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ABSTRACT

Aim To examine variation in the phylogenetic diversity (PD) of tree communi-
ties across geographical and environmental gradients in Amazonia.

Location Two hundred and eighty-three c. 1 ha forest inventory plots from
across Amazonia.

Methods We evaluated PD as the total phylogenetic branch length across
species in each plot (PDss), the mean pairwise phylogenetic distance between
species (MPD), the mean nearest taxon distance (MNTD) and their equiva-
lents standardized for species richness (ses.PDss, ses.MPD, ses.MNTD). We
compared PD of tree communities growing (1) on substrates of varying geo-
logical age; and (2) in environments with varying ecophysiological barriers to
growth and survival.

Results PDss is strongly positively correlated with species richness (SR),
whereas MNTD has a negative correlation. Communities on geologically
young- and intermediate-aged substrates (western and central Amazonia respec-
tively) have the highest SR, and therefore the highest PDss and the lowest
MNTD. We find that the youngest and oldest substrates (the latter on the Bra-
zilian and Guiana Shields) have the highest ses.PDss and ses. MNTD. MPD and
ses.MPD are strongly correlated with how evenly taxa are distributed among
the three principal angiosperm clades and are both highest in western Amazo-
nia. Meanwhile, seasonally dry tropical forest (SDTF) and forests on white
sands have low PD, as evaluated by any metric.

Main conclusions High ses.PDss and ses. MNTD reflect greater lineage diversity
in communities. We suggest that high ses.PDss and ses. MNTD in western
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Amazonia results from its favourable, easy-to-colonize environment, whereas
high values in the Brazilian and Guianan Shields may be due to accumulation of
lineages over a longer period of time. White-sand forests and SDTF are domi-
nated by close relatives from fewer lineages, perhaps reflecting ecophysiological
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ses.MPD do not reflect lineage diversity per se, we suggest that PDss, ses.PDss
and ses.MNTD may be the most useful diversity metrics for setting large-scale
conservation priorities.
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INTRODUCTION

A central task of biology is to quantify biodiversity and how
it varies geographically (Myers et al., 2000). Elucidating and
understanding the patterns of diversity is particularly impor-
tant within the tropics, because of their high species richness
and the pressing need to develop and apply effective conser-
vation strategies in the face of massive habitat alteration.
While the species diversity of specific areas can be measured
using different indices (e.g. species richness, Fisher’s alpha),
these ecological metrics may fail to account for the evolu-
tionary, or lineage, diversity of communities. As a result,
some authors have advocated developing and implementing
metrics, such as phylogenetic diversity, which quantify the
lineage diversity of communities (Vane-Wright et al., 1991;
Faith, 1992).

Phylogenetic diversity (PD) is generally estimated as the
total branch length of a phylogeny representing the species in
a community (PDss; Faith, 1992). Alternative metrics to rep-
resent the evolutionary diversity in communities are available,
such as the mean phylogenetic distance between all species
and the mean phylogenetic distance between each species and
its closest relative (MPD and MNTD respectively; Webb
et al., 2002; Helmus et al., 2007; Cadotte et al., 2010). All
these metrics are often correlated with species richness (SR;
the total number of species in a community), and thus SR
can sometimes be used as a proxy for PD (Polasky et al.,
2001; Rodrigues & Gaston, 2002). However, some areas con-
tain significantly greater or less PD than expected given their
SR (Sechrest et al., 2002; Forest et al., 2007), and null model
approaches have been developed to estimate PD while con-
trolling for variation in SR (Kembel et al., 2010). These stan-
dardized metrics may add complementary information about
the evolutionary history and conservation significance of sites
(Winter et al., 2013). The availability of these recently devel-
oped PD metrics, in conjunction with the advent of standard-
ized floristic sampling across Amazonia (Malhi et al, 2002;
Phillips & Miller, 2002) and a robust angiosperm phylogeny
(Bremer et al., 2009), now make it possible to examine how
PD varies at large spatial scales across the world’s most spe-
cies-rich forest (Gentry, 1988; ter Steege et al., 2013; see also
Chave et al., 2007).

Previous research has shown tree species diversity in 1 ha
plots across the Amazon to be highest in its western and cen-
tral regions and lowest in the east, on the Guianan and Bra-
zilian shields (ter Steege ef al, 2003). Because PD is
correlated with SR, we would expect that PD is greatest in
the western and central Amazon, but this has yet to be thor-
oughly tested (although see Chave et al., 2007). In addition,
numerous factors may drive spatial variation in PD and
whether communities show greater or less PD than expected
given their SR. For example based on variation in substrate
age, one might hypothesize that tree communities on the
Guiana and Brazilian Shields, which overlay substrates of
ancient Pre-Cambrian origin (Quesada et al., 2011), might

Phylogenetic diversity in Amazonia

have higher PD than expected given their relatively low SR.
This high PD would reflect accumulated lineage diversity
over tens of millions of years, with many deep phylogenetic
branches separating species from these older diversification
events (Swenson, 2009). In contrast, tree communities of
western Amazonia overlying Pliocene and Pleistocene sedi-
ments from the Andes (Hoorn et al., 2010; Quesada et al.,
2011) might be expected to show lower PD than expected
given their high SR because of the dominance of recent evo-
lutionary radiations of certain clades within which phylo-
genetic branches are short (Richardson et al., 2001; Erkens
et al., 2007).

Soil fertility and precipitation seasonality also vary across
Amazonia. Overall, the relatively young soils of western
Amazonia are fertile in comparison with the highly weath-
ered soils of central and eastern Amazonia and the Guianan
and Brazilian Shields, whereas the poorest soils are found
beneath white-sand forests that occur sporadically in small to
large patches throughout the northern part of the basin
(Quesada et al,, 2011). In addition, the dry season varies
from being essentially absent in the north-west to lasting 5—
6 months in the south-east and some northern areas (Somb-
roek, 2001), where moist forests give way to savannas and
seasonally dry tropical forest (SDTF). Some of these environ-
mental conditions may represent ecophysiological barriers
that few lineages have been able to overcome (Anacker &
Harrison, 2012; Miller et al, 2013). Thus, an additional
hypothesis to the one above, based on substrate age, is that
tree communities in areas of the Amazon with greater eco-
physiological barriers to growth (i.e. potentially more stress-
ful environments) will show the lowest phylogenetic diversity
(Qian et al., 2013).

We used a network of 283 forest inventory plots (RAIN-
FOR; Malhi et al, 2002) to quantify the PD of tree
communities and examine its spatial and environmental vari-
ation across Amazonia. We rarefied all plots to the same
number of individuals, and then calculated (1) the total phy-
logenetic branch length of all species occurring in each plot,
PD sensu stricto (PDss; Faith, 1992), (2) the mean pairwise
phylogenetic distance between species (MPD; Webb, 2000;
Webb et al., 2002), and (3) the mean nearest taxon distance
(MNTD; Webb, 2000). We also calculated standardized ver-
sions of these metrics that account for variation in SR. We
then tested the hypothesis, based on substrate age, that tree
communities in the Guiana and Brazilian Shields will show
the greatest PD, whereas those in the western Amazon will
show lower PD. And while our sample size outside of typical
terra firme and floodplain moist forest is limited, we con-
ducted a preliminary test of the hypothesis that tree commu-
nities in potentially more stressful environments, namely
white sands, savannas, and SDTFs, will show the lowest PD.
By examining the phylogenetic diversity of tree communities
throughout Amazonia, we aim to provide insights into its
biogeographical history and to inform the setting of conser-
vation priorities.

Diversity and Distributions, 21, 1295-1307, © 2015 The Authors. Diversity and Distributions Published by John Wiley & Sons Ltd. 1297
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METHODS

Tree community plot data

In this study, we used a total of 283 inventory plots of
the RAINFOR forest plot network curated at Forest-
Plots.net (see Table S1 in Supporting Information). Plots
(mean 4+ SD =
all trees > 10 cm diameter at

are generally one hectare in size
1.1 £ 0.6 ha) and with
breast height (DBH) sampled. We restricted analyses to
old-growth forest plots and excluded plots with limited
species identifications. Each plot was treated as a commu-
nity and classified into three main biomes (Fig. 1): tropical
moist forest, TMF (n = 265 plots), seasonally dry tropical
forest, SDTF (n = 13), and savanna, S (n = 5). Fourteen
plots were from the northern Andes (Colombia and Vene-
zuela), outside the included

because of their close phytogeographical connection to

Amazon basin, but were
Amazonia. SDTF plots are located from Bolivia to Venezu-
ela, whereas savanna plots are only from Brazil and are
separated by a maximum of 250 km.

The 265 tropical moist forest plots were further classified
by the maximum age of the underlying geological formation.
The Guiana and Brazilian Shields represent the oldest geolog-
ical formations in Amazonia (TMF.o: > 500 Ma), followed
by formations of central and eastern Amazonia (TMF.i: 20—
100 Ma) located between the Shields, whereas areas near to
the Andes (western Amazonia and northern Andes) are dom-
inated by younger sediments (TMF.y: <20 Ma; Quesada
et al., 2011) deposited mainly during the Pliocene and the

Pleistocene (Hoorn et al., 2010) (Fig. 1). All TMF plots were
also classified by forest type: montane forest, flooded forest,
terra firme forest, and white-sand forest. Terra firme and
flooded forests were sampled for each substrate age category,
whereas montane forests were only sampled in western
Amazonia on young substrates and white-sand forests were
not sampled on substrates of intermediate age (see Table S1).

