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Abstract

Whether the functional structure of ecological communities is deterministic or historically contingent is still quite con-
troversial. However, recent experimental tests did not find effects of species composition variation on trait convergence
and therefore the environmental constraints should play the major role on community convergence into functional
groups. Seasonal cerrados are characterized by a sharp seasonality, in which the water shortage defines the community
functioning. Hyperseasonal cerrados experience additionally waterlogging in the rainy season. Here, we asked whether
waterlogging modifies species convergences into life-forms in a hyperseasonal cerrado. We studied a hyperseasonal
cerrado, comparing it with a nearby seasonal cerrado, never waterlogged, in Emas National Park, central Brazil. In
each area, we sampled all vascular plants by placing 40 plots of 1 m? plots in four surveys. We analyzed the species
convergences into life-forms in both cerrados using the Raunkiaer’s life-form spectrum and the index of divergence
from species to life-form diversity (IDD). The overall life-form spectra and IDDs were not different, indicating that
waterlogging did not affect the composition of functional groups in the hyperseasonal cerrado. However, there was
a seasonal variation in IDD values only in the hyperseasonal cerrado. As long as we did not find a seasonal variation
in life-form diversity, the seasonal variation of convergence into life-forms in the hyperseasonal cerrado was a conse-
quence of the seasonal variation of species diversity. Because of high functional redundancy of cerrado plants, water-
logging promoted a floristic replacement without major changes in functional groups. Thus, waterlogging in the hyper-
seasonal cerrado promoted seasonal changes in species convergence into life-forms by reducing species diversity.
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Convergéncia de espécies em formas de vida em um
cerrado hiperestacional no Brasil central

Resumo

Se a estrutura ecoldgica das comunidades € deterministica ou historicamente dependente € ainda um tema controverso.
Entretanto, testes experimentais recentes ndo encontraram efeitos da variacdo da composi¢ao de espécies na conver-
géncia de tracos funcionais e, portanto, as restri¢des ambientais devem ter um papel principal na convergéncia das
comunidades em grupos funcionais. Cerrados estacionais sdo caracterizados por uma estacionalidade pronunciada, em
que a seca define o funcionamento da comunidade. Cerrados hiperestacionais experimentam adicionalmente um alaga-
mento na estagdo chuvosa. Aqui, perguntamo-nos se o alagamento modifica a convergéncia de espécies em formas de
vida em um cerrado hiperestacional. Para tanto, estudamos um cerrado hiperestacional, comparando-o com um cerrado
estacional, nunca alagado, no Parque Nacional das Emas, GO. Em cada cerrado, usamos 40 parcelas de 1 m? e amos-
tramos todas as plantas vasculares. Analisamos a convergéncia de espécies em formas de vida usando o espectro bio-
16gico de Raunkiaer e o indice de divergéncia entre a diversidade de espécies e de formas de vida (IDD). Os espectros
gerais e os IDDs ndo diferiram, indicando que o alagamento ndo afetou a composicao dos grupos funcionais no cerrado
hiperestacional. Entretanto, houve uma variagdo estacional nos valores de IDD somente no cerrado hiperestacional.
Como ndo observamos variagdes estacionais na diversidade de formas de vida, a variagdo da convergéncia no cerrado
hiperestacional foi uma conseqiiéncia da variagdo estacional da diversidade de espécies. Devido a elevada redundancia
funcional das plantas do cerrado, o alagamento promoveu substitui¢des floristicas sem maiores mudancas nos grupos
funcionais. Portanto, o alagamento promoveu mudancas estacionais na convergéncia de espécies em formas de vida,
reduzindo a diversidade de espécies.

Palavras-chave: cerrado hiperestacional, convergéncia funcional, diversidade de espécies, formas de vida, IDD.
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1. Introduction

Whether the functional group structure of ecological
communities is deterministic or historically contingent
is still quite controversial (Chase, 2003). The determin-
istic view suggests that communities converge towards a
common structure determined by environmental condi-
tions, irrespective of the history of community assembly
(Fukami et al., 2005). The alternative view suggests that
stochastic forces producing variation in the sequence
and timing of species arrivals can cause divergence in
community structure among localities, even under iden-
tical environmental conditions and regional species
pool (Fukami et al., 2005). A reconcilable view, how-
ever, suggests that whether communities converge or
diverge depends on the level of community organization
considered. According to this, community assembly is
deterministic in the general composition of functional
groups, but historically contingent in the composition of
species (Temperton et al., 2004; Fukami et al., 2005).
Despite the possible relative influence of environment
and history on assemblage composition (Gentry, 1988;
Kinzig et al., 1999; Chase, 2003), recent experimental
tests did not find effects of species composition variation
on trait-group composition (Fukami et al., 2005). As a
result, environmental constraints would play the major
role on community convergence into functional groups
(Fukami et al., 2005).

