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Abstract

In some Cerrado regions where the water table is superficial and soils are hydromorphic, we may find wet grasslands. 
We studied temporal changes in some community descriptors, such as species density, plant density, basal area, and 
cylindrical volume in a Cerrado wet grassland in four different seasons of the year. We also compared the species 
richness and composition of the wet grassland with a hyperseasonal cerrado, and a seasonal cerrado. We found sig-
nificant differences among the seasons only for species density. Chao-Sørensen similarity values varied from 0.86 to 
0.99 and, in the wet grassland, were not different among the seasons. On the contrary, similarity values between the 
wet grassland and hyperseasonal and seasonal cerrados were low. Species richness was lower in the wet grassland 
and higher in the seasonal cerrado. As long as savannas are highly dynamic on all temporal and spatial scales, the 
wet grassland stability, at least in a short-term view, introduces an important heterogeneity in regional scale. Wet 
grasslands are also important in the Cerrado domain to increase -diversity, since they are floristically dissimilar with 
cerrado vegetation.
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Um ano em um campo úmido no Cerrado: uma ilha 
não-estacional em um ambiente de savana estacional

Resumo

Dentro do domínio do Cerrado, os campos úmidos ocorrem em áreas em que o lençol freático é superficial e os solos 
são hidromórficos. Nosso objetivo foi estudar mudanças temporais em alguns descritores da comunidade, como rique-
za de espécies, densidade de espécies, densidade de indivíduos, área basal e volume cilíndrico em um campo úmido 
em quatro estações do ano. Além disso, comparamos a riqueza e a composição de espécies do campo úmido com um 
cerrado hiperestacional e outro estacional. Encontramos diferenças significativas entre as estações apenas para a den-
sidade de espécies. Os valores do índice de similaridade Chao-Sørensen variaram entre 0,86 e 0,99 e, no campo úmi-
do, não foram significativamente diferentes entre as estações. Porém, a similaridade foi baixa, quando comparamos o 
campo úmido com os cerrados hiperestacional e estacional. A riqueza de espécies foi menor no campo úmido e maior 
no cerrado estacional. A estabilidade do campo úmido introduz uma heterogeneidade importante em escala regional, 
uma vez que as savanas são bastante dinâmicas em escalas espácio-temporais. Os campos úmidos são importantes no 
domínio do Cerrado por aumentarem a diversidade , já que são dissimilares em relação ao cerrado.

Palavras-chave: diversidade, Parque Nacional das Emas, savana, estacionalidade, alagamento.

1. Introduction 

Seasonal variations in climate and life cycles occur 
in all communities, even in those apparently stable, such 
as tropical rain forests (Walker and Noy-Meir, 1982). 
However, it is in tropical savannas that seasonality be-
comes marked to such an extent that savanna species are 
not only adapted to survive such variations but require 
such variations to maintain their resilience (Walker and 
Noy-Meir, 1982). In addition to the spatial heterogeneity 
associated with soil-catena effects, there are other com-

munities within the widespread matrix of woody-grass 
combinations that are determined by special conditions, 
such as wetlands, wet grasslands, gallery forests, and 
semideciduous forests (Pivello and Coutinho, 1996; 
Walker, 2001). Although these communities generally 
occupy only a small fraction of the savanna domain, they 
play a disproportionately important role in contribut-
ing to regional biodiversity in two ways: they have their 
own unique species and they serve as crucial refugia, 
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providing food or shelter at critical times of the year 
for the widespread savanna species (Stafford-Smith and 
Morton, 1990).

The Brazilian savanna domain, commonly known 
as Cerrado, once covered approximately 22% of the 
Brazilian territory and is a biological diversity hotspot 
(Silva and Bates, 2002). Cerrado climate is typically 
seasonal, with a conspicuous contrast between the dry 
and rainy seasons (Ferreira et al., 2003). The strong sea-
sonal climate, together with nutrient-poor, aluminium-
rich soils, and frequent fires, has imposed environmental 
pressures on the Cerrado domain (Pivello and Coutinho, 
1996; Ferreira et al., 2003), resulting in a wide range 
of adaptive, phenological strategies, and a rich phyto-
geographical region of landcover types and biodiversity 
(Ratter et al., 1997; Ribeiro and Walter, 1998).

