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Resumo

Assumindo que medidas de diversidade tradiciondis sstimativas grosseiras do
funcionamento de comunidades e que medidas queporeon informacdes dos tracos
funcionais sdo melhores do que as tradicionais,idasdde diversidade funcional sé&o
bastante utilizadas atualmente. Contudo, raramértestado se, de fato, a inclusdo dos
tracos funcionais em estimativas de biodiversidag®enta nosso poder preditivo. Além
disso, medidas de diversidade funcional baseadasdemirogramas geralmente néo
consideram a abundancia. Em uma éarea de cerradudeste brasileiro, testamos se a
inclusdo dos tragos funcionais leva a um aument@aaer preditivo ao relacionar a
diversidade funcional ao funcionamento da comurm@dguando comparada a medidas de
diversidade tradicionais. Demonstramos que € pelsisieluir a abundancia em medidas de
diversidade funcional baseadas em dendrogramastanies se a inclusdo da abundancia
eleva o poder preditivo da diversidade funcionalemparacdo a comumente calculada.
Nenhuma medida de diversidade relacionou-se addinamento da comunidade, inclusive
a diversidade funcional. Porém, mostramos que giysncluir a abundancia em medidas
de diversidade funcional baseadas em dendrograpasar da maioria dos indices estar

correlacionada.

Palavras-chave: decomposicdo de serapilheira, dendrograma, funciento de

comunidades, savana, tracos funcionais
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ABSTRACT

Assuming that traditional measures of diversityrawggh predictors of functioning and that
measures that incoporate information about funetidraits are better predictors than the
traditional ones, functional diversity measures srensely used nowadays. However,
whether the inclusion of functional traits in bieeisity estimation indeed increases our
predictive power is rarely tested. Moreover, degdam-based functional diversity
measures usually do not take abundance into accByrdampling a southern cerrado site
in Brazil, we tested whether, when compared toiticadhl diversity measures, the inclusion
of functional traits leads to an increased predicpower in relating functional diversity to
community functioning. We demonstrated that it @ssble to include abundance in
dendrogram-based functional diversity, and testbdtier, when compared to functional
diversity as usually calculated, the inclusion béiadance leads to an increased predictive
power. No diversity measure was related to commgumitctioning, including functional
diversity. Nevertheless, we showed that it is guesio include abundance in dendrogram-

based functional diversity measures, even if mudites were correlated with each other.

RESUMO

Assumindo que medidas de diversidade tradiciondis estimativas grosseiras do
funcionamento de comunidades e que medidas queporeon informacdes dos tracos
funcionais sdo melhores do que as tradicionais,idasdde diversidade funcional sé&o
bastante utilizadas atualmente. Contudo, raramértestado se, de fato, a inclusdo dos

tracos funcionais em estimativas de biodiversidag®enta nosso poder preditivo. Além
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disso, medidas de diversidade funcional baseadasdemdrogramas geralmente néo
consideram a abundancia. Em uma éarea de cerradudeste brasileiro, testamos se a
inclusdo dos tragos funcionais leva a um aument@auer preditivo ao relacionar a

diversidade funcional ao funcionamento da comurm@dguando comparada a medidas de
diversidade tradicionais. Demonstramos que € pelsisieluir a abundancia em medidas de
diversidade funcional baseadas em dendrogramastanies se a inclusdo da abundancia
eleva o poder preditivo da diversidade funcional@mparacdo a comumente calculada.
Nenhuma medida de diversidade relacionou-se aodinamento da comunidade, inclusive

a diversidade funcional. Porém, mostramos que giysncluir a abundancia em medidas
de diversidade funcional baseadas em dendrograpasar da maioria dos indices estar

correlacionada.