Ricotta et al. (2002) proposed an index of divergence
from species to functional group diversity that is useful
to measure species convergence of a given community
into ecologically relevant groups irrespective of their
taxonomic classification. The index of intrinsic diversity
divergence (IDD) is based on the notion of intrinsic diver-
sity ordering in which community A is intrinsically more
diverse than community B if and only if community A
has its diversity profile everywhere above that of commu-
nity B (for details see Patil and Tailie, 1979; 1982). The
IDD is obtained by comparing the area under the species
diversity profile with the area under the corresponding
functional group diversity profile (Ricotta et al., 2002).
The IDD may range from zero to one and, when one uses
species life-form, IDD is also a structural measure of
communities (Ricotta et al., 2002). Consequently, com-
munities that are structurally more homogeneous should
present higher IDD values than less homogeneous com-
munities (Ricotta et al., 2002).

Raunkiaer (1934) proposed a system to classify plant
life-forms based on the position and protection degree of
the regeneration buds. In his classification, there are five
major classes, arranged according to increased protec-
tion of the regeneration buds: phanerophytes, chamae-
phytes, hemicryptophytes, cryptophytes, and thero-
phytes. Accordingly, harsh growing conditions should
favour species with periodic reduction to a remnant
shoot system that either lies flat on the ground (hemic-
ryptophytes) or is embedded in the soil (cryptophytes)
(Cornelissen et al., 2003). Therophytes are expected to
prevail where growing conditions become so extreme

that the probability of survival to the second year be-
comes very small (Bazzaz and Morse, 1991). Although
sometimes strongly criticized (e.g., Sarmiento and
Monasterio, 1983), Raunkiaer’s system is the simplest
and, in many ways, the most satisfying classification of
plants into life-forms (Begon et al., 1996). His system
has gained wide acceptance in the sense that publica-
tions report life-form categories as a matter of routine
(Westoby, 1998) and, thus, is suitable for the scope of
our study.

Seasonal savannas are characterized by a sharp
seasonality, in which the pronounced rainless season
defines the community functioning (Sarmiento, 1983).
Phanerophytes, chamaephytes, and hemicryptophytes
are generally well represented in life-form spectra of
Brazilian seasonal savannas (see Batalha and Martins,
2002 for references). Hyperseasonal savannas are char-
acterized by the alternation of two contrasting stresses
during each annual cycle, one induced by drought; the
other, by waterlogging in some months in the rainy sea-
son (Sarmiento et al., 2004). The consequences of water-
logging to savanna species can be fatal, because, as aero-
bic respiration ceases, levels of energy-rich adenylates
drop rapidly, causing a dramatic decline in ion uptake
and transport (Crawford, 1982; Koslowski, 1997). It is
known that waterlogging determines the species abun-
dance in hyperseasonal savannas (Sarmiento, 1983;
Sarmiento, 1996; Batalha et al., 2005; Cianciaruso et al.,
2005), but does it alter species convergences towards
life-forms with more protected regeneration buds?

We related the first occurrence of a hyperseasonal
cerrado in Emas National Park (ENP), central Brazil,
flooded by the accumulation of rain water, with few-
er species and less diverse than the seasonal cerrado
(Batalha et al., 2005; Cianciaruso et al., 2005). We ex-
pected that the life-form spectra and IDDs could high-
light the effects of waterlogging upon the convergence
of cerrado species into life-forms, considering that both
hyperseasonal and seasonal cerrados have the same
physiognomy (Batalha et al., 2005), are on similar soils
(Amorin and Batalha, 2006), and under the same climate
and fire regimes (Ramos-Neto and Pivello, 2000). Our
aim was to study the life-form spectrum and IDD of the
hyperseasonal cerrado, comparing it to a nearby seasonal
cerrado. We addressed the following questions: What are
the prevailing life-forms in the hyperseasonal cerrado?
Is the life-form spectrum of the hyperseasonal cerrado
different from the life-form spectrum of the seasonal
cerrado? Is the IDD of the hyperseasonal cerrado differ-
ent from the IDD of the seasonal cerrado, that is, is the
convergence of species into life-forms different between
the two vegetation forms? Do the IDDs of both cerra-
dos vary throughout the year, accompanying the climatic
seasonality and environmental constraints?

