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            Abstract
While Amazonian forests are extraordinarily diverse, the abundance of trees is skewed strongly towards relatively few ‘hyperdominant’ species. In addition to their diversity, Amazonian trees are a key component of the global carbon cycle, assimilating and storing more carbon than any other ecosystem on Earth. Here we ask, using a unique data set of 530 forest plots, if the functions of storing and producing woody carbon are concentrated in a small number of tree species, whether the most abundant species also dominate carbon cycling, and whether dominant species are characterized by specific functional traits. We find that dominance of forest function is even more concentrated in a few species than is dominance of tree abundance, with only ≈1% of Amazon tree species responsible for 50% of carbon storage and productivity. Although those species that contribute most to biomass and productivity are often abundant, species maximum size is also influential, while the identity and ranking of dominant species varies by function and by region.
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                    Introduction
Amazonia still represents the largest tropical forest in the world, covering 5.3 million km2 (ref. 1), and accounting for 14% of carbon fixed by photosynthesis in the terrestrial biosphere2 and 17% of the terrestrial vegetation carbon stock3,4. Amazon forests also harbour the greatest diversity on the planet, with an estimated 16,000 tree species1. In spite of this great diversity, a relatively small minority of tree species are extremely common, with half of all the Amazonian trees accounted for by only 227 ‘hyperdominant’ species, 1.4% of the estimated total1. Given the great concentration of diversity, carbon and metabolic activity in Amazonia, it is important we understand whether and how the phenomenon of hyperdominance may also influence the Amazon’s carbon storage and cycling functions. For example, if Amazonia’s substantial biomass carbon stocks (∼100 Pg C in aboveground live trees4) and biomass production are highly concentrated in few species, they may be less resilient to environmental change than would be expected given that high species diversity typically confers high resilience5. Likewise, improved understanding of how forest carbon stocks and cycling are linked to tree identity should lead to better informed predictions of forest carbon under future land-use and climate change scenarios.
It might be reasonably expected that exceptionally abundant taxa will dominate ecosystem function and hence strongly influence carbon cycling in Amazonia. However, the contribution each species makes to biomass stocks and wood production depends not only on its abundance, but also on the functional properties of the individual trees of the species. In particular, the size of a tree, its lifespan, growth rate and the density of its wood all determine how much carbon it stores and for how long. As the traits of individual trees are at least partially conserved at the species level (with additional variation determined by the local environment)6,7, the relative functional contributions of species may substantially vary from one species to another, independent of their abundance. Thus, some particularly abundant species may not in fact contribute substantially to biomass dynamics, whereas other much rarer taxa may do so.
The aim of this paper is to explore the concept of hyperdominance with respect to carbon cycling in Amazonian trees. Specifically, we use a large data set (Fig. 1), mostly from the RAINFOR network, to answer three questions: (i) are aboveground woody biomass (hereafter biomass) and aboveground woody productivity (hereafter productivity) disproportionately driven by a few taxa?; (ii) is the contribution of each species to biomass and productivity equal to its contribution to stem abundance? and (iii) to what extent do two species-level traits closely related to tree mass (maximum size and wood density) determine which species dominate stem abundance, biomass and productivity?
Figure 1: Map of plot locations. Open circles—single census plots used for biomass and stem number analyses, closed circles—multi-census plots used for biomass, productivity and stem number analyses.[image: figure 1]
Black lines—Amazon regional boundaries from Feldpausch et al.36 with additional north–south separation of the western Amazon; BS—Brazilian shield, EC—east central, GS—Guiana shield, NW—north western, SW—south western. Grey—unflooded closed canopy forest below 500 m.a.s.l. reclassified from GLC2000 data41.
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We find that (i) biomass and productivity are even more concentrated into few species than is stem abundance; (ii) species contributions to biomass and productivity are significantly related, but not equal to, contributions to stem abundance and (iii) large species contribute disproportionately more to biomass and productivity.


Results
Number of hyperdominant species
Just 182 species, or 5.3% of the 3,458 identified species in the data set, were classed as biomass hyperdominants (that is, those species that collectively account for 50% of biomass). Only 184 species, or 6.4% of the 2,883 identified species in the productivity data set, were classed as productivity hyperdominants (Table 1). Rather more species, 283 or 8.2%, were required to account for 50% of stem numbers. The top 20 highest biomass species are given in Table 2, and the top 20 species by stem abundance and productivity are listed in Supplementary Tables 1 and 2. The abundance, biomass and productivity of all species in the data set are provided as a data package ( DOI: 10.5521/FORESTPLOTS.NET/2015_1).
Table 1 Hyperdominance of stem abundance and carbon cycling in the Amazon.Full size table

Table 2 Top 20 most dominant species by aboveground woody biomass.Full size table

Characteristics of hyperdominant species
The stem hyperdominant species contribute considerably to the total biomass and productivity, albeit with considerable scatter (Fig. 2). The relative contribution of a species to the total number of stems was a good predictor of its contribution to total biomass (F=12,360, df=3,456, P<0.0001, R2=0.78 (F—F-test statistic for predictor significance, df—degrees of freedom, P—probability of result occurring by chance, R2—coefficient of determination)) and productivity (F=5,425, df=2,804, P<0.0001, R2=0.66) with all variables on a log scale. Yet, among hyperdominants, the individual ranking of importance in terms of stem abundance is a poor predictor of its functional contribution—of the top 20 stem hyperdominants, most are absent from the equivalent top biomass and productivity lists (Table 2 and Supplementary Tables 1 and 2). Species contributions to abundance were effectively independent both of maximum D and of wood density because, although significant relationships were found, the R2 was very low (0.07 and 0.03 for maximum D and wood density respectively, Supplementary Fig. 1). This inference is further supported by the close match between curves of cumulative % contribution to stem abundance and cumulative % of species from high to low trait values (Fig. 3), and by the observation that the species with highest 50% of wood density and the largest 50% of species each contribute close to 50% of stems (Table 3).
Figure 2: Relationships between species contributions to stem abundance and contributions to biomass and productivity.[image: figure 2]
% contribution of species to total stem abundance with % contribution to (a) total aboveground biomass and (b) total aboveground woody productivity. Regression models are plotted with grey lines. Regression equation for % contribution to biomass: log(% biomass)=0.22+1.18 log(% stem), regression equation for productivity: log(% productivity)=0.003+1.12 log(% stem). All 530 plots are used for a, and the reduced productivity data set of 221 plots is used for b. 77 species with negative or 0 productivity were excluded from b. Plotted on log scale.
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Figure 3: Cumulative % contribution to species, stems, biomass and productivity ordered by maximum D and wood density.[image: figure 3]
(a) Maximum D (n=1,256), (b) wood density (n=1,188). Horizontal dashed black lines represent the mid-point of all metrics, vertical dashed lines show the trait value at the mid-point of each metric. All curves are based on the reduced productivity data set, curves for biomass and stems are very similar when using the full data set (data not shown).