Key words:community functioning; dendrogram; functional tsaititter decomposition;

savanna.
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THE STRUCTURE AND FUNCTIONING OF BIOLOGICAL COMMUNITES MAY BE DETERMINED BY
biological diversity, since species interact thiowgmpetition and facilitation and they can
be complementary or redundant on resource usen@et& Callaway 1994, Hooper &
Vitousek 1997). Many studies about the relationdbgiween diversity and community
functioning used originally species richness as easure of diversity (Diaz & Cabido
2001). However, traditional diversity indices hdween considered crude estimations of
community structure and functioning due to the lobsformation,since they reduce the
vast group of factors that governs a community,hsas genotypic composition and
functional types to a simple list of species (Reaset al. 1999, Diaz & Cabido 2001).
Moreover, community functioning seems to be motated to functional trait identity and
number than to species richness itself (Tilretial. 1997, Diaz & Cabido 2001). Assuming
that traditional measures of diversity are rougbdpmtors of functioning and that measures
that incoporate information about functional traite better predictors than the traditional
ones (Diaz & Cabido 2001, Petchey 2004), functiainarsity measures are intensely used
nowadays (Petchey & Gaston 2006).

Despite these assumptions, whether the inclusiofumétional traits in biodiversity
estimation indeed increases our predictive poweraigly tested. Although trait-based
measures of diversity are considered a tool forlaemimg the role of organisms in
communities and the ecological impacts of theirsl¢gBetchey & Gaston 2006), their
superior predictive power in comparison with ricksmeor other traditional measures of
diversity has been demonstrated in few studiesh sa& Tilmanet al. (1997), for
productivity; Joshiet al. (2000), for plant resistance against parasitest Soherer-
Lorenzen (2008), for decomposition rates. Sincetladise studies were carried out in

experimental grasslands, the assumed relationskigvelen functional diversity and
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functioning needs to be tested in complex, natacehmunities, including tropical ones
(Hillebrand & Matthiessen 2009).

The functional diversity index called “FD” (Petch&yGaston 2002, 2006) measures the
extension of complementarity among species trditesgaand estimates species similarity as
a function of their functional traits (Petchey & sBan 2002, 2006). The greater the
differences between the trait values, the highes BD and, thus, the higher the
complementarity in resources use (Petchey & Gazd@2, 2006). What is expected in this
case is that communities with higher functionaledsity will operate in a more efficient
way (Tilmanet al. 1997). FD is robust and seems to predict bettemaonity functioning,
when compared to species richness, traditionalrsityeindices, and functional group
richness (Petchegt al. 2004). Nevertheless, one of the limitations of iBCthat species
abundances are ignored and, as a consequence, odgneuenness is not considered, that
is, rare and abundant species are considered te th@ same effect upon community
functioning. In this sense, FD may be consideredenas a functional richness measure
than as a functional diversity one. Aware of thisitation, Petchey and Gaston (2006)
asked whether it was possible “to incorporate egssninto measures based on
dendrogram”.

Abundance distribution is considered the most fumelstal measure in ecology, because
it describeshow the individuals in a community are partitioreatilong rare and common
species, reflecting how species pack in time (Raskheet al. 2001). Usually only
functional diversity measures based on pairwiseadces include abundance (for example,
Rao 1982, Masoet al. 2003, 2005). These measures, however, present gsodesirable
properties: (1) they violate the monotonicity prple, meaning that their values can

decrease with the inclusion or increase with theluston of a given species, what is
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counterintuitive (Ricotta 2005, Petchey & Gasto®@0Q and (2) they incorrectly assume
pairwise distances to be independent, leading toftated estimate of functional diversity
(Petchey & Gaston 2006). Since the performancespiegies depends on both its traits and
its abundance (Reisg al. 2009), a dendrogram-based measure of functionatslty that
incoporates species abundances would combine thie poeperties of both approaches
(Petchey & Gaston 2006).

In phylogenetic approaches, several indices haea lbeveloped, some of which take
into account species abundances (see Adteal. 2009 for references). One of them is the
so-called “phylogenetic entropy” (PE; Allext al. 2009). PE generalises the Shannon index
to incorporate species relatedness, using the breemgths of a rooted phylogenetic tree.
PE is aimed to help conservation management desisioy favouring communities in
which highly distinct species are more abundand, @esents “weak species monotonicity”
(Weikard et al. 2006), which ensures protection to rare speciese ©f the promising
features of this index is the possibility to usendiional, instead of phylogenetic,
relatedness and so to include abundance in furattcversity.