2. Material and Methods

We carried out this study in Emas National Park
(ENP), one of the largest and most important reserves
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in the cerrado region. It comprises 132,941 ha and is
located in the Brazilian Central Plateau, southwestern
Goids State (17° 49°-18° 28" S and 52° 39°-53° 10" W).
We sampled the hyperseasonal cerrado (approximately,
18° 187 07” S and 52° 57° 56” W) and a nearby seasonal
cerrado (approximately, 18°17°34” S and 52° 58° 12” W)
in four surveys during 2003. In each vegetation form, we
placed randomly ten plots (1 m?) in each one of the four
surveys carried out: February 2003, in mid rainy season,
when the hyperseasonal cerrado was waterlogged; May
2003, in late rainy season; August 2003, in the dry season;
and November 2003, in early rainy season. For a detailed
description of the studied areas and sampling methods,
see Batalha et al. (2005), Cianciaruso et al. (2005), and
Amorin and Batalha (2006).

We assigned the life-form of each species with an
identification key (Mueller-Dombois and Ellenberg,
1974), considering only Raunkiaer’s major classes
— phanerophytes, chamaephytes, hemicryptophytes,
cryptophytes, and therophytes — and including lia-
nas in the “phanerophyte” class and geophytes in the
“cryptophyte” class, as originally proposed by Raunkiaer
(1934). We used data from all surveys to construct the
life-form spectra and to compute the overall IDDs of
cerrados (n = 40). For seasonal comparisons of IDDs,
we used the data from each survey (n = 10). To check
whether the life-form spectrum of the hyperseasonal cer-
rado was significantly different from the spectrum of the
seasonal cerrado, we applied a heterogeneity chi-square
analysis (Zar 1999). With this analysis, we determined
whether the two life-form spectra came from the same
data population (Zar 1999).

To determine the IDD of each cerrado, first we com-
puted the intrinsic diversity profiles for species (cog,) and
the intrinsic diversity profiles for life-forms (o, ), which
are related, respectively, to the area under the species
diversity profile and the life-form diversity profile. We
constructed the diversity profiles following the proce-
dures of Patil and Tailie (1979): we arranged the relative
abundances in descending order and rearranged them
into a cumulative relative pattern; then, we obtained the
diversity profiles by joining the points given by the cu-
mulative relative species and life-form abundances and
by the cumulative species number, being (0; 0) the first
plotted points. We determined the area under a given pro-
file as:

a=1x(N/2) (1

in which:

I=[2Xixp)-1]/Nandi(l <i<N) was the
rank of the relative abundances p, arranged in descending
order (Ricotta et al., 2002). We calculated the index of
intrinsic divergence (IDD) of each cerrado as:
IDD =1~ [(o, .~ 0.5) / (0, — 0.5)] 2)

We applied a randomization test (Manly, 1997), with
5,000 permutations, to check whether the IDDs of the hy-
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perseasonal and seasonal cerrados were significantly dif-
ferent (o0 = 0.05), using a computer routine we wrote in
C**. The randomization test was applied as follows: first,
we calculated the difference D, between the IDDs of both
cerrados (D, = | IDD oo~ hyperseasonal cerrado s
then, we randomly resampled the species of both cer-
rados and determined the difference D between the IDDs
thus obtained — a step repeated 5,000 times, providing us
with a distribution of D values; finally, we calculated the
proportion of all D values that were higher than or equal
to D,. We used the same procedure to test for differences
in the IDDs among the seasons in each vegetation form.

3. Results

In the hyperseasonal cerrado, we sampled 63 species
(Table 1), of which nine were phanerophytes (14.3%);
nine, chamaephytes (14.3%); 37, hemicryptophytes
(58.7%); three, cryptophytes (4.8%); and five, therophytes
(7.9%). In the seasonal cerrado, we sampled 107 species
(Table 2), of which 28 were phanerophytes (26.2%); 19,
chamaephytes (17.7%); 54, hemicryptophytes (50.5%);
three, cryptophytes (2.8%); and three, therophytes
(2.8%). These life-form spectra were not significantly
different (%*> = 4.351, df = 4, P = 0.361). The overall
IDDs of the hyperseasonal and seasonal cerrados were,
respectively, 0.950 (o, = 5.682 and o, = 0.759) and
0.966 (o, = 11.889 and o, . = 0.883), values not signifi-
cantly different (P = 0.363; Figure 1).

