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Abstract The savanna formations of the Brazilian “Cer-
rado” present a high degree of resistance and resilience to the
impacts of fire, although little is known of its forest forma-
tions. Given this, the present study evaluated the resistance
and resilience of the “Cerraddo” to fire impacts over a 7-year
period. In March 2008, we established 50 permanent plots of
10 m x 10 m and measured all the woody individuals with a
base diameter >5 cm. Six months later, all plots were
burned by an accidental fire. In March 2012 and March 2015,
we re-measured all surviving individuals, and measured the
recruits. Species richness, the density of individuals, and the
basal area were all significantly greater (P < 0.05) in 2008,
prior to the fire, in comparison with 2012 and 2015, after the
fire. Species richness and the density of individuals were also
higher (P < 0.05) in 2015, about 7 years post-fire, in com-
parison with 2012. During the interval in which the fire
occurred (2008-2012), the mortality and reposition time, and
the stability were all higher (P < 0.05) than during the
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subsequent interval, post-fire (2012-2015). The recruitment
rate was also lower between 2008 and 2012 (P < 0.05). Our
results indicate that the “Cerraddao” has reduced resistance
and resilience to the disturbances caused by fire relative to
savanna formations. Given this, frequent burn-off may cause
drastic alterations to this phytophysiognomy, emphasizing
the need for special care for the preservation of its

biodiversity.

Keywords Conservation - Dynamics - Fires - Forest
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Introduction

Fire plays a major role in the occurrence and distribution of
tropical forest and savanna formations worldwide (Staver
et al. 2011; Dantas et al. 2013). A number of recent studies
have indicated that forest and savanna represent alternative
states that are maintained primarily by the action of wild-
fires (Hoffmann et al. 2009; Staver et al. 2011). In this
scenario, frequent fires favor the establishment of savanna
species (Staver et al. 2011; Reis et al. 2015a), favoring the
transformation of forest into savanna (Coutinho 1990;
Bond et al. 2005). The suppression of fires in savanna
formations may have the opposite effect, leading to the
substitution of savanna species by forest ones, which
results in a significant increase in the basal area, height, and
density of individuals over time (Durigan and Ratter 2006;
Cardoso et al. 2009).

Fire is a historical phenomenon (Bond et al. 2005),
which is becoming increasingly frequent due to its use in
the management of farmland (Medeiros and Fiedler 2011;
Pivello 2011) and prolonged dry periods (Brando et al.
2014), ultimately interfering in the trophic equilibrium of
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the local plant communities (Smit et al. 2010; Reis et al.
2015a). The Brazilian “Cerrado” is formed by forest,
savanna, and grassland formations (Ribeiro and Walter
2008), of which the forests are more sensitive to fire and
have a reduced capacity for recuperation in comparison
with the savanna (Moreira 2000; Hoffmann 2005). This
difference in the sensitivity of woody species to fire is
related to the morphological adaptations of the typical
“Cerrado” species, such as the thickened bark, which
provides thermal protection (Hoffmann 2005; Hoffmann
et al. 2012) and the greater investment in root biomass,
which increases the availability of carbohydrates for
resprouting (Hoffmann 2005). Physiological adaptations,
such as reduced nutritional requirements, also facilitate the
re-establishment of the plant following a fire (Miranda
et al. 2004). These adaptations result in the increased
resistance (capacity to sustain structural integrity and
growth) and resilience (recovery capacity) of the savanna
formations to fire damage (Coutinho 1990; Miranda et al.
2004; Hoffmann et al. 2012).

A number of studies have evaluated the effects of fire on
the woody vegetation of forest and savanna formations, and
have shown that this type of impact generally leads to the
exclusion of the rarest (Libano and Felfili 2006; Mews
et al. 2013) and/or most sensitive species (Moreira 2000;
Reis et al. 2015a), resulting in a reduction in species
richness (Coutinho 1990; Ribeiro et al. 2012). The struc-
ture and dynamics of the vegetation are also affected, in
particular in terms of the density of individuals (Lima et al.
2009; Gomes et al. 2014) and recruitment rates (Medeiros
and Miranda 2005; Gomes et al. 2014), resulting from the
increase in mortality. This is more pronounced in the
smaller plants, which have yet to develop fire-resistant
adaptations, such as the cork-like bark (Coutinho 1990;
Hoffmann et al. 2009, 2012). These effects may result in
the simplification or homogenization of species composi-
tion and community structure over time.