In some regions within the Cerrado domain, where 
the water table is superficial and soils are hydromor-
phic, we may find wet grasslands (Ratter et al., 1997; 
Ribeiro and Walter, 1998; Batalha and Martins, 2002). 
They are strictly herbaceous communities established 
in poorly drained bottomlands or depressed regions 
with slow and ill-defined drainage (Sarmiento, 1983; 
Ratter et al., 1997). These areas are frequently found 
associated to watercourses or occupying depressed re-
gions, occurring as a belt between cerrado and gallery 
forest, where the water table is near the surface for most 
or all of the year (Sarmiento, 1983; Ratter et al., 1997).

When a community persists in time, we say that it 
is stable (Archer et al., 1996). Stability may be the re-
sult of an invariant environment or it may be due to the 
ability of species populations to persist even when ex-
ternal conditions change (Archer et al., 1996). Stability 
can be exhibited by different community properties, such 
as floristic composition, species diversity, demographic 
patterns, total biomass, cover, and similar system proper-
ties (Archer et al., 1996). The nature of the above-ground 
community may be an important determinant of the con-
sistency of delivery of community services: for exam-
ple, changes in above-ground structure may have im-
portant effects on the below-ground response to drought 
and, thus, influence community stability (Wardle et al., 
2000).

In previous studies in the hyperseasonal and seasonal 
cerrados of Emas National Park, with the same experi-
mental design used here, we found that these communi-
ties are highly dynamic on the temporal scale, in which 
short-term changes, especially plant-available moisture, 
modify its physiognomy, specific composition, and eco-
logical processes throughout the year (Cianciaruso et al.,
2005; M. Cianciaruso, unpublished data). Although wet-
lands may be unstable and dynamic per se due to ac-
centuated changes in water flow in flat areas (Maltby, 
1986), we may expect more stable conditions through-
out the year in Cerrado wet grasslands, since they are 
always or almost always waterlogged (Sarmiento, 1983). 
So, we tried to answer the following questions: i) does 
the above-ground floristic composition remain constant 

throughout the year in the wet grassland?; ii) do species 
density, plant density, basal area, and cylindrical volume 
remain constant throughout the year in the wet grass-
land?; and iii) are these patterns similar when compared 
to those found in nearby seasonal and hyperseasonal cer-
rados (Cianciaruso et al., 2005; M. Cianciaruso, unpub-
lished data)?

2. Materials and Methods

The Emas National Park (ENP) comprises 132,941 
ha and is located in the Brazilian Central Plateau, 
southwestern Goiás State (17° 49’-18° 28’ S and 
52°  39’-53° 10’ W). Regional climate is classified as 
Aw according to Köppen (1931), being humid tropical 
with wet summer and dry winter. Annual rainfall varies 
from 1,200 to 2,000 mm, concentrated from October to 
March, and mean annual temperature lies around 24.6 °C 
(Ramos-Neto and Pivello, 2000). Three quarters of the 
ENP consist of flat tableland, at an altitude of 820-888 m,
and the remaining area consists of hilly terrain, at an al-
titude of 720-820 m (Ramos-Neto and Pivello, 2000). 
Wild-fires are common and about every three years the 
park experiences a large fire (Silveira et al., 1999). In 
the reserve, open cerrado physiognomies – campo lim-
po, campo sujo, and campo cerrado – prevail, covering 
68.1% of the total area, especially on the flat tableland 
(Ramos-Neto and Pivello 2000). The more closed cer-
rado sensu stricto covers 25.1% of the reserve, mainly 
on the hilly terrain. Other vegetation types, such as wet 
grasslands (4.9% of the total area) and riparian and sea-
sonal semideciduous forests (1.2%), also exist within the 
park.