In total, the initial dataset included 183,908 individual
trees sampled in Bolivia, Brazil, Colombia, Ecuador, French
Guiana, Guyana, Peru, Surinam and Venezuela. To ensure a
standardized nomenclature across plots based on the APG-III
classification (Bremer et al., 2009), the Taxonomic Name
Resolution Service version 3.0 was used (http://tnrs.iplantcol-
laborative.org; accessed on 01/03/2013). Tree ferns and gym-
nosperms only occur in significant numbers in montane
plots, and they are exceedingly rare in lowland forest, which
is the focus of this study. These very rare species represent
0.018% of all individual trees in our lowland plots and are
essentially stochastically sampled in any given 1 ha plot (tree
ferns and gymnosperms were found in a total of nine and
two lowland plots respectively). Given this stochasticity and
the strong effect of tree ferns and gymnosperms on phylo-
genetic diversity metrics (they are subtended by very long
phylogenetic branches; Faith et al., 2004; Kembel & Hubbell,
2006; Chave et al., 2007), we excluded them from phylo-
genetic diversity calculations. We also excluded all individu-
als not identified to a named species (13.6% of individuals).
To determine if unidentified individuals could be biasing
results, we assessed the correlation between the PD metrics
and the proportion of unidentified individuals in each plot.

BIOMES

O Tropical moist forest

O Savanna

A SDTF
o @C & E Amazoni "
3 °
2 °
g Q°
—

° .
Brazilian Shield f {
o
L J
GEOLOGY Figure 1 Location of 283 permanent
o | @ Young formation RAINFOR plots classified by geological
1 . . . .
& 2 I(I)lltgr;nedlit-e 0 500 1000 km formation and biome in South America.
ormation Circle size represents species richness per
7;;0 7;0 7%() 7|50 PIOF (.9 to 99 species f01.r 249 ra.reﬁed .
) . individuals). Geographical regions used in
Longitude (°) the text are indicated in bold.

1298 Diversity and Distributions, 21, 1295-1307, © 2015 The Authors. Diversity and Distributions Published by John Wiley & Sons Ltd.


http://tnrs.iplantcollaborative.org
http://tnrs.iplantcollaborative.org

The final dataset contained a total of 157,340 individuals,
belonging to 3868 species, 732 genera and 126 families of an-
giosperms.

Phylogenetic trees

A phylogenetic tree of the whole species pool (see Fig. S1)
was generated using Phylomatic in pHyLocoM version 4.2
(Webb et al., 2008). This tool provides a phylogenetic
hypothesis for the relationships among taxa by matching
the list of species with up-to-date family and genus names,
and tip labels of a provided megatree (Webb & Donoghue,
2005). In this case, the topology of R20120829.new pro-
vided at http://phylodiversity.net/phylomatic/ was used. An
ultrametric phylogeny including branch length in millions
of years (Ma) was obtained using bladj in pHyLocom. This
command fixes the root node (angiosperms, 179 Ma) and
other nodes to specified ages based on Wikstrom et al
(2001). Inconsistencies in syntax between internal node
labels of the phylogeny and the ages file were modified
manually to ensure a better performance of the node cali-
bration using bladj (Gastauer & Meira-Neto, 2013). To
determine if PD metrics are affected by phylogenetic resolu-
tion, we compared our results generated using the pHYLOCOM
phylogeny with those using a phylogeny of Amazonian tree
genera generated from DNA sequences of rbcL and matK
plastid genes (K. G. Dexter & J. Chave, unpublished data).
Full details of the temporally-calibrated, ultrametric phylog-
eny construction can be found in the Supporting informa-
tion.

Phylogenetic diversity metrics

We used the puyrocom phylogeny, which includes all gen-
era in our dataset, to calculate six metrics that evaluate
the evolutionary history present in communities: (1) the
total phylogenetic branch length of all species occurring in
a given community, i.e. phylogenetic diversity sensu stricto
(PDss; Faith, 1992); (2) mean pairwise phylogenetic dis-
tance between species in terms of branch length (MPD;
Webb, 2000; Webb et al., 2002); (3) mean nearest taxon
distance (MNTD; Webb, 2000; Webb et al,, 2002) and (4,
5 & 6) their equivalents, standardized for species richness
(ses.PDss, ses.MPD, and ses.MNTD). For each community,
these standardizations were accomplished by randomly
drawing the same number of species from the phylogeny
as present in the community, repeating this 1000 times,
calculating PDss, MPD and MNTD for each randomiza-
tion, taking the difference between the observed value of
PDss, MPD, and MNTD and the mean of the random
values, and dividing these differences by the standard devi-
ation across the randomizations. These derived metrics
therefore represent standardized effect sizes (ses) and are
designated as such ses.MPD and ses. MNTD are equivalent
to the inverse of the NRI and NTI indices of Webb
(2000). We consider the total phylogenetic branch length

Phylogenetic diversity in Amazonia

(PDss) in communities (Faith, 1992; Forest et al, 2007)
and its deviation from expectation given species richness
(ses.PDss) to be the most straightforward measures of
evolutionary diversity in communities with respect to con-
servation prioritization. Lastly, we included the MPD,
MNTD, ses.MPD, and ses. MNTD metrics of PD because
of their history of use in the literature (e.g. Forest et al.,
2007; Gonzalez et al., 2010; Fine & Kembel, 2011); MPD
measures phylogenetic structure at deep nodes and MNTD
at shallow nodes (Webb, 2000).

Data assessment and analysis

To minimize the effects of variation in sampling effort (i.e.
plot size) and tree density, we used a rarefaction procedure
that standardized all plots to 249 individuals, which was the
lowest observed number of individual trees (> 10 cm DBH)
among all plots. Values for PDss, MPD, MNTD, ses.PDss,
ses.MPD, ses. MNTD and SR (the total number of species)
for each rarefied community were calculated using the
package picante (Kembel et al,, 2010) in the R StaTisTiCAL
SorTwaRE version 2.15.1. PD metrics can also be sensitive to
the most basal clades in a phylogeny (Swenson, 2009), so we
classified taxa into one of the three major angiosperm clades
(Magnoliids including Chloranthales, Monocots, and Eudi-
cots), and the percentage of species in each clade was calcu-
lated. The mean across 100 rarefactions of the PD metrics,
SR, and the proportion of major clades were used in subse-
quent analyses.

The values of PDss, MPD, MNTD, ses.PDss, ses.MPD and
ses. MNTD were compared among communities growing on
substrates of different geologic ages and forest types using
F-tests and Tukey tests. We additionally compared all com-
munities in potentially more stressful environments (white-
sand forests, savannas and SDTF) vs. all in potentially less
stressful environments (terra firme and montane forests)
using a t test. Flooded forests were excluded from the analy-
sis of stressful habitats because intensity and length of flood-
ing is known to vary among plots, but we lack precise
information on this. We also assessed the correlation of PD
metrics with SR, the proportions of species in major clades,
and the latitude and longitude of plots.

We assessed if there was any bias to the phylogenetic
diversity metrics with respect to unidentified individuals by
examining the correlation between percentage of unidenti-
fied individuals in plots and the various PD metrics. We
also re-analysed a subset of the data (n = 117 plots each
with >500 trees), rarefying the plots to 500 individuals per
sampling unit, in order to test the effect of sample size in
the rarefaction procedure on estimating phylogenetic diver-
sity. Finally, we re-analysed a subset of the data (n = 257
plots), including plots that have more than 80% of species
and individuals sampled in the sequenced-based genus-level
phylogeny, in order to test the effect of phylogenetic resolu-
tion on estimating phylogenetic diversity. The random reso-
lution of species-level relationships within genera in the

Diversity and Distributions, 21, 1295-1307, © 2015 The Authors. Diversity and Distributions Published by John Wiley & Sons Ltd. 1299
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genus-level phylogeny was repeated for each set of rarefied
communities.

RESULTS

Species richness and major angiosperm clades

Terra firme moist forests of intermediate and young geologi-
cal formations have the highest species richness (SR), with
an average of 88 and 72 species respectively (for 249 rarefied
individuals; Table 1). Flooded moist forest communities in
western and central Amazonia had greater SR than flooded
and terra firme forests on the Guiana and Brazilian Shields,
whereas the lowest SR was found in white-sand forests of the
Guiana Shield and Andean montane forests (Table 1). SDTF
and savannas show intermediate values of SR, resembling
values of forest types on old geological formations.

On average, 85.8% of species per plot belong to Eudicots,
11.1% to Magnoliids and 3.1% to Monocots. Early diverging
clades such as Magnoliids and Monocots tend to have a higher
percentage of species on young geological formations than on
intermediate and old formations, whereas Eudicots show the
opposite pattern (Table 1). SDTF shows the lowest percentage
of Magnoliid and Monocot species, and the greatest of Eudi-
cots, but the abundance of these clades in savannas is more
similar to the values typical of the moist forest plots.