The present study provided an opportunity to study
in situ the effects of fire on the species richness, structure,
and dynamics of the woody vegetation of the “Cerradao”,
the forest form of “Cerrado”, also known as savanna
woodland (Ratter et al. 1973), formation typical of the
transition between the “Cerrado” and Amazon biomes
(Ratter et al. 1973; Reis et al. 2015a). Most of the agri-
cultural burn-off in this ecotonal region (Aradjo et al.
2012) occurs in the area known as the “arc of deforesta-
tion” of the southern Amazon basin (Nogueira et al. 2008).

In this context, studies that evaluate the effects of fire on
plant communities are essential for the conservation of a
region’s biodiversity, given the potential for the identifi-
cation and understanding of the different processes (e.g.,
resistance and resilience) that determine the community’s
species composition and diversity, and its structure (Melo
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and Durigan 2010). The findings of these studies can also
contribute to the creation of effective fire management
strategies, whether for the reduction of fire risk, which
would contribute to the preservation of the forest forma-
tions, or the controlled management of fires, which would
favor the maintenance of “Cerrado” savanna formations.
In this context, the present study evaluated the resistance
and resilience of the woody vegetation of the “Cerradao” to
fire, by examining the following questions: (1) does fire
change the species richness and composition, and the
structure and dynamics of the woody vegetation of the
“Cerraddo”? (2) is the establishment of “Cerrado” savanna
species in the “Cerraddo” facilitated by fire? (3) are 7 years
of fire suppression sufficient to guarantee the recovery of
these aspects of the structure and composition of the “Cer-
radao” vegetation? Based on these questions, our opera-
tional hypotheses were as follows: (1) over the short term and
the full extension of the study period, fire reduces species
richness, the density of individuals, and their basal area,
affecting principally the individuals of smaller size; (2) fire
facilitates the establishment of savanna species in the
“Cerraddo”; (3) the resilience of the “Cerraddo” takes

longer than the 7 years of the study period.

Materials and methods
Study area

We conducted this study in a “Cerraddao” in the Bacaba
Municipal Park (14°41'S, 52°20'W) in the municipality of
Nova Xavantina, Mato Grosso, Brazil, which is located in
the southeastern portion of the Cerrado—Amazon transition
zone. The soils are sandy loams of the yellow latosol type,
acidic (pH < 5.0) and dystrophic (Ca* 4+ 0.4 cmol, kg™"),
with high levels of exchangeable aluminum (AI**~ 1.3
cmol. kg_l) (Marimon Junior and Haridasan 2005). The
predominant vegetation is “Cerrado” sensu stricto, inter-
spersed with areas of forest and tracts of “Cerraddao”
(Marimon Junior and Haridasan 2005). The region’s cli-
mate is of Kdppen’s Aw type, that is, tropical with dry
winters (Alvares et al. 2013). The mean monthly temper-
ature is 25 °C, and the mean annual precipitation is
1500 mm (Marimon et al. 2010).

Vegetation survey

In March 2008, we established a linear transect 250 m long
and 20 m wide, which was subdivided into contiguous
plots of 10 m x 10 m, creating 50 permanent plots within
a total area of 0.5 ha. In each plot, we identified and
marked with numbered aluminum tags all live individuals
with a ground-level diameter of >5 cm. In September
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2008, an accidental fire affected all the study plots. In
March 2012 and March 2015, we re-measured all the sur-
viving individuals following the same procedure adopted in
2008, and measured all new recruits (individuals that had
grown to the minimum size for inclusion in the sample).