Full size image

Table 3 Contributions to total stems, biomass and productivity from largest and most densely wooded 50% of species.Full size table

Independent of the abundance effect, species contributions to biomass and productivity were also strongly related to their maximum D (Fig. 4). Thus, large species contributed disproportionately both to biomass and to productivity, with the largest 50% of species contributing 82.5% and 79.8% of biomass and productivity, respectively (Table 3 and Fig. 3a). As a result, the cumulative % contribution curves from high to low maximum D for biomass and productivity were shifted to the left compared with the species and stem curves (Fig. 3a). In addition, after stem abundance was accounted for, maximum D was a highly significant predictor of species contributions to biomass (F=6,218, df=1,317, P<0.0001, R2=0.83, Fig. 4a) and productivity (F=2,577, df=1,254, P<0.0001, R2=0.67, Fig. 4b). However, after accounting for stem abundance, wood density had no relationship with species contributions to productivity (F=1.8, df=1,186, P=0.18, R2=0.0006, Fig. 4d), with a weak relationship found with species contributions to biomass (F=74.77, df=1,301, P<0.0001, R2=0.054, Fig. 4c). The somewhat higher contribution to biomass by species with dense wood is shown by the leftward shift in the cumulative % curve in Fig. 3b, whereas the curve for productivity roughly follows those of species and stems. The 50% of species with the densest wood make up 64.7% of biomass, but only 53.6% of productivity.
Figure 4: Patterns between plant traits and contributions to biomass and productivity after accounting for abundance.[image: figure 4]
Relationship between the residuals from ln(% contribution to biomass)=a+b * ln(% contribution to stem number) and (a) maximum D and (c) wood density, relationships between the residuals from ln(% contribution to productivity)=a+b * ln(% contribution to stem number) and (b) maximum D, and (d) wood density. Regression models are plotted with grey lines. Maximum diameter and wood density plotted on a log scale.


Full size image

Regional patterns
Species classed as hyperdominants across the whole data set were typically hyperdominant in just one or two of the five regions (Fig. 5). This geographic patterning was strongest for biomass and productivity hyperdominants, for which 82.4% and 88.0% of species were dominant in only one or two regions, compared with 70.7% for stem hyperdominants. 12.4% of stem hyperdominants were not classed as hyperdominants in any region, compared with 4.9% and 1.1% of biomass and productivity hyperdominants, respectively. Within regions, typically a higher percentage of species were classed as hyperdominants in all categories (Table 1), compared with the Amazon-wide analysis. The relationships between stem contributions and biomass and productivity contributions followed similar patterns to the Amazon-wide analysis, as did the patterns with maximum D and wood density (Figs 6 and 7, Supplementary Figs 2–7 and Supplementary Table 3). However, the explanatory power of the statistics was typically lower for the analyses based on regional data sets, with lower R2 values for the regressions (Figs 6 and 7, Supplementary Figs 5–7 and Supplementary Table 3). In general, the analyses had more explanatory power in the Guiana Shield, East-Central and Southwestern regions than the Brazilian Shield and Northwestern regions.
Figure 5: Percentage of Amazon-wide hyperdominant species that are also dominant within regions.[image: figure 5]
(a) stem hyperdominants (n=283), (b) biomass hyperdominants (n=182), (c) productivity hyperdominants (n=184).


Full size image

Figure 6: Relationships between % contribution of species to stems and % contribution to biomass in five different Amazon regions.[image: figure 6]
(a) Northwestern Amazonia (N.West), (b) East-central Amazonia (East-Cent.), (c) Guiana shield (Guiana Sh.), (d) Southwestern Amazonia (S.West), (e) Brazilian shield (Brazil Sh.). Regression models are plotted with grey lines. Plotted on log scale.
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Figure 7: Relationships between % contribution of species to stems and % contribution to productivity in five different Amazon regions.[image: figure 7]
(a) Northwestern Amazonia (N.West), (b) East-central Amazonia (East-Cent.), (c) Guiana shield (Guiana Sh.), (d) Southwestern Amazonia (S.West), (e) Brazilian shield (Brazil Sh.). Regression models are plotted with grey lines. Plotted on log scale.


