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ABSTRACT

Fire can change the species composition, diversity, and structure of savanna vegetation, thus altering growth and mortal-
ity rates. Such changes in the woody vegetation of burned savanna forest were evaluated over four years in comparison
to unburned savanna forest. All woody plants with a diameter at breast height > 10 cm were measured in 100 perma-
nent plots. Six months later, 38 of these plots were burned. Three and a half years later, all surviving individuals were
re-sampled. Species richness, diversity, and the number of individuals did not change in the burned plots, although
they had significantly higher (p < 0.05) increases in basal area and mortality rates (5.1% year) than the unburned plots
(3.0% year™). Tachigali vulgaris had the greatest post-fire increase in basal area (53%). The results indicate that fire
alters the dynamics and structure of the savanna forest, excluding the less fire-tolerant species and smaller individuals
(£15cm). Tachigali vulgaris is a key species for the recovery of savanna forest biomass due to its considerable post-fire
gains in basal area, at least over the short term due to its short life cycle. It follows that frequent burning of savanna

forest would result in a marked change in the species composition and structure of its woody vegetation.
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Introduction

Forest and savanna are alternative stable states, maintained
by the positive feedback between fire and vegetation (Staver et
al. 2011). Fire affects tropical forests (Cochrane 2003) mainly
during drought years (Brando et al. 2014), resulting in in-
creased greenhouse gas emissions (Aragdo & Shimabukuro
2010), and changes in biodiversity (Cochrane 2003). In the
savannas, by contrast, fire is an intrinsic and regularly recurring
phenomenon (Miranda et al. 2002; Staver et al. 2011). While
Brazilian savanna vegetation is fire-adapted (Coutinho 1990;
Walter & Ribeiro 2010), the frequency and intensity of fires
can lead to changes in its floristic composition, structure, and
vegetation dynamics (Hoffmann 1999; Miranda et al. 2002;
Smit et al. 2010). Frequent fires may also reduce the density
of woody plant species (Hoffmann 1999; Moreira 2000; Lima
et al. 2009), alter growth rates and reproductive success (Frost
& Robertson 1985; Hoffmann 1999), as well as decrease spe-
cies richness (Coutinho 1990; Ribeiro et al. 2012), due to the
exclusion of fire-sensitive species (Moreira 2000).

Forest formations located in the transition zone between
Amazon forestand the Brazilian savanna (Cerrado), generally

known as transitional forests (Balch et al. 2011; Brando
et al. 2014), are less affected by fire (Barlow et al. 2003;
Haugaasen et al. 2003) than “core” Amazon forests (Balch
et al. 2011). This is due to the presence of less flammable
materials (Balch et al. 2011) and tree species typical of the
savanna, which are better adapted to fire (Hoffmann et al.
2012). These transitional forests contain patches of savanna
forest (known locally as cerradiao) which are characterized
by the presence of tree species typical of both the forest and
the savanna (Ribeiro & Walter 2008). The savanna forest
habitats of central Brazil are relatively vulnerable to fire
(Moreira 2000; Hoffmann & Moreira 2002), and wildfires
provoke high mortality rates (Hoffmann & Moreira 2002)
and may affect habitat dynamics. However, the effects of
fire on the savanna forests of the transition zone have yet
to be studied in detail. This region also corresponds to
the “Arc of deforestation” of the southern Amazon basin,
where the advance of cattle ranching and agribusiness have
resulted in an increase in the effects of wildfires on local
forests, represents a serious threat to the natural vegetation
(Nogueira et al. 2008; Brando et al. 2014). Wildfires result
in an increase in the availability of combustible material,
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intensifying the risk of new fires and the complete degrada-
tion of the forest (Fearnside 2005; 2006).

Studies of vegetation dynamics allow the monitoring
and prediction of transformative processes over time in the
structure of communities and populations following wildfires
(Harper 1977). This approach can provide important data for
the planning of conservation measures in remnant ecosystems
(Franczak et al. 2011), as well as increasing basic knowledge
of species characteristics (e.g. mortality rates, resilience, resist-
ance), contributing to the success of the restoration of degraded
areas. The systematic evaluation of the temporal effects of
wildfires can be especially useful for the understanding of the
risks of changes in land use for the composition, diversity and
structure of transitional savanna forests.