Even if it is possible to include abundance in @degthm-based functional diversity
measures, this inclusion will only be justifiedoifir predictive power in relating functional
diversity to community functioning increases. Stadya southern cerrado site at fine-
scale, we measured functional traits of woody ®seand used litter decomposition rate as
a surrogate for community functioning, since decosijon is important in nutrient
cycling and may be more related to functional ditgrthan to traditional diversity
measures (Scherer-Lorenzen 2008). We presentedsis of both FD and PE to obtain
measures of functional diversity that take abundamto account and, in one case,

intraspecific variation as well. In sum, we aimdd {o test whether, when compared to
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traditional diversity measures, the inclusion ohdtional traits leads to an increased
predictive power in relating functional diversity tcommunity functioning; (2) to

demonstrate that it is possible to include abuneaimmc dendrogram-based functional
diversity, and (3) to test whether, when compaceBDR as usually calculated, the inclusion

of abundance leads to an increased predictive power

METHODS

We carried out this study in a woodland savanrg gitth 86 ha, at Federal University of
S&o Carlos, southeastern Brazil (21°58’ S, 47°51Hn4 22 00’ S, 47°52’ W). The site is
under Cwa climate (Koppen 1931), with wet summet dry winter. Mean annual rainfall
and temperature lie around 1500 mm and 21°C, ragplgc We established a 50 m x 50 m
grid, with 100 contiguous plots, each one with 25 mhere we sampled all woody
individuals with stem diameter at soil level eqtalor larger than 3 cm (SMA 1997),
identifying them to species level. For each indinit) we measured eight functional traits
related to nutrient cycling, according to Cornadisst al. (2003): leaf size, specific leaf
area, leaf dry matter content, stem specific dgnseight, basal area, resprouting capacity,
and bark thickness. We collected the data from NM&@09 to May 2010, measuring leaf
traits during the rainy season, when productivitaswhigher, as recommended by
Cornelisseret al. (2003). The way we measured each functional isaiescribed in detail
in Cornelisseret al. (2003).

We collected leaves recently shed, oven-dried tae&0°C for 24 h, and put 5 g in each
one of 2000 litterbags. In each plot, we placedit?€rbags, in four sets of five bags. We

collected one bag of each set in each plot aft@; B, 6, and 12 months. In the laboratory,

15



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

we gently brushed the material to remove soil pledi and other debris, oven-dried the
bags at 80°C for 24 h, and weighted them. Compdhegnitial and the final masses, we
found the amount of litter that was decomposed. damh plot and each month, thus, we
found the average remaining amount of matter. Siheeexponential model describes best
the loss of mass over time during litter decompasi{Wieder & Lang 1982), we adjusted
the values to an exponential equation (y =)adn which k is the coefficient of
decompositiony is the remaining mass in tinheanda is the initial mass. After collecting
the data in field, we obtained three matrices: fing one with individuals in rows,
functional traits in columns, and trait values nirees; the second one with species in rows,
functional traits in columns, and average traitueal in entries; and the third one with
decomposition rates per plot.

To answer the first question, for each plot, wewdlated species richness (s), Shannon
index (H"), and FD. To calculate FD (Petchey & @Gas2002, 2006), we used the second
matrix, standardised the variables to zero mean wmt variance, converted it into a
distance matrix with Euclidean distances, produce@ndrogram by clustering the distance
matrix with unweighted pair group method with amigktic averages, and calculated the
total branch length of the dendrogram necessacpitmect all species in a given plot. We
tested whether the data were spatially autocoe@lay appling the Moran test (Legendre
& Legendre 1998). As long as they were not, we usetple linear regression analyses
(Zar 1999), in which the decomposition rate was résponse variable and s, H’, or FD
were the explanatory variable. We tested the wrighips for significance and compared
their coefficients of determination R used as a measure of fit (Zar 1999).