Full size image



Discussion
We find that ‘hyperdominance’ (the phenomenon of disproportionate influence of a small fraction of species) is remarkably strong for the vital forest functions of carbon storage and woody productivity, with 182 biomass and 184 productivity hyperdominant species, compared with 283 for stem abundance (Table 1). As expected, abundant species do contribute greatly to forest biomass stocks and productivity, with 78% of variation in species contributions to biomass and 66% of variation in species contributions to productivity explained by species’ relative stem abundance (Fig. 2, all variables on a log scale). However, the contribution of a species to stem abundance differs substantially from its contribution to the measured ecosystem functions. For instance, only five species are top 20 contributors to each of stem abundance, biomass and productivity (Table 2, Supplementary Tables 1 and 2), and approximately one-third of the biomass and productivity hyperdominant species do not even register as stem hyperdominants, despite the stem hyperdominant list containing many more species. The clearest example of a mismatch between abundance and biomass contribution is the species Dinizia excelsa (Ducke). Despite being ranked in position 931 in terms of stem abundance (with just 31 stems), D. excelsa ranks 24th by biomass, contributing 0.45% of the total. The mismatch is due to the species’ traits; extreme maximum size (165 cm D) and wood density (0.94 g cm−3) together explain why D. excelsa can contribute so much biomass with so few stems.
We find 283 stem hyperdominant species in the RAINFOR data set, more than the 227 found by ter Steege et al.1 Two likely reasons for this are, first, that our analysis concentrates on well-drained forests typical of Amazonia, whereas the ter Steege et al. analysis also included the seasonally flooded and swamp forest types that are typically much less diverse8, and second, we did not attempt to account for the spatial distribution of our plots across Amazonia (Fig. 1). Hence, the precise lists of species cannot be taken as a robust estimate of the most dominant species in Amazonia, but rather the species that dominate within our data set. However, this does not affect the suitability of the data for our aims of assessing the relationship between species abundance and contribution to forest function, which is only possible with a widespread plot network with careful botanical identifications and monitored through time. Using the ter Steege et al.1 estimated number of stem hyperdominant species, and assuming that the ratio of stem/biomass and stem/productivity hyperdominants we find is representative of Amazonia, we can estimate that there would be 147 biomass and 167 productivity hyperdominant species across Amazonia. Considering the estimated 16,000 tree species in the Amazon1, this implies that half of the carbon stock and half of the woody productivity are controlled by just ≈1% of species, respectively.
We find that for all categories, hyperdominant species are most commonly only dominant in a single Amazon region (Fig. 5). However, stem hyperdominants were more evenly spread across regions than biomass and productivity hyperdominants. In particular, many more stem hyperdominant species (29.3%) than biomass (17.6%) and productivity (12.0%) hyperdominant species were dominant in three or more regions, or not dominant in any. The data therefore suggest that environmental conditions act as much stronger constraints on the ability of a species to dominate a community’s metabolism than simply to persist in it.
Given the significance of the Amazon forest for the global carbon cycle, an understanding of the nature of dominant species and their potential sensitivity to future climate and anthropogenic disturbance is needed. We find that, after stem abundance of species is accounted for, maximum size is an excellent predictor of species contribution to biomass and productivity (Fig. 4), whereas maximum size was not a good predictor of species relative abundances (Fig. 3 and Supplementary Fig. 1). One might expect that small-sized species would be disproportionately abundant compared with large species (for example, a negative slope in Supplementary Fig. 1) because forests are composed overwhelmingly of small stems. However, our results show this is not so. Species with small maximum size do not contribute disproportionately to total stem abundance; rather, many species are small and most Amazonian tree diversity is focused in understory and sub-canopy taxa. In contrast, the species with the potential to grow to large sizes contribute disproportionately to biomass and productivity, with the greatest skew in the case of biomass. Large volume trees tend to have greater mass, and their height and greater leaf area also allow greater access to light and the potential for high rates of carbon fixation and biomass growth9.
We find little evidence to support wood density being an important correlate of abundance among Amazon species (Fig. 3 and Supplementary Fig. 1), consistent with the findings of ter Steege et al.1 Although the relationship between wood density and the contribution to stem abundance was marginally significant, it had very low explanatory power. Similarly, there was a marginally significant but weak association between species contribution to biomass and wood density, and no relationship with contribution to productivity (Figs 3 and 4). The lack of a relationship with productivity is consistent with observations at the individual level10.
Just two variables, species relative abundance and species maximum size, account for 96% of the variation in species contributions to the total biomass stock in the data set (with all variables on a log scale). Although the variation explained by these two variables for species contributions to productivity was also very high (87%), additional plant traits such as those related to resource acquisition and the leaf economics spectrum11, for example, maximum photosynthetic rate, presumably also play some role. When analysed on a regional basis, abundance and maximum size were better predictors of species contributions to biomass and productivity in the Guiana Shield, East-Central and Southwestern Amazon regions than the Brazilian Shield and Northwestern regions (Supplementary Figs 6 and 7). This may be due to lower sample sizes in the Brazilian Shield and Northwestern regions, or due to real differences in forest physiology.
Although the significance of individual large trees for forest biomass is not necessarily surprising and has been documented before12,13,14, we here establish this relation at the species level, across the Amazon terra firme forests and, crucially, extend it to productivity. Large trees also perform other important ecological roles in forests, yet face a myriad of threats15 such as harvesting, forest fragmentation16 and climate change17,18,19,20. With one-third of the forest biomass stock stored by the largest 10% of species, understanding the sensitivity to environmental change of these taxa is clearly important. Moreover, the concentration of function into a relatively small number of taxa does potentially help simplify attempts at modelling the current ecophysiology of Amazon forests. Data on the functional traits of key hyperdominant species could be used to inform next-generation trait-based dynamic vegetation models21,22. However, there are clearly complications due to regional differences between dominating species.
More broadly, although a small fraction of Amazon tree species contribute disproportionately to carbon storage and cycling, and remarkably so, this does not necessarily indicate that high diversity levels are immaterial for ecosystem function. For instance, our analysis represents a snap-shot of recent Amazon diversity and function for trees which mostly became established under twentieth century climates, whereas under future conditions a different suite of species may dominate. Rare species are thought to possess uncommon combinations of functional traits23 and therefore may be important for the full spectrum of responses to altered conditions. Tropical forest species composition is known to be dynamic and potentially responsive to environmental changes24,25,26,27, but for this to be possible the future dominant species, which may flourish under new conditions, must be present in the species pool. Thus, the very strong concentration of function into relatively few taxa today does not mean that high species-richness is irrelevant for the long-term survival and health of tropical forests, as biodiversity may act as an insurance against environmental variation.
In summary, we find that carbon in the world’s most extensive and diverse tropical forest is concentrated into remarkably few species. Although the most abundant species contribute significantly to this phenomenon, other properties also govern which taxa are important for biomass dynamics. Notably, the maximum potential size of Amazon tree species is a key predictor of their capacity to store and gain carbon. Functional hyperdominance also has a strong geographical signal. Thus, most species that contribute strongly to carbon cycling only do so within one region within Amazonia.


Methods
Data sets
We used a data set of 530 sample plots located in the Amazon region (Fig. 1) compiled in the RAINFOR data set28,29 and curated at ForestPlots.net30. This data set includes a number of plot networks including Tropical Ecology Assessment and Monitoring, PPBio (Brazilian Program for Biodiversity Research) and the Alwyn H. Gentry Forest Transect Dataset. Many of the plots are also included in the Amazon Tree Diversity Network used by ter Steege et al.1 We restricted the analysis to sites below 500 m.a.s.l., in old growth forests (excluding any successional, burnt or logged), occurring on terra firme substrate (excluding swamp and seasonally flooded forests) and excluding cerrado. This allowed us to minimize the possible influence of rare species restricted to rarer and poorly sampled forest types and to ensure that we restricted our questions to the dominant Amazon formations growing on unflooded terrain. The data set consists of repeated measurements of tree diameter (D; diameter at 1.3 m or above buttresses) and species identity of all trees ≥10 cm D, following a standard protocol31. The mean plot size was 0.69 ha (range 0.04–25.0 ha). All recorded species names were checked against the Tropicos database using the Taxonomic Name Resolution Service (TNRS v3.2 (ref. 32)) and corrected as necessary. Morphospecies were considered to be unidentified. Wood density values were taken from the Global Wood Density Database33,34. The 530 plot data set contained 206,135 trees from 3,458 species, consisting of 114,696 Mg of biomass. For productivity analysis, we used a subset of 221 multiple census plots with at least 2 years between the initial and final censuses, in total accounting for 1,231 Mg biomass per year of aboveground woody productivity. Finally, all analyses were repeated on a data set restricted to 326 plots (148 plots for productivity), where at least 80% of stems within the plot were identified to species, in order to test whether the level of identification in the data set influenced results (see Supplementary Figs 8–11 and Supplementary Tables 4–8 for results based on this data set).
Data analysis
We treated our data as a sample of the terra firme forests of Amazonia and analysed the data set as a whole, rather than at the plot level. Stem abundance and biomass of each species were calculated using the first census of each plot (across all plots 79.0% of all stems were identified to species). Species-level stem abundance was calculated as the total number of stems of a species. Species-level biomass was calculated as the sum of biomass of all stems of a species. Stem-level biomass was calculated using the moist forest biomass equation based on diameter, wood density and height from Chave et al.35, with height based on the region-specific Weibull equations from Feldpausch et al.36 For monocots (families Arecaceae and Strelitziaceae), an Arecaceae-specific equation was used to estimate biomass from diameter only37.
For productivity, we used the 221 multi-census plot data set (‘productivity data set’) and only the stems alive in the first census of each plot (for consistency with the stem abundance and biomass analyses). Mean stem-level productivity (Pstem) was calculated as the mean annual productivity of each stem across all census intervals for which it was present.
[image: ]