We collected botanical samples for taxonomic identifi-
cation and inclusion in the scientific collection of the NX
herbarium of the Nova Xavantina campus of Mato Grosso
State University. We adopted the arrangement suggested
by the APG III (2009) for the classification of the plant
families. We reviewed and updated the nomenclature of the
taxa using the Species List of Brazilian Flora (http://flor
adobrasil.jbrj.gov.br/2015).

Data analysis

We tested for spatial autocorrelation using Moran’s I index
(see Fig. S1 in Supplementary Material) and found no sig-
nificant spatial dependence among the subplots for any of the
variables evaluated (species richness, density of individuals,
or basal area). We calculated the species richness for each
plot and compared the values among years (2008, 2012, and
2015) using a repeated measures analysis of variance
(ANOVA), followed by Tukey’s post hoc test (Zar 2010).

To evaluate the effects of fire on the establishment of
“Cerrado” savanna species, we classified each species
according to its habitat preference. Species were thus
classified as savanna specialists (SA), found typically in
savanna formations, e.g., dense, typical, sparse, or rocky
“cerrado”; forest specialists (FO), found typically in forest
formations, e.g., gallery forest, riparian forest, dry forest;
and generalists (SA/FO), which can be found in both types
of formation. This classification was based on the available
literature (Silva Janior et al. 2001; Felfili et al. 2001;
Pereira 2002; Mendonga et al. 2008; Silva Junior and
Pereira 2009; Silva Junior 2012). We used Friedman non-
parametric test to compare the percentage of individuals
and species per plot of each habitat preference (SA, FO,
and SA/FO) between years (2008, 2012, and 2015), fol-
lowed by Wilcoxon post hoc test (Zar 2010).

We used a repeated measures analysis of variance
(ANOVA) to compare mean density and basal area per plot
among years (2008, 2012, and 2015), followed by Tukey’s
post hoc test (Zar 2010). We plotted histograms to repre-
sent the distribution of the individuals in the different
diameter classes (5-cm intervals). We also used ANOVA to
compare the distribution of individuals of different size
classes among surveys.

Based on the number of individuals recorded during each
of the three surveys, we calculated, for the intervals
2008-2012 and 20122015, the mean annual rates of mor-
tality (M = {1 — [(No — Ng) No~ 1"} x 100), recruit-
ment (R=[1— (1 —N, Ny HY] x 100) (Sheil et al.

1995, 2000), stability time (S = (¢, — f»), and reposition
time (turnover) (Rep = (t;2 + 1) 271) (Swaine and
Lieberman 1987; Korning and Balslev 1994), where ¢ is the
time (years) between survey, N, the initial number of
individuals, Ny the number of dead individuals (dead stem),
N, the number of recruits, Nt the final number of individuals,
11> the time of half-life, and 7, is the time of duplication.
The stability values close to zero represent a stable com-
munity. Reposition time indicates how dynamic a com-
munity is: the lower this value, the more dynamic the
community. We consider all individuals which showed
dead stems as dead.

For the basal area, we calculated the mean annual rates of
loss (L= {1 — [(BA; — BA; — BA) BA, 1"} x 100),
gain (G = {1 — [l — (BA, + BA,) BA; 1"} x 100)
(Guimaraes et al. 2008), stability time (Spa = (*128A — 2BA);
and reposition time (Repga = (f108a + tHBA) 2_1) of basal
area (Oliveira Filho et al. 1997), where BA, represents the
initial basal area, BA, the dead basal area, BA, the basal area of
the recruits, BA the final basal area, BA, the loss in basal area,
and BA, represents the gain in basal area. Based on the diam-
eter of each individual, we calculated the periodic annual
increase (PAI) (Encinas et al. 2005). We also calculated the
mean annual rates of mortality, recruitment, stability, reposi-
tion, loss, gain, and PAI per plot for the intervals 2008-2012
and 2012-2015. We compared these parameters between the
two intervals using the ¢ test for dependent samples (Zar 2010).
We adopted a 5% significance level in all analyses.