When calculated for each season of the year, the only
significant differences were those between February and
November (P = 0.016) and between May and November
(P =0.022) in the hyperseasonal cerrado (Table 3). In the
hyperseasonal cerrado, the waterlogging decreased the
IDD (Figure 2), and the seasonal variation of o, was
higher than of o, (Figure 3).

4. Discussion

In the life-form spectra of both cerrados, the
most represented class was the hemicryptophytes.
Hemicryptophytes and phanerophytes are generally
well represented in cerrado life-form spectra (Batalha
and Martins, 2002). Phanerophytes, however, were
poorly represented in the cerrados we sampled and
this may be a consequence of their open physiogno-
mies. Although Raunkiaer’s system was not originally
proposed for physiognomic comparisons, Raunkiaer
(1934) himself advocated that the life-form spectrum of
a given site reflects the vegetation physiognomy. Thus,
since the importance of trees and shrubs increases from
open to closed cerrado physiognomies, hemicrypto-
phytes should indeed prevail and phanerophytes should
be almost absent in grassland cerrados (Batalha and
Martins, 2002).

Even if therophytes are well represented in
Venezuelan and African savannas (Batalha and Martins,
2002), we found an underproportion of them in both
cerrados. The occurrence of therophytes in plant com-
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Table 1. Species, number of individuals and life-forms found in the hyperseasonal cerrado (18° 18”07 S and 52° 57° 56” W),
Emas National Park, central Brazil. Feb. = February 2002 (mid rainy season), May 2002 (late rainy season), Aug. = August
2002 (dry season), Nov. = November 2002 (early rainy season), Ph = phanerophyte, Ch = chamaephyte, H = hemicryptophyte,
Cr = cryptophyte and Th = therophytes.

Family/Species Feb. May Aug. Nov. Total Lf

AMARANTHACEAE

Froelichia procera (Seub.) Pedersen - - - 1 1 H

Pfaffia helichrysoides (Moq.) Kuntze - - - 1 1 H
ANNONACEAE

Annona crassiflora Mart. - - - 1 1 Ph
ARECACEAE

Allagoptera campestris (Mart.) Kuntze 3 6 3 3 15 Cr

Syagrus flexuosa (Mart.) Becc. - 6 4 17 27 Cr
ASTERACEAE

Asteraceae sp. 1 - - 13 - 13 Th

Chromolaena squalida (DC.) King and H. Rob. - 5 - 2 7 Ch

Emilia coccinea (Sims.) Sweet - 1 - - 1 Th

Erechtites hieracifolia (L.) Raf. ex DC. 2 1 - - 3 Th

Eupatorium campestre A. DC. - - - 1 1 H
CELASTRACEAE

Tontelea micrantha (Mart.) A. C. Smith 5 - - - 5 Ph
CONVOLVULACEAE

Ipomoea procurrens Meissn. - - - 1 1 Ph
EBENACEAE

Diospyros hispida A. DC. - - 2 - 2 Ph
ERYTHROXYLACEAE

Erythroxylum campestre A. St-Hill. - - - 8 8 Ph
EUPHORBIACEAE

Croton pohlianus Miill. Arg. - - - 1 1 H
FABACEAE

Acosmium subelegans (Mohl.) Yakovlev 11 28 7 14 60 Ph

Andira laurifolia Benth. 16 41 - - 57 Ch

Galactia dimorpha Burk. - 13 - - 13 H

Galactia martii A. DC. 6 9 4 18 37 H

Mimosa gracilis Benth. - - - 3 3 Ch
FLAUCORTIACEAE

Casearia sp. - - - 1 1 H
IRIDACEAE

Sisyrinchium vaginatum Spreng. 1 1 - 3 5 Cr
LAMIACEAE

Eriope crassipes Benth. - 1 - - 1 H

Hyptis adpressa A. St-Hill. ex Benth. - 28 - 15 43 H

Ocimum sp. 4 - - 125 129 H
LYTHRACEAE

Cuphea carthagenensis (Jacq.) Macbr. - - - 3 3 H

Cuphea sp. - 2 - - 2 H
MALVACEAE

Byttneria oblongata Pohl. 4 5 2 3 14 H

Peltaea edouardii (Hochr.) Krapov. and Cristobal - - - 1 1 H
MYRTACEAE

Eugenia angustissima O. Berg - 9 4 46 59 H
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Table 1. Continued...

