.
This figure illustrates that the patterns of accumulation of lineages (overall shape) in the
simulated data matches the empirical data quite well, particularly in the most recent time
slices (i.e. last 10 Ma).
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Figure S6: Posterior densities (box-and-whiskers) of time-dependent speciation (a),
extinction (b) and transition (c) rates resulting from Markov chain Monte Carlo BiSSE on 10
simulated birth-death trees. Box-and-whiskers indicate the median, quartiles (25% and 75%),
minimum (5%), maximum (95%) and outliers of these rates for each time slice over the last
25 my. Trees were simulated under speciation rate = 0.2, extinction rate = 0.19; and neutral
binary traits were optimized on the trees under transition rate = 0.02. These results show that
the time-dependent BiSSE model with time slices ranging from the distant (25 Ma) to the
recent (0.5 Ma) past allows us to correctly infer speciation, extinction and transition rates, and
the imbalance in tree shape, number of lineages and splitting events between the time slices
does not necessarily influence the inference of extinction or transition rates. The accuracy of
the extinction and transition rate estimates, however, does decrease towards more recent time
slices, in which posterior densities are wider. This suggests that the increasing Quaternary
extinction and transition rates observed from the empirical data (figure 3 in main text) are
reliable.
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Transition rate

C.

Posterior densities (box-and-whiskers) of time-dependent speciation (a, d),
b. Extinction rate

Speciation rate

a.

extinction (b, ) and transition (c, f) rates resulting from Markov chain Monte Carlo BiSSE

for the simulated trait-dependent diversification process in which extinction (a—c) or
suggesting that the increased extinction in New World palms may be a true phenomenon, as it

transition (d—f) rates for trait state B were modeled to increase at 2.6 Ma. Box-and-whiskers
indicate the median, quartiles (25% and 75%), minimum (5%), maximum (95%) and outliers
of these rates for each time slice over the last 25 my. These results show that we have the
power to reliably infer the modeled extinction rate shift (in state B, b) and transition rate shift
(from state B to state A, f) from 2.6 Ma onwards, without erroneously inferring Quaternary
increases in speciation (a, d) or transition rates (c). However, when modeling a transition rate
shift (), the extinction rate may also erroneously increase (), suggesting that the increased
extinction rate for megafaunal-fruited palms may be unreliable and simply result as an effect
of increased transition rates. Nevertheless, in New World palms we detected increased
extinction rates without also detecting increased transition rates (see figures 3b and 3e),

does not result as an effect of increased transition rates.

Figure S7

o wmmmt---- ] |----4memwoow ~ BN SO0gers aw] - CWsogeEs
onemmmt - - - <[] ]---- jmescce o | ewsovers [ C— 1 J---- 1 | ewsovams
oommmet- - - - | }----moeme wmowo o - ENLEOEIS ] [ BN ARIS
oo omsmemmet - - - [ ] - - - #ewocce o | BN LVerRS be--{ T }--4 - mzf«msm
commmm—o cost- - { [ - {ow L enozgems -f |- ms_w.mmmﬁ_m
—— 0O r-E:u!oce ° . ew 9z Vers ‘.-_.' L ewgzvees
© commmmmmmmocost- - [ - -boo | ewsgems -] | BNSEaES
B +~[l] - o o L ewsvems HIA L Mzm,«m”m
Il_.-u_H-”_un.to I B Ol gaes ° r—u_ L wzo_mm“m“m
© cmmmmemocomo | {J- 4= o o | EewoLveaes = I - ms_o;mam
* comamemaot - -[ [|--4® | ewsiaams = «fH | ms_m_mm,uﬁ
° comemmmec oot J} wee o L ewsLVaes Am «4 F mzm;m,m_m
®cao oet - -[]---e | BN 02 gaes m X N mzoumm« 1S
o P o o L ewozvaes & I+ + uEmw(m“MM
ot - [[}-4owo @ | BWSc 8 aEs m rIH ms_mmmmﬁ.
out {J} - L ewsevaes +fl+ L eBnscvems
r T T T T T 1 G4 % g_d _0 _.r %
o =] 9__ J~ n_o R,u w o - - = o
0
° o® mmceommmt - - - -[ | |4  BANSOgeES ® o commmt----] J]4 - BNSO8AES
o owm o o® @ooammnome -~~~ | |---4 [ BASOVeES T — = === mmm—m — 1 1----- 4 | ewsovemrs
o o cmmm - L ewigems oot - - {4 | oW+aams
° @ ®o aooee- — -9 | BN LVerRS [ S -4 |- EWLVaES
s {J}i |- BNOCEOWIS - -[[}i [ ENOZEORS
®0 ® 0o o [| w [ BNOT VRIS F{Jl | eWoeveEs
ocm cmment. [ |- CNSEOEIS - [+ | Pwsaams
lll!l._—._ | BASVersS l.- [ BASYVaes
amem |} [ BNOLE RIS 1) +F + Ms_o_mssm
00 exommmemplj - BN OLVaRIS < l.— - BAOLVaEls
@] | EWstaaEs = o[f | Bws aamEs
lll— | ewslvaes .m l— L ewsivees
e | NEREBaES 2 af | enozaams
@] [ eNEvaRs = =) [ EWOZVORIS
] | N aaES & of | wszaems
‘.— L eNSeVaels l- L ®BASZVaels
T T T T T T 1 v .N.U n_v ,hv n_v ,w %
© ') - ™ Y - o o o - - o o
o o ocomoss cowesmmmmt - {J} - 40 - epycogemEs o coemr----[T}----4 [ ensogeEs
0000 ® o ocmammm--{ J|--m [ epycovems ° °® oF-=--=-=--- L J------ 1 ewsovems
° 00 cmmemm -[J]- 40 ey igoms o ---[T}--e [ ewigams
o ammt -[J]- wwm | opivems o oomop - - - = I F----4e [ ewiveeas
0 oo ewaoomsemmmy- {J} Jomm - ey 9z gois cowmant - - J}--4 [ engzaems
° o omewmcsmamem [J me - epgzvems eomed - -~ [ }--4 [ Eewozvemrs
0@ 00 ® 00 am oecommmment ]} wem | epsgoRis o commm - - { J}-- o0 [ ensgaes
° 00 coemm eowe wo a amwo e {J} 4w [ eNgvyoms o woememmemt - - -[ T} - -+ F ensvaRs
0 0 0 comeemmmnt- {J} 4wew [ e 01 g @IS o @ --[T]--+ [ ewolgers
° ° ® 0 0 o@oamas amo owmoast {J} e - Ep 01 v aEIS m oo o wemt--{J}--40 [ ewolvewrls
acnnemmt- ] - - ewstaams = inﬁuuto [ swaLaems
000 © o o ei_-"o | ewoivams g © 00000 00 00 OocEES- - — -=0 F ewstvers
o woaum {J] 4 - ewozaams £ omt - -[]]-- 4= [ ewocaems
ot [Ho | ewozvams 5 ° evew eommecemmmt - - { [ }--4 [ ewozvems
oo [] 0 I ewszgaes 2, ws - ~[]]-- = [ ewszgewrs
¢+ L ensevems %} © oon axomesesmst- ~ - ~[ [ T --4 AT
; _ ; ! < ¢ § 5 & 8§ 8§ °¢
2 2 P 3 < 40. B} =] M o S