Results
Species composition

The species richness of woody plants in 2008 prior to the fire
was 93 species, a significantly higher (F = 152.4; P < 0.01)
number than that observed in 2012 (n = 72), 3 years and
7 months after the fire, and in 2015 (n = 81 species;
F =152.4; P <0.01). The species richness recorded in
2015, approximately 7 years after the fire, was also signifi-
cantly greater than in 2012 (F = 137.5; P = 0.04).

Considering the 93 species present in the community in
2008, 14 (15.1%) were found at the same density in 2012;
57 (61.3%) were reduced in density; and 21 (22.6%) had
been excluded from the plots. However, one species, Mi-
mosa laticifera Rizzini & A. Mattos, a habitat generalist,
increased in density by 66.7% between 2008 and 2015. Of
the 21 species excluded following the fire, only seven had
been recruited back into the community by 2015. It is
important to point out that some of these excluded species
were still present at the site as resprouting plants, but were
no longer present as stems >5 cm.
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Of the typical savanna species, 21.9% (51.4% of indi-
viduals) were excluded between 2008 and 2012 (e.g.,
Mpyrcia lanuginosa O. Berg, n = 3 in 2008; Rourea induta
Planch., n = 4), but the percentage of these species was not
different between 2008 and 2012 (Fig. 1). By 2015, 57.1%
of the savanna species excluded from the previous inven-
tory had rejoined the community (e.g., Anacardium occi-
dentale L., n = 1; Caryocar brasiliense Cambess., n = 1),
but the percentage of these species was reduced signifi-
cantly between 2008 and 2015 (Fig. 1). The percentage of
individuals of the savanna species increased significantly
between 2008 and 2012, but was the same between 2008
and 2015 (Fig. 1).

Of the habitat generalists, 18.5% (61.5% of individuals)
were excluded between 2008 and 2012 (e.g., Matayba
guianensis Aubl., n = 10; Cardiopetalum calophyllum
Schltdl., n = 4; Leptolobium dasycarpum Vogel., n = 4).
Among the generalists, 30% returned in 2015 (e.g., Coc-
coloba mollis Casar., n = 8; Tapirira guianensis Aubl.,
n = 8). The percentage of these species was the same
between 2008 and 2012, but increased significantly in 2015
(Fig. 1). The percentage of individuals was the same
between the years (Fig. 1).

Of the forest species, 50.0% (92.3% of individuals) were
excluded between 2008 and 2012, including Erythroxylum
engleri O.E. Schulz (n = 2) and Alchornea discolor Poepp.
(n = 3). Half (50.0%) of the forest species (Alchornea
discolor n = 1) also returned in 2015. The percentage of
these species and individuals was the same between 2008,
2012, and 2015 (Fig. 1). In addition to these changes, three
species not recorded prior to the fire were found in the plots
in 2015, including two typical savanna species (Eugenia
gemmiflora O. Berg and Stryphnodendron polyphyllum
Mart.) and a generalist, Schefflera morototoni (Aubl.)
Maguire, Steyerm. & Frodin.

Structural parameters

The density of individuals prior to the fire in 2008 (1505
individuals) was reduced significantly (F = 332.4;
P < 0.01) by 2012 (648 individuals) and increased only
slightly by 2015 (748 individuals). The density of indi-
viduals was also significantly higher in 2015 in comparison
with 2012 (F = 332.4; P = 0.01). The basal area was also
significantly greater (F =4.117; P = 0.02) in 2008
(11.45 m?) in comparison with both 2012 (7.53 m?) and
2015 (7.66 m?), although the two latter years were similar
to one another (F = 4.117; P = 0.99). The species that
most accumulated basal area after the fire was Tachigali
vulgaris L.G. Silva & H.C. Lima (30.9%). All other species
together contributed the remaining 69.1%.

Prior to the fire, the smallest diameter class (5-10 cm)
contained 70.6% of the live individuals. After the fire,
however, there was a significant reduction in this class both
in 2012 (67.6%) and 2015 (56.8%). The next largest size
class also underwent a significant but less extreme reduc-
tion. The density of individuals in the first size class was
also significantly greater in 2015 than in 2012 (Fig. 2).