We carried out four surveys in a wet grassland lo-
cated close to the southwestern edge of ENP: in February 
2003, in mid rainy season, when the wet grassland was 
waterlogged; in May 2003, in late rainy season, with the 
superficial soil layer saturated but without standing water; 
in August 2003, in the dry season, when superficial soil 
layer was moist at depths below 20 cm (M. Cianciaruso,
pers. obs.); and in November 2003, in early rainy season, 
with the superficial soil layer as saturated as in May. We 
established a 1 ha area (approximately, 18° 15’ 40” S and 
53° 01’ 08” W), and, in each field trip, by using random 
coordinates (x, y) in a Cartesian plane, we placed ten 
1 m2 quadrats, in which we sampled, except for seed-
lings, all vascular plants with above-ground portions, 
since above-ground community is a good indicator 
of several community processes (Wardle et al., 2000; 
Buonopane et al., 2005). For each individual, we meas-
ured height and diameter at soil level, and counted the 
number of individuals belonging to each species. In the 
case of cespitose grasses, we considered as an individual 
the whole tuft. We identified the species by compar-
ing the collected material to vouchers lodged at São 
Paulo State Botanical Institute and Brazilian Institute of 
Geography and Statistics herbaria. When identification 
at species level was not possible, we or the taxonomists 
classified them as morphospecies.
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We analyzed the following variables: species rich-
ness, species density, plant density, basal area, and cylin-
drical volume. We defined species density as the number 
of species per area (spp. m–2); plant density as the number 
of individuals per area (ind m–2); basal area as the area 
covered by each species (m2 m–2); and cylindrical volume 
as the volume occupied by each species (m3 m–2), ac-
cording to Mueller-Dombois and Ellenberg (1974). We 
used analyses of variance and the Tukey multiple com-
parison test (Zar, 1999) to test for significant differences 
(  = 0.05) among the seasons.

We estimated floristic similarity among the seasons 
with the abundance-based Chao estimator for Sørensen 
index (Chao-Sørensen), which reduces undersampling 
bias by estimating and compensating for the effects of 
unseen, shared species (Chao et al., 2005). This index 
is better suited than the corresponding classic Sørensen 
index for assessing compositional similarity between 
samples that differ in size, are known or suspected to be 
undersampled, or are likely to contain numerous rare spe-
cies (Chao et al., 2005). We calculated the Chao-Sørensen
index with 95 percent confidence intervals (CI), using 
the EstimateS 7.5 software (Colwell, 2005).We calculat-
ed an individual-based curve with 95 percent CI curves 
using the S

obs
 (Mao-Tau) function (Colwell et al., 2004) 

to compare the overall number of species (i.e., all the 
species we found in the four field trips) among the wet 
grassland, a nearby seasonal cerrado (M. Cianciaruso, 
unpublished data), and a nearby hyperseasonal cerrado 
(Cianciaruso et al., 2005), using EstimateS 7.5 software 
(Colwell, 2005). If the confidence intervals were not 
overlapped, we considered the difference significant. We 
also calculated floristic similarity among these vegeta-
tion forms with the Chao-Sørensen index (Chao et al., 
2005).

3. Results

Using the floristic data from all field trips, we found 
45 species from 16 families in the wet grassland (Table 1), 
of which 38 species and 5 families (Droseraceae, Ericaceae, 
Eriocaulaceae, Lycopodiaceae, and Xyridaceae) were 
not previously related in ENP’s flora (Batalha and 
Martins, 2002). The richest families were Poaceae and 
Cyperaceae, followed by Xyridaceae, Melastomataceae, 
and Euphorbiaceae. In all seasons, the most abundant 
species were Rhynchospora globosa (Kunth) Roem. and 
Schult and Schizachyrium tenerum Nees.

