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Summary 125 

Lineages tend to retain ecological characteristics of their ancestors through time. However, 126 

for some traits, selection during evolutionary history may have also played a role in 127 

determining trait values. To address the relative importance of these processes requires 128 

large-scale quantification of traits and evolutionary relationships amongst species. The 129 

Amazonian tree flora comprises a high diversity of angiosperm lineages and species with 130 

widely differing life history characteristics, providing an excellent system to investigate the 131 

combined influences of evolutionary heritage and selection in determining trait variation. 132 

We used trait data related to the major axes of life history variation among tropical trees 133 

(e.g. growth and mortality rates) from 577 inventory plots in closed-canopy forest, mapped 134 
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onto a phylogenetic hypothesis spanning >300 genera including all major angiosperm clades 135 

to test for evolutionary constraints on traits. We found significant phylogenetic signal for all 136 

traits, consistent with evolutionarily related genera having more similar characteristics than 137 

expected by chance. Although there is also evidence for repeated evolution of similar, 138 

pioneer and shade tolerant life history strategies within independent lineages, the existence 139 

of significant phylogenetic signal allows clearer predictions of the links between 140 

evolutionary diversity, ecosystem function and the response of tropical forests to global 141 

change. 142 

 1. Introduction 143 

Evolutionary heritage may act as a major constraint on the ecological roles that species in a 144 

lineage can occupy. Even under a random model of trait evolution where functional traits 145 

drift in state over time (e.g. a Brownian motion model), we would expect closely related 146 

species to have similar functional trait values and similar ecologies due to their shared 147 

common ancestry [1, 2]. However, both divergent selection and convergent evolution lead 148 

to weaker relationships between species relatedness and their ecological similarity [1, 3, 4]. 149 

Hence, although it is often assumed that close relatives are more similar because they retain 150 

the ecological characteristics of their ancestors, in many clades the ancestral character state 151 

may not be conserved. Thus, rather than being simply assumed, the tendency of closely 152 

related species to have similar ecological characteristics needs to be tested. 153 

The strength of the link between trait variation and phylogenetic relatedness has a wide 154 

range of implications for understanding ecological and evolutionary processes and can be 155 

measured by the magnitude of phylogenetic signal (PS) [1, 2]. For example, if a selected trait 156 

Page 10 of 38

http://mc.manuscriptcentral.com/prsb

Submitted to Proceedings of the Royal Society B: For Review Only



9 

 

has significant PS, the relatedness of species can help us to understand the underlying 157 

mechanisms that drive community structure [5-7]. The presence of significant PS also 158 

suggests that the sum of phylogenetic distances among species that occur within a 159 

community (i.e. phylogenetic diversity) is a useful proxy for functional diversity and that, in 160 

turn, phylogenies of tree taxa may contribute to understanding ecosystem function [8, 9]. In 161 

addition, if trait values are more similar than expected by chance among closely related 162 

lineages, we can predict the trait values for species where trait data are not available.  163 

To understand the relative importance of evolutionary heritage versus selection in 164 

determining trait variation requires large-scale quantification of traits and evolutionary 165 

relationships amongst species. The Amazonian tree flora comprises a high diversity of 166 

angiosperm lineages and species with widely differing life history characteristics, providing 167 

an excellent system to investigate these processes. Previous studies of the degree of 168 

phylogenetic signal among traits of tropical trees, such as seed mass,  leaf structure and 169 

chemistry , trunk characteristics and range size, have shown variable results [6, 7, 10-13] . 170 

For example, some studies show significant PS [6, 7, 13], while for the same traits other 171 

studies have failed to detect any PS, with closely related species exhibiting rather different 172 

trait values [10, 11]. A key limitation of many of these studies is the limited spatial and 173 

phylogenetic scale of study, as well as the resolution of the phylogeny that they have used 174 