Our aim was to compare temporal differences in the
structure, species composition, and the population dynam-
ics of a woody plant community representing a savanna
forest ecosystem of the Amazon-Cerrado transition zone
in eastern Mato Grosso, Brazil. The study compared the
characteristics of sample plots burnt during a wildfire in
2008 with neighboring plots that survived the fire, as well
as comparing both types of plot over a four-year period,
between 2008 and 2012. We tested the hypothesis that
community dynamics differed significantly between burned
and unburned savanna forest over the study period due
to the alterations caused by wildfires on species composi-
tion, diversity, and the structure of savanna vegetation, in
particular through modifications of growth and mortality
rates (Hoffmann 1999; Miranda et al. 2002; Smit et al. 2010).

Material and methods

Study area

The study was conducted in an area of preserved sa-
vanna forest in the Bacaba Municipal Park (-52.3507 W and
-14.7006 S, altitude 324 m), in the southeastern extreme of
the Amazon-Cerrado transition zone in the municipality of
Nova Xavantina, Mato Grosso, Brazil. The soil is an acidic
(pH 5.0) and dystrophic (Ca** 0.4 cmol_kg™) yellow oxisol
with high levels of exchangeable aluminum (AI’* 1.3 cmol_
kg') and medium texture (Marimon-Junior & Haridasan
2005). The type of regional climate is type Aw in Koppen’s
classification (Silva et al. 2008), with two well-defined
seasons — a cool dry season and a hot rainy season. Mean
annual rainfall is 1500 mm and monthly mean temperature
is 25°C (Marimon et al. 2010).

Data collection

In March 2008, 100 permanent and contiguous plots of 10
mx 10 m, with a total area of 1 hectare, were established within
the area of the TROBIT (Tropical Biomes in Transition) project.
In each plot, all live individuals with diameter at breast height
(DBH, ., ) = 10 cm were measured, identified, and labeled.

1.30 m
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A wildfire passed through the study area in September
2008, affecting the whole area of 38 of the study plots, but
leaving 61 intact. We excluded one partially burned plot
from the analyses because only some of the individuals in
the plot had been affected by the fire. In January 2012, forty
months after the fire, all surviving live woody plants were
measured following the original 2008 protocol, including all
new recruits that had reached the minimum size criterion
for inclusion in the sample.

Botanical samples were collected for species identification
and deposited in the NX Herbarium on the Nova Xavantina
campus of Mato Grosso State University. The species were
identified by specialists and through comparisons with her-
barium voucher specimens deposited at the NX Herbarium.
The APG III (APG 2009) classification system was used for
families and taxon names followed the 2012 List of Species of
the Brazilian Flora (in http://floradobrasil.jbrj.gov.br/2012).

Data analysis

Spatial autocorrelation was assessed by Moran’s I index
and no spatial dependence was detected among subplots
for any of the variables tested (Fig. 1 in supplemental
material) (see Eisenlohr 2014 and references therein).
Species richness, density and basal area were calculated
for each plot and the mean values were compared between
years for plots of the same condition (i.e., burned plots in
2008 vs. 2012, and unburned plots in 2008 vs. 2012) using
a Repeated Measures Analysis of variance (ANOVA) (Zar
2010). Shannon’s diversity index (H’, in neperian base) was
also compared between years for plots of the same condition
using Hutcheson’s ¢ test (Zar 2010). The homogeneity
of variances was verified using Levene’s test (Zar 2010).
We calculated the percentage increase or decrease in
density and basal area for species represented by at least
10 individuals in the burned plots in 2008 (pre-fire) and
classified each species as (i) unaffected, (ii) fire sensitive or
(iii) fire benefited. Histograms were created to represent
the distribution of individuals in 5 cm classes of diameter.
The Kolmogorov-Smirnov (KS) test (Zar 2010) was used to
compare the distribution of individuals by diameter class
between years (2008 and 2012).