In February, during mid rainy season, we found 
2,276 individuals and 32 species; in May, in late rainy 
season, we found 2,530 individuals and 32 species; in 
August, during the dry season, we found 2,516 individuals 
and 28 species; in November, in early rainy season, we 
found 2,664 individuals and 27 species. In August, we 
found 46 individuals completely dried or 1.8 percent of 
total individuals. Rhynchospora globosa was the most 
affected species (4 percent of the total number of indi-
viduals was dried in this season), followed by Axonopus

brasiliensis (Spreng.) Kuhlm. (1.7%), Elionurus muticus
(Spreng.) Kuntze (1.3%), and Sisyrinchium vaginatum 
Spreng (1.4%). Chao-Sørensen similarity values varied 
from 0.86 to 0.99 and were not different among the sea-
sons (Table 2).

We found significant differences among the sea-
sons only for species density, lower in early rainy sea-
son and higher in mid rainy season (Table 3). We did 
not find significant differences among the seasons for 
species richness, plant density, basal area, and cylin-
drical volume (Table 3). Species richness was lower 
in the wet grassland (45 species), intermediate in the 
hyperseasonal cerrado (65), and higher in the seasonal 
cerrado (107) (Figure 1). Similarity was lower between 
wet grassland and hyperseasonal and seasonal cerrados 
(0.01 0.02 and 0.08 0.08, respectively), but higher 
between both cerrado forms (0.88  0.12).

4. Discussion

The many species not previously reported in ENP’s 
flora corroborated Batalha and Martins (2002), who 
stated that the number of species in ENP could increase, 
since they only surveyed the cerrado vegetation and not 
the other vegetation types existing within the reserve, 
such as the wet grasslands. Many species of the wet 
grassland belong to genera commonly found in other wet 
grasslands, such as Rhynchospora (Cyperaceae), Drosera
(Droseraceae), Sisyrinchium (Iridaceae), and Aristida,
Panicum, Paspalum, and Trachypogon (Poaceae) 
(Ribeiro and Walter, 1998). One species is also found in 
gallery forests within the Cerrado domain and eight may 
also occur not only in wet grasslands but also in other 
cerrado physiognomies (Table 1). Moreover, we found 
seven species that do not appear in the checklist of the 
Cerrado domain vascular flora (Mendonça et al., 1998).
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Figure 1. Species richness versus number of individuals in 
the wet grassland (closed circles), hyperseasonal cerrado 
(open squares) and seasonal cerrado (open circles), Emas 
National Park, Goiás, central Brazil. Dash lines are  95 per-
cent confidence intervals.
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Table 1. Species and number of individuals found in the wet grassland (18° 15’ 40” S and 53° 01’ 08” W), Emas National 
Park, Goiás, central Brazil. Feb = mid rainy season, May = late rainy season; Aug = dry season, Nov = early rainy season. 