[14]. Here, we explore patterns of PS at large spatial and phylogenetic scales using a 175 

sequence-based phylogeny to test whether there are significant levels of PS for four key 176 

traits related to the major axes of life history variation among tropical trees: tree growth 177 

and mortality rates, wood density and potential tree size. These traits are related to 178 

resource acquisition and allocation, defence, and dispersal ability [15, 16] and represent 179 
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important axes of functional variation which drive variation in plant performance and 180 

function in many ecosystems [17]. Moreover, those traits are strongly related to differences 181 

in carbon fluxes and storage among species [18]. As a result, understanding PS in these traits 182 

may help to understand and model ecosystem processes in such highly diverse tropical 183 

forests such as Amazonia, which may harbour more than 16,000 tree species [19]. 184 

Studying PS at large spatial scales is important because the scale of study affects the 185 

strength of PS. At small scales, patterns of PS can be obscured because co-occurring species 186 

represent just a small fraction of the species richness of clades [20, 21]. Small spatial scales 187 

encompass limited environmental variation, so the species pool is limited to representatives 188 

of different lineages that may have similar ecological traits and environmental 189 

requirements: this pattern results in a lower range in traits and low PS. The strength of this 190 

effect depends on how environmental variability changes with spatial scale, on the degree 191 

of habitat specialization by species and the proportion of clades that are sampled in small-192 

scale studies [6, 7]. However, in general, larger spatial scales incorporate greater 193 

environmental heterogeneity and encompass a larger number of lineages with a wider 194 

range of trait values. Inferring patterns of PS that are more representative of evolutionary 195 

trends therefore typically requires measurement across large spatial scales, including a wide 196 

range of environmental conditions and taxa from a broad array of clades [22]. 197 

The patterns of PS also depend on traits under investigation and their specific evolutionary 198 

history. Some traits may exhibit phylogenetic conservatism where traits in specific lineages 199 

are constrained to certain trait values. For example, complex traits, such as growth and 200 

mortality, may depend in complex ways on multiple, interacting gene loci [23, 24] which 201 
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impose strong constraints on trait variation. Alternatively, traits may show no PS because 202 

they are under strong selective pressure and/or because they show phenotypic plasticity in 203 

response to environmental conditions [20, 25]. 204 

Here, we use a large dataset of several hundred permanent forest plots that occur across a 205 

wide range of the environmental conditions from all nine Amazonian countries [26], to 206 

quantify key demographic traits of more than 300 lineages of tropical trees, and explore the 207 

PS of these traits using  recently published molecular genus- [13] and species-level 208 

phylogenies [27, Dexter & Pennington, unpubl.]. By exploring how traits are correlated and 209 

the strength of PS, our goal is to address the fundamental question of whether repeated 210 

convergent and divergent evolution of life history strategies has erased phylogenetic signal 211 

for life history-related traits in tropical trees, or whether phylogenetic information can be 212 

used to understand ecosystem function in the world’s most diverse and ecologically 213 

important forest. 214 

2. Methods 215 

Plot data 216 

This study used inventory data from all trees and palms ≥ 10 cm diameter (DBH) in 577 217 

forest plots from the RAINFOR forest plot network (figure 1; electronic supplementary 218 

material S1) across lowland closed-canopy South American tropical forests. This network is 219 

centred on Amazonia and includes plots in forests on the Guiana Shield, in the Choco and 220 

northern South America; however, hereafter for simplicity we refer to this sampling region 221 

as ‘Amazonia’. Plots are located in old growth, unlogged forests and range in size from 0.04 222 

to 25 ha (most being 1 ha). They span a precipitation gradient from 1300 to 7436 mm yr-1 223 
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[28], a broad range of soil types [29], and are found below 500 m in elevation.  Data were 224 

extracted from the ForestPlots.net database which curates tree-by-tree records from 225 

RAINFOR and other plot networks [26, 30]. 226 

For productivity and mortality analyses, we used a subset of 257 repeated census plots with 227 

a minimum monitoring period of 2 years from 1962 to 2014. Mean census interval length is 228 