Family/Species Feb. May Aug. Nov. Total Lf
Eugenia calycina Cambess. - 33 48 - 81 Ch
Eugenia complicata O. Berg 50 - - 17 67 Ch
Eugenia cristaensis O. Berg - 3 - - 3 H
Eugenia livida O. Berg 1 - - - 1 Ph
Myrcia rhodeosepala Kiaersk. 2 1 5 - 8 Ph
Moyrcia torta A. DC. - - - 7 7 Ch
Moyrcia uberavensis O. Berg 1 - - - 1 Ph
Mbyrciaria delicatula (DC.) O. Berg. - 69 1 23 93 H
Myrtaceae sp. 1 - - 2 - Ch
Psidium australe Cambess. 23 - 6 7 36 Ch
POACEAE
Andropogon bicornis L. - 8 - - 8 H
Andropogon leucostachyus (Hack.) Hack. 122 421 477 199 1219 H
Axonopus derbyanus Black - 4 - 5 9 H
Brachiaria decumbens Stapf 5 1 2 - 8 H
Eragrostis articulata (Schrank) Nees - 1 - 1 2 Th
Gymnopogon foliosus (Willd.) Nees - - 7 2 9 H
Hyparrhenia rufa (Nees) Stapf. - 1 - - 1 H
Ichnanthus procurrens (Nees ex Trin.) Sw. - 1 1 - 2 H
Loudetiopsis chrysothryx (Nees) Conert. - 17 47 8 72 H
Melinis minutiflora P. Beauv. - 7 2 30 39 H
Panicum parvifolium Lam. 9 15 7 - 31 H
Panicum rudgei Roem. and Schult. 7 28 20 2 57 H
Paspalum gemniiniflorum Steud. - 1 - - 1 H
Paspalum pectinatum Nees - 4 - 4 8 H
Poaceae sp. 1 - - - 181 181 H
Poaceae sp. 2 - - 1 - 1 H
Poaceae sp. 3 - - 5 - 5 H
Poaceae sp. 4 - - 1 - 1 H
Rynchelytrum repens (Nees) C.E.Hubb. - - - 1 1 Th
Schizachyrium condensatum (Kunth) Nees - - 5 - 5 H
Tristachya leiostachya Nees - - - 78 78 H
SCROPHULARIACEAE
Scoparia dulcis L. - - 1 - 1 Ch
UNKNOWN
Unknown - - - 1 1 H
Total 272 771 677 834 2554 -

munities is related to the harshness of growing condi-
tions (Bazzaz and Morse, 1991; Cornelissen et al.,
2003). Unfavorable growing conditions for part of the
year, however, do not prevent perennials from appear-
ing, since they favor selection of other strategies, such
as dormant structures that enable hemicryptophytes to
survive conditions detrimental to herbaceous growth
(Bazzaz and Morse, 1991). Therefore, even the environ-
mental constraints resulting from drought and waterlog-
ging in the hyperseasonal cerrado should not be extreme
enough to favor the strategy of therophytes.

Braz. J. Biol., 68(2): 329-339, 2008

The analysis of life-form spectra indicated that there
should be a high functional redundancy among cerrado
species. Life-form synthesizes various morphological
traits related to responses of plants to climate, soil re-
source, competitive strength, and disturbances (Schulze,
1982; Cornelissen et al., 2003). Nevertheless, the life-form
spectrum of the hyperseasonal cerrado, when compared to
those of the seasonal cerrado, was not altered by waterlog-
ging, even though the number of species decreased almost
by half. Where the environment situations are spatiotem-
porally heterogeneous, as in savannas, species are adapted
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Table 2. Species, number of individuals and life-forms found in the seasonal cerrado (18° 17 34” S and 52° 58” 12” W),
Emas National Park, central Brazil. Feb. = February 2002 (mid rainy season), May 2002 (late rainy season), Aug. = August
2002 (dry season), Nov. = November 2002 (early rainy season), Ph = phanerophyte, Ch = chamaephyte, H = hemicryptophyte,
Cr = cryptophyte and Th = therophytes.

