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Abstract

In Cerrado, studies of post-fire vegetation recovery show that some herbaceous species are able to flower shortly after
fires. However, these were mainly short-term studies that focused on grasslands and savannas. Little is known about
the effects of fire on ground layer of forests that border the savannas in Central Brazil. Thus, an accidental burning
gave us the opportunity to describe the reproductive activity of the ground layer vegetation after a fire event along a
savanna-forest boundary at the IBGE Ecological Reserve, Brasilia, Brazil. During the 16-month of the inventory, we
registered 170 herbaceous species flowering or fruiting, of which 52 species (31%) may have been influenced by fire
that changed their times of reproduction. In the savanna plots reproduction peaked at the end of the rainy season. Of the
total number of reproducing species, 90 species occurred only in the savanna and four in the forest. Five herbs were
recorded in the forest, savanna and border environments. Late dry season fire probably lead the majority of herbaceous
species to have their reproduction spread throughout the study time.

Keywords: savanna-forest boundary, reproductive phenology, fire-effect, Cerrado.

Reproducao pos-fogo de espécies do estrato herbaceo em area de transicao
Cerrado-Mata de Galeria no Distrito Federal, Brasil

Resumo

No Cerrado, estudos de recuperacao da vegetagao pos-fogo mostram que algumas espécies herbaceas sdo capazes de
florescer logo ap6s queimadas. No entanto, esses foram principalmente estudos de curto prazo, que se concentraram em
areas campestres e savanicas. Pouco se sabe sobre os efeitos do fogo no sub-bosque de matas que margeiam as savanas
do Brasil Central. Assim, uma queima acidental nos deu a oportunidade de descrever a atividade reprodutiva pos-fogo
do estrato herbaceo ao longo de ecotono cerrado-mata na Reserva Ecologica do IBGE, Brasilia, Brasil. Durante os
16 meses do inventario, foram registrados 170 espécies herbaceas com flores ou frutos, das quais 52 espécies (31%)
podem ter sido influenciadas pelo fogo, que alterou suas épocas reprodutivas. Nas parcelas de cerrado, a reproducdo
teve seu pico ao final da estacdo chuvosa. Do niimero total de espécies, 90 ocorreram exclusivamente no cerrado e
quatro na floresta. Cinco espécies herbaceas foram registradas na floresta, cerrado e borda. O fogo ao final da estagado
seca pode ter levado a maioria das plantas a se reproduzir através do periodo de estudo.

Palavras-chave: ecotono cerrado-mata, fenologia reprodutiva, efeito do fogo, Cerrado.

1. Introduction

Fire has been occurring in the Brazilian savannas (Cerrado)
for 10 million years and is associated with physiognomies
where grasses and herbs are present (Simon et al., 2009;
Simon and Pennington, 2012). Cerrados usually border
more closed vegetation types, as forests, and if a burning
happens, fire will affect plants from both cerrado and
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forest. However, tree species of gallery forests are less
tolerant to fire than savanna species (Hoffmann et al.,
2012), and although little is known about what happens
with the forest understory after a burning event, we could
expect a fire-sensitive forest understory when compared
to a fire-adapted cerrado ground-layer.
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In the absence of fire, most herbs tend to grow and
reproduce during the wet season (Sarmiento, 1984;
Batalha and Martins, 2004). Thus, a fire that occurs in the
dry season would remove the dry biomass (Ramos-Neto
and Pivello, 2000) and stimulate a fast recovery of the
non-woody species after the first rains (Gottsberger and
Silberbauer-Gottsberger, 2006; Munhoz and Amaral,
2010). The effects of burning on reproduction may be
more complex though. Some studies conducted in Cerrado
areas have shown that herbaceous species are able to flower
and fruit shortly after fires (Coutinho, 1976; César, 1980;
Munhoz and Felfili, 2007); while in a grassland in the
South of Brazil, Fidelis and Blanco (2014) showed some
species only reproducing more than one year after fire.

In addition to the complexity of this issue, most researchers
have conducted only a few months of observations after
fire and almost none of them have evaluated the post-fire
phenology patterns of a cerrado sensu stricto-gallery
forest ecotone. So, we aimed to describe the reproductive
activity (flowering + fruiting) of the ground layer vegetation
after a fire event along a savanna-forest boundary during
16 months after an accidental fire.