4.4 years and plot mean total monitoring period is 9.9 years. During each census, all 229 

surviving trees and palms were measured, dead trees were documented and new trees with 230 

≥ 10 cm dbh were recorded. More detailed measurement methods and plot characteristics 231 

have been previously published [e.g. 31, 32].  All recorded species and genus names were 232 

checked and standardized using the Taxonomic Name Resolution Service [33]. We excluded 233 

all trees and palms not identified to genus-level (7.9% of stems). 234 

Trait data 235 

Trait mean values of potential tree size, mean and maximum growth rates, mortality rates 236 

and wood density were calculated at both the genus and species-level. Our main analyses 237 

were performed at the genus-level and covered all genera present in a recently published 238 

genus-level phylogeny for Amazonian trees [13].  Species-level trait data for those clades 239 

where we had species-level phylogenies with sufficient sampling of species in our dataset 240 

(>20 species): Burseraceae [27] and Inga (Dexter & Pennington, unpubl.), were used to 241 

investigate whether patterns of PS at the genus-level were consistent with species level 242 

patterns. Species-level trait data was also used to account for intrageneric variation in the 243 

genus-level analyses of PS: the species-level data was used to calculate the standard error of 244 

each trait within each genus and these values were incorporated into the calculations of PS 245 
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(described below) [34]. In the methods below, all the details are given for trait values 246 

calculated at the genus-level; similar calculations and methods were used at the species-247 

level. 248 

Potential tree size, mean and maximum growth rates were all calculated in terms of tree 249 

diameter, basal area and biomass for each genus with at least 20 individuals across multiple 250 

censuses. 251 

Potential tree size was estimated as the 95th percentile of the size distribution of all trees 252 

within each genus. For trees with multiple measurements, we selected the maximum size 253 

across different censuses to define these distributions. Tree aboveground biomass (AGB) 254 

per stem was calculated using the pan-tropical, three parameter allometric equation 255 

(diameter, wood density and E) of Chave, Rejou-Mechain [35], which assumes that tree 256 

diameter-height relationships depend linearly on bioclimatic variables (E), where E is a 257 

measurement of environmental stress based on measures of temperature seasonality and 258 

precipitation seasonality derived from the WorldClim dataset [28] and a measure of Climatic 259 

Water Deficit extracted from a global gridded dataset [35]. Palm biomass was estimated 260 

using a palm-specific allometric equation based on diameter [36]. 261 

For each genus, we computed both mean growth rate and the 95th percentile of growth 262 

rates, to represent maximum growth rates within each genus, across all stems. To calculate 263 

these parameters, mean stem-level growth rate was first estimated as the mean growth per 264 

year across multiple censuses and maximum stem-level growth as the maximum growth 265 

rate per year calculated across multiple censuses. Trees with mean negative growth rates 266 

(0.9% of stems) were excluded in order to normalize the data [similar to 37]. We also 267 
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excluded palms, which do not have secondary growth, nine trees exhibiting diameter 268 

growth greater than 80 mm yr-1 which likely represents recording errors and stems where 269 

diameter measurements were not made using a tape measure (0.12 % of all stems). If a 270 

change in the point of measurement (POM) was made during the measurement record of 271 

any given tree, we calculated growth rates using the arithmetic mean of the diameter 272 

measured at the original POM and the diameter at the new POM [38]. 273 

Mortality rates were estimated for all genera with a minimum of 100 individuals in the plot 274 

data, based on the number of individuals found alive in the initial and final censuses of each 275 

plot. To estimate average mortality rates within each genus, the survival probability of 276 

individual trees within each clade was modelled as an exponentially declining function of 277 

the monitoring period whilst accounting for variation in tree size [39, 40].   278 

To account for the wide range of environmental conditions across plots [29], we used mixed 279 

models to calculate genus-level values of potential tree size, mean and maximum growth 280 

rates and mortality rates whilst accounting for systematic variation in these parameters 281 

among plots [40] (see electronic supplementary material, S2). 282 

Wood density data were extracted from the Global Wood Density database [41, 42] and 283 

average values calculated for each genus in the phylogeny [43]. 284 

Trait correlations 285 

To identify relationships amongst genus-level traits we conducted a Phylogenetic Principal 286 

