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Abstract Some invasive grasses have been reported
to change fire behavior in invaded plant communities.
Urochloa brizantha is an aggressive invasive grass in
the Brazilian Cerrado, an ecosystem where fire is a
common disturbance. We investigated the effects of
U. brizantha on fire behavior in an open Cerrado
physiognomy in Central Brazil. Using experimental
burnings we compared fire behavior at both the
community and the individual plant level in invaded
(UJ) and non-invaded (NJ) areas burned in July. We
also assessed the effect of fire season in invaded areas
by comparing July (UJ) and October (UO) burnings.
We evaluated the following variables: fuel load, fuel
moisture, combustion efficiency, maximum fire tem-
perature, flame height, and fire intensity. Additionally,
we evaluated the temperatures reached under invasive
and native grass tussocks in both seasons. Fuel load,
combustion efficiency, and fire intensity were higher
in NJ than in UJ, whilst flame height showed the
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opposite trend. Fuel amount and fire intensity were
higher in October than in July. At the individual plant
level, U. brizantha moisture was higher than that of
native species, however, temperatures reaching
>600 °C at ground level were more frequent under
U. brizantha tussocks than under native grasses. At the
community level, the invasive grass modified fire
behavior towards lower intensity, lower burning
efficiency, and higher flame height. These results
provide essential information for the planning of
prescribed burnings in invaded Cerrado areas.
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Introduction

Invasive plants cause significant changes in the
composition, structure and processes of natural eco-
systems (Cronk and Fuller 1995; Pimentel et al. 2000;
Vila et al. 2011; PySek et al. 2012). They can reach
high densities and dominance in invaded communi-
ties, thus being able to modify soil properties and
functions, plant productivity, microclimate, fire
regime, and interspecific relationships in the commu-
nity (D’ Antonio and Vitousek 1992; Mack et al. 2000;
Setterfield et al. 2010; McGranahan et al. 2012). In
fire-prone environments such as savannas, invasive
grasses may considerably change the nature of the fuel
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bed, and consequently affect fire behavior and severity
(Mack and Antonio 1998; D’Antonio 2000; Mack
et al. 2000; Brooks et al. 2004; Klinger 2011).

The impact of invasive grasses on fire regimes, as
well as their influence on post-fire species interactions
and ecosystem processes, have been studied and
documented for a variety of ecosystems (e.g., Hughes
and Vitousek 1993; Bilbao and Medina 1996; D’ Anto-
nio et al. 1998; Rossiter et al. 2003; Setterfield et al.
2010). By increasing horizontal fuel continuity, inva-
sive exotic grasses may greatly increase fire extent and
frequency (D’Antonio and Vitousek 1992). Further-
more, areas invaded by exotic grasses normally burn at
higher fire intensities than areas of native vegetation
(Rossiter et al. 2003; Mcdonald and Mcpherson 2013),
since invasive grasses can greatly increase the fuel
load (Bilbao and Medina 1996; Rossiter et al. 2003;
Setterfield et al. 2010).

The Brazilian tropical savannas—Cerrado—are con-
sidered a biodiversity hotspot (Myers et al. 2000).
However, it is estimated that 55 % of the original area
of Cerrado has been changed to monocultures and
planted pastures (Klink and Machado 2005). The
spread of exotic grasses and dry season wildfires are
the major threats to the biodiversity of Cerrado (Klink
and Machado 2005; Pivello 2006; Durigan et al.
2007). Fire has been an important agent of evolution in
Cerrado for at least 4 million years (Simon et al. 2009).
The structure of plant communities influences fire
behavior and frequency. In turn, fire characteristics
influence the regeneration and structure of post-fire
communities, resulting in a feedback process between
fire and the Cerrado plant community (Kauffmann
et al. 1994; Miranda et al. 2009).