Vegetation dynamics

The density and basal area of the woody individuals that
died (dead stem) during the first interval (2008-2012) were
greater than those recorded in the second interval
(2012-2015). The mean annual rates of mortality (based on
the number of dead stem) and loss of basal area were
higher during the former interval, reflecting the greater
stability and reposition time. By contrast, the density and
basal area of the recruits, the recruitment rate, and the gain
in basal area were significantly greater in the second
interval (Table 1).
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Fig. 1 Percentage of individuals (A) and species (B) of savanna, generalist, and forest formations in the woody vegetation of a “Cerraddo” in
the Bacaba Municipal Park, Nova Xavantina, Mato Grosso (Brazil). Different letters indicate significant differences (P < 0.05) between years
(2008: white; 2012: dark gray; and 2015: light gray) in each habitat preference, based on Wilcoxon post hoc test
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Fig. 2 Distribution of stem 35
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Table 1 Parameters of the Parameter 2008-2012 2012-2015

dynamics of the woody

vegetation, based on the number
of individuals and basal area of
a “Cerraddo” in the Bacaba

Number of individuals

Number of dead individuals (ind.)

898 (59.6%)" 70 (10.8%)"

s

Municipal Park, Nova Number of recruits (ind.) 39° 169
Xavantina, Mato Grosso Mean annual mortality rate (% year™") 20.27" 3.68"
(Brazil) Mean annual recruitment rate (% yearfl) 1.54" 8.19"
Stability (years) 105.45" 13.58"
Reposition time (years) 55.79 15.13
Basal area
Basal area of the dead individuals (m?) 453" 0.79"
Basal area of the recruits (mz) 0.14" 0.48"
Mean annual rate of loss (% year ') 11.67" 3.77"
Mean annual rate of gain (% year ') 0.92" 231
Stability (years) 220.11" 14.88"
Reposition time (years) 115.58 26.20
The values on the same line marked with an asterisk (*) are significantly different between intervals, based
on the ¢ test for dependent samples
Discussion may be related to the presence of species typical of forest
formations, which do not have adaptations to fire,
Resistance increasing the vulnerability of this formation to wildfires

The exclusion of species and the reduction in density and
basal area following the fire indicate that the “Cerraddo”
has low resistance to this type of impact. Reis et al. (2015a)
obtained similar finding in a second area of “Cerraddo”
impacted by fire. The low resistance of the “Cerraddo”

and accidental burn-off (Moreira 2000; Hoffmann 2005;
Walter and Ribeiro 2010). Resistance to fire is much
greater in the region’s savanna formations (Gomes et al.
2014).

Other factors that contributed to the accentuated
reduction in species richness were the predominance of
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smaller individuals (<10 cm in diameter) and the low
density (rarity) of some species in the first survey, given
that smaller individuals are more susceptible to the effects
of fire (Hoffmann et al. 2009) and less abundant species are
more susceptible to fluctuations at the density in conse-
quence of probabilistic sampling (Felfili et al. 2000). Some
of the more abundant species excluded following the fire in
the present study (Matayba guianensis, Leptolobium
dasycarpum, and Rourea induta) were also excluded or
greatly reduced in density (58-90.9%) in the fire-affected
“Cerrado” savanna formations (Mews et al. 2013; Gomes
et al. 2014).

These findings indicate that even species typical of
savanna formations may present reduced resistance to the
effects of fire, especially because they are shrubs and thus
more susceptible to the flames. However, Mimosa laticifera
Rizzini & A.Mattos, which Gomes et al. (2014) considered
to be fire-resistant, was the only species that increased in
density after the fire in the present study. We observed that
this species re-sprouted from the base after fire, favoring
establishment in the community. In other words, while the
fire altered the species composition of the savanna forma-
tions, a more pronounced effect was found in the “Cer-
rado” forest formations, as observed by Moreira (2000).