Component Analysis PPCA [44] including genera where we have a complete set of trait data. 287 

PPCA incorporates the expected correlation among traits due to their shared evolutionary 288 
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history into the principal component analyses [45]. We standardized trait values to a mean 289 

of zero and unit variance to ensure that each trait contributed equally to the PPCA. 290 

Phylogenetic Signal 291 

In order to estimate phylogenetic signal (PS) for traits, we used Blomberg’s K [1]. This metric 292 

quantifies the amount of variance in an observed trait in relation to the expected trait 293 

variance under a Brownian motion model of evolution [1, 4]. Under this model of evolution, 294 

trait values drift randomly over time, with small changes being more likely than large 295 

changes within a given unit of time (trait values at t1 are chosen from a normal distribution 296 

centred on the trait value at t0).  This model generates trait data where the covariance 297 

among trait values for taxa is proportional to the duration of their shared evolutionary 298 

history [4]. Values of K equal to 0 indicate that there is no phylogenetic signal, whilst K equal 299 

to 1 indicates high phylogenetic signal and is the expected value under a Brownian motion 300 

model of evolution. Intermediate values (0 < K < 1) indicate intermediate levels of 301 

phylogenetic signal. To assess significance in K, we recalculated K on the tree with 302 

randomized tips a thousand times, and compared the simulated values with the observed 303 

value of K. If the observed value fell outside the range given by 2.5-97.5 percentiles of the 304 

simulated values, this value was considered significant. 305 

We accounted for intra-generic trait variation in the calculation of K by measuring the 306 

standard error for each genus, treating individual genera as species and intrageneric 307 

variation as intraspecific variation sensu [34]. For genera where the standard error could not 308 

be computed, we assigned the mean value of the standard error for all genera with 309 

estimates for multiple species [34]. Including this within-genus variation allows us to 310 
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account for uncertainty in trait estimation (e.g. population variation and measurement 311 

error), improve parameter estimation and reduce bias in the calculation of PS [1, 34].  312 

We also calculated PS using Pagel’s λ [46] in order to explore whether our results were 313 

dependent on the particular method used to calculate phylogenetic signal (see electronic 314 

supplementary material, S3). 315 

Sensitivity analysis 316 

To investigate whether our results were affected by the spatial scale of our study, we 317 

repeated our analyses using 26 plots within 55 km of each other near Manaus.  Similarly, to 318 

verify whether our results were affected by our use of genus-level data, we conducted the 319 

same analyses at the species level for the genus Inga and the Protieae (Burseraceae). 320 

Likewise, to investigate whether the number of lineages included in the analyses affected 321 

the extent of PS, we repeated the calculations of PS with just the genera with a complete set 322 

of trait values (214). 323 

Statistical analyses were performed in the R 3.1.1 program [47], using ape [48], phytools 324 

[44] and data.table [49] packages. 325 

3. Results 326 

Trait data 327 

All traits measured varied substantially among genera (table 1, figure 2): wood density 328 

varied eight-fold, potential size in tree diameter 12-fold, potential size in biomass 814-fold, 329 

maximum growth rates in tree diameter 23-fold, mean diameter growth rates 35-fold, and 330 
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mortality rates 275-fold. Overall, the trait values after correcting for environmental variation 331 

and those estimated directly from the database without accounting for variation among 332 

plots were highly correlated with each other (p<0.001 in all cases and τ ranging from 0.59-333 

