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eceived 26 July 2012; accepted 4 May 2013
vailable online 2 June 2013

bstract

Plant species with a high leaf life span (LLS) commonly have a low specific leaf area (SLA), leaf nitrogen per unit mass
N), and phosphorous concentration (P), whereas species with low LLS have a high SLA, N and P. However, LLS tends to be
onger in species growing in low-nutrient soils and, therefore, differences in LLS and other leaf traits may not be consistent
ith a plant classification according to leaf habit. Here we investigated whether leaf habit is consistent with leaf economic

pectrum trade-offs in cerrado (a Neotropical savanna) woody species. We analyzed the SLA, N and P of 125 woody species
ith a distinct leaf habit (deciduous, semideciduous, brevideciduous or evergreen). We also gathered data on the LLS (33

pecies), maximum net photosynthesis per leaf area (Aarea, 56 species) and per leaf mass (Amass, 31 species), comprising the
ost extensive database analyzed so far for the cerrado. Differences among leaf habit groups were tested using generalized

inear mixed models and ANOVA. We did not find differences in SLA and N among species with a distinct leaf habit, but
eciduous species had a higher leaf P concentration than evergreens. Species did not differ in LLS and Amass, but Aarea varied
mong groups. Semideciduous species had higher Aarea values than deciduous and brevideciduous species, but all other groups
ad similar Aarea values. Because of the small difference in the LLS, SLA, leaf N, leaf P and maximum net photosynthesis, we
rgue that deciduous, brevideciduous, semideciduous and evergreen species may not constitute different functional groups in
errado woody species.

usammenfassung

Pflanzenarten mit einer hohen Blattlebensdauer (LLS) haben gemeinhin eine geringe spezifische Blattfläche (SLA), sowie
eringe Stickstoff- (N) und Phosphorkonzentrationen (P), während Arten mit geringer LLS hohe SLA-, N- und P-Werte
ufweisen. Indessen tendiert die LLS dahin, bei Arten, die in nährstoffarmen Böden wachsen, länger zu sein, und deshalb
önnten Unterschiede hinsichtlich der LLS und anderer Blatteigenschaften nicht mit einer Einteilung der Pflanzen nach Blatt-

urftypen übereinstimmen. Wir untersuchten an den Gehölzarten neotropischer Savannen (cerrado), ob der Blattwurftyp mit den
ielkonflikten im Ökonomiespektrum der Blätter in Einklang steht. Wir analysierten SLA, N und P von 125 Gehölzarten aus
nterschiedlichen Blattwurftypen (laubwerfend, halblaubwerfend, kurzlaubwerfend oder immergrün). Wir berücksichtigten
uch LLS-Daten (33 Arten), sowie die maximale Netto-Photosynthese je Blattfläche (Aarea, 56 Arten) und je Blattmasse
Amass, 31 Arten). Unterschiede zwischen den Blattwurftypen wurden mit GLMM und ANOVA getestet. Wir fanden keine
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nterschiede hinsichtlich SLA und N zwischen den Blattwurftypen, aber die Blätter blattwerfender Arten hatten eine höhere
-Konzentration als die von immergrünen Arten. Es gab keine Unterschiede hinsichtlich LLS und Amass, aber Aarea variierte zwi-
chen den Blattwurftypen. Halblaubwerfende Arten wiesen höhere Aarea-Werte als laubwerfende und kurzlaubwerfende Arten,
ber alle anderen paarweisen Unterschiede waren nicht signifikant. Angesichts der geringen Unterschiede hinsichtlich LLS,
LA, N, P und Netto-Photosynthese postulieren wir, dass laubwerfende, halblaubwerfende, kurzlaubwerfende und immergrüne
rten keine funktionellen Gruppen von neotropischen Savannengehölzen begründen.
2013 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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ntroduction