To answer the second question, we included abuedarfanctional diversity using four

methods: (1) individual-based functional divergjBD; Cianciaruseet al. 2009), calculated
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the same way as FD, but with the first matrix, witHividuals in rows — with this index,
we included not only abundance, but also intrasigegariation; (2) a new index we called
“abundance-weighted functional diversity,D), in which the second matrix, that with
species in rows, is weighted by a relative abuneamctor — then we calculated it the same
way as FD; (3) a new index we called “branch-weidghfunctional diversity” ,FD),
calculated the same way as FD, but, when calcgldkia total branch length, we weighted
the terminal branches, which represent the unigméribution of a given species to FD, by
its relative abundance; (4) functional entropy (FEplculated the same way as
phylogenetic entropy (Alleet al. 2009), but using a functional dendrogram prodtfoeah
the second matrix instead of a phylogenetic tree.célculated Spearman's rank correlation
coefficient (Zar 1999) among all diversity measures

To answer the third question, we did simple linesgression analyses (Zar 1999), in
which the decomposition rate was the responsehlarend;FD, ,,FD, puwFD, or FE were
the explanatory variable. We tested the relatigrsshor significance and compared their
coefficients of determination (Zar 1999). We catraut all analyses in R (R Development
Core Team 2009), using the “ade4” (Dray & Dufouf?)) “ape” (Paradiet al.2004), and
“vegan” (Oksaneret al. 2009) packages. We also wrote a code to calctuattional — or

phylogenetic — entropy, which is available onliner(adoecology.com).

RESULTS

We sampled 1995 individuals belonging to 60 spedes which we calculated mean
functional trait values (Table 1). Decompositioterpresented a coefficient of variation of

16.79 percent and was not significantly relatedi¢bness, Shannon index, or functional
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diversity and, in all cases, explanatory power wasy low (Table 2; Fig. 1). We

demonstrated that the inclusion of abundance irctiomal diversity is possible, even
though most indices were significantly correlatathveach other (Fig. 2). When compared
to FD as usually calculated, the inclusion of alanmué did not lead to an increased
predictive power. The decomposition rate was ngriicantly related to individual-based
functional diversity, abundance-weighted functiodalersity, branch-weighted functional
diversity, or functional entropy and, in all casesplanatory power was very low (Table 2;

Fig. 1).

DISCUSSION

We expected that functional diversity would be #dyepredictor than traditional diversity
measures, such as species richness and Shannon (Dide & Cabido 2001, Petchey
2004). However, this expectation was not corrolmatahs we did not find any relationship
between decomposition and either traditional ocfiamal diversity indices. The absence of
relationship between functional diversity and litteecomposition rates may be due to five
reasons (Petchey & Gaston 2006): (1) unimportaatstrconsidered, (2) inappropriate
measures of functional diversity, (3) another psscer factor more important than
functional diversity, (4) statistical power, or @)sence of effect of functional diversity on
community functioning. The first reason is unliketynce we chose traits directly related to
functioning (Cornelisseret al. 2003). So is the second reason, since FD and EE ar
appropriate measures of functional diversity (Peyc& Gaston 2006, Allert al 2009),
and the extensions of the former, have the advardgbtpking abundance into account. Our

sampling effort was high enough, with 100 plots 4885 individuals. Thus, we postulate
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that either other processes or factors are moreri@pt or that functional diversity has no
effect on decomposition rates.