Family/Species Feb. May Aug. Nov. Total Lf

AMARANTHACEAE

Froelichia procera (Seub.) Pedersen 9 1 1 1 12 H

Pfaffia helichrysoides (Moq.) Kuntze - - - 4 4 H
ANACARDIACEAE

Anacardium humile A. St-Hil. - 2 - 4 6 Ch
ANNONACEAE

Annona crassiflora Mart. 9 4 1 2 16 Ph
ANNONACEAE

Annona warmingiana Mello-Silva and Pirani 4 - - 1 5 H
ARECACEAE

Allagoptera campestris (Mart.) Kuntze 5 6 1 2 14 Cr

Syagrus flexuosa (Mart.) Becc. 12 9 9 7 37 Cr
ASTERACEAE

Aspilia leucoglossa Malme 1 - 3 1 5 H

Asteraceae sp. 2 - 11 - - 11 H

Calea clausseniana Baker - - - 2 2 H

Calea cuneifolia A. DC. - - - 5 5 H

Elephantopus biflorus Less. - - 1 - 1 H

Vernonia herbacea (Vell.) Rusby - - - 2 2 H

Wedelia macedoi H. Rob. 2 - - - 2 H
BIGNONIACEAE

Tabebuia ochracea (Cham.) Standl. 5 3 - - 8 Ph
BURSERACEAE

Protium ovatum Engl. - - 1 1 2 Ph
CELASTRACEAE

Tontelea micrantha (Mart.) A. C. Smith 1 - 2 18 21 Ph
CONNARACEAE

Rourea induta Planch. 1 1 - 3 5 Ph
CYPERACEAE

Bulbostylis junciformis Kuntze - 1 3 - 4 H
DILLENEACEAE

Davilla elliptica A. St-Hil. 1 10 - - 11 Ph
EBENACEAE

Diospyros hispida A. DC. 9 5 13 5 32 Ph
ERYTHROXYLACEAE

Erythroxylum campestre A. St-Hill. - 11 8 - 19 Ph

Erythroxylum deciduum A. St-Hil. 6 - - - 6 Ph

Erythroxylum suberosum A. St-Hil. 5 - - 3 8 Ph
EUPHORBIACEAE

Croton antisyphiliticus Mart. 16 7 1 - 24 H

Croton lundianus Miill. Arg. - - 2 - 2 H

Croton pohlianus Miill. Arg. - 1 - - H

Sebastiania bidentata (Mart.) Pax - - 1 - 1 H
FABACEAE

Acosmium subelegans (Mohl.) Yakovlev 4 7 4 13 28 Ph

Camptosema ellipticum (Desv.) Burkart 2 - - - 2 Ph
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Table 2. Continued...

Family/Species Feb. May Aug. Nov. Total Lf
Chamaecrista nictitans (L.) Moench. - 1 - 1 2 Ch
Eriosema crinitum (Kunth) Gardner 2 - - 1 3 H
Eriosema longifolium Benth. 3 - - - 3 H
Galactia decumbens (Benth.) Chodat and Hassl. 4 1 - 4 9 H
Galactia dimorpha Burk. - - - 2 2 H
Galactia martii A. DC. 2 10 11 5 28 H
Mimosa gracilis Benth. 3 5 - - 8 Ch
Mimosa polycephala Benth. - 3 - 3 6 Ch
Periandra mediterranea (Vell.) Taub. - 24 - - 24 Ch
FLAUCORTIACEAE
Casearia sp. 3 - - - 3 H
IRIDACEAE
Sisyrinchium vaginatum Spreng. - 1 3 2 6 Cr
LAMIACEAE
Eriope crassipes Benth. - 4 3 - 7 H
Hyptis adpressa A. St-Hill. ex Benth. 2 9 2 - 13 H
Hyptis villosa Pohl ex Benth. 3 1 1 16 21 H
Hyptis virgata Benth. - - 1 - 1 H
Ocimum sp. 34 - - 28 62 H
LYTHRACEAE
Cuphea carthagenensis (Jacq.) Macbr. 1 8 4 5 18 H
MALPIGHIACEAE
Byrsonima crassa Nied. - - 2 - 2 Ph
Byrsonima guilleminiana A. Juss. 3 3 - - 6 Ch
MALVACEAE
Byttneria oblongata Pohl 12 6 - 4 22 H
Peltaea edouardii (Hochr.) Krapov. and Cristobal 4 1 - 1 6 H
Waltheria douradinha A. St-Hil. 7 - - - 7 H
MELASTOMATACEAE
Miconia ligustroides (A. DC.) Naud. - - - 10 10 Ph
MENISPERMACEAE
Cissampelos ovalifolia Ruiz and Pav. - - 1 - 1 H
MYRTACEAE
Campomanesia pubescens (A. DC.) O. Berg 80 72 9 31 192 Ph
Eugenia angustissima O. Berg 44 87 58 67 256 H
Eugenia aurata O. Berg - 2 - 4 6 Ph
Eugenia bimarginata A. DC. - - 1 - 1 Ph
Eugenia calycina Cambess. 7 2 5 - 14 Ch
Eugenia complicata O. Berg - 1 - 7 8 Ch
Eugenia piauhiensis O. Berg - - 5 2 7 Ph
Eugenia punicifolia (Kunth) A. DC. - 3 - 1 Ph
Myrcia guianensis A. DC. - 49 21 - 70 Ph
Mpyrcia rhodeosepala Kiaersk. 11 - 8 11 30 Ph
Myrcia torta A. DC. - - - 1 1 Ch
Myrcia uberavensis O. Berg 1 8 - - 9 Ph
Myrciaria delicatula (DC.) Berg. - 91 246 233 570 H
Myrtaceae sp. 2 2 - - - 2 Ch
Myrtaceae sp. 3 19 - - - 19 Ch
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Table 2. Continued...