The relationship between specific leaf area (SLA, i.e. light
ntercepting area deployed per leaf dry mass) and both leaf
itrogen concentration (N) and leaf phosphorous concentra-
ion (P) is well known for angiosperms in several ecosystems,
rom tundras to tropical forests (Reich, Walters, & Ellsworth
997; Reich, Ellsworth, Walters, Vose, et al. 1999). SLA
aptures the fundamental trade-off between resource acqui-
ition and conservation in plants; therefore species with a
igh SLA typically have high leaf N and P, and consequently
higher photosynthetic capacity (Westoby, Falster, Moles,
esk, & Wright 2002). Leaf N and P are also positively related

o stomatal conductance and relative growth rate (Reich,
alters, & Ellsworth 1992; Westoby et al. 2002).
SLA, N and P also decrease in similar proportions with

ncreasing leaf life span (LLS): species with high LLS com-
only have low SLA, N and P (thick leaves), whereas species
ith low LLS have high SLA, N, and P (soft leaves; Reich

t al. 1992; Westoby et al. 2002; Pringle et al. 2010). The high
nvestment in N and P leaf concentration in species with low
LS is linked to the construction of leaves with more pho-

osynthetic structures (chlorophyll content), which improve
arbon gain. On the other hand, species with high LLS pro-
uce leaves with more non-photosynthetic structures (less
nvestment in N and P content), which results in thick leaves.
n general, the cost of producing leaves with high life spans
s greater than that of leaves with low life spans (Villar &

erino 2001). Usually, species with high LLS have leaves
ith a lower photosynthetic capacity than species with low
LS (Chabot & Hicks 1982; Westoby et al. 2002). However,
pecies with high LLS display the leaves for a long time and
ave more time to pay off the costs of leaf construction than
o species with low LLS. In addition, because species with
igh LLS are exposed for a long period of time to the action
f herbivores and environmental factors, such as water, light
nd temperature fluctuations, they are more vulnerable than
pecies with low LLS (Chabot & Hicks 1982; Westoby et al.
002). As a consequence, leaves of species with high LLS
end to be more resistant (thick leaves) and have a greater
nvestment in defence and maintenance (Wright & Westoby
002; Pringle et al. 2010). In short, the SLA–LLS spectrum

s a trade-off between the potential rate of return per leaf area
er unit time and the duration of return. Thus, SLA, N and P
re important traits to assess leaf ecological strategies.

d
u
d

leaf area; Trade-offs

In South America, the cerrado is the largest savanna region,
riginally occupying about 20% of the Brazilian territory
Ratter, Ribeiro, & Bridgewater 1997). The cerrado presents a
ide physiognomic range, from grassland to tall woodlands,

nd a high richness of woody species (Ratter et al. 1997).
he soils are poor in nutrients and acidic, with a low cation
xchange capacity and high levels of aluminium saturation
Haridasan 2008). Like other savannas, the cerrado is char-
cterized by a sharp seasonality, with a pronounced rainless
eason ranging from May to October (Ratter et al. 1997).
n response to the seasonality, cerrado woody species gener-
lly present two contrasting ecological strategies, concerning
iming of leaf production and loss, which encapsulate the
hole range of the LLS, from deciduousness to evergreen-
ess (Franco et al. 2005; Lenza & Klink 2006; Araújo &
aridasan 2007). In other plant communities, such as temper-

te forest, LLS seems to be the main trait influencing the range
f leaf physiological and morphological attributes of woody
pecies (Reich, Walters, & Ellsworth 1997; Reich, Ellsworth,
alters, Vose, et al. 1999). In cerrado, however, the difference

n LLS between deciduous and evergreen woody species is
uite small when compared to other plant communities under
he same regional climate (Damascos, Prado, & Ronquim
005; Souza, Prado, Damascos, & Albino 2009). In general,
he LLS of cerrado woody species is around 12 months; decid-
ous species drop leaves at the end of the dry season and
emain leafless for a short period of time (around one month;
amascos et al. 2005). As a result, deciduous and evergreen
oody species may not present large differences in leaf traits,

uch as in SLA, N and P, and they may not comprise discrete
eaf functional groups.

Recently, Franco et al. (2005) and Araújo and Haridasan
2007) investigated the relationship between SLA, N and P
n evergreen and deciduous tree species in cerrado and found
1) a positive relationship between SLA and both N and P,
nd (2) higher values of SLA, N and P in deciduous than
n evergreen trees. However, the number of species stud-
ed was small (11 species, Franco et al. 2005; 15 species,
raújo & Haridasan 2007) and restricted to a single site. In

he present study, we analyzed the SLA, N and P of 125
oody species with distinct patterns of LLS in four cerrado

ites with different physiognomies. We investigated possible

ifferences among deciduous, semideciduous, brevidecid-
ous, and evergreen species. We also included published
ata on LLS for 33 woody species and on maximum net
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hotosynthesis per leaf area (Aarea, �mol CO2 m−2 s−1) and
er leaf mass (Amass, �mol CO2 kg−1 s−1) for 56 and 31
pecies, respectively. LLS and maximum net photosynthe-
is are related to leaf morphophysiological traits (Reich et al.
999). Nevertheless, differences in the LLS among plants
ith distinct leaf deciduousness are small in the cerrado