Plant community influence decomposition processesraitrient cycling either directly,
by litter quality, or indirectly, by creating unigumicro-environment conditions (Scherer-
Lorenzen 2008, Vivanco & Austin 2008). Living plduoinctional traits ardinked to litter
decomposability (Cornelissen & Thompson 1997, Cethvet al. 2008), especially
considering that green and litter leaves traits eoerelated with decomposition in
equivalent ways (Hattenschwilet al. 2011). Although green leaf traits can predict even
better decomposition rates (Bakketr al. 2011), litter leaf traits are more associated to
decomposability (Cornwektt al. 2008, Zhanget al. 2008) due to emergent propreties and
synergistic efects among litter leaves from diff¢rspecies (Gartner & Cardon 2004,
Hattenschwileret al. 2005). To assess plant functional diversity effemmt decomposition
rate, we isolated the litter quality, homogenisthg material in the litterbags. Maybe we
could not find a relationship, because indireceef of plant traits on decomposition were
very low compared to effects of litter quality. A&dhatively, the complementarity among
decomposers and detritivores may be more impottagiecomposition (David & Handa
2010, Gessneet al. 2010). The impacts of decomposer diversity on shability of
essential functions differ between plant commusi(teisenhauer & Shaudler 2011) and are
dependent of several trophic levels (Gessteal. 2010, Eisenhauer & Shaudler 2011).
Thus, indirect effects of plant traits in creatingcro-habitats may not be linear to the
decomposer diversity.

If the functional role of a species depends onrélative abundance or productivity
(Whittaker 1965), then species effects should beyhted by its abundance to reflect its

contribution to the functioning (Villégest al. 2008). As a consequence, many indices of
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functional diversity that include abundance haverbdeveloped (Rao 1982, Masenal.
2003; Mouillot et al. 2005, Botta-Dukat 2005). These indices are an owgment in
relation to those of functional richness, but tpegsent some undesirable properties: some
are designed to work with only one trait at a tiro#iers violate set monotonicity (Petchey
& Gaston 2006). As originally concepted, FD is adiional richness measure, since it does
not take abundances into account (Botta-Dukat 20BBchey & Gaston 2006).
Nevertheless, we demonstrated that it is possibledude species abundances into FD and
that is possible to do that in different ways. Evfen our study the inclusion of abundance
into FD did not increase its predictive power, ghenay be situations in which that
inclusion will increase it.

Each measure we applied required a similar samgffagt, exceptFD. To calculate
FD, awFD, pwFD, and FE, it would be necessary to measure foumatitraits of 10
individuals per species (as indicated for FD; Chssenet al. 2003) and to count the
number of individuals present in each plot. For e@mpecies with less than 10 individuals
in the plots, an additional sampling effort coulecessary to find individuals outside the
plots. In the case gFD, all individuals should be measured, what coddresent an
extremely higher effort in terms of time and monEgr example, in our study, since we
found 60 species, one would have to sample only i6B@Widuals, instead of 1995, to
calculate FDaWFD, nwFD, and FE. However, there may be situations irctvisampling all
individuals is recommended. For example, when &peeaific variability is high, the
relationship between FD anD becomes weak (Cianciarusbal. 2009). In such a case,
including intraspecific variation should allow a mocomplete understanding of the

processes that link diversity and community funutig (Cianciaruset al.2009).
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Most of the indices we proposed were correlateth wigecies richness and FD, what is
supposed to happen when species are equally complary (Pechey & Gaston 2006). If
one uses many functional traits and if they areotnetated, then there woud be potential
for separation of species in high-dimensional tspiice (Petchey & Gaston 2002). The
high-dimensional trait space allows all speciesglifter equally, that is, all species can be
equidistant in trait space (Petchey & Gaston 20020, one would expect a linear
relationship between species richness and FD (Bgtéh Gaston 2002), as we found.
Conversely, the weak, albeit significant, correatibetween FD an¢FD indicated a
relatively high intraspecific variability. Intraspéic variability highlights processes linking
individuals and community and may provide betteedwtions of the effects of
environmental changes on both biodiversity and canity functioning (Cianciaruset al.

2009, Junget al. 2010). However, since the sampling effort necgstarcalculatgFD is

much higher than for any other indices, its use tnhes considered in a cost-benefit
analysis.