0.79). 334 

Trait relationships 335 

Trait associations among lineages were analysed with a phylogenetic principal component 336 

analysis (PPCA): eighty-three percent of the variation in the four dimensional space was 337 

accounted for by the first two axes (figure 3). The first axis (PPCA1) explained 52.8% of the 338 

variation and shows strong positive loadings for mortality and maximum growth rates, 339 

whilst wood density was negatively associated with this axis (electronic supplementary 340 

material S4). PPCA1 thus represents a continuum from pioneer and light demanding 341 

lineages with low wood density and fast demographic traits (e.g. high mortality and growth 342 

rates) to non-pioneer lineages with high wood density and slow demographic rates. The 343 

second axis (PPCA2) explained 30.5% of the variation and was associated more closely with 344 

potential tree size, and reflects the variation from individuals of understory genera, to 345 

individuals of canopy and emergent lineages (figure 3). 346 

Phylogenetic signal 347 

All traits and the first two PPCA axes exhibited significant PS, with closely related genera 348 

being more similar than expected by chance, using either Bloomberg’s K (table 1) or Pagel’s 349 

λ (electronic supplementary material S3).  Because estimates of Pagel’s λ and Blomberg’s K 350 

are strongly correlated and most studies of phylogenetic signal in tropical trees have 351 
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focused on the K metric rather than λ, we focus our results and discussion on the 352 

calculations using Blomberg’s K-value. 353 

Traits showed significant and similar values for K, varying from 0.25 to 0.39 and from 0.18 to 354 

0.27, with and without accounting for intrageneric variation respectively. These K-values 355 

indicate that evolutionarily related genera tend to be more similar to each other, but less 356 

than expected under a BM model of evolution (table 1). Finally, removing the environmental 357 

contribution to trait variation did not substantially alter the magnitude of PS (table 1). 358 

Sensitivity analyses 359 

Although selecting just the Manaus data significantly reduced the number of genera, 360 

species, and individual trees included in the analyses, PS at smaller spatial scales showed 361 

similar patterns to PS calculated using the whole dataset (electronic supplementary material 362 

S5). Similarly, reducing the number of lineages to genera we had all trait values showed 363 

congruent patterns of PS (electronic supplementary material S5). In addition, all traits 364 

showed similar or slightly higher Blomberg’s K values for just Inga or Protieae than for all 365 

taxa together (electronic supplementary material S5). 366 

4. Discussion 367 

This is the first study, to our knowledge, to investigate the extent of phylogenetic signal (PS) 368 

for traits that quantify the main axes of life history variation in survival and growth of trees 369 

at such a large phylogenetic and spatial scale. Our results demonstrate that for Amazonian 370 

forests, closely related genera have similar life history strategies, with all traits showing 371 

similar levels of PS (table 1, figure 2 and electronic supplementary material S6). The similar 372 
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level of PS found across all the different, correlated traits suggests that the main axes of life-373 

history variation among lineages of Amazonian trees may represent the result of repeated 374 

evolution of a suite of coordinated functional characteristics. 375 

Relationships amongst Traits 376 

Strong correlations amongst traits were represented by two major axes of variation, which 377 

are likely to be associated with adaptations to horizontal and vertical light gradients. 378 

Ecological differences among species adapted to gaps versus the shaded understory or to 379 

the understory versus the canopy are well-established as the principal axes of functional 380 

variation among tropical forest tree species [50, 51]. The first axis runs from pioneer and 381 

light demanding genera with low wood density and fast demographic traits (e.g. high 382 

mortality and high growth rates) to shade tolerant genera with heavy wood and slow 383 

demographic traits. The second axis represents variation in tree size and contrasts 384 

understorey genera, from lineages of canopy trees. For example, these axes distinguish 385 

Cecropia and Croton, classic pioneers with low wood density and fast demographic traits, 386 

from Hirtella - a typically dense-wooded and slow-growing understory genus of trees. 387 

Lineages of emergent trees which all achieve very large potential tree sizes (e.g. Bertholletia, 388 