Damascos et al. 2005; Souza et al. 2009), and cerrado woody
pecies with a distinct leaf habit overlap considerably in their
cophysiological features (Goldstein et al. 2008). In view of
his we expect that cerrado woody species with different leaf
abits have similar values of SLA, N and P. In summary, we
sked: (1) Do species with a distinct leaf habit have distinct
alues of specific leaf area, leaf nitrogen and phosphorus con-
entrations, leaf life span, maximum net photosynthesis per
eaf area and maximum net photosynthesis per leaf mass?

aterials and methods

cological data

We compiled data on SLA, leaf N and P concentra-
ions of woody species occurring across four cerrado sites
Appendix A). Our data comprised information on woody
pecies from two different cerrado physiognomies: an open
avanna (campo cerrado) and three dense savanna types (cer-
ado sensu stricto). The open savanna site is located in Emas
ational Park, central Brazil (approximately at 18◦17′ S,
2◦53′ W; Silva & Batalha 2010; Batalha, Silva, Cianciaruso,

Carvalho 2011). The dense savanna sites are located at
he Ecological Reserve of IBGE (approximately at 15◦56′
, 47◦52′ W; Franco et al. 2005), the Federal University of
ão Carlos reserve, south-eastern Brazil (approximately at
1◦59′ S, 47◦51′ W; Paula 2002; Damascos et al. 2005), and at
he Itirapina Experimental Station (approximately at 22◦13′
, 47◦51′ W; Silva & Batalha 2009). The areas have a sea-
onal climate with a rainy summer and dry winter. The soils
re deep, well-drained, strongly acid dystrophic latosols or
xisols, with a high aluminium concentration (Franco et al.
005; Silva & Batalha 2008; Silva & Batalha 2009; Dantas &
atalha 2011), and the vegetation had not been burnt for 3 to
2 years when the measurements were made (see Appendix
for more detail on the environmental characteristics of each

ite).
We gathered information on SLA (mm2/mg), N and P

mg/g) from 125 woody species that we could classify
nambiguously as deciduous, semideciduous, brevidecidu-
us and evergreen (Appendix A). These traits were measured
ollowing a protocol for plant functional trait measure-
ent (Cornelissen et al. 2003), according to which between
ve and ten fully expanded leaves, without symptoms of

erbivore and pathogen attack, were sampled from five
o ten individuals during the rainy season. In addition,
e gathered information on LLS for 33 woody species

Paula 2002; Damascos et al. 2005; Franco et al. 2005;

w
f
f
u

ied Ecology 14 (2013) 404–412

eixoto 2007; Souza et al. 2009; Noleto 2010), and on Aarea
�mol CO2 m−2 s−1) and Amass (�mol CO2 kg−1 s−1) for 56
nd 31 species, respectively (Prado & Moraes 1997; Franco
002; Franco et al. 2005; Peixoto 2007). Data on LLS were
btained from three sites (IBGE, São Carlos and Itirapina)
nd maximum net photosynthesis per leaf area (Aarea) and
eaf mass (Amass) were obtained from only two sites (IBGE
nd São Carlos).

We grouped the species according to leaf habit using data
n LLS (Damascos et al. 2005; Franco et al. 2005; Noleto
010; Paula 2002; Peixoto 2007; Prado, Wenhui, Rojas, &
ouza 2004; Souza et al. 2009) and references in the litera-

ure (Lenza & Klink 2006; Pirani, Sanchez, & Pedroni 2009;
ilvério & Lenza 2010). We considered as deciduous those
pecies that shed all the leaves on their crown at the end
f the dry season, remaining leafless for about four to five
eeks. Brevideciduous species have a similar behaviour but

emain leafless for no more than three weeks. Semidecidu-
us species are those that shed approximately half of their
eaves at the end of the dry season, and evergreens are those
hat retain their leaves throughout the year. Evergreen leaf-
xchangers (species that shed and produce leaves throughout
he year) and perennial evergreens (species that retain leaves
n shoots for more than one growth season) were not consid-
red as separate groups, due to the lack of data or confidence
n classifying them all as such.