2. Material and Methods

2.1. Site description

The study was performed at the IBGE (Instituto
Brasileiro de Geografia e Estatistica) Ecological Reserve,
located 35 km south of Brasilia, in the Federal District
of Brazil (15°55°-15°58” S and 47°52°-47°55" W), at an
elevation of 1,100 m. The Reserve encloses different Cerrado
vegetation physiognomies, such as grasslands, savanna
(cerrado sensu stricto), woodlands and gallery forests
(Ribeiro, 2011). The average annual rainfall recorded at
IBGE meteorological station is 1,461 mm (1980-2008),
with a well-defined dry season from May to September
and a mean annual temperature of 22.5 °C (Paiva et al.,
2015). At the time this study was performed (2011-2013)
yearly rainfall was 1,418 mm; driest months were from
June to August, when burnings can happen (RECOR,
2013). Soils at the reserve are deep well-drained oxisols
(Ribeiro, 2011).

2.2. Sampling design

The research was carried out at the boundary between
gallery forest and savanna. Six transects were positioned
perpendicularly to the boundary; each transect was
10 m x 70 m and extended 30 m into the savanna, 10 m
into the border and 30 m into the forest. An accidental
fire occurred in September 2011 and burned savanna and
forest environments, which had only burned once in the
previous 35 years due to a policy of fire suppression in the
reserve (Ribeiro, 2011). This accident gave us the chance
to observe post-fire flowering and fruiting of herbs. We did
not have data from non-burned areas, but we checked
dates of collected fertile material of the studied species
from SpeciesLink website to make comparison possible
(SpeciesLink, 2016).
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During the 16 month post-fire survey, we registered
ground layer species with flowers and/or fruits in all transects,
as the majority of herbs species had rapid flowering and
fruiting, that overlapped in time. In the first four months,
survey was fortnightly (seven surveys total) because of
the quick post-fire response of herbs (Coutinho, 1976).
After this period and until January 2013 the surveys were
done seasonally (in the beginning, middle and end of each
season), which added up to six surveys. Fertile material
was herborized, identified and deposited at Herbario da
Universidade de Brasilia. For plant family classification,
we used the Angiosperm Phylogeny Group III (APG III,
2009). Ground layer plants, e.g, grasses, herbs, vines and
subshrubs shorter than 1.5 m were considered herb species
(Rizzini, 1997).

To test whether cerrado, border and gallery-forest
herbaceous species reproduced uniformly through the
first year post-fire (from October 2011 to October 2012),
we applied Rayleigh test (Zar, 1999). Statistical analyses
were performed using the R version 3.2.1 (R Development
Core Team, 2013).

3. Results

We registered 170 herb species flowering or fruiting
during the study time, distributed in 37 families. The most
abundant families were Asteraceae, Fabaceae and
Poaceae (each with 22, 22 and 21 species, respectively),
followed by Cyperaceae, Euphorbiaceae, Malphigiaceae,
Myrtaceae and Rubiaceae (with eight species each), which
altogether represented 62% of the richness. Three species
were exotic/invasive (Ageratum fastigiatum, Melinis
minutiflora and Sida linifolia). We found 158 species in
savanna (90 species were exclusive of this environment)
and 17 species in the gallery forest (only four species
exclusive to this vegetation). Five species were common
among the gallery forest, cerrado and border (Bauhinia
rufa, Cyperaceae sp.1, Croton antisyphiliticus, Melinis
minutiflora, Psychotria cf. nemorosa; Table 1).

In savanna, herb reproduction peaked seven months
after the fire event (57 species flowering and or fruiting at
the end of the rainy season (r=0.1135, p=0.004; Figure 1).
In the border, peak was in January, two months earlier than
in cerrado (r=0.2567, p<0.0001; Figure 1). Gallery forest
had no seasonality in understory post-fire flowering and
fruiting (r=-0.1997, p=0.9065; Figure 1).