where NC is the number of censuses for which an individual stem is alive for, Pi is the productivity of a stem in census interval i. We include the productivity of stems in the census interval in which they recruited, assuming a D of 10 cm at the beginning of the census interval. In cases where the point of measurement (POM) was changed between censuses, we used the diameter at a standardized POM to avoid artefacts associated with disjoint diameter sequences38. To estimate productivity of a species across all plots (Pspecies), we summed the productivity of each stem of that species. See Talbot et al.39 for a discussion of the estimation of productivity; the methods used here are the equivalent of R2 (for recruits) and G2 (for POM changes) in Talbot et al.39 In cases where individuals subsequently died in the second plot census, it was not possible to estimate productivity for these stems. In some cases, this was true of all stems of a species (2.2% of species). Hence, the species contributions to productivity are based on a slightly smaller number of trees than contributions to stem abundance and biomass. We assume that the mortality is evenly spread between species and therefore that species relative contributions to total stems, biomass and productivity should not be affected.
For monocot stems, which lack radial growth, we used an alternative method to estimate productivity as repeated height measurements were not available. Biomass for palms can be reasonably estimated using diameter measurements, with few species-specific biases37. Therefore, we used an alternative method by estimating necromass production. This method requires an adequate sample of stems so we limited the analysis to the monocot species classed as stem hyperdominants and hence productivity of rare palms was not estimated. We assumed that the populations of each palm species are in approximate equilibrium, such that the long-term stem biomass mortality rates equal long-term stem biomass production rates. We derived the stem necromass production rates for each palm tree that died, based on its standing biomass (using the allometric model from Goodman et al.37) estimated from its last recorded D, allocated equally over the time period from the initial plot census date to the census date in which it died. As the dicot productivity estimates do not include the 10-cm D inner cylinder of the stem, for equivalence the biomass before death used in the calculation was reduced by the biomass estimate of a 10-cm D palm. Hence,
[image: ]

where Bfinal is the biomass estimated using last D measured for the stem, B10cm is the biomass of a 10-cm palm, C1 is the initial census date and Cdead is the census date in which the palm was recorded as dead. Palm species productivity was then calculated as the sum of Pstem across all dead trees of the species.
Trees not identified to species level were used only to determine the denominator for the relative contribution of each identified species to the total data set. Species-level stem abundance and biomass relative contributions were calculated twice, once using the full 530 plot data set and once using the 221 plot productivity data set for use in further analyses comparing between measures.
To address the first question ‘are biomass and productivity also dominated by few taxa?’, we determined the minimum number of species required to account for 50% of total stems, biomass or productivity in our plots. For simplicity, we term the species contributing 50% of stems ‘stem hyperdominants’, the species contributing 50% of biomass ‘biomass hyperdominants’ and the species contributing 50% of productivity ‘productivity hyperdominants’.
To address the second question ‘is the contribution of each species to biomass and productivity equal to its contribution to stem abundance?’, we calculated the contribution of the stem hyperdominants to the total biomass and productivity of the data set. For biomass, this was based on the full data set, whereas for productivity this was based on the productivity data set, with stem hyperdominant species also defined using the productivity data set to ensure consistency between the species measures. Further, we regressed the percentage contribution of each species to biomass and productivity against their percentage contribution to stems. The regressions were performed using the full data set for biomass, and the productivity data set for productivity. Data were not normally distributed and therefore were log-transformed before analysis.
To address the third question ‘to what extent do maximum diameter and wood density determine which species dominate stem abundance, biomass and productivity?’, we first calculated maximum D as the 95th percentile value for each species with at least 20 individuals included in the full 530 plot data set (and from any census, in total 1,319 species). Only the maximum of all diameter measures of an individual stem was used in the estimation of species maximum D. We then ordered the data set from highest to lowest trait value (maximum D or wood density) and plotted the cumulative percentage of species, stems, biomass and productivity against the trait value, and determined the contribution of the largest and highest wood density species to the different measures. Only the 1,303 species for which a species-specific wood density was available were included in the wood density analysis. In addition, we regressed the residuals from the linear model predicting percentage contribution to biomass or to productivity from percentage contribution to stems (see above) against trait value to examine the relationships with trait values when abundance is accounted for. These analyses were performed on the full data set for biomass and the reduced data set for productivity. To test for a relationship between species contribution to stem abundance and trait values, we regressed trait values against percentage contribution to stem abundance. Maximum D and wood density values were only available for approximately one-third of species in the data set, with rare species typically being those without a value. Although this exclusion of many rare species in this analysis could introduce unknown biases to the results, it also excludes additional noise in the data set from including species that have not been adequately sampled.
Regional analysis
To investigate if the patterns found within the whole data set were consistent within different Amazon regions and to find out how the hyperdominant species are spread between regions, we repeated all analyses at the regional level. We used the Feldpausch et al.36 region delimitation based on substrate maximum geological age that was also used for height allometry (Guiana Shield, Brazilian Shield, East-Central and Western Amazonia), but further split the Western Amazon region at −8° latitude into Northwestern Amazon and Southwestern Amazon, following a similar delimitation by ter Steege et al.1 that separates the mostly aseasonal north from the more seasonal south. Species required to reach 50% of a regions stems/biomass/productivity were considered regional hyperdominants.
Unidentified stems
Stems in the data set that were not identified to species-level were treated slightly differently. In hyperdominance calculations, these stems were used only to determine the denominator (total stems, biomass and productivity in the data set) in the estimation of known species contributions. To estimate their biomass and productivity, a wood density value is required. Wood density values for such stems were applied at the genus- or family-level, if known. For stems with no family-level identification, or where no wood density value was available for the species, genus or family, we applied the plot mean wood density value. Unidentified stems were excluded from further analyses. Because we include unidentified stems in hyperdominance calculations, the percentage of species necessary to account for 50% of total stems/biomass/productivity will be a slightly over-estimated as the exact total number of species in the data set is unknown because of incomplete botanical identifications.
All analyses were carried out in R version 2.15.1 (ref. 40).


Additional information
Accession codes: The permanently archived data package of the species-level data set ( DOI: 10.5521/FORESTPLOTS.NET/2015_1) can be accessed at https://www.forestplots.net/data-packages/fauset-et-al-2015.
How to cite this article: Fauset, S. et al. Hyperdominance in Amazonian forest carbon cycling. Nat. Commun. 6:6857 doi: 10.1038/ncomms7857 (2015).



                

            

            
                References
	ter Steege, H. et al. Hyperdominance in the Amazonian tree flora. Science 342, 1243092 (2013).
Article 
    
                    Google Scholar 
                

	Zhao, M. & Running, S. W. Drought-induced reduction in global terrestrial net primary production from 2000 through 2009. Science 329, 940–943 (2010).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Cao, M. & Woodward, F. I. Net primary and ecosystem production and carbon stocks of terrestrial ecosystems and their responses to climate change. Glob. Change Biol. 4, 185–198 (1998).
Article 
    ADS 
    
                    Google Scholar 
                

	Feldpausch, T. R. et al. Tree height integrated into pantropical forest biomass estimates. Biogeosciences 9, 3381–3403 (2012).
Article 
    ADS 
    
                    Google Scholar 
                

	Balvanera, P. et al. Quantifying the evidence for biodiversity effects on ecosystem functioning and services. Ecol. Lett 9, 1146–1156 (2006).
Article 
    
                    Google Scholar 
                

	Peat, H. J. & Fitter, A. H. Comparative analyses of ecological characteristics of British angiosperms. Biol. Rev. 69, 95–115 (1994).
Article 
    