Several African grass species (C4) were introduced
in Brazil for cattle grazing, and later became a serious
threat to the Cerrado plant community (Klink 1994;
Pivello et al. 1999a, b). Nowadays, most of these
African grasses (e.g., Melinis minutiflora P. Beauv.,
Hyparrhenia rufa (Nees) Stapf, Panicum maximum
Jacq. Urochloa spp.) can be found in almost every
Cerrado nature reserve (Pivello et al. 1999b; Pivello
2006). Urochloa species are the most common and
aggressive invasive grasses in Cerrado areas (Pivello
et al. 1999a; Almeida-Neto et al. 2010; Lannes et al.
2012), and can drastically decrease the abundance of
native grasses (Pivello et al. 1999a) and forbs
(Almeida-Neto et al. 2010) and dominate the herba-
ceous community.
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Given that fire plays an important role in the
Cerrado, and that extensive Cerrado areas are invaded
by Urochloa species, it is of crucial importance to
understand how these invasive grasses affect fire
behavior, especially focusing on the management of
such areas. Therefore, the aim of this study was to
investigate how the invasive grass Urochloa brizantha
(A. Rich.) R.D. Webster may affect fire behavior in
Cerrado, as well as the potential mechanisms
involved. By using experimental burnings we assessed
the effect of U. brizantha on the fuel bed and on fire
behavior at both the community (plot) and the
individual plant level (IPL) scales. We also evaluated
if and how fire would differ between seasons (dry
season and beginning of rainy season) in the invaded
areas. We hypothesized that the presence of U. bri-
zantha in the herbaceous community would affect fire
behavior by increasing fire intensity through changes
in the fuel load. Additionally, we expected that fire at
the beginning of the rainy season would be more
intense due to the accumulation of dead fuel generated
by the invasive grass after the dry season.

Methods
Study area

The study was conducted at the Serra do Tombador
Nature Reserve (RNST), in Central Brazil (47°45’;
47°51'W and 13°35’; 13°38'S; 560-1118 m a.s.l.).
The regional climate is tropical with wet summers and
dry winters, and average annual rainfall between 1,300
and 1,500 mm (AER 2009). The RNST comprises
approximately 8,900 ha, which encompasses different
Cerrado physiognomies, where the campo sujo—a
grassland type with scattered forbs and small shrubs
(Coutinho 1978)—prevails.

Before becoming a nature reserve, in 2007, the
RNST was a cattle ranching farm, and for this reason
invasive grasses, such as Urochloa spp and Melinis
minutiflora, dominate several disturbed and degraded
areas. The entire reserve has patches with different fire
histories; most fire events were accidental or criminal
and occurred during the dry season (June to October).
All experiments were carried out in campo sujo
physiognomy, where many patches of U. brizantha
can be found. The experimental area has not been
burned or grazed since 2007.
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Experimental design and data sampling
Fire behavior in invaded versus non-invaded sites

In the study area, the invasive species was found in
patches of different sizes separated by areas of native
grasses. To conduct the experimental fires, we selected
individual patches of invaded and non-invaded areas
and established one single plot per patch. In July 2012
(dry season), we established ten plots of 20 x 15 m:
six with U. brizantha covering at least 30 % of the plot
(UJ treatment), and four plots without U. brizantha,
having only native vegetation (NJ treatment). To
guarantee the independence of experimental units and
treatments, head fires were conducted individually on
each plot. To avoid the spread of fire to the nearby
vegetation, 3 m wide firebreaks were established
around each plot. All experimental fires were carried
out with the assistance of the reserve’s fire brigade and
were conducted at the beginning and/or end of the day.

Weather conditions such as air temperature, relative
air humidity and wind speed were measured before and
during the fires with a portable digital Thermo-Hygrom-
eter (HT-300 Instruthem®) and a digital Thermo-Ane-
mometer (TAD-500 Instruthem®), respectively.

Before the fires, we determined fuel load (kg m>)
for each plot by sampling aboveground biomass in six
0.25 x 0.25 m subplots. In the invaded plots, we used a
stratified random sampling (three subplots were located
on tussocks of U. brizantha and three subplots on
tussocks of native species). Each sample was weighed in
the field to determine fuel moisture (live + dead
biomass). Biomass was then separated into the follow-
ing classes: dead biomass, dead and live U. brizantha
biomass, coarse biomass (stems + graminoid crowns),
and fine biomass (leaves + culms). Biomass was dried
at70 °C for 3 days and weighed to constant dry weight.
The fuel load value obtained for each plot was adjusted
with weighted averages according to the percentage of
U. brizantha cover on each plot.

Maximum height (including the reproductive struc-
tures) of U. brizantha, herbaceous plants (forbs and
native grasses), and shrubs were also measured on each
plot before the fires. After the fires, residual biomass
was sampled on six subplots of 0.25 x 0.25 m, dried
and weighed. We then estimated combustion effi-
ciency by comparing pre- and post-fire biomass.

