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Appendix A: Examples of the variability in community and individual plant attributes in 
Emas National Park, central Brazil.

a) A woodland cerrado (cerrado sensu stricto) six months after a fire, with several top-killed 
trees and a developed layer of resprouting vegetation; b) one of the sampled closed forests; c) 
a dense woodland cerrado (cerrado denso); d) one example of a typical thick-barked species 
found in open communities (Anadenanthera peregrina (Benth.) Reis, Fabaceae); e) a 
transitional zone between dense savannas and forests; f) a typical open savanna at the early 
rainy season, with tall flammable grasses and small trees and shrubs. Photo credits: Vinícius 
Dantas (a, e), Gabriela Sartori (b), Vivian Cadry (c), Juli Pausas (d), Felipe Noronha (e) and 
Alessandro Favari (f).
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Appendix B. Detailed description of the field and laboratory methods

Field sampling

We estimated bark thickness in the field by measuring with a caliper the depth of penetration 
of a knife inserted into five haphazardly selected points in the stem at approximately 0.50 m from the 
ground. We estimated the height of tall trees using a four meter tall aluminum ladder and graduated 
fiberglass pole; when this was not sufficient, we climbed the trees with a single rope technique and 
measured the distance from a given point in the canopy to the upper photosynthetic tissue and from 
this point to the ground using a graduated rope and the above-mentioned fiberglass pole. We measured
leaf toughness in the field on five completely expanded and hardened mature leaves, haphazardly 
selected from the outer canopy, with no sign of herbivory or pathogens (Cornelisen et al. 2003). We 
measured leaf toughness by drilling each leaf on both sides of the mid-rib with a cone tip of a force 
gauge penetrometer (Chatillon DFE 010, AMETEK, Berwyn, USA). To collect leaf samples from the 
canopy of very tall trees, we used a pruner with a fiberglass pole that cut branches of trees up to 11 
meters tall; the four meter tall aluminum ladder was also used (Appendix A-b). When those were 
insufficient, we climbed trees, remove a large branch from the canopy with a pruner or a rope, and 
collected the material from this sub-sample. In each plot, we collected five topsoil samples (0-5 cm 
deep; Ruggiero et al. 2002) at each corner of the square plot and at the center.

Plant functional traits 

We calculated bark thickness per stem diameter by dividing the mean bark thickness, based on
the five field measurements for each individual, by the stem diameter of the tree. We measured wood 
density from branches collected as close as possible to the main stem following Cornelisen et al. 
(2003). After removing all the bark of the wood samples, we estimated volume of the wood sample by 
measuring the diameter and the length of the branch with a caliper and estimating the volume of a 
cylinder. We obtained wood density by dividing a branch’s oven-dried mass (at 80°C for 72 h) by its 
volume. Wood density is associated with vegetative recovery ratios and mechanical strength (Enquist 
et al. 1999, Curran et al. 2008). Thus, low woody density is associated with high rates of vegetative 
recovery whereas high woody density represents high mechanical strength. We estimated leaf 
toughness per individual by calculating a mean value from the 10 field measurements (see field 
sampling). Leaf toughness is related to nutrient strategy and resistance to herbivory (Craine 2009). We
estimated specific leaf area in five leaves per individual on completely expanded and hardened mature 
leaves, haphazardly selected from the outer canopy (Cornelisen et al. 2003). We estimated leaf area 
from scaled digitized images of fresh leaves using the software Image J (Rasband 2004). Specific leaf 
area was estimated by dividing the leaf fresh area by its oven-dried (80°C for 72 h) mass. Leaf 
nutrients were measured in a sample of approximately 100 g of leaf collected with the same criteria as 
above. Leaf nitrogen and phosphorus concentration were determined using colorimetry and emission 
spectrometry (induced argon plasma), respectively, following Jørgensen (1977). Leaf potassium 
concentration was determined using atomic absorption, following Zagatto et al. (1979). For each trait, 
we calculated mean trait values per plot to scale up traits measured at the individual plant level to the 
community level.