                    Google Scholar 
                

	Fyllas, N. M. et al. Basin-wide variations in foliar properties of Amazonian forests: phylogeny, soils and climate. Biogeosciences 6, 2677–2708 (2009).
Article 
    ADS 
    
                    Google Scholar 
                

	Wittmann, F. et al. Tree species composition and diversity gradients in white-water forests across the Amazon Basin. J. Biogeogr. 33, 1334–1347 (2006).
Article 
    
                    Google Scholar 
                

	Stephenson, N. L. et al. Rate of tree carbon accumulation increases continually with tree size. Nature 507, 90–93 (2014).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Keeling, H. C., Baker, T. R., Vasquez Martinez, R., Monteagudo, A. & Philips, O. L. Contrasting patterns of diameter and biomass increment across tree functional groups in Amazonian forests. Oecologia 158, 521–534 (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	Wright, I. J. et al. The worldwide leaf economics spectrum. Nature 428, 821–827 (2004).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	DeWalt, S. J. & Chave, J. Structure and biomass of four lowland Neotropical forests. Biotropica 36, 7–19 (2004).

                    Google Scholar 
                

	Paoli, G. D., Curran, L. M. & Slik, J. W. F. Soil nutrients affect spatial patterns of aboveground biomass and emergent tree density in southwestern Borneo. Oecologia 155, 287–299 (2008).
Article 
    ADS 
    
                    Google Scholar 
                

	Stegen, J. C. et al. Variation in above-ground forest biomass across broad climatic gradients. Glob. Ecol. Biogeogr. 20, 744–754 (2011).
Article 
    
                    Google Scholar 
                

	Lindenmayer, D. B., Laurance, W. F. & Franklin, J. F. Global decline in large old trees. Science 338, 1305–1306 (2012).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Laurance, W. F., Delamonica, P., Laurance, S. G., Vasconcelos, H. L. & Lovejoy, T. E. Rainforest fragmentation kills big trees. Nature 404, 836 (2000).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	van Nieuwstadt, M. G. L. & Sheil, D. Drought, fire and tree survival in a Borneo rain forest, East Kalimantan, Indonesia. J. Ecol. 93, 191–201 (2005).
Article 
    
                    Google Scholar 
                

	Phillips, O. L. et al. Drought-mortality relationships for tropical forests. New Phytol. 187, 631–646 (2010).
Article 
    
                    Google Scholar 
                

	Nepstad, D. C., Tohver, I. M., Ray, D., Moutinho, P. & Cardinot, G. Mortality of large trees and lianas following experimental drought in an Amazon forest. Ecology 88, 2259–2269 (2007).
Article 
    
                    Google Scholar 
                

	da Costa, A. C. L. et al. Effect of 7 yr of experimental drought on vegetation dynamics and biomass storage of an eastern Amazon rainforest. New Phytol. 187, 579–591 (2010).
Article 
    
                    Google Scholar 
                

	Scheiter, S., Langan, L. & Higgins, S. I. Next-generation dynamic global vegetation models: learning from community ecology. New Phytol. 198, 957–969 (2013).
Article 
    
                    Google Scholar 
                

	Fyllas, N. M. et al. Analysing Amazonian forest productivity using a new individual and trait-based model (TFS v.1). Geosci. Model Dev. 7, 1251–1269 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Mouillot, D. et al. Rare species support vulnerable functions in high-diversity ecosystems. PLoS Biol. 11, e1001569 (2013).
Article 
    CAS 
    
                    Google Scholar 
                

	Enquist, B. J. & Enquist, C. A. Long-term change within a Neotropical forest: assessing differential functional and floristic responses to disturbance and drought. Glob. Change Biol. 17, 1408–1424 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Feeley, K. J., Davies, S. J., Perez, R., Hubbell, S. & Foster, R. B. Directional changes in the species composition of a tropical forest. Ecology 92, 871–882 (2011).
Article 
    
                    Google Scholar 
                

	Fauset, S. et al. Drought-induced shifts in the floristic and functional composition of tropical forests in Ghana. Ecol. Lett. 15, 1120–1129 (2012).
Article 
    
                    Google Scholar 
                

	Laurance, W. F. et al. Pervasive alteration of tree communities in undisturbed Amazonian forests. Nature 428, 171–175 (2004).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Malhi, Y. et al. An international network to monitor the structure, composition and dynamics of Amazonian forests (RAINFOR). J. Veg. Sci. 13, 439–450 (2002).
Article 
    
                    Google Scholar 
                

	Lopez-Gonzalez, G., Lewis, S. L., Burkitt, M. & Phillips, O. L. ForestPlots.net: a web application and research tool to manage and analyse tropical forest plot data. J. Veg. Sci. 22, 610–613 (2011).
Article 
    
                    Google Scholar 
                

	Lopez-Gonzalez, G., Lewis, S. L., Burkitt, M., Baker, T. R. & Phillips, O. L. ForestPlots.net Database http://www.forestplots.net Date of extraction 23 May 2014 (2009).

	Phillips, O. L., Baker, T. R., Feldpausch, T. R. & Brienen, R. RAINFOR field manual for plot establishment and remeasurement. Available at http://www.rainfor.org/upload/ManualsEnglish/RAINFOR_field_manual_version_June_2009_ENG.pdf Last accessed on 20 November 2013 (2009).

	Boyle, B. et al. The taxonomic name resolution service: an online tool for automated standardization of plant names. BMC Bioinformatics 14, 16 (2013).
Article 
    
                    Google Scholar 
                

	Chave, J. et al. Towards a worldwide wood economics spectrum. Ecol. Lett. 12, 351–366 (2009).
Article 
    
                    Google Scholar 
                

	Zanne, A. E. et al. Towards a worldwide wood economics spectrum. Dryad Digital Repository doi:10.5061/dryad.234 (2009).

	Chave, J. et al. Tree allometry and improved estimation of carbon stocks and balance in tropical forests. Oecologia 145, 87–99 (2005).
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Feldpausch, T. R. et al. Height-diameter allometry of tropical forest trees. Biogeosciences 8, 1081–1106 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Goodman, R. C. et al. Amazon palm biomass and allometry. Forest Ecol. Manag. 310, 994–1004 (2013).
Article 
    
                    Google Scholar 
                

	Metcalfe, C. J. E., Clark, J. S. & Clark, D. A. Tree growth inference and prediction when the point of measurement changes: modeling around buttresses in tropical forests. J. Trop. Ecol. 25, 1–12 (2009).
Article 
    
                    Google Scholar 
                

	Talbot, J. et al. Methods to estimate aboveground wood productivity from long-term forest inventory plots. Forest Ecol. Manag. 320, 30–38 (2014).
Article 
    
                    Google Scholar 
                

	R Core Team. R: A Language and Environment for Statistical Computing R Foundation for Statistical Computing Available at http://www.R-project.org (2012).

	Eva, H. H. et al. The land cover map for South America in the Year 2000. GLC2000 database, Eurpoean Commission Joint Research Centre Available at http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php (2003).