Phylogenetic diversity metrics

Species richness strongly correlates with PDss (r = 0.98,
P <0.001; Fig. 2a) and MNTD (r= —0.89, P < 0.001;
Fig. 2¢), following a power relationship (PDss = 230.6*SR%”7,
r* = 0.96; MNTD = 361.3*SR™ "%, > = 0.79, both P < 0.001),
which was a better fit than a linear relationship for both met-
rics (PDss = 1160.0 + 37.1*SR, r* = 0.92; MNTD = 121.0-
0.6*SR, #* = 0.71, both P < 0.001). A much weaker correla-
tion was observed between species richness and MPD
(r =0.38, P < 0.001; see Fig. S2). In contrast, the percentage
of species in Magnoliids + Monocots (i.e. = 1—Eudicots) cor-
relates strongly with MPD (r = 0.88, P < 0.001; Fig. 2b),
which is driven mostly by variation in the relative abundance
of Magnoliids (r = 0.88, P < 0.001) rather than Monocots
(r =0.27, P < 0.001). These correlations reflect the fact that
communities with more Magnoliids and Monocots have a
more even distribution of species across the three major
angiosperm clades (see Fig. S3); a perfectly even split (1/3 in
each clade) would give the highest value for MPD. The
correlations of the percentages of species in major clades with
PDss (11 _gudicots = 0.52, Magnoliids = 0-48, "Monocots = 0.26, all
P <0.001) and MNTD (11 pudicots = 0-39, "vtagnoliias = 0-40,
Monocots = 0-10, all P < 0.001) were weaker (see Fig. S2).
Both MPD and MNTD were strongly correlated with their
standardized equivalents (MPD and ses.MPD: r = 0.94,

Table 1 Community composition and diversity across forest types, showing proportional representation of major clades and mean

values of species richness (SR) and phylogenetic diversity. Phylogenetic diversity sensu stricto (PDss), mean pairwise phylogenetic

distance between species (MPD) and mean nearest taxon distance (MNTD) are given in millions of years (Ma), whereas ses.PDss,

ses.MPD and ses.MNTD are standardized metrics without units

Biome Species (mean, %) Mean diversity values

(max.

geological Forest No. of Sample ID to PDss MPD MNTD ses. ses. ses.

age) type plots  area (ha) spp (%)* Magnoliids Monocots Eudicots SR (Ma) (Ma) (Ma) PDss MPD MNTD

Tropical Flooded 12 17 86 16 78 72 3963 260 74 —1.24  0.48 —0.99
moist Montane 16 16 80 12 87 29 2180 255 105 —0.41 0.03 —0.47
forest Terra 86 95 85 14 81 78 4148 256 74 —1.42 0.15 —1.10
(< 20 Ma) firme

White 4 4 83 10 85 42 2839 254 106 0.06 —0.12 —0.07
sand

Tropical Flooded 2 2 73 9 90 72 3478 242 62 —344 —-1.59 —-2.69
moist Terra 39 54 85 12 87 88 4200 248 64 —2.86 —0.90 —2.11
forest firme
(20-100 Ma)

Tropical Flooded 17 16 89 5 93 34 2368 238 111 —0.59 —1.22 —-0.23
moist Terra 85 94 87 10 87 56 3310 247 85 —1.07 —-091 -0.79
forest firme
(> 500 Ma) White 4 4 87 7 93 22 1608 233 97 —190 —141 —-1.53

sand

Savanna Savanna 5 4 100 5 93 47 3105 239 88 —0.28 —1.56 —0.63

SDTF Dry 13 14 96 2 95 34 2195 224 89 —2.12 =242 —1.30

forest

Total 283 320 86 11 86 63 3510 249 81 —1.41 —-0.57 —1.06

*The mean proportion of individuals identified to species.
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P <0.001; MNTD and ses.MNTD: r = 0.71, P < 0.01; see
Fig. S2), and show similar results with respect to the plot
groupings we considered (e.g. substrate age, forest type). We
therefore present results for only ses.MPD and ses. MNTD
below. Interestingly, ses.PDss and ses.MNTD are strongly
positively correlated with each other (r = 0.95, P < 0.001; see
Fig. S2), whereas neither shows a strong relationship with
ses.MPD (ses.PDss and ses.MPD: r = 0.23, P < 0.001;
ses.MNTD and ses.MPD: r = 0.09, P = 0.14; see Fig. S2).

Geographical and environmental patterns

All of the PD metrics show non-random spatial distributions
across Amazonia (Fig. 3a—d). While PDss shows weak rela-
tionships with both latitude and longitude (rp.ituge = 0.14,

P <0.05 riongitude = —0.16, P < 0.05) and ses.PDss and
ses. MNTD show weak latitudinal gradients (ses.PDss:
TLatitude = —0.18, P < 0.01; ses.MNTD: r{.itude = —0.17,

P <0.01), ses.MPD shows a strong longitudinal gradient
decreasing from west to east (rpongitude = —0.52, P < 0.001).
PDss was greatest in communities on young and intermedi-
ate-aged geological formations (Fig. 3e), whereas ses.PDss
and ses. MNTD were greatest in communities on young and
old geological formations (Fig. 3fh). ses. MPD was greatest in
young geological formations (Fig. 3g). These spatial patterns
are conserved across the different forest types within the
moist forest biome (e.g. terra firme, floodplain) (see Table 1).

Among the moist forest communities, montane and
white-sand forests have the lowest PDss values and high val-
ues for ses.PDss, ses. MPD and ses.MNTD, at least in western
Amazonia. In contrast to this, flooded and terra firme forests
in central Amazonia have high PDss and the lowest values
for ses.PDss, ses.MPD and ses. MNTD (Table 1). For all met-
rics, PD values of savannas were similar to moist forest com-
munities, whereas SDTF consistently showed lower PD
(Fig. 3e-h). Overall, PDss and ses.MPD were significantly

Diversity and Distributions, 21, 1295-1307, © 2015 The Authors. Diversity and Distributions Published by John Wiley & Sons Ltd.

lower in potentially more stressful habitats, i.e. savanna,
SDTF and white-sand forest (mean + 95% confidence inter-
val: 2379 + 305 Ma and —1.75 &+ 0.40 respectively), than
potentially less stressful habitats (3702 + 118 Ma and —0.44
+ 0.14; tppg, = 8.28, d.f. = 34, P < 0.001 and fee npp = 6.27,
d.f. = 32, P < 0.001), whereas ses.PDss and ses. MNTD were
not significantly different between the two (ses.PDss:
~1.39 4 0.50 vs. —1.47 & 0.17, teoppe = —0.28, d.f. = 31,
P =0.78; and ses MNTD: —1.02 &+ 0.35 vs. —1.11 & 0.13,
feomntn = —0.51, d.f. = 33, P = 0.61).

PDss (¥* =0.002, P =020), sesMPD (+* = 0.004,
P =0.15), and ses. MNTD (r* = 0.007, P = 0.08) showed no
relationship with the percentage of unidentified individuals
excluded per plot, whereas ses.PDss (r* = 0.013, P < 0.05)
shows a very weak relationship (see Fig. S4). In addition, for
plots with sufficient sample size to assess, we found a strong
1:1 relationship between phylogenetic diversity metrics
(PDss, ses.PDss, ses.MPD, and ses.MNTD) calculated with
rarefactions of 500 vs. 249 individuals (see Fig. S5). We also
found that the patterns of PD metrics across Amazonia were
sequenced-based
genus-level phylogeny vs. the pHyLocom phylogeny (see Figs
S6 & 7).

qualitatively identical when wusing the

DISCUSSION

Our study has revealed a highly non-random spatial and
environmental distribution of phylogenetic diversity (PD)
across tree communities of Amazonia, by whichever metric it
is evaluated, with some areas and environments holding sig-
nificantly more, or less, phylogenetic diversity than others
(Fig. 3). Phylogenetic diversity sensu stricto (PDss) and the
mean nearest taxon distance (MNTD) in the Amazon corre-
late strongly with species richness (SR; Fig. 2a,c) following
positive and negative trends, respectively. Therefore, diverse
communities on young- and intermediate-aged substrates
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Figure 3 Variation in phylogenetic diversity, as evaluated by several metrics, across Amazonia. The results for phylogenetic diversity
sensu stricto (PDss), its equivalent standardized for variation in species richness (ses.PDss), and the standardized measures of mean
pairwise phylogenetic distance between species (ses.MPD) and mean nearest taxon distance (ses. MNTD) are shown in different rows.
(a—d) The maps show the spatial distribution of values for each metric, with the size of circles corresponding to their values. If there were
multiple plots in a given one-degree grid, the mean value is shown. (e-h) The tropical moist forest biome is classified based on maximum
age of geological formations (TMF.y: < 20 Ma; TMF.i: 20-100 Ma, TMF.o: > 500 Ma), whereas savanna and seasonally dry tropical forest
are indicated as S and SDTF respectively. Letters in boxplots indicate significant difference among mean values (Tukey’s HSD; P < 0.05).

(western and central Amazonia respectively) have the highest
PDss and the lowest MNTD values. Once variation in SR is
controlled for, we found that the youngest and oldest
substrates (the latter on the Brazilian and Guiana Shields)
have the highest ses.PDss and ses. MNTD. The lowest values
of ses.PDss and ses.MNTD were found in potentially more
stressful environments, in particular white-sand forest and
SDTE.

We also found that the mean pairwise phylogenetic
distance between species (MPD) and its standardized
equivalent, ses.MPD, depend primarily on how evenly taxa
are distributed among the three major angiosperm clades
(Magnoliids, Monocots and Eudicots), which is shown by
the strong positive correlation between their values and
the proportion of taxa in plots that are Magnoliids and
Monocots (the two rarer clades; Fig. 2b). Thus, communi-
ties in western Amazonia, that have many Magnoliids and
Monocots present, have the greatest MPD and ses.MPD
values. While it is important to have a measure of how
evenly distributed taxa are across the major clades of a
phylogeny, MPD and ses.MPD do not seem to reflect line-
age diversity per se. Moreover, ses.PDss and ses.MNTD
were strongly positively correlated, giving similar patterns
across geological substrates environments. We therefore
focus below primarily on patterns with respect to PDss
and ses.PDss.