Ceiba, Hura, Dipteryx) , are also distinguished in this analysis by their different wood 389 

densities and growth rates (figure 3).  390 

Phylogenetic Signal 391 

Our results demonstrate significant levels of PS among demographic and structural traits of 392 

tropical trees, with Blomberg’s K ranging from 0.25 to 0.32. This pattern suggests that 393 

evolutionary relationships provide useful information about the ecological similarity of 394 
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these lineages. However, while our analyses of PS shows that evolutionarily related lineages 395 

have more similar traits than expected by chance, their values are lower than expected 396 

under a pure BM model of evolution (table 1 and figure 2) under which K-values would be 397 

close to 1. PS can be lower than expected under BM if there is convergent evolution across 398 

distantly related lineages and/or divergent selection among closely related groups [3, 4]. 399 

This result therefore suggests that there has been repeated convergent evolution and/or 400 

divergent selection, along the two main axes of variation identified by the PPCA analysis 401 

(figure 3). This finding suggests that adaptations to light gaps, or understorey and canopy 402 

light environments, have repeatedly evolved within multiple lineages of tropical trees as 403 

shown by the different pioneer and shade tolerant genera within a series of unrelated 404 

families (e.g. Cecropia versus Brosimum (Urticaceae/Moraceae), Vismia versus Calophyllum 405 

(Clusiaceae), and Inga versus Dipteryx/Parkia (Fabaceae); figure 2). 406 

Sensitivity analyses 407 

The PS found here for trees across lowland closed-canopy South American forests is 408 

generally stronger than previously reported in the literature for tropical forests in smaller-409 

scale analyses (electronic supplementary material S7). In previous studies, some traits 410 

showed low but significant PS [6, 7, 13], while others have even found that traits are 411 

randomly dispersed over the phylogeny [10, 11]. However, although K-values are 412 

standardized to allow comparison between traits and phylogenetic trees [1, 4], direct 413 

comparisons of PS are affected by differences in the spatial and taxonomic scale of the 414 

studies, the number of lineages and the use of different kinds of phylogenies. 415 
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A first issue for comparing the extent of PS among studies is variation in spatial scales. 416 

However, here we show that the higher PS in the present study is unlikely to be an artefact 417 

of our larger spatial scale: restricting our analyses to 26 plots around Manaus shows 418 

consistent patterns, with similar levels of PS for all traits compared to analyses for the whole 419 

Amazon (electronic supplementary material S5). 420 

Secondly, different numbers of lineages in different studies may play a role in determining 421 

variation in the extent of PS. Although Blomberg’s K is efficient at detecting the strength of 422 

similarity among closely related lineages for sample sizes greater than 20 [1], the ability to 423 

detect different levels of PS may increase with larger sample sizes [52]. In order to address 424 

this issue, we conducted a set of analyses restricted to genera for which we had all trait 425 

values (214 genera). Since estimates of K are highly consistent when we include fewer 426 

genera (electronic supplementary material S5), it appears that the number of lineages is 427 

unlikely to have caused the observed trends of high levels of PS for our traits. 428 

Thirdly, most of previous studies [6, 7, 10-12] were conducted at the species-level, and 429 

taxonomic scale can also affect the degree of PS. Phylogenetic signal in any trait may vary at 430 

different taxonomic scales; a single trait can have high similarity at one level (e.g. genus 431 

level) but this pattern can break down at higher or lower taxonomic levels [52]. Here, the 432 

phylogenetic signal of these traits at the species level within the Protieae and Inga were 433 

similar or slightly greater than for the genus-level results (electronic supplementary material 434 

S5), suggesting that our results are consistent at finer taxonomic levels. However, since our 435 

analyses at low taxonomic levels were limited to two lineages it remains to be fully tested 436 

whether the result indeed holds within all clades of Neotropical trees. 437 

Page 23 of 38

http://mc.manuscriptcentral.com/prsb

Submitted to Proceedings of the Royal Society B: For Review Only



22 

 