	Mitchard, E. T. A. et al. Markedly divergent estimates of Amazon forest carbon density from ground plots and satellites. Global Ecol. Biogeogr. 23, 935–946 (2014).
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This paper is a product of the RAINFOR network, supported by a Gordon and Betty Moore Foundation grant, the European Union’s Seventh Framework Programme (283080, ‘GEOCARBON’; 282664, ‘AMAZALERT’; ERC grant ‘Tropical Forests in the Changing Earth System’), and Natural Environment Research Council (NERC) Urgency Grant and NERC Consortium Grants ‘AMAZONICA’ (NE/F005806/1), ‘TROBIT’ (NE/D005590/1) and ‘Niche evolution of South American trees’ (NE/I028122/1). Additional data were included from the Tropical Ecology Assessment and Monitoring network (a collaboration between Conservation International, the Missouri Botanical Garden, the Smithsonian Institution and the Wildlife Conservation Society, and partly funded by these institutions, the Gordon and Betty Moore Foundation and other donors), the Alwyn H. Gentry Forest Transect Dataset (Missouri Botanical Garden), the PPBio network (supported by PRONEX—FAPEAM/CNPq (1600/2006), Hidroveg FAPESP/FAPEAM, Universal/CNPq (473308/2009-6) and INCT-CENBAM), the PPBio Biota do Cerrado network (Fitogeografia da Transição Amazônia/Cerrado CNPq 457602/2012-0), and the CNPq/PELD network (Transição Amazônia/Cerrado 403725/2012-7). Additional data collection was funded by Investissement d’Avenir grants of the French ANR (CEBA: ANR-10-LABX-0025; TULIP: ANR-10-LABX-0041) and a productivity grant funded by CNPq to BHMJr and BSM. S.F., M.G., M.O.J., G.L.-G. and O.L.P. are partly funded by the NERC project grant ‘ECOFOR’ (grant ref: NE/K01644X/1). O.L.P. is supported by an ERC Advanced Grant and a Royal Society Wolfson Research Merit Award. R.J.W.B. is funded independently by a research fellowship from NERC (grant ref: NE/I021160/1). L.P., M.P.C. E.A., and M.T. are partially funded by the EU FP7 project ‘ROBIN’ (283093), with co-funding for E.A. from the Dutch Ministry of Economic Affairs (KB-14-003-030). This is study 653 of the technical series of the BDFFP (INPA/STRI). The field data summarized here involve contributions from numerous field assistants and rural communities, many of whom have been specifically acknowledged in Mitchard et al. (2014, Glob. Ecol. Biogeogr.). We also thank Jon Lloyd, Rodolfo Vásquez Martínez, Olaf Banki, Paul Berry, Wemo Beitan, Lilian Blanc, Foster Brown, Alvaro Cogollo, Fernando Cornejo Valverde, Massiel Corrales Medina, Nallaret Davila Cardozo, Lola da Costa, Renske Ek, Washington Galiano, René Guillén Villaroel, Niro Higuchi, Eliana Jimenez, Antonio S. Lima, João Lima de Freitas Júnior, Adriano Nogueira Lima, Casimiro Mendoza, Walter A. Palacios, Alexander Parada Gutierrez, Guido Pardo, Maria Cristina Peñuela, Freddy Ramirez Arevalo, Victor Rojas, Anand Roopsind, Mario Saldias, James Singh, Daniel Soto, Luis Valenzuela Gamarra, Gorky Villa and Barbara Vinceti. We further thank those colleagues who contributed in many ways but who are no longer with us: Alwyn Gentry, Jean Pierre Veillon, Samuel Almeida, Sandra Patiño and Raimundo Saraiva.


Author information
Authors and Affiliations
	School of Geography, University of Leeds, Leeds, LS2 9JT, UK
Sophie Fauset, Michelle O. Johnson, Manuel Gloor, Timothy R. Baker, Roel J.W. Brienen, Gabriela Lopez-Gonzalez, Nikée Groot, Joey Talbot, Julie Peacock, Adriane Esquivel Muelbert, Simon L. Lewis, Georgia C. Pickavance & Oliver L. Phillips

	Jardín Botánico de Missouri, Prolongacion Bolognesi Mz.e, Lote 6, Oxapampa, Pasco, Peru
Abel Monteagudo M.

	Universidad Nacional de San Antonio Abad del Cusco, Av. de la Cultura No 733, Exeter, 733, Cusco, Peru
Abel Monteagudo M., Percy Núñez Vargas, Victor Chama Moscoso, Isau Huamantupa-Chuquimaco & Nadir C. Pallqui Camacho

	Geography, College of Life and Environmental Sciences, University of Exeter, Exeter, EX4 4RJ, UK
Ted R. Feldpausch & Luiz E.O.C. Aragão

	Environmental Change Institute, School of Geography and the Environment, University of Oxford, Oxford, OX1 3QY, UK
Yadvinder Malhi

	Naturalis Biodiversity Centre, PO Box 9517, 2300 RA, Leiden, The Netherlands
Hans ter Steege

	Ecology and Biodiversity, Institute for Environmental Biology, Utrecht University, 80125, 3508 TC, Utrecht, The Netherlands
Hans ter Steege & Rene G.A. Boot

	Science and Education, The Field Museum, 1400 South Lake Shore Drive, Chicago, 60605–2496, Illinois, USA
Nigel C.A. Pitman

	Center for Tropical Conservation, Nicholas School of the Environment, Duke University, Box 90381, Durham, 27708, North Carolina, USA
Nigel C.A. Pitman, John W. Terborgh & Patricia Alvarez Loayza

	INRA, UMR ‘Ecologie des Forêts de Guyane’, Kourou Cedex, 97387, France
Christopher Baraloto

	Department of Biological Sciences, International Center for Tropical Botany, Florida International University, Miami,  FL 33199, USA
Christopher Baraloto

	CNRS, UMR Ecologie des Forêts de Guyane, Kourou Cedex, 97387, France
Julien Engel

	CIRAD, UMR Ecologie des Forêts de Guyane, Kourou Cedex, 97387, France
Pascal Pétronelli, Bruno Hérault, Aurélie Dourdain & Clement Stahl

	Instituto Nacional de Pesquisas da Amazônia, Projeto Dinâmica Biológica de Fragmentos Florestais, Manaus, CEP 69080-971, AM, Brazil
Ana Andrade & José Luís C. Camargo

	Centre for Tropical Environmental and Sustainability Science (TESS) and College of Marine and Environmental Sciences, James Cook University, Cairns, 4878, Queensland, Australia
Susan G.W. Laurance & William F. Laurance

	Université Paul Sabatier CNRS, UMR 5174 Evolution et Diversité Biologique, Bâtiment 4R1, Toulouse, 31062, France
Jerôme Chave & Maxime Réjou-Méchain

	UAG, UMR Ecologie des Forêts de Guyane, Kourou Cedex, 97387, France
Elodie Allie

	Department of Biology, University of Turku, Turku, FI-20014, Finland
Kalle Ruokolainen

	Museu Universitário, Universidade Federal do Acre, Rio Branco, 69910-900, Brazil
Marcos Silveira