Different distribution of abundances will lead tifferent correlation coefficients among
the indices we proposed. When the most abundantespare also the most complementary
ones, there will be weak correlations between F® thie new indices. All indices would
help one to predict how the loss of one speciesientes functional diversity, since it
depends on how abundance is related to both ther gpkcies are lost and the functional
distances (Petchey & Gaston 2006). Thus, in a was¢ scenario, when a rare and
complementary species is lost, one could expecelaxalues ofwFD, ,wFD, iFD, and FE

than those predicted by FD.
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We also expected that the inclusion of abundandenational diversity would result in
more predictive measures of diversity (Petchey &tGa 2006). However, the indices we
proposed did not increase our predictive capanithé cerrado data set. Assuming that the
main criterion for the selection of an index is wie it accurately measures what it is
intended to describe (Schleutetral. 2010), the new indices we applied brought no extra
advantage over FD and PE, because we did not igmifisant relationships between them
and litter decomposition. Nevertheless, there maysibuations in which the new indices
will predict community functioning better. For iasice, when one is working at larger
scales, with other vegetation types, or other detees of community functioning.

Depending on the characteristics of the commuiaityjndex can be more appropriate
than other. A good way to choose an appropriatexnsl by its response to loss or addition
of species and to changes in species abundancehd€iP& Gaston 2006). However, the
effects of changing species dominance in functiodalersity and properties of
communities are much less investigated than eftg#ctpecies loss (Hillebraret al. 2008).
When any factor changes species distributions,timmal trait distribution also changes.
Consequently, the magnitude of inter- and intraigaelationships, community dynamics,
and processes dependent of abundance are alsoiedoftfillebrandet al. 2008). Since
species richness and evenness are not alwaysvpositorrelated, one should consider
whether the prediction depends on species abundahsiceutions (Hillebranckt al. 2008).
Moreover, the data set in question, its dimensibnadnd the type of variables available
are also important when choosing an index (Schieaital. 2010). Thus, by incorporating
species abundances into a dendrogram-based mezsdieersity, we showed that it is

possible to combine the best of both worlds.
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TABLE 1. Abundance and mean trait values for woody spe@espked in a woodland

cerrado, southeastern Brazil (approximately, 21T8B3” S, 47°52'10.1" W). A=

abundances, LS = leaf size @mSLA = specific leaf area (&hg), LDMC = leaf dry

matter content (mg/g), SSD = specific stem derfgifynT), H = height (m), BA = basal

area (cnf), RC = resprouting capacity (resprout/ind), BT ark thickness (mm).

Family Species A LS SLA LDMCSSD H BA RCBT
Anacardiaceae Tapirira guianensisAubl. 1 1252 80.8 3844 04 3220 0.00.2
Annonaceae  Annona coriaceaMart. 2 617 79.7 3115 0.2 2017 0.00.2
Annonaceae  Annona crassifloraMart. 1 630 780 3853 03 620330.035
Annonaceae  Xylopia frutescensubl. 2 43 1215 5352 05 4.33.7 0.003
Aquifoliaceae llex cerasifoliaReiis. 1 176 1579 3333 04 3B.6 0.00.1
Schefflera macrocarpéCham. & Schitdl.)
Araliaceae 5 1488 458 3846 0.3 3209 0.20.7
Frodin
Schefflera vinosgCham. & Schitdl.) Frodiw
Araliaceae 62 935 70.0 386.2 04 3238 0.10.3
Fiaschi
Asteraceae Gochnatia pulchraCabrera 23 23.1 103.8 462.2 0.6 286 041.1
Asteraceae Piptocarpha rotundifoligLess.) Baker 97 52.8 101.3 3648 0.3 232 0.04.6
Bignoniaceae Tabebuia ochrace@Cham.) Standl. 87 134.7 81.6 3240 03 286 0.04.3
Celastraceae Plenckia populnedreissek 10 43.8 108.6 390.3 0.5 483 0.021
Clusiaceae Kielmeyera coriacedart. & Zucc. 51 67.2 76.0 2919 0.3 2&8.2 0.06.1
Clusiaceae Kielmeyera grandiflorgWawra) Saddi 29 1515 70.7 2432 03 &16 0.13.7
Dilleniaceae  Davilla elliptica A. St.-Hil. 4 311 1374 3150 05 293.0 0822
Dilleniaceae  Davilla rugosaPoir. 1 123 1335 3813 06 3136 0.00.1
Ebenaceae Diospyros hispida. DC. 35 1245 73.1 3551 03 1%7.2 0.04.1
ErythroxylaceaeErythroxylum cuneifoliunfMart.) O.E. Schul® 2.5 146.1 4085 0.7 4.20.0 0.20.2
ErythroxylaceaeErythroxylum suberosu. St.-Hil. 58 28.1 106.4 3472 03 1Z%.5 0.15.6
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ErythroxylaceaeErythroxylum tortuosunMart.