ata analysis

The biological traits displayed by a species are at the
ame time a product of its particular evolutionary history
nd the result of specialization to the environment that
t inhabits. Thus, an important step in comparative anal-
sis, especially when seeking to correlate species traits
ith functional groups, is to verify how much of the trait

imilarity among species is due to shared ancestry (Diniz-
ilho, Sant’Ana, & Bini 1998; Staggemeier, Diniz-Filho, &
orellato 2010). To verify the importance of the species

volutionary history for trait variability, we quantified phy-
ogenetic signals in SLA, N, P, LLS, Aarea and Amass using
hylogenetic eigenvector regression analyses (PVR; Diniz-
ilho et al. 1998). PVR estimates the phylogenetic signal on

raits by extracting a series of vectors that describe the phy-
ogeny from a double-centred phylogenetic distance matrix
mong species. These vectors can then be used as predic-
or variables in multiple regressions, and the adjusted R2

alue can be interpreted as an estimate of the degree of the
hylogenetic signal (Diniz-Filho et al. 1998; Staggemeier
t al., 2010). We log-transformed the traits and regressed
hem against the phylogenetic eigenvectors so that the esti-

ated values expressed phylogenetic trends in the data,

hereas residuals expressed independent evolutionary paths

or each species. The phylogenetic information was obtained
rom a phylogenetic tree constructed for all sampled species
sing Phylomatic software, a phylogenetic toolkit for the
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Table 1. Estimated parameters for significant predictor terms of
GLMM of SLA, N and P (all variables logarithm transformed) in
relation to leaf habit group and sampling site.

Model Predictor term Estimate ± SEa

SLAa Intercept 0.80 ± 0.03
Site

Emas 0.01 ± 0.03
São Carlos 0.34 ± 0.03
Itirapina 0.24 ± 0.03

Na Intercept 1.10 ± 0.03
Site

Emas 0.13 ± 0.03
São Carlos 0.16 ± 0.04
Itirapina 0.25 ± 0.04

Pb Intercept −0.17 ± 0.03
Leaf habit

Brevideciduous 0.03 ± 0.02
Semideciduous 0.07 ± 0.03
Deciduous 0.08 ± 0.02

Site
Emas 0.12 ± 0.04
São Carlos 0.00 ± 0.04
Itirapina 0.16 ± 0.05

aEstimates are relative to the IBGE site (intercept).
bEstimates are relative to evergreen species at the IBGE site (intercept).
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ssembly of phylogenetic trees (Webb & Donoghue 2005).
he age of the nodes of the families were estimated from the
ated angiosperm super-tree of Davies et al. (2004). Since
he Fabaceae present polytomies, we distributed the genera
nto their subfamilies following the latest understanding of
hese relationships (Angiosperm Phylogeny Website; Stevens
001). We assigned branch lengths of these genera by spacing
ndated nodes evenly above the family node. We computed
he PVR with the vegan (Oksanen et al. 2008) and picante
Kembel et al. 2010) packages within the R environment (R
evelopment Core Team 2011). We did not find any signifi-

ant phylogenetic signal in the traits analyzed (Appendix C).
herefore, we undertook all the analyses with the raw data
ecause we had confidence that the species relatedness was
ot a source of bias (lack of independence) in our results.

To test for differences in SLA, N and P among decidu-
us, semideciduous, brevideciduous and evergreen species,
e fitted generalized linear mixed-effects models (GLMM)

or each response variable, including species identity nested
ithin sites (IBGE, Emas, São Carlos and Itirapina) as a

andom effect to account for repeated measures of species.
e included sites and the interaction between sites and leaf

abit as additional fixed factors to control for possible effects
ue to sampling site characteristics. We fitted models using
estricted maximum likelihood, with a Gaussian distribution
nd identity link function using the “lmer” function in the
lme4” R package (R Development Core Team 2011). We
ompared the full model (with all terms and interactions)
nd the reduced model (with the term of interest excluded)
sing a likelihood ratio test, whereby the change in deviance
etween models follows a Chi-square distribution and the
egrees of freedom represent the difference in the number
f parameters between the full and reduced models (Quinn