	UNELLEZ-Guanare, Programa de Ciencias del Agro y el Mar, Herbario Universitario (PORT), Mesa de Cavacas, Estado Portuguesa, 3350, Venezuela
Gerardo A. Aymard C. & Basil Stergios

	Museo de Historia Natural Noel Kempff Mercado, Universidad Autonoma Gabriel Rene Moreno, Casilla 2489, Av. Irala 565, Santa Cruz, Bolivia
Luzmila Arroyo & Alejandro Araujo-Murakami

	INRA, UMR EEF, Champenoux, 54280, France
Damien Bonal

	Universidad de Los Andes, Facultad de Ciencias Forestales y Ambientales, Mérida, Venezuela
Hirma Ramirez-Angulo, Armando Torres-Lezama & Emilio Vilanova Torre

	Universidad Estatal Amazónica, Facultad de Ingeniería Ambiental, Paso lateral km 2 1/2 via Napo, Puyo, Ecuador
David Neill

	Universidade do Estado de Mato Grosso, Campus de Nova Xavantina, Caixa Postal 08, CEP 78.690-000, Nova Xavantina, MT, Brazil
Beatriz S. Marimon, Ben-Hur Marimon Junior, Paulo S. Morandi, Edmar Almeida de Oliveira, Marco B.X. Valadão & Ricardo K. Umetsu

	Museu Paraense Emilio Goeldi, C.P. 399, CEP 66040-170, Belém, Brazil
Rafael P. Salomão & Ima Célia Guimarães Vieira

	Northeast Region Inventory and Monitoring Program, National Park Service, 120 Chatham Lane, Fredericksburg, 22405, Virginia, USA
James A. Comiskey

	Instituto Boliviano de Investigación Forestal, CP 6204, Santa Cruz de la Sierra, Bolivia
Marisol Toledo, Juan Carlos Licona, Alfredo Alarcón & Marielos Peña-Claros

	Facultad de Ciencias Agrícolas, Universidad Autónoma Gabriel René Moreno, Santa Cruz de la Sierra, Bolivia
Marisol Toledo

	Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Apartado 7945, Bogotá, Colombia
Adriana Prieto & Agustín Rudas

	Alterra, Wageningen University, and Research Centre, PO Box 47, Wageningen, 6700 AA, The Netherlands
Peter J. van der Meer, Rene G.A. Boot & Eric Arets

	Van Hall Larenstein University of Applied Sciences, Velp, PO Box 9001, 6880 GB, The Netherlands
Peter J. van der Meer

	World Wildlife Fund, 1250 24th Street NW, Washington, 20037, DC, USA
Timothy J. Killeen

	Forest Ecology and Forest Management Group, Wageningen University, PO Box 47, Wageningen, 6700 AA, The Netherlands
Lourens Poorter & Marielos Peña-Claros

	Tropenbos International, PO Box 232, Wageningen, 6700 AE, The Netherlands
Roderick J. Zagt

	Instituto Nacional de Pesquisas da Amazônia, Manaus, AM, CEP 69080-971, Brazil
Flávia R.C. Costa, Carolina Levis, Juliana Schietti, Priscila Souza & Carlos A. Quesada

	Programa de Pós-Graduação Ecologia e Manejo de Recursos Naturais, Universidade Federal do Acre, Rio Branco, AC 69910-900, Brazil
Wendeson Castro

	Instituto de Investigaciones de la Amazonia Peruana, Apartado 784, Iquitos, Peru
Euridice N. Honorio Coronado

	INRA, UR 874, Research Unit on permanent grasslands, Clermont Ferrand, 63100, France
Clement Stahl

	Universidade Federal do Acre, Campus de Cruzeiro do Sul, CEP 69920-900, Rio Branco, Brazil
Jorcely Barroso

	University of Wisconsin-Milwaukee, Milwaukee, 53211, Wisconsin, USA
Geertje van der Heijden

	Smithsonian Tropical Research Institute, Apartado Postal 0843-03092, Panama
Geertje van der Heijden

	Iwokrama International Centre for Rainforest Conservation and Development, 77 High Street Kingston, Georgetown, Guyana
Raquel Thomas

	Universidad Autónama del Beni, Campus Universitario, Av. Ejército Nacional, Riberalta, Bolivia
Vincent A. Vos

	Centro de Investigación y Promoción del Campesinado - Norte Amazanico, C/Nicanor Gonzalo Salvatierra Nu 362, Casilla 16, Riberalta, Bolivia
Vincent A. Vos

	Instituto de Biodiversidade e Floresta, Universidade Federal do Oeste do Pará, Santarém, CEP: 68.035-110, PA, Brazil
Everton C. Almeida

	Servicios Ecosistémicos y Cambio Climático, Jardín Botánico de Medellín, Calle 73 N 51D - 14, Medellín, Colombia
Esteban Álvarez Davila & Zorayda Restrepo

	National Institute for Space Research, Avenida dos Astronautas, 1.758—Jd. Granja, São José dos Campos, CEP 12227-010, SP, Brazil
Luiz E.O.C. Aragão

	Smithsonian Institution, PO Box 37012, MRC 187, Washington, 20013-7012, District of Columbia, USA
Terry L. Erwin

	Van der Hout Forestry Consulting, Jan Trooststraat 6, Rotterdam, 3078 HP, The Netherlands
Peter van der Hout

	UF-IFAS/Broward Co Extension Education, 3900 SW 100th Avenue, Davie, Florida, USA
John J. Pipoly

	School of Earth Sciences and Environmental Sustainability, Northern Arizona University, Flagstaff, AZ 86011, USA
Ophelia Wang

	School of Anthropology and Conservation, Marlowe Building, University of Kent, Canterbury, CT1 3EH, UK
Miguel Alexiades

	Herbario Alfredo Paredes (QAP), Universidad Central del Ecuador, Ciudadela Universitaria, Av. América, Quito, Ecuador, Quito, Ecuador
Carlos E. Cerón

	Department of Anthropology, University of Texas at Austin, Austin, 78712, Texas, USA
Anthony Di Fiore

	Centro de Energia Nuclear na Agricultura, Universidade de São Paulo, São Paulo, CEP 05508-070, SP, Brazil
Plínio Barbosa de Camargo

	Department of Ecology and Evolutionary Biology, University of Michigan, MI 48109, Ann Arbor, USA
Robyn J. Burnham

	Centro de Ecologia, Instituto Venezolano de Investigaciones Cientificas, Carretera Panamericana, Km 11, Altos de Pipe, IVIC, Caracas, Venezuela
Rafael Herrera

	ReforeST Group, DIHMA, Universidad Politécnica de Valencia, 46022, Valencia, Spain
Rafael Herrera

	European Commission—DG Joint Research Centre, Institute for Environment and Sustainability, Via Enrico Fermi 274, Ispra, 21010, Italy
Juliana Stropp

	Núcleo de Estudos e Pesquisas Ambientais, Universidade Estadual de Campinas, Campinas, CEP 13083-970, SP, Brazil
Simone A. Vieira

	Conservation International, 2011 Crystal Drive, Suite 500, Arlington, 22202, Virginia, USA
Marc Steininger