Has the greatest phylogenetic diversity been
accumulated in communities overlaying old
geological formations?

Communities on old geological substrates in the Brazilian
and Guianan Shields showed lower PDss than communities
on young or intermediately aged geological substrates
(Fig. 3e), which is unsurprising given their lower species
richness. The communities on old geological substrates did
show a higher median ses.PDss (Fig. 3f), but the distribution
of ses.PDss values overlapped broadly with those for com-
munities on the youngest substrate. The same pattern was
found for ses. MNTD. Thus, our prediction that PD would
be positively correlated with substrate age was falsified. How-
ever, we suggest that different processes may explain the high
ses.PDss values observed in different communities across
Amazonia. The high ses.PDss and ses.MNTD found in the
Guiana and Brazilian Shields may very well be explained by
their long-term geological history and the accumulation of
lineages over many millions of years.

To understand the rejection of the hypothesis that geologi-
cally older substrates show the greatest PD, we need to
consider why tree communities of western Amazonia show
such high ses.PDss and ses.MNTD. That communities of
western Amazonia show high PDss is unsurprising, as PDss
is strongly correlated with SR, and SR is substantially higher
in the western Amazon (ter Steege et al, 2003). However,
much of this species diversity is due to recently radiated spe-
cies-rich genera (Gentry, 1982) such as Inga (Richardson
et al., 2001) and Guatteria (Erkens et al., 2007), and short
phylogenetic branches such as those within these genera do
not greatly increase PD (Swenson, 2009). Moreover, low
MNTD would be explained by the presence of short phyloge-
netic branches separating the nearest taxa in these diverse
communities. However, another exceptional aspect of wes-
tern Amazonian tree communities is that they are occupied
by lineages from the entirety of the angiosperm phylogeny,
which leads these communities to have high ses.PDss, and
apparently also high ses.MNTD. One explanation might be
related to the potentially high phylogenetic diversity found
in the adjacent Andes, which provides a proximate resource
to ‘invade’ western Amazonia (see also Chave et al., 2007).
Another explanation might be related to the particular envi-
ronmental and ecological conditions (relatively fertile and
aseasonal environments) in the west, which may be easier to
invade by multiple lineages with diverse evolutionary back-
grounds. Moreover, the ability of diverse lineages to establish
in the western and southern Amazon may also be related to
the high rates of disturbance and turnover in the region
(Quesada et al., 2012; Marimon et al., 2013; Baker et al.,
2014). Thus, in the same way that more fertile, dynamic, and
disturbed tropical forests have more open nutrient-cycles on
ecological time-scales (Vitousek & Sanford, 1986), they also
appear to be more open to repeated establishment of plant
lineages on evolutionary time-scales.

Do environments with more potential
ecophysiological barriers to growth show the lowest
PD in their tree communities?

We expected that environments with potentially more
stressful ecological conditions, namely marked seasonality of
precipitation and/or low soil fertility, would have the lowest
phylogenetic diversity, because these may represent ecophys-
iological barriers that are difficult for many lineages to sur-
mount evolutionarily (Anacker & Harrison, 2012; Miller
et al., 2013; Qian et al, 2013). Both savannas and SDTF
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have a pronounced dry season, but they show contrasting
patterns of PD. While PD metrics of savannas were similar
to those of nearby communities in tropical moist forest,
SDTF generally has low PD (Fig. 3e-h). Savannas and trop-
ical moist forest communities may share similar lineages
across the angiosperm phylogeny, a pattern which supports
previous studies that suggested that Brazilian savannas are
formed by the numerous independent colonizations of lin-
eages from nearby biomes around 4-10 Ma (Simon et al,
2009; Simon & Pennington, 2012). Conversely, the low PD
values shown for SDTF communities suggest that fewer
clades have succeeded in colonizing SDTF, and that conse-
quently, SDTF is occupied by closer relatives. However, our
conclusions must be taken as preliminary given the low
sample size and limited geographical extent of our savanna
and SDTF plots.

Previous studies have indicated strong habitat specializa-
tion in white-sand communities as indicated by the high
number of individuals that represent white-sand specialist
species (Fine et al., 2010), and by the distinct ecophysiology
and defences against herbivores that these species have
evolved in order to live on such poor soils (Fine et al.,
2004). Therefore, we also expected that white-sand forests
would have a high frequency of closely related species and
low phylogenetic diversity. But while our results showed
that both white-sand communities of the Guiana Shield
and the western Amazon have low PDss, only those com-
munities in the Guyana Shield have low ses.PDss values
compared to neighbouring terra firme or flooded forest.
We found higher values of ses.PDss in the small patches of
white-sand forests of western Amazonia than in the Guiana
Shield, suggesting a greater influence of the regional pool
(i.e. species present in the surrounding phylogenetically
diverse terra firme forest entering white-sand patches) than
in the larger, more contiguous white-sand patches of the
Guiana Shield.

Conservation priorities

Conservation planning based upon species richness (SR)
gives the same value to communities with equal SR regard-
less of the total phylogenetic diversity of the species that they
contain (e.g. Forest et al., 2007). But if we are to preserve
the full spectrum of lineage diversity and the evolutionary
processes that led to the exceptional biodiversity of Amazo-
nian communities, regional conservation planning must
incorporate phylogenetic information.

In this study, we showed that while PDss is strongly corre-
lated with SR (see also Forest et al., 2007; Cadotte et al.,
2012), communities can vary greatly in their deviation from
expected PD given SR, as measured by ses.PDss. While
communities in the central and western Amazon have the
greatest tree species richness in the basin (ter Steege et al.,
2003), the central Amazon shows much lower phylogenetic
diversity than expected given its species richness (ses.PDss)

compared to the western Amazon (Fig. 3e), thus suggesting
that the western Amazon basin may hold a higher value for
conservation of lineage diversity.

In addition, we found that the mean pairwise phyloge-
netic distance between species (MPD) is not strongly
correlated with species richness, which could suggest that it
is a better metric of phylogenetic diversity than PDss.
However, we found that MPD and its standardized equiva-
lent (ses.MPD) are strongly dependent on how evenly
divided the species in a tree community are among the
three major angiosperm clades (Magnoliids, Monocots and
Eudicots; Fig. 2b). While this division is certainly interest-
ing from an ecological and evolutionary perspective, we
suggest that MPD and ses.MPD may not be the most use-
ful metrics of phylogenetic diversity for conservation priori-
tization. Meanwhile, MNTD shows a strong inverse
relationship with SR, and ses.MNTD essentially conveys the
same information as ses.PDss (i.e. they are strongly posi-
tively correlated). Thus, we suggest that, PDss and ses.PDss
may provide the most straightforward, interpretable means
to evaluate lineage diversity in communities. While PDss is
strongly correlated with SR and could perhaps be inferred
from it, a phylogeny is clearly necessary to calculate
ses.PDss and determine whether communities show more
or less lineage diversity than expected given their species
richness. An urgent priority for conservation should be to
develop bigger community phylogenies that include all lin-
eages, greater numbers of species within lineages, and
greater phylogenetic resolution. Such phylogenies would
allow evolutionary information to be properly incorporated
into conservation decisions.
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Table S1. Floristic tree inventories (n = 283 plots) compiled from RAINFOR forest plot
network (Lopez-Gonzalez et al., 2009; 2011). Total number of angiosperm individuals, and
proportion of individuals identified to species are provided. Regions: Brazilian Shield (BSh),
central Amazonia (CA), eastern Amazonia (EA), Guiana Shield (GSh), Northern Andes
(NSA), north-western Amazonia (NWA), and south-western Amazonia (SWA). Forest type:
montane forest (at 1650 - 3000 m a.s.l.), flooded forest (affected by the flooding of rivers or
with a high water table), lowland terra firme forest (in the interfluvial plain on clay or brown-
sand soils), and white-sand forest (on white-sand soils).

Biome Region Forest type Country Sé(()ite Lat Long (Ahr;)a E d %B)
. 0

Tr. moist forest BSh Flooded Bolivia HCC-11  -13.91 -60.82 1.0 582 67.4
Tr. moist forest BSh Flooded Bolivia HCC-12 -13.91 -60.82 1.0 725 66.9
Tr. moist forest BSh Flooded Bolivia LGB-01 -14.80 -60.39 1.0 656 76.4
Tr. moist forest BSh Flooded Bolivia LSL-01 -14.40 -61.14 1.0 501 82.6
Tr. moist forest BSh Flooded Bolivia LSL-02 -14.40 -61.14 1.0 631 81.3
Tr. moist forest BSh Flooded Bolivia NCR-01 -14.64 -61.16 1.0 566  75.1
Tr. moist forest BSh Flooded Bolivia NCR-02 -14.71 -61.15 1.0 590 753

Tr. moist forest BSh Flooded Brazil NXV-06 -14.72 -52.36 1.4 719  97.8
Tr. moist forest BSh Flooded Brazil PEA-01 -12.15 -50.83 04 330 100.0
Tr. moist forest BSh Flooded Brazil PEA-02 -12.32  -50.74 0.4 461 100.0
Tr. moist forest BSh Flooded Brazil PEA-03 -12.38 -50.89 1.0 1579 99.9
Tr. moist forest BSh Flooded Brazil PEA-04 -12.42 -50.71 1.0 1278 100.0
Tr. moist forest BSh Flooded Brazil PEA-05 -11.90 -50.75 1.0 966 99.8
Tr. moist forest BSh Flooded Brazil PEA-06 -11.92 -50.71 1.0 922 99.6
Tr. moist forest BSh Flooded Brazil PEA-07 -12.48 -50.90 1.0 472 100.0
Tr. moist forest BSh Flooded Brazil PEA-08 -12.54 -50.74 1.0 426 100.0