The data on the number of individuals collected in the
two surveys (2008 and 2012) were used to calculate: mean
annual rates of mortality (M = {1-[(N-N_)/N_]"*} x 100),
recruitment (R = [1-(1-N /N)"] x 100) (Sheil et al. 1995;
2000), half-life period (T,, = L _(1/2)/Ln[(N-N_)/N "),
duplication (T, = Ln(2)/Ln[(N +N )/N ") (Swaine &
Lieberman 1987), stability (E = (T, ,-T,), and turnover
(Rep = (T ,+T,)/2) (Korning & Balslev 1994), where ¢ is
the time between surveys, N, and N, are the initial and final
number of individuals, N, and N, are the number of dead
individuals and recruits, respectively, and Ln is the natural
logarithm of the function.
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Based on the basal area for both types of plot before
(March 2008) and about four years after (January
2012) burning, we calculated the mean annual rates
of loss (P = {I-[(AB-AB _-AB,)/AB "} x 100) or gain
(G={1-[1 —(ABr+ABg)/ AB ]} x100) in basal area (Guimaraes
et al. 2008), where AB and AB, are the initial and final basal
areas recorded for the live individuals, AB, and AB are the
basal area of the trees dying and being recruited between 2008
and 2012,and AB,and AB are the decrease and gain in basal
area of all other live individuals. Based on their diameter,
we calculated the mean annual increase (or decrease) in
diameter between 2008 and 2012 of all surviving individuals
and compared burned and unburned plots using Analysis
of variance (ANOVA) for independent samples (Zar 2010).

The mean annual rates of mortality, recruitment, variation
in basal area, half-life and duplication periods, turnover rates
and period of stability were calculated for each plot and
compared between burned and unburned plots using Analysis
of variance (ANOVA) for independent samples (Zar 2010).
This test was also used to verify the significance of differences
between gains and losses in other parameters. When the data
sets did not present homoscedasticity, the Mann-Whitney (U)
test was applied (Zar 2010). All analyses were conducted

in the R software, version 2.13 (R Development Core Team
2011), with a significance level of 5% in all cases.

Results

Some variation was found in species composition be-
tween years in both burned and unburned plots, although
the difference was more pronounced in the burned ones.
Two new species — Alchornea discolor and Cordiera myr-
ciifolia — were found in the unburned plots in 2012. In the
burned plots, six species disappeared (Qualea grandiflora,
Guapira graciliflora, Byrsonima coccolobifolia, Mezilaurus
crassiramea, Alchornea discolor and Andira cujabensis), and
three new ones appeared (Machaerium acutifolium, Vochysia
haenkeana and Tabebuia aurea) by 2012 (Tab. 1). Despite
these changes, neither species richness nor diversity varied
significantly between years in either type of plot (p > 0.05).
In the unburned plots, 47 species were recorded in 2008, and
49 in 2012, while 43 and 40 species were recorded, respec-
tively, in the burned plots. Diversity (H’) in the unburned
plots was 2.94 in 2008 and 2.97 in 2012, and was 3.02 and
2.93, respectively, in the burned ones.

Table 1. Woody species (DBH, , > 10 cm) sampled in a savanna forest (cerradao) in Bacaba Municipal Park, Nova Xavantina (Mato Grosso, Brazil), with the respective
density of individuals (ind.ha), basal area (m*ha') and mean annual increase in DBH (cm). The species are listed in decreasing order of individual abundance in 2008
(pre-wildfire). USF08 = unburned savanna forest sampled in 2008, USF12 = unburned savanna forest sampled in 2012, BSF08 = burned savanna forest sampled in
March 2008 (six months prior to the wildfire), BSF12 = burned savanna forest sampled in January 2012 (40 months after the fire). MAI = Mean annual increase between
2008 and 2012. % = percentage increase or decrease in density or basal area in species with > 10 individuals in 2008; ® = unaffected; ¢ = fire sensitive;* = fire benefited.