Soil data

We sent composite soil samples from each plot to the Soil Science Laboratory at the 
University of São Paulo for chemical analyses. We determined soil organic matter content (OM) and 
the concentration of available phosphorus (P), total nitrogen (N), cations (Ca, Mg, K) and aluminum 
(Al). The chemical analyses followed the methods proposed by Raij et al. (1987), Embrapa (1997) and
Silva (1999). Organic matter was determined by organic carbon oxidation with potassium dichromate 
and subsequent potassium dichromate titration with ammonic ferrous sulfate, using 0.5 g of soil and 
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10 ml of potassium dichromate solution. A correction factor (1.33) was used to compensate partial 
carbon oxidation. Total nitrogen was determined by digestion with H2SO4, followed by distillation 
with NaOH, using from 0.5 to 1 g of soil, 1 g of H2SO4 and 15 ml of NaOH. Available phosphorus 
was determined by spectrophotometry after anion exchange resin extraction, using 2.5 cm3 of soil. 
The sum of bases was calculated as the sum of potassium, calcium, and magnesium, whereas 
aluminum saturation was calculated as a percentage in relation to the sum of bases plus Al+3, K+, Ca+2, 
Mg+2 and Al+3 were extracted with 1 M KCl, using 10 cm3 of soil and 100 ml of solution. Potassium, 
calcium, and magnesium were then determined by an EDTA complexometry. Aluminum was 
determined by NaOH titration. 

Diversity indices
We measured both alpha and beta diversity, and we considered traditional (non-phylogenetic) as well 
as phylogenetic-based indices. Alpha diversity indices enable the detection of shifts along the CCI 
gradient in fine scale taxa co-occurrence (community level). We used species richness, Shannon’s 
diversity index, and mean phylogenetic distance (MPD; Webb et al. 2002) as measures of alpha 
diversity. Beta diversity measures are useful for identifying switching points in community 
composition at the landscape scale (Graham and Fine 2008, Beselga et al. 2010, Ives and Helmus 
2010). Furthermore, shifts in phylobetadiversity associated with changes in abiotic conditions and 
plant traits are expected to give insights into the patterns of trait evolution among species (Graham and
Fine 2008). Thus, we used phylogenetic community distance (PCD; Ives and Helmus 2010), Euclidean
community dissimilarity (both abundance-weighted and based on species presence/absence) and 
Jaccard’s beta-diversity (calculated as the sum of the two components, the spatial turnover, and 
nestedness; Beselga et al. 2010, Ives and Helmus 2010). We computed these beta diversity indices as 
cumulative values along the CCI gradient to search for critical switching points in diversity or 
phylodiversity associated with community closure. To calculate phylogenetic alpha and beta 
diversities, we constructed a phylogenetic tree as described below. 

Phylogenetic tree

To calculate phylogenetic alpha and beta diversities, we constructed a phylogenetic tree for all
the collected species using Phylomatic software, a phylogenetic database, and a toolkit for building 
angiosperm phylogenetic trees (Webb et al. 2008). We first assembled an initial tree using the 
Phylomatic software, which was based on APG III (2009); we subsequently solved polytomies by 
consulting available recent phylogenetic information for Myrtaceae (Costa 2009), Fabaceae (Simon et 
al. 2009), Rubiaceae (Bremer 2009) and Malpighiales (Karotkova et al. 2009, Bell et al. 2010). We 
also dated undated nodes based on Bell et al. (2010). The remaining undated nodes were evenly 
spaced using the branch length adjustment algorithm (BLADJ) available in Phylocom (Webb et al. 
2008).
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Appendix C: Relationship between the community closure index (CCI) and basal area per hectare.
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Horizontal lines refer to values of basal areas for the different cerrado physiognomies as studied by 
Hoffmann et al. (2005); from campo sujo and campo cerrado (lower line) to “cerradão” forest (upper 
line). The equation describing the relationship between basal area and CCI is: log (Basal area) = 
4.73*CCI + 0.15 (R2 = 0.90; p < 0.001). The CCI is an indicator of the light environment, from open 
communities (CCI close to 0) to closed communities (CCI close to 1; see the Materials and Methods 
section in the main text for details). 
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Appendix D: Soil variables, leaf toughness and diversity indices along the community closure index 
gradient (CCI) and their breakpoints.

Soil organic matter (OM g kg-1), soil N (mg kg-1), soil sum of bases (mmolc kg-1), leaf toughness (N), 
phylogenetic community distance (PCD; My) and Jaccard’s beta-diversity along the community 
closure index gradient (CCI, 0 to 1) as examples of the threshold-type relationships found at Emas 
National Park in central Brazil. Vertical grey lines represent significant breakpoints (supF test). 
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Appendix E: Distribution of basal area and mean height at each side of the threshold

Basal area (m2.ha-1) in the plots located at each side of the mean threshold along the gradient 
of community closure index (CCI). Open communities: CCI < 0.57; closed communities: CCI
> 0.57. The CCI is an indicator of the light environment, from open communities (CCI close 
to 0) to closed communities (CCI close to 1; see the Materials and Methods section in the 
main text for details).

Mean height (m) in the plots located at each side of the mean threshold along the gradient of 
community closure index (CCI). Open communities: CCI < 0.57; closed communities: CCI > 
0.57.
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