Tr. moist forest BSh Terra firme Bolivia BBC-01 -14.30 -60.53 1.0 532 81.0
Tr. moist forest BSh Terra firme Bolivia BBC-02 -14.30 -60.53 1.0 543 81.0
Tr. moist forest BSh Terra firme Bolivia CHO-01 -14.39 -61.15 1.0 729 86.0
Tr. moist forest BSh Terra firme Bolivia CHO-02 -14.34 -61.16 1.0 544 74.6
Tr. moist forest BSh Terra firme Bolivia HCC-21 -14.53 -60.74 1.0 529 90.9
Tr. moist forest BSh Terra firme Bolivia HCC-22 -14.53 -60.73 1.0 613 85.6
Tr. moist forest BSh Terra firme Bolivia HCC-23 -14.56 -60.75 1.0 712 86.5
Tr. moist forest BSh Terra firme Bolivia HCC-24 -14.57 -60.75 1.0 616 83.3
Tr. moist forest BSh Terra firme Bolivia KEN-01 -16.02 -62.73 1.0 450 99.8
Tr. moist forest BSh Terra firme Bolivia LCA-13  -15.68 -62.78 1.0 423 82.7
Tr. moist forest BSh Terra firme Bolivia LCA-16 -15.68 -62.78 1.0 385 74.5
Tr. moist forest BSh Terra firme Bolivia LCA-29 -15.68 -62.77 1.0 394  84.5
Tr. moist forest BSh Terra firme Bolivia LCA-30 -15.68 -62.77 1.0 417  85.9
Tr. moist forest BSh Terra firme Bolivia LFB-01 -14.58 -60.83 1.0 564 89.7
Tr. moist forest BSh Terra firme Bolivia LFB-02 -14.58 -60.83 1.0 536 92.0
Tr. moist forest BSh Terra firme Bolivia MVE-01 -15.01 -61.13 1.0 567  89.9
Tr. moist forest BSh Terra firme Bolivia SRQ-01  -14.40 -62.30 1.0 291 97.9
Tr. moist forest BSh Terra firme Brazil ALF-01 -9.60 -55.94 1.0 514 93.0
Tr. moist forest BSh Terra firme Brazil ALF-02 -9.58 -55.92 1.0 537 96.3



Biome Region Forest type Country 1;1)(()11:6 Lat Long (Ahrae)a E} 4 %OD/O)
Tr. moist forest BSh Terra firme Brazil AMD-01 -1.83 -46.75 1.0 536 925
Tr. moist forest BSh Terra firme Brazil AMD-02 -1.83 -46.75 1.0 453 94.3
Tr. moist forest BSh Terra firme Brazil ARA-01 -4.82 -52.52 1.0 439  80.4
Tr. moist forest BSh Terra firme Brazil ASR-01 -4.76  -52.60 1.0 455  88.6
Tr. moist forest BSh Terra firme Brazil CAR-01 -5.58 -49.72 1.0 482 84.6
Tr. moist forest BSh Terra firme Brazil CPP-01 -1.84 -47.10 1.0 477 93.9
Tr. moist forest BSh Terra firme Brazil CPP-02 -1.84 -47.10 1.0 465 97.4
Tr. moist forest BSh Terra firme Brazil CRG-01 -5.90 -50.13 1.0 438 91.3
Tr. moist forest BSh Terra firme Brazil FLO-01 -12.81 -51.85 1.0 604 97.7
Tr. moist forest BSh Terra firme Brazil FLO-02 -12.76 -51.88 1.0 484  96.1
Tr. moist forest BSh Terra firme Brazil LFA-01 -5.85 -50.48 1.0 460 954
Tr. moist forest BSh Terra firme Brazil MCP-01 -5.88 -50.47 1.0 536 86.2
Tr. moist forest BSh Terra firme Brazil MRB-01 -5.73 -49.05 2.0 1035 97.2
Tr. moist forest BSh Terra firme Brazil MRB-02 -5.72 -49.03 2.0 1084 96.6
Tr. moist forest BSh Terra firme Brazil MRB-03 -5.70 -490.00 2.0 997 944
Tr. moist forest BSh Terra firme Brazil NXV-02 -14.70 -52.35 1.0 564  99.8
Tr. moist forest BSh Terra firme Brazil NXV-04 -14.70 -52.35 0.5 372 89.2
Tr. moist forest BSh Terra firme Brazil NXV-09 -14.69 -5235 0.5 359 983
Tr. moist forest BSh Terra firme Brazil ODE-01 -348 -51.67 3.0 1413 70.8
Tr. moist forest BSh Terra firme Brazil RBR-01 -11.00 -61.95 1.0 560 852
Tr. moist forest BSh Terra firme Brazil RIA-01 -2.90 -46.15 4.0 1937 93.3
Tr. moist forest BSh Terra firme Brazil SAA-01 -9.79 -50.43 1.0 509 90.6
Tr. moist forest BSh Terra firme Brazil SMT-02 -12.82 -51.77 1.0 444 100.0
Tr. moist forest BSh Terra firme Brazil SNP-01 -6.04 -50.15 1.0 382 87.4
Tr. moist forest BSh Terra firme Brazil TAN-02 -13.09 -52.38 1.0 476 90.3
Tr. moist forest BSh Terra firme Brazil TAN-03 -12.82 -52.36 1.0 589 87.4
Tr. moist forest BSh Terra firme Brazil TAN-04 -12.92 -52.37 1.0 578 95.7
Tr. moist forest BSh Terra firme Brazil VCR-04 -14.83 -52.17 1.0 459 96.5
Tr. moist forest CA Terra firme Brazil BDF-01 -2.34 -60.10 2.0 1330 91.5
Tr. moist forest CA Terra firme Brazil BDF-03 -2.42 -59.85 1.0 592 83.3
Tr. moist forest CA Terra firme Brazil BDF-04 -2.43 -59.85 1.0 590 90.5
Tr. moist forest CA Terra firme Brazil BDF-05 -2.43 -59.85 1.0 652 91.7
Tr. moist forest CA Terra firme Brazil BDF-06 -2.41 -59.86 3.0 1896 90.5
Tr. moist forest CA Terra firme Brazil BDF-07 -2.40 -59.90 1.0 638 87.3
Tr. moist forest CA Terra firme Brazil BDF-08 -2.40 -59.90 1.0 592 86.0
Tr. moist forest CA Terra firme Brazil BDF-09 -2.40 -59.85 1.0 575 86.3
Tr. moist forest CA Terra firme Brazil BDF-10 -2.39 -59.86 2.0 1241 84.9
Tr. moist forest CA Terra firme Brazil BDF-11 -2.38 -59.85 3.0 1826 89.9
Tr. moist forest CA Terra firme Brazil BDF-12  -2.39 -59.85 2.0 1211  88.9
Tr. moist forest CA Terra firme Brazil BDF-13 -2.40 -59.91 9.0 5192 84.1
Tr. moist forest CA Terra firme Brazil BDF-14 -2.36 -59.97 1.0 685 90.7
Tr. moist forest CA Terra firme Brazil BNT-01 -2.64 -60.16 1.0 567 69.1
Tr. moist forest CA Terra firme Brazil BNT-04 -2.63 -60.15 1.0 612 70.1
Tr. moist forest CA Terra firme Brazil BNT-05 -2.63 -60.17 1.0 560 67.3
Tr. moist forest CA Terra firme Brazil BNT-07 -2.63 -60.17 1.0 643 65.6
Tr. moist forest CA Terra firme Brazil TEM-01 -2.97 -59.90 1.0 576 93.1
Tr. moist forest CA Terra firme Brazil TEM-02 -2.93 -59.95 1.0 599 92.8
Tr. moist forest CA Terra firme Brazil TEM-03 -2.41 -59.90 1.0 674 88.4
Tr. moist forest CA Terra firme Brazil TEM-04 -2.43 -59.79 1.0 581 90.2
Tr. moist forest CA Terra firme Brazil TEM-05 -2.62 -60.21 1.0 612 94.9
Tr. moist forest CA Terra firme Brazil TEM-06 -2.60 -60.11 1.0 693 91.2
Tr. moist forest EA Flooded Brazil TEC-01 -1.71 -51.46 1.0 501 70.1
Tr. moist forest EA Flooded Brazil TEC-06 -1.73 -51.43 1.0 456 752
Tr. moist forest EA Terra firme Brazil CAX-01 -1.74 -51.46 1.0 515 86.6
Tr. moist forest EA Terra firme Brazil CAX-02 -1.74 -51.46 1.0 523 74.4