) Absolute Density (ind.ha) Basal Area (m2ha') MALI (DBH cm)
Species USF08 USF12 BSF08 BSF12 %USF %BSF USF08 USF12 BSF08 BSF12 %USF %BSF USF BSE
Hirtella glandulosa Spreng.e 147 146 125 127 -07 16 271 285 283 305 52 78 014 019
Tachigali vulgaris L.G.Silva & H.C.Limae 56 70 92 92 250 00 134 129 1.8 279 -37 533 067 114
Mpyrcia splendens (Sw.) DC.® 25 20 53 51 -200 -3.8 0.39 0.33 0.69 0.72  -154 43 0.07 0.17
Xylopia aromatica (Lam.) Mart.¢ 56 48 44 19 -143 -56.8 0.76  0.67 0.67 0.35 -11.8 -478 0.17 0.10
Emmotum nitens (Benth.) Miers ¢ 32 31 39 35 -3.1 -10.3 094 0.83 1.04 1.05 -11.7 1.0 019 033
Eriotheca gracilipes (K.Schum.) A.Robyns¢ 12 11 36 30 -83 -167 054 054 084 081 00 -36 015 024
Aspidosperma multiflorum A.DC* 14 16 14 22 143 571 0.17 0.21 0.20 0.30 23.5  50.0 0.16 0.22
Pterodon pubescens (Benth.) Benth.e 5 5 14 14 - 0.0 015 0.18 0.29 0.32 -- 10.3  0.43 0.20
Luetzelburgia praecox (Harms) Harmse 3 3 14 14 -- 0.0 004 004 018 018 - 0.0 0.06 028
Tapirira guianensis Aubl.¢ 36 46 14 5 278 -643 0.76 1.03 0.20 0.08 355 -60.0 045 0.58
Aspidosperma subincanum Mart.® -- -- 11 11 -- 0.0 -- -- 0.13 017 -- 30.8 -- 0.36
Buchenavia tomentosa Eichler 2 2 11 8 - =273 0.02 0.02 0.20 0.19 -- -5.0  0.05 0.13
Roupala montana Aubl.¢ 5 3 11 5 - -545 009 003 016  0.09 - 438 -015 0.23
Vatairea macrocarpa (Benth.) Ducke 22 26 8 14 18.2 -- 041  0.49 0.14 0.21 19.5 - 0.21 0.28
Matayba guianensis Aubl. 12 16 8 8 33.3 - 014 019 013 015 357 @ -- 0.12  0.63
Heisteria ovata Benth. 8 8 8 8 -- -- 0.08  0.08 0.18 0.18 -- - 0.05 0.03
Protium heptaphyllum (Aubl.) Marchand 7 8 8 -- -- 0.08 0.09 0.09 0.10 -- -- 0.32  0.26
Terminalia argentea Mart. 2 8 8 -- -- 0.03 0.03 012 0.12 -- -- 0.02  0.07
Chaetocarpus echinocarpus (Baill.) Ducke 14 20 6 8 429 - 0.15 0.21 0.10 0.15  40.0 - 0.09 0.47
Curatella americana L. 8 5 6 8 -- -- 0.12  0.09 007 0.09 -- -- -0.01  -0.03
fﬁ:ﬁ??gj:z)l‘xgogxgn 7 8 6 5~ - 007 008 008 009 -~ - 009 0.9
gﬁ’[:ft"’ixggac;‘ﬁggzun dell 6 7 9 5 ~ = 018 010 008 005 - - 029 007

Continues.
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Table 1. Continuation.

Absolute Density (ind.ha™)

Basal Area (m2.ha'') MAI (DBH cm)