Family/Species Feb. May Aug. Nov. Total Lf
Psidium australe Camb. 2 17 15 15 49 Ch
Psidium cinereum Mart. 3 6 - - 9 Ch
Psidium firmum O. Berg - 3 2 13 18 Ch
Psidium laruotteanum Cambess. 17 4 1 8 30 Ph
Psidium multiflorum Cambess. - - 1 - Ch
Psidium rufum Mart. ex A. DC. 8 - - 1 9 Ph
OCHNACEAE
Ouratea floribunda (A. St-Hil.) Engl. - 2 11 - 13 Ch
Ouratea nana (A. St-Hil.) Engl. 4 4 1 14 23 Ch
Ouratea spectabilis (Mart.) Engl. 13 - - 1 14 Ph
POACEAE
Andropogon leucostachyus (Hack.) Hack. - 1 - 2 3 H
Anthaenantiopsis perforata (Nees) Parodi 2 - 17 - 19 H
Aristida riparia Trin. 2 - - - 2 H
Axonopus derbyanus Black 4 8 57 23 92 H
Elionurus latiflorus Nees 69 8 - 28 105 H
Elionurus muticus Kuntze - - 1 - 1 H
Eragrostis articulata (Schrank) Nees 5 - - - 5 Th
Gymnopogon foliosus (Willd.) Nees - 6 1 7 14 H
Leptosaccharum filiforme A. Camus - 22 - - 22 H
Loudetiopsis chrysothryx (Nees) Conert. - 5 32 1 38 H
Panicum olyroides Kunth - - 1 - 1 H
Panicum rudgei Roem. and Schult. 2 - 23 1 26 H
Paspalum carinatum Humb. and Bonpl. ex Fleug. - 1 - 18 19 H
Paspalum gardnerianum Nees - - 2 - 2 H
Paspalum lineare Trin. - 8 - - 8 H
Paspalum pectinatum Nees 7 1 1 2 11 H
Poaceae sp. 5 - 10 - 6 16 H
Poaceae sp. 6 - 4 - - 4 H
Poaceae sp. 7 - - 1 - 1 H
Rynchelytrum repens (Nees) C. E. Hubb. 3 11 - - 14 Th
Trachypogon sp. - - 11 2 13 H
Tristachya leiostachya Nees 88 277 160 319 844 H
RUBIACEAE
Diodia schumanii Standl. - - - 1 1 Th
Palicourea coriacea (Cham.) K. Schum. - - 1 4 5 Ch
Tocoyena formosa (Cham. and Schl.) K. Schum. - - - 1 1 Ph
SAPINDACEAE
Serjania cissoides Radlk. 1 - - - -1 Ph
SAPOTACEAE
Pradosia brevipes (Pierre) Penn. 6 4 - - 10 H
SOLANACEAE
Solanum subumbellatum Vell. - - - 3 3 Ch
TURNERACEAE
Piriqueta emasensis Arbo - - - 4 4 H
Total 575 873 771 987 3206 -

Braz. J. Biol., 68(2): 329-339, 2008



Species convergence into life-forms in a hyperseasonal cerrado

NOwW A U
S 2 2 2

_
i

Cumulative number of species
and life-forms of hyperseasonal

0+— oo

0 01 02 03 04 0506 07 08 09 1.0

Cumulative relative abundances

110
100
90
80
70
60
50
40
30
20
10

0

Cumulative number of species
and life-forms of seasonal

o9
02 03 04 0506 07 08 09 1.0

0

0 0.1

Cumulative relative abundances

—&— Species diversity —O— Life-form diversity

Figure 1. Intrinsic diversity profile for species and life-form
relative abundances of the hyperseasonal and seasonal cer-
rados in Emas National Park, central Brazil (approximately,
18°8’07” S and 52° 57’ 56” W).
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Figure 2. Variation of index of intrinsic diversity divergence
(IDD) throughout the year (2003) in hyperseasonal and sea-
sonal cerrados in Emas National Park, central Brazil (ap-
proximately, 18° 17’ 34” S and 52° 58’ 12” W). Different
letters indicate significantly different values (o = 0.05).
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to dynamism and evolve strategies to respond to shifting
opportunities (Fjeldsa and Lovett, 1997). Hence, the many
responses of savanna species to environmental perturba-
tions should explain the persistence of savanna commu-
nities within a broad range of environmental variation
(Silva, 1996), from an excessive drought to a temporary
waterlogging (Sarmiento, 1983).