The maximum temperatures reached during the fires
were assessed by using pyrometers made of aluminum

plates painted with color-change crayons (ColeParm-
er®) with a temperature range of 120-600 °C. The
pyrometers were placed 2 cm belowground, at soil
surface, and 50 cm aboveground, where most of the
biomass was found. In UJ plots, pyrometers were
placed, at each of the three heights described above,
under five U. brizantha tussocks and under five tussocks
of native grasses; in NJ plots, pyrometers were
randomly placed. We also used open-calorimeters
made of aluminum cans (350 ml) following methods
proposed by Pérez and Moreno (1998). The cans were
filled with 200 ml of water and sealed. They were
unsealed just before the burnings and sealed again right
after fires, when they were weighed to calculate the
amount of water evaporated during the passage of fire.
We used 10 calorimeters for each plot, five under
U. brizantha tussocks and five under tussocks of native
grasses. Furthermore, ten calorimeters were used as a
control, being left outside the experimental plots, and
sealed/unsealed at the same time as the ones that were
in experimental plots.

To measure fire rate of spread (m sfl) we estab-
lished three observation points (5, 10 and 15 m) on one
side of the plot and measured the time taken for the fire
line to reach each of the points. From these values, we
calculated the average rate of spread per plot. From the
same three observation points and with the aid of a5 m
long scale, we visually estimated flame height (cm).
Finally, we estimated fire-line intensity (kW m_l) for
each plot using the Byram’s equation and considering
a constant value of heat yield for savannas, of
15,500 kJ kgfl (Griffin and Friedel 1984).

Fire behavior in invaded sites at different seasons

In October 2012 (early-rainy season), we conducted a
second set of experimental burnings on invaded plots
(UO treatment; six 20 x 15 m plots on patches where
U. brizantha covered at least 30 % of the ground), and
compared results with those from the burnings
conducted in July (UJ treatment; dry season; six
20 x 15 m plots). The experimental fires in October
were carried out as described above for UJ burnings;
the same variables were assessed in both seasons.

Statistical analyses

We used one-way analysis of variance (ANOVA)
applied to randomization tests (Euclidean distance
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between sampling units, 10,000 iterations) to evaluate
differences between invaded and non-invaded plots
(community level), U. brizantha and native species
tussocks (individual plant level), and between July and
October fires (fire season). We also performed linear
regression modeling to analyze the relationships
between some fuel load properties and fire intensity,
and between the amount of water evaporated from the
calorimeters and the frequency that the pyrometers
registered at least 600 °C. All statistical analyses were
performed using the software MULTIV (Pillar 2005)
and Statistica (StatSoft 2007).

Results

Fire behavior in invaded and non-invaded
communities

Weather conditions were similar for all experimental
fires, including both NJ and UJ treatments: high air
temperatures (29.7 & 1.0 and 28.9 + 1.8 °C for UJ
and NIJ, respectively), low relative air humidity
(36.5 £ 6.0 % in UJ and 31.3 £ 2.4 % in NJ plots)
and low wind speed (0.8 & 0.2 and 0.9 + 0.3 m s™'
for UJ and NJ, respectively).

U. brizantha tussocks (ranging from 109 to 159 cmin
height) were significantly taller (P < 0.001) than both
native  grasses/forbs  (49-55cm) and  shrubs
(40-79 cm). However, total fuel load was higher in NJ
plots (Table 1). Most of the total biomass in the NJ plots
consisted of dead and fine live biomass (78 and 16 %,
respectively), whilst coarse live biomass corresponded
to only 5 %. In UJ plots, native species biomass
accounted for 65 % of total biomass (where 48 % was
dead biomass), U. brizantha biomass represented about
35 % (dead + live), and coarse biomass represented
only 8 % (Table 1). Total fuel moisture (dead + live)
did not differ between UJ and NJ plots (24 + 2 and
29 £+ 1 %, respectively, P = 0.56). However, consid-
ering only the invaded plots, total fuel moisture was
higher for U. brizantha (30 = 2 %) than for native
grasses (18 = 3 %, P < 0.001).