Finally, the use of different kinds of phylogenies is likely to affect the extent of similarity 438 

among related species that is reported in different studies (electronic supplementary 439 

material S7). Much previous work was carried out using community-level phylogenies, 440 

restricted to locally co-occurring species [6, 12] and in many cases using unresolved 441 

phylogenies with relationships represented as polytomies [11]. Such community level 442 

phylogenies may lack sister lineages for many clades that may be critical to effectively 443 

measure PS. In addition, the use of trees with many polytomies, e.g. those which add genera 444 

and species as polytomies onto backbone family-level trees [53], leads to uncertainty in 445 

phylogenetic signal estimates [14]. More importantly, phylogenetic sampling may play a 446 

major role in determining the extent of PS. Although the genus level phylogeny used here is 447 

far from complete, our analyses do encompass a far wider range of lineages than previous 448 

studies, including the major angiosperm lineages present in the Amazon basin. 449 

Our results demonstrate that there is significant PS for key demographic and structural traits 450 

in tropical forests. This finding opens the way for clearer predictions of how evolutionary 451 

diversity relates to ecosystem structure and function, and how different drivers will, in turn, 452 

affect the evolutionary diversity of Amazonian forests. For example, this study suggests that 453 

community-level measures of evolutionary relatedness among species are likely to be good 454 

predictors of the structure and functioning of these ecosystems [8, 9]. These results also 455 

indicate that changes in environmental conditions or disturbance regimes that favour 456 

particular life history strategies will ultimately erode evolutionary diversity [54, 55], 457 

although the presence of some convergent evolution across lineages may prevent significant 458 

loss of phylogenetic diversity over some scales of anthropogenic disturbance [56]. Our 459 

results may therefore help to resolve why different studies of the effect of disturbance on 460 
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phylogenetic diversity have obtained contrasting results [54-56]: in particular, this study 461 

suggests that investigating the PS of traits that influence species ability to persist after 462 

disturbance within the species pool of interest will be critical to understand how 463 

disturbance will alter phylogenetic diversity. Finally, our results also suggest that any long-464 

term changes in the evolutionary diversity of intact Amazonian forests may help to uncover 465 

functional shifts in these diverse ecosystems. Overall, the phylogenetic structure of life 466 

history strategies within Amazon tree communities described in this study helps to provide a 467 

predictive framework to understand how such complex systems will respond to global 468 

change and anthropogenic disturbance. 469 
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 674 

Table and figure captions 675 

Table 1. Summary of trait data, including number of genera per trait, number of species, and 676 

number of individuals used for selection criterion, minimum, maximum and mean trait 677 

values per genera. In addition, phylogenetic signal for absolute trait values, accounting for 678 

intrageneric variation, environmental variation, and both environmental and intrageneric 679 

variation. Phylogenetic signal measured using Blomberg’s K. ***p<0.001; **p<0.05; *p<0.1. 680 

Figure 1. Map of location of 577 selected plots in lowland tropical South America over a 681 

backcloth of the precipitation gradient (Annual precipitation, from the WorldClim dataset). 682 

The map shows plots, with annual precipitation greater than 1300 mm year-1 and altitude 683 

less than 500 m. Black circles – single census, plots used exclusively for wood density and 684 
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potential tree size; grey circles – multi censuses, plots used for wood density, potential tree 685 

size, growth and mortality rates. 686 

Figure 2. Phylogeny (based on rbcL and matK plastid gene) of 497 Amazonian tree and palm 687 

genera. Number of genera varied in the different phylogenies according to the selection 688 

criterion for each trait (see Material and Methods). Branches are coloured according to (a) 689 

wood density (wd g.cm3), (b) potential tree size in diameter (Max D cm), (c) maximum tree 690 

growth in diameter (Max gr cm) and (d) mortality rates (%). Continuous traits were coloured 691 

using a continuous colour gradient, with colour codes indicate the wide range of trait values, 692 

from blue to red, indicating higher and lower trait values respectively. Phylogenies for each 693 

trait with all tips labelled are available in the supplementary material (S6). 694 

Figure 3. Phylogenetic Principal Component Analyses (PPCA) for the first two principal 695 

components with PC loadings for the four traits studied here: Wood density (wd), potential 696 

tree size in terms of diameter (Max.D), potential growth rates in terms of diameter 697 