The overall IDD comparison also pointed out that the
cerrado species should be very functionally redundant. At
the trait-group level of community organization, the envi-
ronmental rules seem to determine the species convergence
(Temperton et al., 2004; Fukami et al., 2005) against the
neutral trait-group assembly driven by random sampling
from regional species pools (Hubbell, 2001). Since the
overall IDDs were not significantly different from a ran-
dom resampling, we may conclude that the species con-
vergences into life-forms in hyperseasonal and seasonal
cerrados are, in general, similar. The high IDD values of
the hyperseasonal and seasonal cerrados indicated that
both communities are structurally very homogeneous.
The dominance of only one life-form, hemicryptophytes,
in the spectra of both cerrados justifies the high structural
homogeneity of their grassland physiognomy.

On the other hand, the seasonal analyses corrobo-
rated that environmental constraints play the major
role on community convergence into functional groups
(Fukami et al., 2005). Comparing the IDDs through-
out the year, we did not observe significant differences
among the seasons in the seasonal cerrado. Although
the water shortage in the dry season reduced the species
diversity, drought did not affect species convergence in
the seasonal cerrado, and the IDD values were constant
throughout the year. On the contrary, we noticed a sig-
nificant IDD variation throughout the year in the hyper-
seasonal cerrado. The IDD in November, in early rainy
season, was higher than those in February, when the
hyperseasonal cerrado was waterlogged, and in May, in
late rainy season. When we considered the floras of both
cerrados as a whole, we found no difference between the
IDDs, but when we analyzed them throughout the year,
we found seasonality only in the hyperseasonal cerrado.
As a consequence, waterlogging shall modify cerrado
species convergence into life-forms.

The seasonal comparisons also indicated that spe-
cies abundance affects the convergence into functional
groups, even though species composition variation does
not (Fukami et al., 2005). The IDD measures the de-
crease from species to life-form diversity (Ricotta et al.,
2002). Since life-form diversity was maintained through-
out the year, structural changes in hyperseasonal cerrado
were due to changes in species diversity. The IDDs of
the hyperseasonal cerrado in February and May were
lower, because the waterlogging reduced species diver-
sity (Cianciaruso et al., 2005). Conversely, the IDD in
November was higher, because the favorable moisture
soil level of the early rainy season increased species di-
versity (Cianciaruso et al., 2005). Accordingly, annual
variation of the hyperseasonal cerrado structure followed
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Table 3. Percentage of life-forms, species diversity (0.,), life-form diversity (o, ), and IDD in the hyperseasonal cerrado
(18° 18’ 07” S and 52° 57° 56” W) and seasonal cerrado (18° 17’ 34” S and 52° 58’ 12” W), Emas National Park, central
Brazil. Ph = phanerophyte, Ch = chamaephyte, H = hemicryptophyte, Cr = cryptophyte, and Th = therophytes. Different let-

ters indicate significantly different values (o = 0.05).

Vegetation form Month Ph Ch H Cr Th O Oy IDD
Hyperseasonal Feb. 7.4 32.7 58.1 1.1 0.7 2.794 1.037 0.761*
cerrado May 9.3 3.2 80.5 7.0 0.0 1.866 0.828 0.760*
Aug. 3.1 8.3 85.3 1.4 1.9 2.086 0.724 0.858®
Nov. 4.3 43 88.1 3.1 0.2 4327  0.692 0.950°¢
Seasonal Feb. 30.4 7.5 57.7 3.0 1.4 9.789 1.098 0.936¢
cerrado May 215 8.2 67.2 1.8 13 7771 0986  0.933¢
Aug. 10.2 4.8 83.3 1.7 0.0 5386 0.749 0.949¢
Nov. 13.6 5.2 80.0 1.1 0.1 6.644  0.776 0.955¢
12 - changes in species convergence into life-forms by reduc-
ing species diversity.
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