A significant reduction in the density of individuals
(stem) after fire, as observed in the present study, has been
recorded in a number of different savanna (Libano and
Felfili 2006; Mews et al. 2013; Gomes et al. 2014) and
forest formations (Reis et al. 2015a) in the Brazilian
“Cerrado”, as well as in North American (Peterson and
Reich 2001); African (Roques et al. 2001; Smit et al.
2010), and Australian (Scott et al. 2012; Beringer et al.
2015) savannas. However, the “Cerraddo” presented a
higher percentage of dead (dead stem) individuals (59.6%)
in comparison with savanna formations (20.5% in Lima
et al. (2009); 8.8 and 10.3% in Ribeiro et al. (2012); 43.6%
in Gomes et al. (2014)), indicating that the “Cerraddo” is
more sensitive to fire. In this case, the recurrence of fires
may lead to local extinctions.

Fire had the greatest impact (67.6%) on the smallest
diameter class (5—10 cm), as observed in other studies of the
“Cerraddao” (Moreira 2000; Elias et al. 2013; Reis et al.
2015a). A similar pattern has also been recorded in “Cerrado”
savanna formations (Lima et al. 2009; Gomes et al. 2014).
However, the percentage of dead individuals (dead stem) in
the smaller diameter classes is much lower in the savanna
formations (37% in the 3—-6 cm class in Lima et al. (2009);
~9% in the 4.77-9 cm class in Ribeiro et al. (2012)), indi-
cating that even the smaller individuals in savanna formations
are more resistant to fire than those in forest formations.

The higher mortality rate and greater loss of basal area
recorded in the first study interval (2008-2012) in com-
parison with the second (2012-2015) are directly related to
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the negative and proximate effects of the fire on the smaller
individuals in the community. The reduced rates of
recruitment and gain in basal area in the post-fire interval
were similar to the results of studies of “Cerrado” savanna
formations (2.08% year_l in Ribeiro et al. (2012); 2.2%
year_1 in Gomes et al. (2014)). This, together with the
reduction in the density of individuals, results in a more
open canopy, which favors the establishment and makes
the vegetation more susceptible to new fires (Balch et al.
2011; Mews et al. 2013; Baudena et al. 2015).

The imbalance between mortality and recruitment rates
in the first interval (2008-2012) resulted in an increase in
individual reposition time and the stability of the com-
munity, a pattern also observed in basal area. These find-
ings re-emphasize the reduced resistance and resilience of
the “Cerraddo” to fire.

Resilience

Even 7 years after the fire, the species richness, individual
density, and basal area were all lower than the values
recorded in 2008, prior to the fire, indicating that the “Cer-
raddo” also has low resilience, in addition to its reduced
resistance. This contrasts with the findings for savanna for-
mations. For example, Gomes et al. (2014) evaluated the
effects of fire on rocky “Cerrado”, a typical savanna for-
mation, and concluded that 4 years was a sufficient period
for the recovery of the species composition to its pre-fire
level. Even after 7 years, however, the species richness and
composition of the “Cerraddo” monitored in the present
study had not returned to the levels observed prior to the fire.
In addition, the greater percentage of individuals of
species typical of savanna formations, after fire, reflects the
intense impact of the fire on the species composition of the
“Cerraddo” and indicates a potential for the savannization
of this environment, under continuing fire impact. This
may be related to the loss of canopy cover resulting from
the high mortality, even of large individuals, such as those
of Tachigali vulgaris. Furthermore, species typical of
savanna formations, e.g., Mimosa laticifera, re-sprouted
from the base post-fire. This would favor the establishment
of species typical of “Cerrado” savanna formations, to the
detriment of forest species (Staver et al. 2011). Thus, fires
can favor the establishment of individuals of species typi-
cal of savanna formations (observed in 2012) and the
suppression of fire-favoring species typical of forest for-
mations or generalists (observed in 2015). Similar results
were observed by Durigan and Ratter (2006) and Morandi
et al. (2015). These results indicate that savanna and forest
formations are alternative states (Staver et al. 2011).
While the density of individuals appeared to be recov-
ering, given that it was higher in 2015 in comparison with
2012, this was not the case for basal area. This may be



Resistance to fire and the resilience of the woody vegetation of the “Cerradao”... 199

related to the establishment of young individuals in the
community, which increases density, but has a limited
contribution to the total basal area of the community.