Family/Species Feb./03 May/03 Aug./03 Nov./03
CYPERACEAE

Cyperus haspan L.a 12 34 29 49

Exochogyne amazonica C.B. Clarkea,b 1 - - -

Fimbristylis dichotoma (L.) Vahla 1 1 - -

Rhynchospora diamantina (C.B. Clarke) Kükenth 31 - - -

Rhynchospora globosa (Kunth) Roem. and Schult.a 926 882 827 1632

DROSERACEAE

Drosera communis A. St-Hila 3 - - -

ERICACEAE

Gaylussacia brasiliensis (Spreng.) Meisn.a,c 58 16 1 31

ERIOCAULACEAE

Syngonanthus xeranthemoides (Bong.) Ruhland.a 83 456 114 150

EUPHORBIACEAE

Croton glandulosus Müll. Arg.b,d 200 78 3 124

Phyllanthus niruni L.a,d 28 12 4 3

GENTIANACEAE

Irlbachia caerulescens (Aubl.) Griseb.a 4 15 - 18

HYPOXIDACEAE

Hypoxis sp.a 5 - - -

IRIDACEAE

Sisyrinchium vaginatum Sprengd 19 308 142 11

LAMIACEAE

Hyptis pulchella Briq.a,b 11 15 4 13

LYCOPODIACEAE

Lycopodiella cernua (L.) Pic.Serm.a,b 2 5 36 18

LYTHRACEAE

Cuphea sp.a 7 2 2 -

MELASTOMATACEAE

Acisanthera sp.a 1 4 2 7

Pterolepsis repanda Trianaa,d 13 5 13 -

Melastomataceae sp.1a - - 1 -

POACEAE

Andropogon selloanus (Hack.) Hack. - - 7 -

Aristida jubata (Arechav.) Herter a,d - 10 -

Axonopus brasiliensis (Spreng.) Kuhlm. - 12 239 1

Axonopus comans (Trin.) Kuhlm.a 14 32 8 6

Elionurus latiflorus Neesd 1 - - -

Elionurus muticus (Spreng.) Kuntzea - - 78 -

Eragrostis bahiensis Schrad ex. Schult a,b 13 5 - 10

Gymnopogon foliosus (Willd.) Neesd - 6 - -

Leptosaccharum filiforme Hack.a,b - - 207 -

Panicum hians Elliot.a 5 1 11 4

Paspalum dedeccae Quarina 50 35 143 -

Paspalum maculosum Trina,d 57 55 176 27

Poaceae sp.1a - - 1 -

Poaceae sp.2a - 3 - -

Schizacchirium tenerum Neesa,d 352 367 354 366
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structure among the seasons – except for species density, 
as already mentioned.

Cerrado wet grasslands are always or almost al-
ways waterlogged (Sarmiento, 1983). In the dry sea-
son, besides the water moisture reduction in superficial 
soil layers, we noticed humidity below 20 cm deep 
(M. Cianciaruso, pers. obs.). Graminoids species, with 
an intensive root system, exploit the upper soil layers 
(Medina and Silva, 1990). In savannas, the herbaceous 
component presents its largest development in late rainy 
season and lowest during the dry season (Sarmiento, 
1983; Cianciaruso et al., 2005), which is related with 
soil plant available moisture (Sarmiento, 1983). In wet 
grasslands, however, even though we found some dried 
individuals of four species in the dry season, we may 
postulate that the stability of most structure descriptors is 
due to water availability throughout the year.

On the contrary, in the cerrados of ENP, there is a 
non-equilibrium dynamics, in which the drought im-
posed by the dry season reduces their diversity, plant 
density, and biomass and changes their floristic com-
position throughout the year (Cianciaruso et al., 2005; 
M. Cianciaruso, unpublished data). The hyperseasonal 
cerrado is more dynamic than the seasonal cerrado due 
to the waterlogging in mid rainy season (Batalha et al., 
2005; Cianciaruso et al., 2005; M. Cianciaruso, unpub-
lished data). Waterlogging reduces species and plant den-
sity, whereas drought reduces diversity in the hypersea-
sonal cerrado, but in early rainy season species density, 
plant density, and diversity increase (Cianciaruso et al.,
2005).

The wet grassland has less species than the nearby 
seasonal and hyperseasonal cerrados (Cianciaruso et al.,

Family/Species Feb./03 Mar./03 Aug./03 Nov./03
Trachypogon sp.a 5 71 20 30

RUBIACEAE

Coccocypselum lymansmithii Standl.a 22 32 4 35

UNKNOWN

Unknown sp.1a 4 - - 1

Unknown sp.2a 7 - 10 2

Unknown sp.3a 100 4 3 6

Unknown sp.4a - 1 - -

Unknown sp.5a 92 17 - 21

Unknown sp.6a 13 - 3

VERBENACEAE

Stachytarpheta linearis Moldenkea,b 8 2 - -

XYRIDACEAE

Abolboda sp.a - - - 6

Xyris sp.1a 142 31 77 86
a = addition to ENP’s flora, that is, species not reported by Batalha and Martins (2002), b = addition to Cerrado vascular flora 
checklist, that is, species not reported by Mendonça et al. (1998), c = also occurring in cerrado gallery forests (Mendonça et al.
1998), and d = may occur in cerrado physiognomies (savannas) (Mendonça et al. 1998).

Table 1. Continued...