	Facultad de Ciencias Forestales, Universidad Nacional Agraria La Molina, Lima, Peru
Carlos Reynel Rodríguez

	Department of Geography, University College London, London, WC1E 6BT, UK
Simon L. Lewis


Authors	Sophie FausetView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michelle O. JohnsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manuel GloorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Timothy R. BakerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abel Monteagudo M.View author publications
You can also search for this author in
                        PubMed Google Scholar



	Roel J.W. BrienenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ted R. FeldpauschView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gabriela Lopez-GonzalezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yadvinder MalhiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hans ter SteegeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nigel C.A. PitmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christopher BaralotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Julien EngelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pascal PétronelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ana AndradeView author publications
You can also search for this author in
                        PubMed Google Scholar



	José Luís C. CamargoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Susan G.W. LauranceView author publications
You can also search for this author in
                        PubMed Google Scholar



	William F. LauranceView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jerôme ChaveView author publications
You can also search for this author in
                        PubMed Google Scholar



	Elodie AllieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Percy Núñez VargasView author publications
You can also search for this author in
                        PubMed Google Scholar



	John W. TerborghView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kalle RuokolainenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcos SilveiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerardo A. Aymard C.View author publications
You can also search for this author in
                        PubMed Google Scholar



	Luzmila ArroyoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Damien BonalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hirma Ramirez-AnguloView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alejandro Araujo-MurakamiView author publications
You can also search for this author in
                        PubMed Google Scholar



	David NeillView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bruno HéraultView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aurélie DourdainView author publications
You can also search for this author in
                        PubMed Google Scholar



	Armando Torres-LezamaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beatriz S. MarimonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rafael P. SalomãoView author publications
You can also search for this author in
                        PubMed Google Scholar



	James A. ComiskeyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Maxime Réjou-MéchainView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marisol ToledoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juan Carlos LiconaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alfredo AlarcónView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adriana PrietoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Agustín RudasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter J. van der MeerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Timothy J. KilleenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ben-Hur Marimon JuniorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lourens PoorterView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rene G.A. BootView author publications
You can also search for this author in
                        PubMed Google Scholar



	Basil StergiosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Emilio Vilanova TorreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Flávia R.C. CostaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carolina LevisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juliana SchiettiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Priscila SouzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nikée GrootView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eric AretsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Victor Chama MoscosoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wendeson CastroView author publications
You can also search for this author in
                        PubMed Google Scholar



	Euridice N. Honorio CoronadoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marielos Peña-ClarosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Clement StahlView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jorcely BarrosoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joey TalbotView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ima Célia Guimarães VieiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Geertje van der HeijdenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Raquel ThomasView author publications
You can also search for this author in
                        PubMed Google Scholar



	Vincent A. VosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Everton C. AlmeidaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Esteban Álvarez DavilaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Luiz E.O.C. AragãoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Terry L. ErwinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paulo S. MorandiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Edmar Almeida de OliveiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marco B.X. ValadãoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roderick J. ZagtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter van der HoutView author publications
You can also search for this author in
                        PubMed Google Scholar



	Patricia Alvarez LoayzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	John J. PipolyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ophelia WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Miguel AlexiadesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carlos E. CerónView author publications
You can also search for this author in
                        PubMed Google Scholar



	Isau Huamantupa-ChuquimacoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anthony Di FioreView author publications
You can also search for this author in
                        PubMed Google Scholar



	Julie PeacockView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nadir C. Pallqui CamachoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ricardo K. UmetsuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Plínio Barbosa de CamargoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robyn J. BurnhamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rafael HerreraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carlos A. QuesadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Juliana StroppView author publications
You can also search for this author in
                        PubMed Google Scholar



	Simone A. VieiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marc SteiningerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carlos Reynel RodríguezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zorayda RestrepoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adriane Esquivel MuelbertView author publications
You can also search for this author in
                        PubMed Google Scholar



	Simon L. LewisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Georgia C. PickavanceView author publications
You can also search for this author in
                        PubMed Google Scholar



	Oliver L. PhillipsView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
O.L.P., Y.M. and Jon Lloyd conceived the RAINFOR forest census plot network programme, S.F. wrote the paper, O.L.P., T.R.B., M.G., Y.M., M.O.J and S.F. conceived and designed the study, S.F., M.O.J. and O.L.P. carried out the data analysis, O.L.P., R.J.W.B., T.R.F, T.R.B., A.M.M. and G.L.G. coordinated data collection with the help of most co-authors. All co-authors collected field data and commented on or approved the manuscript.
Corresponding author
Correspondence to
                Sophie Fauset.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Information
Supplementary Figures 1-11 and Supplementary Tables 1-8 (PDF 3086 kb)





Rights and permissions

                This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

              Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Fauset, S., Johnson, M., Gloor, M. et al. Hyperdominance in Amazonian forest carbon cycling.
                    Nat Commun 6, 6857 (2015). https://doi.org/10.1038/ncomms7857
Download citation
	Received: 15 July 2014

	Accepted: 04 March 2015

	Published: 28 April 2015

	DOI: https://doi.org/10.1038/ncomms7857


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Multi-objective forest harvesting under sustainable and economic principles
                                    
                                

                            
                                
                                    	Talles Hudson Souza Lacerda
	Luciano Cavalcante de Jesus França
	Lucas Rezende Gomide


                                
                                Journal of Forestry Research (2023)

                            
	
                            
                                
                                    
                                        Divergence in functional traits in seven species of neotropical palms of different forest strata
                                    
                                

                            
                                
                                    	Gerardo Avalos
	Milena Cambronero
	Carolina Alvarez-Vergnani


                                
                                Oecologia (2023)

                            
	
                            
                                
                                    
                                        Silvicultural interventions and agroforestry systems increase the economic and ecological value of Bertholletia excelsa plantations in the Amazon
                                    
                                

                            
                                
                                    	Jéssica Pereira de Souza
	José Francisco de Carvalho Gonçalves
	Adamir da Rocha Nina Junior


                                
                                Agroforestry Systems (2023)

                            
	
                            
                                
                                    
                                        Functional composition of tall-statured trees underpins aboveground biomass in tropical forests
                                    
                                

                            
                                
                                    	Suwash Kunwar
	Li-Qiu Wang
	Arshad Ali


                                
                                Journal of Forestry Research (2023)

                            
	
                            
                                
                                    
                                        Stand structure and species diversity regulate biomass carbon stock under major Central Himalayan forest types of India
                                    
                                

                            
                                
                                    	Siddhartha Kaushal
	Ratul Baishya


                                
                                Ecological Processes (2021)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                
    
        
            
                Download PDF
                
            
        

    

            
        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    The Forest Observation System, building a global reference dataset for remote sensing of forest biomass
                

                
	Dmitry Schepaschenko
	Jérôme Chave
	Irié Casimir Zo-Bi



                
    
        
            Scientific Data
        
        Data Descriptor
        
            Open Access
        
        
            10 Oct 2019
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    Calls for Papers
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Editors' Highlights
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Top Articles
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For authors
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Communications (Nat Commun)
                
                
    
    
        ISSN 2041-1723 (online)
    
    


                
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