Tachigali vulgaris was the species that most contributed
to the gain in basal area after the fire, as observed by Reis
et al. (2015a) in individuals of >10 c¢m in diameter in an
area of “Cerradao”. This is a fast-growing pioneer species
(Reis et al. 2015a). A similar pattern has been observed in
seasonal semi-deciduous rainforest in southeastern Brazil
(Melo and Durigan 2010). These observations confirm the
importance of the role of this species in the recovery of
basal area and thus of the forest carbon lost during the fire.
They also indicate that Tachigali vulgaris is a key species
in the process of recovery of this type of vegetation (Reis
et al. 2015a), given that it contributes directly to the for-
mation of the canopy.

The pattern of lower mortality rate recorded in the
second interval (2012-2015) was similar to that observed
in a preserved area of “Cerradao” (4.36% year_l) studied
by Reis et al. (2015b), indicating that fire-related mortality
in the “Cerraddo” does not exceed 4 years. The same sit-
uation has been observed in forests in the central Amazon
basin (Barlow et al. 2003) and in transition forests in the
southeastern Amazon (Balch et al. 2011).

In addition, during the second interval (2012-2015),
which was free of fire, the recruitment rate (8.19% year_l)
(some of the recruits in 2012 and 2015 were re-sprouted of
individuals topkilled (stem dead) by fire in 2008) was higher
than that recorded (2.67% yearfl) by Reis et al. (2015b) in a
well-preserved area of “Cerradao”. In this case, the thinning
of the canopy and the reduced competition may favor the
more rapid establishment of new individuals (Melo and
Durigan 2010), benefitting the recruitment process. Subse-
quently, as the canopy closes, the recruitment rate decreases
gradually (Oliveira and Felfili 2005). Even so, the recruit-
ment rate recorded here in the “Cerraddo” was considerably
lower than that recorded in a savanna formation 2 years after
a fire (16.4% yearfl) by Gomes et al. (2014), further rein-
forcing the conclusion that “Cerrado” savanna habitats are
more resilient than that of the forest formations.

The recruitment rate in the second interval (2012-2015)
was higher than the mortality rate, resulting in lower
reposition and reduced stability time in comparison with
the values recorded (28.4% vyear™' and 17.89 years,
respectively) in a preserved “Cerradao” (Reis et al.
2015b). In contrast with the pattern observed in the present
study, Gomes et al. (2014) observed that most parameters
of the dynamics of the savanna vegetation had returned to
their pre-fire levels approximately 3 years after the fire
event. These results emphasize the greater resilience of the
savanna formations to the effects of fire.

All three of our hypotheses were upheld, given that all
the parameters tested were affected significantly by fire.

The sum of the evidence permits us to conclude that the
“Cerradao” is a formation characterized by low resistance
and resilience to fire impacts, given that (1) there were a
reduction in species richness, changes in the structure and
dynamics of the vegetation, with high mortality, principally
in the smallest individuals, and low rates of recruitment;
(2) the establishment of individuals of species typical of
savanna formations was favored; (3) 7 years was not a
sufficient period for the recovery of species richness,
individual density, or basal area to anywhere near the
levels observed prior to the fire.

These findings indicate that the “Cerraddao” is not
undergoing a process of savannization, but rather, one of
recovery, probably due to the contribution of key species for
the recovery of the canopy, such as Tachigali vulgaris. Even
so, this process may be reverted where fires are frequent
events, given the prolonged period of time needed for the
recovery of the vegetation from impacts. Furthermore, a

PPRL]

period longer than 7 years is necessary for the “Cerradao” to
re-establish its original conditions, highlighting its vulnera-
bility to the impacts of fire, emphasizing the need for special
care for the preservation of its biodiversity.
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