Biome Region Forest type Country 1;1)(()11:6 Lat Long (Ahrae)a E} 4 %OD/O)
Tr. moist forest EA Terra firme Brazil GMT-01 -1.11 -47.80 1.0 505 89.5
Tr. moist forest EA Terra firme Brazil JBU-01 -1.14  -47.70 1.0 456 91.2
Tr. moist forest EA Terra firme Brazil JRI-01 -0.89 -52.19 1.0 599 77.0
Tr. moist forest EA Terra firme Brazil PPB-01 -1.18 -47.32 1.0 415 94.9
Tr. moist forest EA Terra firme Brazil PPB-02 -1.18 -47.32 1.0 497 89.5
Tr. moist forest EA Terra firme Brazil PPB-03 -1.18 -47.32 1.0 440 97.3
Tr. moist forest EA Terra firme Brazil PTB-01 -1.17 -56.41 1.0 438 95.7
Tr. moist forest EA Terra firme Brazil PTB-02 -1.48 -56.39 1.0 502 97.4
Tr. moist forest EA Terra firme Brazil SRT-01 -1.46 -47.92 1.0 503 93.6
Tr. moist forest EA Terra firme Brazil TAP-01 -3.31 -54.94 1.0 561 77.2
Tr. moist forest EA Terra firme Brazil TAP-02  -3.31 -54.95 1.0 479  81.0
Tr. moist forest EA Terra firme Brazil TAP-03 -3.31 -54.94 1.0 525 77.0
Tr. moist forest EA Terra firme Brazil TEC-04 -1.75 -51.52 1.0 474 76.4
Tr. moist forest EA Terra firme Brazil TEC-05 -1.78 -51.59 1.0 510 67.3
Tr. moist forest GSh Flooded Fr. Guiana PAR-21 5.28 -52.92 1.0 590 87.6
Tr. moist forest GSh Terra firme Fr. Guiana NOU-02 4.09 -52.67 1.0 512 90.8
Tr. moist forest GSh Terra firme Fr. Guiana NOU-11 4.08 -52.68 1.0 524 94.1
Tr. moist forest GSh Terra firme Fr. Guiana NOU-12 4.08 -52.68 1.0 475  81.7
Tr. moist forest GSh Terra firme Fr. Guiana NOU-15 4.08 -52.68 1.0 482 83.8
Tr. moist forest GSh Terra firme Fr. Guiana NOU-17 4.08 -52.68 1.0 572 813
Tr. moist forest GSh Terra firme Fr. Guiana NOU-18 4.08 -52.68 1.0 567 81.8
Tr. moist forest GSh Terra firme Fr. Guiana PAR-20 5.28 -52.92 1.5 927 88.3
Tr. moist forest GSh Terra firme Fr. Guiana PAR-22  5.28 -52.92 1.5 968 82.2
Tr. moist forest GSh Terra firme Fr. Guiana PAR-23 5.28 -52.92 2.0 499 86.4
Tr. moist forest GSh Terra firme Guyana FMH-01 5.17 -58.69 1.0 455 958
Tr. moist forest GSh Terra firme Guyana FMH-02 5.17 -58.69 1.0 353 924
Tr. moist forest GSh Terra firme Guyana IWO-03 4,53 -58.78 1.0 563  75.0
Tr. moist forest GSh Terra firme Guyana IWO-11  4.62 -58.72 1.0 445 784
Tr. moist forest GSh Terra firme Guyana IWO-12  4.73 -58.72 1.0 450 77.1
Tr. moist forest GSh Terra firme Guyana IWO-22 4.62 -58.72 1.0 443 84.0
Tr. moist forest GSh Terra firme Guyana PIB-05 5.02 -58.62 1.0 470 86.8
Tr. moist forest GSh Terra firme Guyana PIB-06 5.01 -58.62 1.0 494 935
Tr. moist forest GSh Terra firme Guyana PIB-12 5.03 -58.60 1.0 407 845
Tr. moist forest GSh Terra firme Suriname BBS-04 4.97 -55.18 1.0 465 77.2
Tr. moist forest GSh Terra firme Suriname  BBS-05 4.99 -55.20 1.0 515 82.7
Tr. moist forest GSh Terra firme Suriname  BBS-07 4.92 -55.13 1.0 458 80.3
Tr. moist forest GSh Terra firme Suriname  BBS-08 493 -55.14 1.0 555 75.7
Tr. moist forest GSh Terra firme Suriname LMS-04 425 -54.73 1.0 524  67.0
Tr. moist forest GSh Terra firme Suriname LMS-05 4.25 -54.73 1.0 981 76.8
Tr. moist forest GSh Terra firme Suriname LMS-06 4.26 -54.78 1.0 477 683
Tr. moist forest GSh Terra firme Suriname LMS-07 4.27 -54.78 1.0 476 742
Tr. moist forest GSh Terra firme Suriname LMS-08 4.27 -54.75 1.0 489  72.8
Tr. moist forest GSh Terra firme Suriname  NMS-01 4.78 -54.62 1.0 475 69.1
Tr. moist forest GSh Terra firme Suriname  NMS-03 4.82 -54.60 1.0 497 76.3
Tr. moist forest GSh Terra firme Suriname  NMS-04 493 -54.52 1.0 739 78.3
Tr. moist forest GSh Terra firme Suriname  NMS-05 4.93 -54.52 1.0 810 80.2
Tr. moist forest GSh Terra firme Suriname  NMS-06 4.83 -54.61 1.0 607 68.7
Tr. moist forest GSh Terra firme Venezuela ELD-01 6.10 -61.39 1.0 576 94.6
Tr. moist forest GSh Terra firme Venezuela PTA-01 5.11 -67.74 1.0 500 89.6
Tr. moist forest GSh Terra firme Venezuela PTA-02 5.84 -67.45 1.0 436 954
Tr. moist forest GSh Terra firme Venezuela PTA-03 5.11 -67.74 1.0 593 94.4
Tr. moist forest GSh Terra firme Venezuela PTA-04 5.84 -67.49 1.0 407 87.0
Tr. moist forest GSh Terra firme Venezuela SCR-05 1.93 -67.04 1.0 681 93.1
Tr. moist forest GSh White sand  Guyana FMH-03 5.18 -58.70 1.0 635 91.0
Tr. moist forest GSh White sand  Guyana IWO-09 4.61 -58.73 1.0 675 702



Biome Region Forest type Country 1;1)(()11:6 Lat Long (Ahrae)a E} 4 %OD/O)
Tr. moist forest GSh White sand Guyana IWO-21 4.63 -58.74 1.0 563  90.2
Tr. moist forest GSh White sand Venezuela SCR-04 1.93 -67.04 1.0 829 958
Tr. moist forest NSA Flooded Colombia AMA-02 5.58 -77.50 1.0 453 81.9
Tr. moist forest NSA Montane Colombia BET-01 6.92 -73.30 1.0 936 91.0
Tr. moist forest NSA Montane Colombia BET-02 6.92 -73.30 1.0 889  84.0
Tr. moist forest NSA Montane Colombia DIV-01 7.05 -73.02 1.0 824  76.9
Tr. moist forest NSA Montane Colombia MTV-01 6.28 -75.51 1.0 1050 92.8
Tr. moist forest NSA Montane Colombia  SSE-01 6.10 -75.51 1.0 891 69.0
Tr. moist forest NSA Montane Venezuela SEU-03 8.64 -71.41 1.0 676  89.5
Tr. moist forest NSA Terra firme Colombia ECE-01 10.68 -75.27 1.0 352 952
Tr. moist forest NSA Terra firme Colombia KAL-01 11.24 -74.14 1.0 363 78.5
Tr. moist forest NSA Terra firme Colombia PTN-01 6.12 -74.67 1.0 540 66.1
Tr. moist forest NSA Terra firme Colombia SRF-01 6.27 -75.09 0.9 632 72.3
Tr. moist forest NWA  Flooded Colombia ZAR-02 -4.00 -69.90 1.0 624 73.2
Tr. moist forest NWA  Flooded Ecuador JAS-05 -1.06 -77.62 1.0 557 86.2
Tr. moist forest NWA  Flooded Ecuador TIP-03 -0.64 -76.15 1.0 444  67.6
Tr. moist forest NWA  Flooded Peru JEN-13 -4.92  -73.54 1.0 643  70.3
Tr. moist forest NWA  Flooded Peru SUC-03 -325 -72.92 1.0 599 98.7
Tr. moist forest NWA  Montane Peru PNY-01 -10.38 -7547 1.0 580 874
Tr. moist forest NWA  Montane Peru PNY-02 -10.30 -75.61 1.0 653 68.8
Tr. moist forest NWA  Terra firme Brazil JAM-01 -4.67 -66.17 4.0 3118 824
Tr. moist forest NWA  Terra firme Colombia AGP-01 -3.72 -70.31 1.0 625 93.8
Tr. moist forest NWA  Terra firme Colombia AGP-02 -3.72 -70.30 1.0 584 90.1
Tr. moist forest NWA  Terra firme Colombia LOR-01 -3.06 -69.99 1.0 604 88.2
Tr. moist forest NWA  Terra firme Colombia LOR-02 -3.06 -69.99 1.0 578 87.2
Tr. moist forest NWA  Terra firme Colombia ZAR-03 -3.99 -69.90 1.0 692 67.1
Tr. moist forest NWA  Terra firme Colombia ZAR-04 -399 -69.91 1.0 652 683
Tr. moist forest NWA  Terra firme Ecuador BOG-01 -0.70 -76.48 1.0 544  80.1
Tr. moist forest NWA  Terra firme Ecuador BOG-02 -0.70 -76.47 1.0 614 785
Tr. moist forest NWA  Terra firme Ecuador JAS-02 -1.07 -77.62 1.0 724 894
Tr. moist forest NWA  Terra firme Ecuador JAS-03 -1.08 -77.61 1.0 648 91.0
Tr. moist forest NWA  Terra firme Ecuador JAS-04 -1.07 -77.61 1.0 794 69.8
Tr. moist forest NWA  Terra firme Ecuador JUY-01 -2.13 -76.20 1.0 620 65.5
Tr. moist forest NWA  Terra firme Ecuador PAY-01 -0.45 -77.03 1.0 653 67.8
Tr. moist forest NWA  Terra firme Ecuador SHI-01 -1.02 -76.98 1.0 628 94.1
Tr. moist forest NWA  Terra firme Ecuador SUM-01 -0.60 -77.63 0.8 572 77.6
Tr. moist forest NWA  Terra firme Ecuador TIP-01 -0.66 -76.40 1.0 566 78.4
Tr. moist forest NWA  Terra firme Ecuador TIP-02 -0.63 -76.14 1.0 502 829
Tr. moist forest NWA  Terra firme Peru ALP-01 -3.95 -73.43 1.0 612 923
Tr. moist forest NWA  Terra firme Peru ALP-02 -3.95 -73.44 1.0 593 92.6
Tr. moist forest NWA  Terra firme Peru CDM-01 -10.33 -75.30 1.0 520 725
Tr. moist forest NWA  Terra firme Peru IND-01 -3.52 -72.85 1.0 488 71.1
Tr. moist forest NWA  Terra firme Peru JEN-11 -4.88 -73.63 1.0 600 85.3
Tr. moist forest NWA  Terra firme Peru MSH-01 -3.78 -73.50 1.0 813 92.4
Tr. moist forest NWA  Terra firme Peru PNY-03 -10.31 -75.29 1.0 797 75.9
Tr. moist forest NWA  Terra firme Peru PNY-04 -10.34 -75.25 1.0 542 83.0
Tr. moist forest NWA  Terra firme Peru PNY-05 -10.35 -75.25 1.0 573 88.7
Tr. moist forest NWA  Terra firme Peru PNY-06 -10.36 -75.25 1.0 481 82.3
Tr. moist forest NWA  Terra firme Peru PNY-07 -10.35 -75.26 1.0 536 84.0
Tr. moist forest NWA  Terra firme Peru RCS-01 -9.47 -74.77 1.0 639 0664
Tr. moist forest NWA  Terra firme Peru RCS-05 -9.62 -74.93 1.0 595 89.1
Tr. moist forest NWA  Terra firme Peru SUC-01 -3.25 -72.91 1.0 594 929
Tr. moist forest NWA  Terra firme Peru SUC-02 -3.25 -72.90 1.0 591 94.9
Tr. moist forest NWA  Terra firme Peru SUC-04 -3.25 -72.89 1.0 614 932
Tr. moist forest NWA  Terra firme Peru SUC-05 -326 -72.89 1.0 561 90.6