In both invaded and non-invaded plots, maximum
temperature at soil level and 50 cm aboveground
reached values higher than 600 °C, but temperatures
>600 °C were most frequent at soil surface. Temper-
atures 2 cm belowground were lower than 120 °C in
all experimental plots. Flame height was significantly
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higher (P = 0.001, Fig. 1a)in UJ (478 £ 33 cm) than
in NJ plots (266 & 31 cm). Nevertheless, combustion
efficiency in UJ plots was on average 73 %, while in
NJ plots it was ca. 90 % (Fig. 1b, P = 0.04). The rate
of flame spread was not significantly different between
treatments (P = 0.7) and fire-line intensity was lower
in the UJ (310 + 58 kW m™") compared to the NJ
plots (731 &+ 217 kW m™ ", Fig. 1c, P = 0.001).

Fire behavior under different seasons
and U. brizantha effects

Weather conditions were similar between dry (July)
and early rainy seasons (October) (p > 0.05 for all
variables). In general, air temperature was higher than
29 °C, relative air humidity was lower than 40 %, and
wind speed varied from 0.8 + 0.2t0 1.3 + 0.3 m s~ .

No significant difference was found in the height of
U. brizantha between UJ (132 £ 10 cm) and UO
(101 &= 6 cm, P = 0.06). Total fuel load in UO was
twice the amount sampled in UJ (P = 0.007), and was
mainly composed of dead biomass (U. brizantha and
natives, Table 1). Total fuel moisture (dead + live) was
similar in both seasons (29 &2 % in July and
27 £ 3 % in October; P = 0.55). As in UJ, maximum
temperatures registered in UO fires were higher than
600 °C in all plots, both at soil level and 50 cm
aboveground, while temperatures belowground did not
exceed 120 °C. All measured fire variables did not differ
significantly between UJ and UO (Table 2). However,
fire intensity in UJ (dry season) was lower (from 140 to
499 kW m™") than in the early rainy season (UO, from
212to 1,611 kW m™', P = 0.03) (Table 2).

The dead fuel of natives explained 48 %
(P = 0.01) of the variation of fire intensity. Moreover,
dead fuel and moisture content of U. brizantha were
also good predictors, both explaining more than 30 %
of the variation of fire intensity independently of the
season (P = 0.05 for both, Fig. 2a, b). Relationships
between fire-line intensity and other fuel properties
such as fine, coarse and live U. brizantha biomass
were not significant.

Fire behavior at the individual plant level (IPL):
tussocks of U. brizantha and native grasses

The volume of water lost in calorimeters under
U. brizantha and under native species did not differ
in either July or October fires (P = 0.14 and
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Table 1 Fuel load (kg m~ 2 mean = SE) per fuel class in non-invaded plots (NJ), invaded plots in July fires (UJ), and invaded plots
in October fires (OJ) at Serra do Tombador Nature Reserve, Central Brazil

Fuel load Treatments P values (NJ x UJ) P values (UJ x UO)
NJ uJ uo

Dead native 047 £0.11 0.17 £0.01 0.26 £ 0.03 0.04* 0.04*

Dead Urochloa brizantha — 0.11 £0.02 0.23 +£0.04 - 0.02*

Total dead 047 £ 0.11 028 £0.02 049 £ 0.06 0.49 0.01*

Live fine native 0.10 £ 0.03 0.03 +£0.01 0.04 +0.01 0.05* 0.20

Live coarse native 0.02 +£ 0.02 0.03 £0.01 0.04 £0.01 0.16 0.35

Live Urochloa brizantha — 0.01 £0.01 0.05 +£0.01 - 0.04*

Total Urochloa brizantha (dead + live) — 0.12 £0.02 0.26 £0.04 — 0.006*

Total fuel load 0.61 £0.14 0.35+0.02 0.62 +0.06 0.01* 0.001*

*P <005

P = 0.17, respectively). However, pyrometers at soil
surface under U. brizantha reached 600 °C more
frequently (70 % of pyrometers in both July and
October—Fig. 3) when compared to those under the
tussocks of native grasses (40 %, P = 0.03 and
P =0.05 for July and October, respectively). At
50 cm aboveground and 2 cm belowground there was
no significant difference between U. brizantha and
tussocks of native grasses.

Discussion

Fire behavior in invaded and non-invaded
communities and at the individual plant level

The presence of the invasive grass U. brizantha in the
Cerrado campo sujo modified fire behavior towards
lower fire intensity, lower combustion efficiency, and
higher flame height at the community level, and
increased the frequency of high temperatures at the
IPL.