Euphorbiaceae Pera glabrataPoepp. ex Baill.

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Lauraceae

Acosmium dasycarpu@ogel) Yakovlev

Bauhinia rufa(Bong.) Steud.
Dalbergia miscolobiunBenth.
Dimorphandra molliBenth.

Macherium acutifoliumvogel

51

18

19

Acosmium subelegaiislohlenbr.) Yakovlev 4

26

43

8

4

Stryphnodendron adstringefislart.) Coville 44

Stryphnodendron obovatuBenth.

Ocotea pulchelldNees) Mez

30

43

Malpighiaceae Banisteriopsis megaphyligh. Juss.) B. Gated

Malpighiaceae Byrsonima coccolobifoligunth
Malpighiaceae Byrsonima verbascifoligL.) DC.
Malpighiaceae Heteropterys umbellatA. Juss.
Melastomatacedeeandra lacunos&ogn.
Melastomataceddiconia albicans(Sw.) Triana
Melastomataceadiconia ligustroidegDC.) Naudin

Melastomataceadiconia rubiginosa(Bonpl.) DC.

Myrsinaceae
Myrsinaceae

Myrsinaceae

Myrtaceae

Myrtaceae
Myrtaceae

Myrtaceae

60

2

4

2

11728.3

10

1

Rapanea ferruginefRuiz & Pav.) Mez in Urb6

Rapanea guianensisubl.
Rapanea umbellatéMart.) Mez

Campomanesia adamantiu@ambess.)

O.Berg
Myrcia bellaCambess.

Myrcia fallaxDC.

522 99.2 328.7

35.2 70.2 4289

99.5 105.2 299.4

50.4 814 358.2

66.3 86.7 424.6

56.2 63.1 440.9

256.0 145.1 354.2

82.7 90.4 419.1

267.1 80.1 339.8

159.1 94.1 34238

129 77.0 462.9

3.7 123.6 256.1

42.1 1129 351.9

148.7 68.5 377.4

58 1254 379.2

129 75.3 364.7

74.6 453.7

145 102.0 368.0

30.2 67.8 437.2

159 128.1 370.8

0.3

0.5

0.3

0.5

0.5

0.4

0.4

0.5

0.4

0.6

0.5

0.4

0.3

0.3

0.7

0.9

1328 0.06.4

380.50.2 0.6

12865 0.17.9

2331 0.06.6

306 0.00.8

7355.90.0 9.3

3425 0.06.6

3604 0.07.4

2462 0.029

314.8 0.01.3

4688 0.20.5

5.82.7 0.00.5

2242 0.115

31018.1 0.0 3.2

212.8 0.304

2154 0.00.6

361.2.8 978 1.01.1

0.5

0.6

0.5

21.2 0.00.3

4356 0.02.8

4328 0.00.6

1

22.3

557 27.7

22 258

6

42 5.6

25.0

Myrcia lingua (O.Berg) Mattos & D.Legrand129 14.5

56.6 381.7 0.6

795 3744 05

108.8 3839 0.5

88.4 404.7 04

165.2 408.7 0.6

101.6 355.7 0.4

4.87.8

3.46.4

211.2

29.7
3R2.2

287.1

30

1.00.8

0.10.4

0.10.9

0.06.4

0.00.3

0.04.8



Myrtaceae Myrcia rostrataDC.