Biome Region Forest type Country 1;1)(()11:6 Lat Long (Ahrae)a E} 4 %OD/O)
Tr. moist forest NWA  Terra firme Peru YAN-01 -343 -72.84 1.0 567 95.8
Tr. moist forest NWA  Terra firme Peru YAN-02 -343 -72.84 1.0 599  94.0
Tr. moist forest NWA  White sand Colombia ZAR-01 -4.01 -69.91 1.0 872  73.6
Tr. moist forest NWA  White sand Peru ALP-30 -3.95 -73.43 1.0 504 93.5
Tr. moist forest NWA  White sand Peru ALP-40 -3.94 -73.44 1.0 1209 73.6
Tr. moist forest NWA  White sand Peru JEN-12 -4.90 -73.63 1.0 744 91.3
Tr. moist forest SWA Flooded Peru AGJ-01 -11.89 -7136 2.0 1314 93.6
Tr. moist forest SWA Flooded Peru LAS-02 -12.57 -70.09 1.0 596  86.9
Tr. moist forest SWA Flooded Peru MNU-01 -11.89 -71.41 2.3 1305 93.7
Tr. moist forest SWA Flooded Peru MNU-05 -11.88 -71.41 2.0 1252 93.2
Tr. moist forest SWA Flooded Peru MNU-06 -11.89 -7140 2.3 1155 95.1
Tr. moist forest SWA Flooded Peru TAM-03 -12.84 -69.28 1.0 650 95.4
Tr. moist forest SWA Montane Peru ESP-01 -13.18 -71.59 1.0 709 82.1
Tr. moist forest SWA Montane Peru TRU-01 -13.11 -71.61 1.0 647 79.1
Tr. moist forest SWA Montane Peru TRU-02 -13.11 -71.60 1.0 743 774
Tr. moist forest SWA Montane Peru TRU-03 -13.11 -71.60 1.0 561 75.4
Tr. moist forest SWA Montane Peru TRU-04 -13.11 -71.59 1.0 888 70.8
Tr. moist forest SWA Montane Peru TRU-05 -13.09 -71.57 1.0 1001 82.1
Tr. moist forest SWA Montane Peru TRU-06 -13.08 -71.57 1.0 862 734
Tr. moist forest SWA Montane Peru WAY-01 -13.19 -71.59 1.0 1100 88.1
Tr. moist forest SWA Terra firme Bolivia BEE-01 -16.53 -64.58 1.0 574 87.1
Tr. moist forest SWA Terra firme Bolivia BEE-05 -16.53 -64.58 1.0 544 94.7
Tr. moist forest SWA Terra firme Bolivia MBT-01 -10.07 -65.89 1.0 451 82.5
Tr. moist forest SWA Terra firme Bolivia MBT-02 -10.05 -65.89 1.0 403 73.0
Tr. moist forest SWA Terra firme Bolivia MBT-04 -10.31 -65.55 1.0 493 69.6
Tr. moist forest SWA Terra firme Bolivia MBT-05 -10.03 -65.63 1.0 456 74.3
Tr. moist forest SWA Terra firme Bolivia MBT-07 -9.91 -65.74 1.0 485 753
Tr. moist forest SWA Terra firme Bolivia MBT-08 -994  -65.75 1.0 442 744
Tr. moist forest SWA Terra firme Bolivia MTG-01 -19.27 -63.83 1.0 535 82.6
Tr. moist forest SWA Terra firme Bolivia RET-05 -10.97 -65.72 1.0 597 83.9
Tr. moist forest SWA Terra firme Bolivia RET-06 -10.97 -65.72 1.0 524  87.0
Tr. moist forest SWA Terra firme Bolivia RET-08 -10.97 -65.72 1.0 526 89.2
Tr. moist forest SWA Terra firme Bolivia RET-09 -10.97 -65.72 1.0 474 90.5
Tr. moist forest SWA Terra firme Brazil DOI-01 -10.57 -68.32 1.0 479 77.7
Tr. moist forest SWA Terra firme Brazil FEC-01 -10.07 -67.62 1.0 521 70.2
Tr. moist forest SWA Terra firme Brazil POR-01 -10.82 -68.77 1.0 558 79.9
Tr. moist forest SWA Terra firme Brazil POR-02  -10.80 -68.77 1.0 535 75.9
Tr. moist forest SWA Terra firme Peru ALM-01 -11.80 -7147 2.0 1226 89.5
Tr. moist forest SWA Terra firme Peru BAR-01 -11.90 -71.42 1.0 473 92.8
Tr. moist forest SWA Terra firme Peru CAG-01 -12.18 -69.05 1.1 663 92.8
Tr. moist forest SWA Terra firme Peru CAL-01 -12.80 -71.78 1.0 630 724
Tr. moist forest SWA Terra firme Peru CAL-02 -12.81 -71.78 1.0 848 71.1
Tr. moist forest SWA Terra firme Peru CBP-01 -12.39  -69.31 09 537  97.0
Tr. moist forest SWA Terra firme Peru CJC-04 -12.66 -69.08 0.7 562 934
Tr. moist forest SWA Terra firme Peru CLT-01 -12.82  -69.35 0.9 581 94.3
Tr. moist forest SWA Terra firme Peru CUZ-01 -12.54 -69.06 1.0 516 98.6
Tr. moist forest SWA Terra firme Peru CUzZ-02 -12.54 -69.06 1.0 553 98.2
Tr. moist forest SWA Terra firme Peru CuUz-03 -12.53 -69.05 1.0 497 97.0
Tr. moist forest SWA Terra firme Peru CUZ-04 -12.54 -69.05 1.0 558 94.1
Tr. moist forest SWA Terra firme Peru INF-01 -12.73  -69.70 1.3 810  82.3
Tr. moist forest SWA Terra firme Peru MNU-03 -11.90 -7140 2.0 1281 93.6
Tr. moist forest SWA Terra firme Peru MNU-04 -11.90 -7140 2.0 1196 92.9
Tr. moist forest SWA Terra firme Peru MNU-08 -12.00 -71.24 2.0 1153 96.2
Tr. moist forest SWA Terra firme Peru MNU-09 -12.04 -71.21 2.0 971 97.4
Tr. moist forest SWA Terra firme Peru PAK-01 -11.94 -71.28 1.0 575 89.6