The type, amount, and moisture content of the fuel
load are strongly related to fire behavior, especially
fire intensity and rate of spread (Whelan 1995). The
amount and type of fuel in Cerrado is related to the
physiognomy (Castro and Kauffmann 1998; Miranda
et al. 2002) and to time since last fire (Oliveras et al.
2013; Fidelis et al. 2013): open physiognomies have
more fine fuel and accumulate dead fuel if not burned
frequently. According to Miranda et al. (2002), fuel
load in campo sujo varies from 0.60 to 0.96 kg m™2,
similar values to those found in the non-invaded plots

(NJ) of this study. Several studies show that invasive
grasses usually increase the amount of fine fuel
(D’Antonio and Vitousek 1992; D’Antonio et al.
1998; Brooks et al. 2004). However, there have been
cases where the invasive grass reduced the fuel load of
the invaded areas (McGranahan et al. 2013). Surpris-
ingly, we found lower fuel load in invaded plots (UJ)
than in non-invaded plots. U. brizantha forms dense
and tall tussocks (Milles et al. 1996), an architecture
quite different than most native grasses in the area,
giving this species great potential for changing fuel
characteristics of invaded campo sujo areas. The
presence of the invasive grass also decreases the native
fuel load, especially biomass of native grasses and
forbs (Gorgone-Barbosa, unpublished data), which
contributed to the change in fuel load and could
partially explain the lower fire intensity found in UJ
plots.

At the community level, total fuel moisture was not
significantly different between UJ and NJ. However,
the moisture content of U. brizantha biomass was
higher than that of native species, also contributing to
lower combustion efficiency and lower fire intensity in
the invaded plots. Modeling simulations with another
African grass invasive of the Cerrado, Melinis minu-
tiflora, showed that it could promote more intense fires
(Mistry and Berardi 2005), which could be related to
plant architecture, fuel moisture, and higher fuel load
promoted by the invasive species. In Australian
eucalypt-dominated savannas, Andropogon gayanus
doubled the moisture content of the fuel load. How-
ever, it increased fire intensity in these savannas
(Setterfield et al. 2010).
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Fig. 1 Fire characteristics of experimental burnings in the
invaded (UJ) and non-invaded plots (NJ, mean + SD) at the
Serra do Tombador Nature Reserve, Central Brazil: a Flame
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Nevertheless, temperatures above 600 °C were
more frequently reached under tussocks of U. brizan-
tha than under native grasses, for both July and
October fires. High temperatures can lead to high plant
mortality rates, since plant tissues usually die at 60 °C
(Bova and Dickinson 2005). Seed and bud mortality
could also increase after being exposed to high
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Table 2 Fire-behavior variables (mean &+ SE) in invaded
plots in July, dry season (UJ), and October, beginning of the
rainy season (UO), at the Serra do Tombador Nature Reserve
(RNST), Central Brazil

Fire parameters uJ Uuo

478 £ 30 404 £ 51
73 +7 87 £5

310 £ 57 788 £ 196"
66 + 4 80 £ 7

Flame height (cm)
Combustion efficiency (%)
Fire intensity (kW m ")

Frequency of temperature >600 °C
(%) (under tussocks of Urochloa
brizantha)

Frequency of temperature >600 °C 40 + 8 40 £ 13
(%) (under tussocks of native

grasses)

* P <005
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Fig. 2 Relationship between a fire intensity and dead biomass
of U. brizantha (kg m_z) in UJ + UO treatments, and b fire
intensity and moisture content of U. brizantha (live 4 dead
biomass, %) in UJ + UO treatments at the Serra do Tombador
Nature Reserve, Central Brazil
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temperatures, which would negatively affect the
regeneration of native vegetation. As postulated by
the “kill the neighbor” theory (Bond and Midgley
1995), more flammable individuals would have an
advantage, since they would kill their neighbors and
facilitate their own regeneration after fire. Our results
suggest that at the individual plant level, U. brizantha
can alter fire temperatures, killing their neighbors, and
thus, creating more open space to regenerate and
spread out after fire. High fire temperatures do not
seem to affect the resprouting ability of U. brizantha
(Gorgone-Barbosa, unpublished data), which could be
related to its capacity to retain more moisture (com-
pared to native grasses), resulting in a more efficient
insulation of buds and protection of living tissues.
Cerrado fires are surface fires: they spread very fast,
consume nearly all the herbaceous layer and rarely
topkill the woody vegetation (Miranda et al. 1993).
We showed in this study that U. brizantha doubled the
height of flames; this may increase the mortality of
shrubs and trees by topkill, favoring the dominance of
the herbaceous layer, a typical feedback process of
savanna environments (Kauffmann et al. 1994). In
Cerrado, the presence of U. brizantha will probably
lead to increasingly open physiognomies and to
vegetation homogenization, and consequently, the
diversity of physiognomies, habitats and species
would decrease. The maintenance of the mosaic of
phytophysiognomies that compose the Cerrado (grass-
lands, savanna-like vegetations and forest, Coutinho
1978) is essential to maintain its huge biodiversity.