We registered 38 species that reproduced only in the first
four months after fire and that did not present reproductive
structures during the rest of the survey (marked with a star
sign in Table 1, these species occurred mainly in savanna).
We also registered 16 species that had a different post-fire
reproductive period when compared with commonly
registered phenological data (marked with a plus sign in
Table 1). Two species (Barjonia cymosa and Busbostylis
pachypoda) had a single reproduction episode in the first
four months after fire and at a different time from the
normal pattern registered for both species.
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Figure 1. Number of herbs that reproduced through the first year after fire, in a savanna-forest boundary ([J represents
species that occurred in cerrado vegetation; O, in the border; and X, in forest), in IBGE Ecological Reserve, Brasilia, DF,
Brazil. The fire event took place on 9 September 2011 and thus, October is the first post-fire inventory.

4. Discussion

Among the species that flowered or fruited in the
16-month study, the most abundant families sampled
were Asteraceae, Fabaceae and Poaceae. The same result
was found in flora surveys realized in post-fire grassland
areas in Distrito Federal (Munhoz and Amaral, 2010) and
Mato Grosso do Sul (Neves and Damasceno-Junior, 2011).
In fact, such families are dominant in the non-woody flora
of Cerrado (Mendonga et al., 1998; Filgueiras, 2002) and
locally, in savanna and grassland areas in the IBGE Reserve
protected from fire (Pereira and Silva, 2011).

Reproduction of cerrado species peaked about seven
months after fire, at the end of the rainy season, which is
expected in a seasonal vegetation, such as Cerrado (Batalha
and Martins, 2004). The change in the observation interval
of'the reproductive events (from fortnightly to bimonthly)
might have subsampled the community phenological
patterns, but our results agree with Munhoz and Felfili
(2007) and Tannus et al. (2006), which indicated a peak
of flowering for the herbaceous community at the end of
rainy season. In the border, the number of species with
flowers and/or fruits was greater in the middle of the
rainy season, therefore earlier than in savanna, that had its
reproductive peak in the end of the rainy season. Although
63 species were common to both environments, species
that started reproducing from March were exclusive of
cerrado (Table 1).

It is well known that shading of ground-layer in
riparian forests limits plant richness (Felfili et al., 2001),
as we observed for the studied area (where only 17

884

species were registered in the forest when compared to the
158 species of cerrado). Fires in gallery forest generally
cause extensive topkill to small trees (Hoffmann et al.,
2009) and leaf-fall to larger diameter trees (personal
observation), allowing increased light to the forest floor.
Thus, we might expect that this higher light availability
would stimulate understory species to reproduce. On the
contrary, we noticed a fire-sensitive reproduction of the
gallery-forest understory.

We registered 52 species (31%) that may have been
influenced by fire changing their times of reproduction.
Several factors can trigger flowering after fire, such as
increase in light (Brewer, 1995), temperature and soil
nutrients (Elzinga et al., 2007). However, Coutinho
(1982) argues that the induction of cerrado plant species
flowering by fire is not a result of thermal effects during
burning or of mineral nutrients supplied by the ashes, but
what seems important is the removal of old branches and
possible flowering inhibitors. The same has been shown
by Fidelis and Blanco (2014), for subtropical grasslands.
Therefore, the occurrence of a reproductive cycle soon
after fire could result in a more efficient reproductive
strategy for this plant guild, because the elimination of the
herbaceous/grass layer provides greater visibility of the
flowers to pollinators and because flowering synchrony
between individuals favors crossings, especially for smaller
species (Trabaud and Chanterac, 1985).

In summary, we have found a peak in reproduction
seven months after fire for the cerrado and a small number
of ground-layer species in the forest. We verified some
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cerrado species that may have been favored by the late dry
season fire, but the majority of herbs had their reproduction
events spread throughout the study time. The fire timing
is able to change the flowering phenology of a grassland
community (Rissi, 2016) and this changing may be related
to the plant physiological status when burning happens
(Frost and Robertson, 1987). In Cerrado, fire is an integral
component of the biodiversity (Simon et al., 2009) and a
fire management policy with prescribed and well-controlled
fires at the correct frequency and season (Durigan and
Ratter, 2016) would benefit the reproductive activity of
some herbaceous species.
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