Biome Region Forest type Country 1;1)(()11:6 Lat Long (Ahrae)a E} 4 %OD/O)
Tr. moist forest SWA Terra firme Peru RPA-01 -12.39 -69.36 1.0 494  76.9
Tr. moist forest SWA Terra firme Peru RPI-01 -12.36 -69.23 1.0 552 864
Tr. moist forest SWA Terra firme Peru RTH-01 -11.37 -69.66 1.0 525 93.1
Tr. moist forest SWA Terra firme Peru TAM-01 -12.84 -69.29 1.0 566 95.6
Tr. moist forest SWA Terra firme Peru TAM-02 -12.83 -69.29 1.0 600 93.0
Tr. moist forest SWA Terra firme Peru TAM-05 -12.83 -69.27 1.0 532 93.6
Tr. moist forest SWA Terra firme Peru TAM-06 -12.84 -69.30 1.0 544 93.6
Tr. moist forest SWA Terra firme Peru TAM-07 -12.83 -69.26 1.0 549 89.3
Tr. moist forest SWA Terra firme Peru TAM-08 -12.83 -69.27 1.0 532 93.0
Tr. moist forest SWA Terra firme Peru TMP-01 -13.13 -69.57 2.3 1306 81.5
Savanna BSh Savanna Brazil LET-01 -14.71 -52.35 1.0 375 100.0
Savanna BSh Savanna Brazil NXV-01 -14.71 -52.35 1.0 341 99.7
Savanna BSh Savanna Brazil NXV-03 -14.71 -52.35 0.5 320 99.7
Savanna BSh Savanna Brazil NXV-05 -14.71 -52.35 0.5 439 99.3
Savanna BSh Savanna Brazil SMT-01 -12.82 -51.77 1.0 380 99.5
SDTF BSh Dry forest  Bolivia ACU-01 -15.25 -61.25 1.0 479 954
SDTF BSh Dry forest  Bolivia ACU-02 -1525 -61.24 1.0 406  90.6
SDTF BSh Dry forest  Bolivia ALV-01 -16.12 -61.89 1.0 479  98.5
SDTF BSh Dry forest  Bolivia ALV-02 -16.08 -61.89 1.0 423 983
SDTF BSh Dry forest  Bolivia CRP-01 -14.54 -61.50 1.0 456  95.8
SDTF BSh Dry forest  Bolivia CRP-02 -14.54 -61.50 1.0 464  92.7
SDTF BSh Dry forest  Bolivia KEN-02 -16.02 -62.73 1.0 396 98.7
SDTF BSh Dry forest  Bolivia OTT-01 -16.39 -61.21 1.0 422  95.7
SDTF BSh Dry forest  Bolivia OTT-03 -16.42 -61.19 1.0 252  98.8
SDTF SWA Dry forest  Bolivia TUC-01 -18.52 -60.81 1.0 758 98.5
SDTF NSA Dry forest  Venezuela BAC-01  7.46 -71.01 1.5 432 95.1
SDTF NSA Dry forest  Venezuela CAI-01 8.70 -70.07 1.5 424  94.1
SDTF NSA Dry forest  Venezuela CLA-03 10.01 -65.32 0.5 302 98.3




DNA sequence-based genus-level phylogeny construction

In order to determine if PD metrics are affected by phylogenetic resolution, we compared our
results generated using the PHYLOCOM phylogeny with those using a phylogeny of
Amazonian tree genera generated from DNA sequences of rbcL and marK plastid genes
(Dexter & Chave, unpublished data). These regions were chosen as they are alignable across
all angiosperms, and many sequences were already available for many genera because they
represent the two markers selected for DNA barcoding in plants (Hollingsworth ef al., 2009).
The details of DNA extraction, PCR, and DNA sequencing protocols can be found in
Gonzalez et al. (2009). We generated new rbcL sequence data for 276 genera and matK data
for 122 genera. This was supplemented with rbcL data for 340 genera and matK data for 327
genera from GenBank. All genera (n=616) were represented with an rbcL sequence. We
included sequences of Amborella trichopoda (Amborellaceae) and Nymphaea alba

(Nymphaeaceae) as outgroups.

We estimated an initial tree using maximum likelihood analysis with separate partitions for
rbcL and mafK in RAXML v7.0.3 (Stamatakis, 2014), on the CIPRES web server
(www.phylo.org). This initial tree was used as a starting point for simultaneous topology and
divergence time estimation in the software package BEAST v1.54 (Drummond & Rambaut,
2007). We implemented a relaxed log-normal molecular clock and a Yule pure-birth model of
speciation. We conducted one initial run of 10° generations without any constraints on node
ages to generate an ultrametric starting tree for subsequent analyses with fossil-based
constraints. In total, we constrained 24 internal nodes using log-normal prior distributions
with a median value equal to the fossil age estimate, a standard deviation equal to 5% of the

age estimate, and a hard age minimum equal to 80% of the age estimate (see Table S2 for
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nodes and full prior distribution parameters). This prior distribution represents uncertainty in
both fossil age estimates and in their correspondence to the true appearance of lineages that is
proportional to the age of the fossil. The constraints selected were taken from (Magallon &
Castillo, 2009; Smith et al., 2010). We placed no constraint on the root age of the tree. We
conducted several initial runs of 10° generations to optimize operator settings before
conducting two final runs of 10°® generations. We assessed the two final runs for convergence
and then combined their posterior distribution of trees after a burn-in of 10’ generations for
each run. In the combined distribution, most parameter values including the prior, likelihood,
posterior, and node age estimates had effective sample sizes greater than 200. We generated
the ‘best’ tree by calculating the majority-rule consensus tree of all compatible clades and
assigned branch-lengths and divergence times to the tree that correspond to the mean values
across the posterior distribution of trees (using TreeAnnotator v1.5.4; Drummond &

Rambaut, 2007).

We converted the genus-level phylogeny into a species-level phylogeny by generating a
random phylogeny via a birth-death process (b = 1.0, d = 0.9) with n tips for each genus
where n corresponds to the number of species in our dataset for a given genus. Species were
assigned to the tips in their respective genera randomly. The final phylogeny includes 3,467
species (89.6 % of species in the whole tree community dataset), 487 genera (66.5 % of total

number of genera), and 103 families (81.7 % of total number of families).



Table S2. Fossil-based calibrations for prior ages of clades in the simultaneous analysis of

topology and divergence times (BEAST v1.54; Drummond & Rambaut, 2007).

Clade Crown/Stem Offset Mean Standard deviation
Apocynaceae  Stem 298 7.7 0.27
Brassicaceae Stem 714 227 0.65
Caryophyllales Crown 66.8 20.2 0.62
Core Eudicots  Stem 100 457 1.1
Cunoniaceae Stem 66.8 20.2  0.62
Ericales Crown 73 226  0.66
Fabales Crown 48 13.5 048
Fagales Stem 76.8 242  0.68
Lamiales Crown 354 9.5 0.35
Laurales Crown 84.6 275 0.72
Magnoliales Stem 89.6  29.7 0.75
Malpighiales ~ Crown 712 22 0.65
Malvales Crown 55.8 16.1 0.54
Mpyrtales Crown 704  21.6 0.64
Santalales Crown 41.6 11.3 041
Sapindales Crown 52 148 0.51
Solanales Crown 354 9.5 0.35
Ulmaceae Crown 27.2 7 0.23
Anacardiaceae  Stem 52.8 151 0.52
Annonaceae Stem 56 162 0.54
Arecaceae Crown 52 148 0.51
Chrysobalanus Stem 264 6.8 0.22
Combretaceac  Stem 59.2 174  0.57
Moraceae Stem 59.2 174 0.57

Sapotaceae Stem 52.8 15.1 0.52
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Figure S1. Phylogenetic tree for the whole species pool for 283 floristic inventories compiled
from RAINFOR dataset and produced in PHYLOCOM. This phylogeny reflects the most
current understanding of the phylogenetic relationship among families for angiosperms
(Bremer et al., 2009), but the resolution among genera or species is poor, 1.e. lower taxa are
represented as polytomies in the phylogeny, for example, with identical node age for

congeneric species.



g
TTTTTT

60

FrTTrrTTT

0.00 020

200 260
[
-
PDss
hSe ’
2
N2 047 MED
o
o
o~
- i
Ll -
0.77 0.23 MNTD 3 Ly
o 3 o024 0.19 0.68 ses.PDss ﬁ
o ™ gt
0.31 0.94 0.081 0.23 ses.MPD
o - . ™ o
~ ] 024 0.056 0.71 095 0.089 ses.MNTD o
1 _l *‘
<t - -
L8
0.96 0.38 0.84 0.48 0.24 0.47 SR
o
Q w w
o ] L] .
QE 0.52 0.88 0.39 0.0024 0.85 0.089 0.46 1-Eudicots e
o 3 . .
0.48 0.88 0.40 0.11 0.85 0.21 0.46 0.90 Magnoliids
o]
S -
o 4
-] 026 0.27 0.099 0.23 0.26 0.21 0.15 0.51 0.094 Monocots
S ]
o TTTTT TTTTTT TTTTTT TTTTIT TTTTTT
1000 5000 60 140 -3 0 2 20 60 0.00 0.20

Figure S2. Relationships (upper triangle) and correlation values (lower triangle) among six

5000

1000

20 60

phylogenetic diversity metrics (phylogenetic diversity sensu stricto: PDss, mean pairwise

11

phylogenetic distance between species: MPD, mean nearest taxon distance: MNTD, and their

equivalents, standardised for species richness: ses.PDss, ses.MPD, and ses. MNTD), species

richness (SR), and the proportion of species of Magnoliids and Monocots (= 1 - Eudicots).
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(MPD): (a) 200-226 Ma, (b) 227-253 Ma, and (c) 254-280 Ma. Note that MPD increases

when clades are more evenly distributed in the community.
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Figure SS5. (a-d) Sensitivity analysis of phylogenetic diversity metrics for the tropical moist
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conserved irrespective of the number of individuals used per plot in the analysis.
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Figure S6. Variation in four phylogenetic diversity metrics across Amazonia calculated using

the sequence-based genus-level phylogeny. Plots with more than 80% of species and

individuals sampled in the genus-level phylogeny were used in the analysis: TRF.y =111

plots, TRF.i = 41 plots, TRF.o =95 plots, S = 1 plot, and SDTF = 9 plots.
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Figure S7. Sensitivity analysis of six phylogenetic diversity metrics calculated using the

family-level phylogeny produced in PHYLOCOM (phylogeny 1) and the sequence-based
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genus-level phylogeny (phylogeny 2). The 1:1 lines are given in each graph (n =257 plots).
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