However, more studies are needed, not only in
different physiognomies of Cerrado, but also evaluat-
ing shrub and tree survival after fires in the presence of
U. brizantha in order to corroborate our hypothesis. In
addition, higher flames can also increase the risk of fire
nearby, since they could jump to neighboring areas
more easily.

Itis important to consider that the patterns we found
and report here resulted from a moderate level of
U. brizantha invasion. In our study area, the invasion
of U. brizantha occurred in patches of different sizes
interspersed in a matrix of native vegetation. In
general, Cerrado nature reserves may have higher
proportions of invasive grasses, such as U. brizantha
and other Urochloa species, which create large and
continuous invaded areas. Thus, in such areas, the
effects of the invasive species on fire behavior might
be intensified, leading to different results from the
ones we found.

Fire behavior under different seasons

The fire season greatly influenced fire intensity, with
more intense fires at the beginning of the rainy season
(October fires). This can be mostly attributed to
differences in fuel load. For the invaded sites, total fuel
load was significantly higher in UO than in UJ, and
dead biomass almost doubled between July and
October, particularly for U. brizantha. Due to the lack
of rain in the region from June to September, the aerial
tissues of graminoids and forbs dry out (Filgueiras
1992) and, if fire does not occur, dead biomass
accumulates from one season to the other, increasing
the risk and intensity of fires in the following dry
season. In Cerrado wet grasslands dead biomass can
also accumulate during the rainy season and is
attributed to low decomposition rates (Fidelis et al.
2013). The amount of live biomass of U. brizantha
was also higher in UO than in UJ, while live biomass
of native species hardly varied. These results indicate
that U. brizantha resprouts and grows fast at the
beginning of the rainy season, faster than native
graminoids. This is an advantageous strategy in this
ecosystem, since U. brizantha can rapidly use the
nutrients available after the first spring rains and
exclude other species that were not able to establish
(by resprouting or germination) so quickly. However,
more studies should be performed in order to quantify
and test this hypothesis.
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Implications for management

Fire properties such as intensity and rate of spread
influence the post-fire distribution and abundance of
plants in the community. In turn, the species compo-
sition is also an important factor affecting fire
characteristics (Kauffmann et al. 1994). Invasive
species alter the community species composition and
may lead to changes in fire behavior that reinforces
such changes in community composition. Thus, it is
important to understand how these invasive grasses
will change fire behavior in order to estimate fire risk
and vegetation responses to fire.

Urochloa species are aggressive invasive species
and a major concern regarding the conservation of
Cerrado, being present in almost all protected areas of
Cerrado (Pivello 2006). Our results showed that
U. brizantha has a great potential to influence fire
behavior-both at the community and the IPL and
modify the post-fire plant community. This potential
seems to be modulated by factors such as the
abundance of the invasive grass and the stage of
degradation (amount of bare ground) of the area. Thus,
the effects of U. brizantha we found in this study can
be intensified in places where invasion is more severe.
Moreover, this invasive species could increase the risk
of fire and alter the frequency of fires in Cerrado at the
end of dry season, due to the prolonged production of
biomass, extending into the beginning of the dry
season, and to the high amount of dead biomass
accumulated during this period. Therefore, further
studies considering the effects of different levels of
U. brizantha infestation on fire regime (frequency,
season, intensity) are needed to fully understand the
overall role of this species in relation to fire.

Regardless of the presence of the invasive species,
decisions about fire management in Cerrado areas
must consider fire season as an important factor. The
large amount of biomass (especially dead biomass)
that is available at the beginning of the rainy season
led to more intense and hotter fires, which are harder to
control and potentially more damaging for Cerrado
ecosystems.
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