Table 2. Compositional similarity among seasons in the wet 
grassland (approximately, 18° 15’ 40” S and 53° 01’ 08” W), 
Emas National Park, central Brazil. February corresponds 
to mid rainy season, May corresponds to late rainy season, 
August corresponds to dry season, and November corre-
sponds to early rainy season. Values are abundance-based 
Chao-Sørensen index  95 percent confidence intervals.

May August November
February 0.98  0.04 0.86  0.22 0.97  0.05

May - 0.92  0.12 0.99  0.03

August - - 0.92  0.17 

Wet grasslands are, thus, important in the Cerrado do-
main to increase -diversity.

It has been argued that, as a general rule, equilibrium 
dynamics are driven by grazing and species interaction 
in wet grasslands, whereas, under more arid conditions, 
non-equilibrium dynamics are controlled by environmen-
tal factors, especially soil and moisture (Tainton et al.,
1996). The Cerrado wet grassland community is stable 
and seems to be in equilibrium dynamics, at least in a 
short-term view, since we did not find significant chang-
es in floristic composition, plant density, basal area, and 
cylindrical volume throughout the year. In fact, only spe-
cies density changed between mid and early rainy sea-
sons, when the increase in the number of Rhynchospora 
globosa individuals probably implied a decrease in 
species density. Other species, such as Syngonanthus
xeranthemoides, Sisyrinchium vaginatum, and Axonopus
brasiliensis, presented a markedly seasonal occurrence, 
but not sufficient to change community similarity and 
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2005; Batalha et al., 2005; M. Cianciaruso, unpublished 
data) and is very dissimilar. Law and Morton (1996) 
suggested that there is a one-to-one match between en-
vironment and community. In this case, local diversity 
( -diversity) and composition are the result of region-
al species pool ( -diversity) and environmental filters 
(Chase, 2003). So, waterlogging duration in the wet 
grassland should be severe enough to not allow the sur-
vival of inferior competitors of the regional pool of spe-
cies and to support a distinct flora. Although some typical 
cerrado species can survive under a short waterlogging 
period (Batalha et al., 2005; Cianciaruso et al., 2005), 
the extended waterlogging period in the wet grassland is 
severe enough to act as an environmental filter (Chase, 
2003), restricting the number of species of regional pool 
able to survive under these conditions. 

Water holes are essential in seasonally dry habitats 
(Ojasti, 1983). The fact that the wet grassland commu-
nity is stable introduces an important heterogeneity on 
a regional scale, since savannas are highly dynamic on 
all temporal and spatial scales, with long- and short-
term changes (e.g., fire and plant available moisture) 
constantly modifying their physiognomy, composition, 
and ecological processes (Hopkins, 1983; Walker, 1987). 
Within the cerrado domain, gallery forests provide ref-
uge, food, and water for species not confined to forests 
(Redford and Fonseca, 1986). The same may hold true 
for wet grasslands, since they occur as narrow belts in 
the forest-savanna boundary (Sarmiento, 1983). In ENP 
particularly, wet grasslands are extremely important, 
since the reserve is located above the Guarani aquifer, 
one of the largest aquifers in the world with potable wa-
ter, which has recharging areas within ENP and its sur-
roundings (Embrapa, 1999).

According to our results, wet grasslands within the 
cerrado domain are floristically and structurally stable 
throughout the year. So, wet grasslands may be impor-
tant in providing resources and refuge to cerrado fauna 
species, some of which are threatened by extinction, 
during the dry season, which may last up to six months 
(Ratter et al., 1997) and during fires, which are frequent 
in the cerrado vegetation (Coutinho, 1990), especially in 
ENP (Ramos-Neto and Pivello, 2000). Considering the 
importance of its particular flora, which enhances re-
gional diversity and its importance as a water outcrop, 

we expect that the cerrado wet grasslands will be given 
more attention, both scientific and political. The cerrado 
wet grasslands are non-seasonal islands in a seasonal 
sea, and therefore, a key factor in the maintenance of the 
high biodiversity of the Brazilian cerrado domain.
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