Keough 2002). Parameter estimates were obtained from
odels including only significant terms and estimates of full
odels are presented in Appendix D.
We tested differences in LLS, Aarea and Amass among leaf

abit groups using ANOVA, including sites, and the inter-
ction between sites and leaf habit groups, as additional
xplanatory variables to test for possible dependency on the
ampling site. We did not use GLMM here because for these
ata we do not have variability within species (i.e., each
pecies appeared only in a single site). All measures of Aarea
or semideciduous species were exclusive to São Carlos, and
herefore we could not include them in this analysis. We also
ad a low sample size of Amass measurements for semidecid-
ous species (n = 2), so they were excluded from the analyses.
ost hoc multiple comparisons were applied in order to test
or differences among levels of leaf habit or sites, when sta-
istically significant in GLMM or ANOVA, using the “glth”
unction in the “multicomp” R package (R Development Core
eam 2011) and applying Bonferroni’s correction for critical

values.
For all analyses, we tested for homoscedasticity and the

ormality distribution of residuals by using standardized
esiduals versus fitted values scatter plots and Shapiro–Wilk

v
d
χ

d

ests, respectively (Legendre & Legendre 1998). When nor-
ality could not be accessed, log-transformed response

ariables were used.

esults

We analyzed the SLA, N and P of 125 species belonging
o 45 families and the LLS of 33 species belonging to 21
amilies (Appendix A).

We did not find significant differences in SLA and N
mong any of the leaf habit groups (χ2 = 17.06, df = 12,
= 0.15; χ2 = 10.59, df = 12, P = 0.56, respectively)

Appendix D), but P differed among them (χ2 = 31.14,
f = 12, P = 0.002) (Table 1, Fig. 1). Deciduous species
ad a higher mean leaf P concentration than evergreen
pecies (z = −4.20, P < 0.001, Table 1, Fig. 1), but all
ther pairs of leaf habit groups had a similar P con-
entration value (deciduous–brevideciduous: P = 0.18;
vergreen–brevideciduous: P = 0.48; semideciduous–
revideciduous: P = 0.54; semideciduous–deciduous:
= 0.99; semideciduous–evergreen: P = 0.04; paired com-

arisons with adjusted critical P = 0.008). All response
ariables, SLA, N and P, differed among sites (χ2 = 30.62,

f = 12, P = 0.002; χ2 = 25.78, df = 12, P = 0.01; and
2 = 27.32, df = 12, P = 0.007, respectively) (Table 1). We
id not find, however, any significant effects of interaction
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Fig. 1. Leaf traits of cerrado woody species with distinct leaf habit. (A) Specific leaf area (mm2/mg), (B) leaf nitrogen concentration
(mg/g), (C) leaf phosphorous concentration (mg/g), (D) leaf-life-span (days) (E) Aarea, and (F) Amass. Values are averages ± standard
error. Dec = deciduous, Brev = brevideciduous, Sem = semideciduous, and Eve = evergreen. Different letters indicate significant differences
(α = 5%).
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etween sites and leaf habit for SLA, N or P (χ2 = 9.02,
f = 9, P = 0.44; χ2 = 7.81, df = 9, P = 0.55; and χ2 = 11.75,
f = 9, P = 0.23, respectively), indicating that differences
mong groups based on leaf habit do not depend on the site
n which the species were sampled (see Appendix D).

Leaf habit groups did not differ in LLS, Amass
nd Aarea (F3, 24 = 1.07, P = 0.38; F2, 23 = 1.27, P = 0.30;
nd F2, 41 = 2.13, P = 0.13, respectively) (Fig. 1). Also,
here was no interaction between leaf habit groups and
ites (F3, 24 = 0.94, P = 0.44; F2, 23 = 2.02, P = 0.16; and
2, 41 = 0.005, P = 0.99, respectively). Leaf life span dif-

ered among sites (F2, 24 = 6.37, P = 0.006), whereas Amass
nd Aarea did not (F1, 23 = 0.18, P = 0.67; and F1, 41 = 1.19,
= 0.28, respectively) (Fig. 1 in Appendix D). Details about

he differences in species traits between sites are presented in
ppendix D, but we have refrained from discussing these
ariations since it is beyond the scope of this paper and

lso because trait differences among leaf habit groups did
ot depend on the sampling site (all interaction terms were
on-significant).