Myrtaceae Myrcia tomentosdAubl.) DC.

Myrtaceae Psidium lauroteanun€ambess. in A.St.-Hil.
Nyctaginaceae Guapira noxia(Netto) Lundell
Nyctaginaceae Guapira oppositgVell.) Reitz

Ochnaceae Ouratea spectabiligMart. ex Engl.) Engl.
Phyllanthaceae Phyllanthus acuminatugahl

Rubiaceae Palicourea rigida(Cham.) K.Schum.
Rubiaceae Rudgea viburnoide€Cham.) Benth.

Tocoyena formoséCham. & Schitdl.)

Rubiaceae

K.Schum.
Rutaceae Zanthoxyllum rhoifoliumLam.
Salicaceae Casearia sylvestriSw.

Styracaceae  Styrax ferrugineudlees & Mart.
Thymelaeaceae Daphnopsis fasciculatéMeissn.) Nevl.
Verbenaceae Aegiphilla Ihotzkiana&Cham.

Vochysiaceae Vochysia tucanorurivart.

4 6.8 747 489.1 0.5

4 155 113.2 382.0 05

2 161 66.7 4804 0.5

4 495 1199 2147 0.3

3 334 1156 289.2 0.5

3 280 56,5 4305 04

2 44 172.6 440.7 0.4

1 1613 86.1 301.2 0.2

11 46.2 76.7 2874 0.3

41 1169 96.9 3352 04

3 454 104.6 3976 0.5

6 11.3 144.1 3427 0.3

9 275 813 4334 03

4 81 88.2 3938 04

8 123.7 168.6 210.0 0.2

16519.9 116.8 2746 0.4

3.22.1

320.5

427

0.02.0

0.30.2

0.034

2260.4 0.5 14.5

2071
29.7
4217
BB6

32.6

2.57.9

426.2
1%.1
317.0
4.22.4
28.2

3.26.1

31

0.01.2

0.04.4

0.00.2

0.06.8

0.22.7

0.00.4

0.00.3

0.24.2

0.17.0

0.00.1

0.05.7

0.10.7



TABLE 2. Slope (b), coefficient of determination’YRand p-values (p) for simple linear
regressions between decomposition rate as respeasable and richness (s), Shannon
index (H"), functional diversity (FD), individualased functional diversity KD),
abundance-weighted functional diversity,/RD), branch-weighted functional diversity
(bwFD), and functional entropy (FE) as explanatory iabtes. Data collected for woody
species in a woodland cerrado, southeastern Br@agproximately, 21°58°'05.3" S,

47°52'10.1" W).

Index B R p

S 0 0.000 0.98
H’ 0 0.001 0.71
FD 0 0.001 0.81
iFD 0 0.011 0.30
anFD 0 0.004 0.55
pwFD 0 0.000 0.99
FE 0 0.000 0.93
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FIGURE 1. Decomposition rate (k) in relation to (Aghness (s), (B) Shannon index (H’),
(C) functional diversity (FD), (D) individual-basefunctional diversity £D), (E)

abundance-weighted functional diversityHD), (F) branch-weighted functional diversity
(bwFD), and (G) functional entropy (FE). Data collecter woody species in a woodland

cerrado, southeastern Brazil (approximately, 21058"S, 47°52'10.1"W).

FIGURE 2. Pairwise Spearman's rank correlationfmefts among richness (s), Shannon
index (H’), functional diversity (FD), individualased functional diversity;RD),
abundance-weighted functional diversity,HD), branch-weighted functional diversity
(bwFD), and functional entropy (FE) for woody specsssenpled in a woodland cerrado,
southeastern Brazil (approximately, 21°58'05.3"S7°5R'10.1"W). Tukey's running

median smoothing line in black.P < 0.05, **P < 0.01, *** P < 0.001.
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