31



Figure S8: Parameters in the trait- and time-dependent Binary State Speciation and
Extinction (BiSSE) models. Model selection was performed by constraining speciation,
extinction and transition rate parameters between pre-Quaternary / Quaternary and / or
between small- / megafaunal- fruited palm lineages. From the 45 models tested, the simplest
model (with the fewest number of parameters and thus most constraints) without significantly
affecting model fit based on likelihood-ratio tests and the Akaike information criterion (AIC)
was selected (see tables S6-S8). A = speciation rate, p = extinction rate, q = transition rate. a-
h refer to the different lineage-specific rates, e.g. A, is the speciation rate of pre-Quaternary
small-fruited palm lineages.

Pre-Quaternary ; Quaternary

| A
| e
|
o q q
|

A, M <; Megafauna fruits | Megafauna fruits > Ay by,

(=4cm) | (=4 cm)

|

Speciation rate constraints: A, = A= A_= A,
Extinction rate constraints: p_ =y, = My = M,
Transition rate constraints: g, = q=9,=q
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Figure S9: Posterior densities (box-and-whiskers) of time-dependent speciation (a, c, €), and

net diversification (b, d, f) rates resulting from Markov chain Monte Carlo BiSSE for global
(a, b), New World (c, d) and Old World (e, f) palms. Box-and-whiskers indicate the median,

quartiles (25% and 75%), minimum (5%), maximum (95%) and outliers of these rates for
each time slice over the last 25 my. Small-fruited palms have higher speciation rates than

megafaunal-fruited palm lineages in global (a) and Old World (e) palms, consistently through

time, whereas New World palms do not show such difference (d). Net diversification rates of

megafaunal-fruited global (b) and New World (d) palms are rapidly decreasing since the

Quaternary (2.6 Ma), as compared to small-fruited palms. In the Old World (f) net

diversification rates of megafaunal- and small-fruited palm lineages have remained similar,

and relatively constant through time.
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Figure S10: Posterior densities (box-and-whiskers) of time-dependent extinction (a, ¢) and
transition (b, d) rates resulting from Markov chain Monte Carlo BiSSE for global palms when
classifying megafaunal fruits as those > 3.5 cm (a, b) or > 4.5 cm (c, d). Box-and-whiskers
indicate the median, quartiles (25% and 75%), minimum (5%), maximum (95%) and outliers
of these rates for each time slice over the last 25 my. Similar to the original results (compare
to figure 3 in the main text), in which megafaunal fruits were classified as those > 4 cm,
palms with megafaunal show increasing extinction rates (a, ¢) as well as increasing transitions
towards small fruits (b, d) during the Quaternary (last 2.6 Ma).
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Figure S11: Posterior densities (box-and-whiskers) of time-dependent extinction (a) and
transition (b) rates resulting from Markov chain Monte Carlo BiSSE for global palms when
excluding subtribe Attaleinae from the data. Box-and-whiskers indicate the median, quartiles
(25% and 75%), minimum (5%), maximum (95%) and outliers of these rates for each time
slice over the last 25 my. Similar to the original results (compare to figure 3 in the main text),
palms with megafaunal show increasing extinction rates (a) as well as increasing transitions
towards small fruits (b) during the Quaternary (last 2.6 Ma).
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