P
s
c

iscussion

In general for the savanna woody species studied here,
eciduous, brevideciduous, semideciduous and evergreen
pecies did not exhibit distinct leaf functional trait values.
he absence of a significant difference in LLS that we
bserved between species with distinct leaf habits highlight
he fact that deciduous and evergreen species in these savan-
as show little difference in LLS (Damascos et al. 2005;
ouza et al. 2009), and may explain the similar values of
LA, N, P, Aarea and Amass. Although independent studies
ave found that deciduous species in cerrado may produce
eaves with higher SLA than evergreen species (Franco et al.
005; Araújo & Haridasan 2007; Carvalho, Bustamante,
ozovits, & Aasner 2007) and that evergreen species may
ave higher (Carvalho et al. 2007) or lower (Franco et al.
005; Nardoto, Bustamante, Pinto, & Klink 2006) leaf N and

concentrations, we found that deciduous, brevideciduous,

emideciduous and evergreen species do not constitute dis-
rete leaf functional groups. This adds evidence in favour of
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he postulate of Goldstein et al. (2008), who state that leaf trait
ariation in cerrado woody species can be better understood
y representing them as a continuum of functional differences
ather than by assigning them to arbitrary functional groups.
owever, we did not observe any directionality in our data. In

act, there was a high trait variability within each leaf habit,
specially for SLA, N, LLS (evergreens) and Amass (Fig. 1).

The plants inhabiting the cerrado have to face three major
nvironmental filters: seasonal droughts, nutrient-poor soils,
nd natural fires (Ratter et al. 1997). Thus, cerrado plants
xhibit an array of physiological and morphological traits to
ope with these pressures (Franco 2002). These three filters
hould alter plant trade-offs hindering our ability to detect
unctional groups based on leaf habit using leaf traits. Conse-
uently, as we found here, clear differences in leaf functional
raits may not emerge between evergreen, brevideciduous and
eciduous species in cerrado. In the next paragraphs we offer
ome potential explanations on how these environmental fil-
ers may be related to our findings.

The period of drought in the cerrado induces a partial
tomatal closure in woody plants, decreasing the stomatal
onductance and photosynthetic rate (Perez & Moraes 1991;
rado et al. 2004). Under this seasonal water limitation,
ifferences in root traits are expected to arise between decid-
ous and evergreen species, as long as deciduousness has
volved as a drought-avoidance mechanism (Chabot & Hicks
982). Deciduous and evergreen cerrado woody species have
arked differences in water uptake, with deciduous species

sing water from deeper soil layers than evergreen species
Jackson et al. 1999). Also, there is a clear interdependence
etween the degree of leaf deciduousness and the crown struc-
ural traits in cerrado woody species (Souza, Prado, Albino,
amascos, & Souza 2011). Thus, in these plants, root depth

nd crown architectural properties seem to be much more
inked to water relations and leaf habit than to leaf traits.

SLA, N and P are largely associated with carbon gain in
lants, so that evergreen species generally exhibit a photo-
ynthetic capacity that is lower than in deciduous species
Chabot & Hicks 1982; Westoby et al. 2002). Nevertheless,
e found that woody species in cerrado exhibit similar val-
es for photosynthetic rate independently of their leaf habit.
ndeed, similar maximum photosynthetic rates have already
een observed for deciduous and evergreen cerrado woody
pecies, with values ranging from 12 to 20 �mol CO2/m2/s
see Franco 2002 for references). These similar photosyn-
hetic rates may be due to the conversion of plant resources
n non-photosynthetic tissues, larger leaf construction and

aintenance costs, the degree and duration of crown decid-
ousness or the combined effects of herbivory and partial
eaf loss in deciduous species, all of which could potentially
ounteract the benefits to evergreen species of maintaining a
hotosynthetically active crown in the dry season (see refer-

nces in Franco 2002).