(Maxgr.D) and annual mortality rates (Mortality). 698 
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Table 1 699 

                Phylogenetic Signal (K) 

        
Intrageneric variation 

        
no yes no yes 

        
Environmental variation 

Traits Units Nº ind 
Nº 

Genera 

Nº 

Species 
Range Mean no no yes yes 

Wood 

density 
wd g.cm

3
 - 497 1324 0.15-1.21 0.61 0.26*** 0.30*** - - 

Potential 

size 

Maximum diameter cm 244362 383 1412 14.5-171.1 459.4 0.23*** 0.31*** 0.20*** 0.29*** 

Maximum diameter * wd -  244362 383 1412 4.94-154.69 28.08 0.27*** 0.34*** 0.25*** 0.32*** 

 m2 244362 383 1412 0.02-2.3 0.21 0.23*** 0.31*** 0.21** 0.26*** 
Maximum basal area 
Maximum basal area * 

wd 
-  244362 383 1412 0.01-0.13 0.13 0.26*** 0.32*** 0.23*** 0.29*** 

Maximum biomass kg 244362 383 1412 54.63-44443.1 2760.6 0.25*** 0.28*** 0.22*** 0.28*** 

Growth 

rates 

Maximum growth in 

diameter 
cm 134303 329 1024 0.19-4.38 0.93 0.19*** 0.25*** 0.18*** 0.25*** 

Maximum growth in 

basal area 
m

2 134303 329 1024 0.003-0.03 0.005 0.22*** 0.32*** 0.21*** 0.29*** 

Maximum growth in 

biomass 
kg 134303 329 1024 0.21-95.23 6.17 0.25*** 0.39*** 0.23*** 0.33*** 

Mean growth in diameter cm  133656 327 1000 0.05-1.74 0.26 0.18*** 0.25*** 0.19*** 0.29*** 

Mean growth in basal 

area 
 m

2 133656 327 1000 0-0.01 0 0.20*** 0.27*** 0.19*** 0.29*** 

Mean growth in biomass kg  133656 327 1000 0.15-21.76 1.67 0.23*** 0.30*** 0.19*** 0.25*** 

Mortality Mean stem mortality % 156495 221 306 0.04-10.98 1.08 0.17** 0.25** - - 

PPCA1 - 
 

- 214 - - - 0.18** - - - 

PPCA2 -   - 214 - - - 0.21*** - - - 

 700 
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Map of location of 577 selected plots in lowland tropical South America over a backcloth of the precipitation 
gradient (Annual precipitation, from the WorldClim dataset). The map shows plots, with annual precipitation 

greater than 1300 mm year-1 and altitude less than 500 m. Black circles – single census, plots used 

exclusively for wood density and potential tree size; grey circles – multi censuses, plots used for wood 
density, potential tree size, growth and mortality rates.  

Map of location of 577 plots  
4127x3302mm (20 x 20 DPI)  
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. Phylogeny (based on rbcL and matK plastid gene) of 497 Amazonian tree and palm genera. Number of 
genera varied in the different phylogenies according to the selection criterion for each trait (see Material and 

Methods). Branches are coloured according to (a) wood density (wd g.cm3), (b) potential tree size in 
diameter (Max D cm), (c) maximum tree growth in diameter (Max gr cm) and (d) mortality rates (%). 
Continuous traits were coloured using a continuous colour gradient, with colour codes indicate the wide 

range of trait values, from blue to red, indicating higher and lower trait values respectively. Phylogenies for 
each trait with all tips labelled are available in the supplementary material (S6).  

Phylogeny  
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Phylogenetic Principal Component Analyses (PPCA) for the first two principal components with PC loadings 
for the four traits studied here: Wood density (wd), potential tree size in terms of diameter (Max.D), 

potential growth rates in terms of diameter (Maxgr.D) and annual mortality rates (Mortality)  
PPCA  
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