Cerrado species with a distinct leaf habit showed no
ifferences in SLA, so investment in the production of photo-
ynthetic leaf tissues is similar. This finding, and the fact that

w
s
o
p

ied Ecology 14 (2013) 404–412 409

pecies with a distinct leaf habit have similar LLS, indicates
hat the “payback time” (the time that a leaf needs to com-
ensate its cost in terms of carbon investment) may be similar
or deciduous, brevideciduous, semideciduous and evergreen
pecies in these savannas. Moreover, the nutrient-poor soils
n cerrado may also contribute to the similar SLA, N and P
alues between deciduous and evergreen plants (Goldstein
t al. 2008). Most of the cerrado soils have extremely low
itrogen and phosphorous availability (e.g. phosphorous lev-
ls are generally below 1 ppm; Montgomery & Askew 1983;
uggiero, Batalha, Pivello, & Meirelles 2002), which could
inder overall photosynthetic rates in woody plants. Because
errado soils are highly weathered, economic use of nutrients
s a crucial prerequisite for the persistence of these species
Meinzer et al. 1999). Given that LLS tends to be longer
n species growing in low-nutrient soils, soil conditions in
hese savannas may act as a filter, selecting species with rel-
tively higher “payback time” among the leaf habit groups.
hus, trade-offs among these groups may be present in other
lant structures. Indeed, as we already pointed out, plants
ith a distinct leaf habit in these savannas do have different

oot systems and resource exploration strategies (Scholz et al.
008).

We cannot ignore the role that fire may play in determin-
ng similar leaf trait values despite species having a distinct
eaf habit. Fire frequency in the studied savannas is high (see
eferences in Cianciaruso, Silva, Gaston, Batalha, & Petchey
012; Dantas, Pausas, Batalha, Loiola, & Cianciaruso 2013),
hich, for example, could select against long leaf lifespans

mong the evergreen species. Also, in addition to the fact that
hese species occur in poor-soils, fire could select species
ith a similar leaf nutrient concentration. In fact, recent

tudies conducted in the cerrado show that frequent fires
redominantly assemble species with similar leaf functional
raits (Cianciaruso et al. 2012) and that fires may increase
ntraspecific, but not interspecific, variability in functional
raits, including leaf traits (Dantas et al. 2013). Dantas et al.
2013) showed that recurrent fires select plant individuals
ith lower N and P contents and lower SLA, which suggests

he existence of a nutrient stress. In the cerrado, fires pro-
ote nutrient loss from the system (Pivello & Coutinho 1992)

nd, because cerrado soils are nutrient-poor (Ruggiero et al.
002; Dantas & Batalha 2011), individuals under high fire
requency could be facing a significant nutrient limitation. In
ddition, such nutrient stress may also be a consequence of
he indirect effects of increased herbivory after fire (Lopes &
asconcelos 2011). Therefore, these abiotic and biotic filters
re another possible explanation for the similar leaf traits we
bserved to the studied species.

In some cerrado sites, where seasonality is more pro-
ounced, differences in leaf traits may be larger than we found
see Franco et al. 2005; Araújo & Haridasan 2007). If this

ere the case, then deciduous and evergreen species repre-

ent close states of a spectrum of LLS in cerrado, which may
ccasionally be recognized as discrete functional groups. The
lasticity of traits in response to environmental changes has
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argely been ignored from analyses of plant functional groups
Lavorel et al. 2007), though it may contribute considerably
o the different findings of studies investigating plant com-

unities under highly variable environments (Pornon, Marty,
interton, & Lamaze 2011), such as the cerrado (Cianciaruso

t al. 2012; Dantas et al. 2013) and other savannas. Yet,
lthough investigating the variability in leaf traits among sites
as not our objective here, we did find trait variability across

ites (Appendix D). This indicates that the environment plays
role in the variability of these species independently of leaf
abit and should be investigated in more detail in the future.

In conclusion, our results diverge from those previously
ound in the cerrado (Franco et al. 2005; Araújo & Haridasan
007) as well in other plant communities (Reich et al. 1997,
999). Deciduous, brevideciduous, semideciduous and ever-
reen species may not constitute different functional groups
n cerrado because they cannot be distinguished on the basis
f LLS, SLA, leaf N and P, and the photosynthetic rates
etween them. As a consequence, deciduous and evergreen
pecies may to a certain extent respond similarly to the envi-
onmental pressures of the cerrado (e.g., seasonal drought,
utrient-poor soils, fire). We postulated that this is due to the
igh plasticity of leaf traits and life spans in cerrado plant
pecies or that differences in leaf habit should be related to
ther plant traits, such as root depth and crown architecture.
evertheless, wherever the seasonality is more pronounced,
ifferences in leaf traits are expected to emerge; this is how-
ver still a question to be answered.
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