Species USF08 USF12 BSF08 BSF12 %USF %BSF USF08 USF12 BSF08 BSF12 %USF %BSF USF  BSF
Bowdichia virgilioides Kunth 3 3 6 5 -- - 011 010 0.05 0.05 -- -- -0.03  0.00
Dipteryx alata Vogel 3 3 6 5 -- -- 008 009 016 019 -- -- 023 052
Guapira noxia (Netto) Lundell 3 3 6 5 -- -- 0.03  0.02 0.10 0.09 -- -- -0.39  -0.22
Platypodium elegans Vogel -- -- 6 5 -- = -- = 0.12  0.14 = -- - 0.37
Qualea parviflora Mart. -- -- 6 5 -- -- -- -- 0.09  0.09 -- -- -- -0.05
Maprounea guianensis Aubl. 3 7 6 3 -- - 003 008 0.08 0.06 -- -- 0.60  0.15
Strychnos pseudoquina A.St.-Hil. 2 2 6 3 -- - 005 005 017 012 - -- -0.02  0.01
Alchornea discolor Poepp. -- 3 6 -- -- -- -- 0.03  0.05 -- -- -- -- --
Copaifera langsdorffii Desf. 5 5 3 5 -- -- 0.07 0.09 0.02 007 -- -- 049  0.67
Astronium fraxinifolium Schott 5 5 3 3 -- - 005 005 005 0.05 - - -0.05 0.05
Sorocea klotzschiana Baill. 3 5 3 3 -- -- 0.03 0.06 005 0.06 -- -- 041 052
Hirtella gracilipes (Hook.f.) Prance 2 2 3 3 - - 0.02  0.02 0.02 0.03 -- - 0.03 0.44
Magonia pubescens A.St.-Hil. 2 2 3 3 -- -- 0.02 0.02 005 0.06 -- -- 029  0.64
Ficus sp. -- - 3 3 - -- -- -- 0.03 0.04 -- -- - 0.83
Ouratea spectabilis (Mart.) Engl. - - 3 3 - - - -- 0.05 0.04 -- - - -0.34
Qualea multiflora Mart. -- -- 3 3 -- = -- - 0.04  0.04 - -- - 0.11
Qualea grandiflora Mart. 5 3 3 -- -- - 008 007 0.05 -- -- -- 0.26 --
Byrsonima coccolobifolia Kunth 2 3 -- -- - 002 002 0.03 -- -- -- 0.00 --
Mezilaurus crassiramea (Meisn.) Taub. ex Mez 2 3 -- -- -- 0.02 0.01 0.13 -- -- -- -0.08 --
Andira cujabensis Benth. -- -- 3 -- -- -- -- -- 0.02 -- -- -- -- --
Vochysia haenkeana Mart. 5 8 -- 5 -- - 006 021 -- 0.06 -- -- 0.54 --
Machaerium acutifolium Vogel 2 2 -- 3 -- - 0.02  0.02 -- 0.02 -- -- -0.03 --
Tabebuia aurea (Silva Manso) Benth. - N ” 3 N N B ” - 0.02 - B - -
& Hook.f. ex S.Moore

Aspidosperma macrocarpon Mart. 5 5 -- -- - -- 0.06  0.05 -- - -- - -0.13 --
Coccoloba mollis Casar. 5 5 = - -- - 005 005 - -- - -- 0.09 --
Vochysia rufa Mart. 3 3 -- -- -- - 003 003 -- -- -- -- 0.08 --
Annona coriacea Mart. 3 2 -- -- -- -- 0.03  0.02 -- -- -- -- 0.02 --
Siparuna guianensis Aubl. 3 2 -- -- -- - 0.04 0.2 -- -- -- -- 0.10 --
Diospyros sericea A.DC. 2 3 -- -- -- -- 0.04 0.07 -- -- -- -- 0.83 --
Antonia ovata Pohl 2 2 -- -- -- -- 0.02  0.02 -- -- -- -- 0.01 --
Cardiopetalum calophyllum Schltdl. 2 2 -- = -- - 002  0.02 - -- - -- 0.06 =
]C)ﬁiﬁzochzton kappleri (Sagot ex Engl.) 2 2 __ - B 006 007 - B __ B 0.54 -
Cordiera myrciifolia (K.Schum.) C.H.Perss.

& Delprete B 2 B B B B B 0.01 B B B B B B
Total 563 590 622 573 1032 10.80 11.61 12.45

The absolute density of individuals in the unburned
plots increased significantly from 332 trees in 2008 to 360 in
2012 (F =22.16, p < 0.01), with a similar increase (F = 20.94,
P <0.01) in basal area (2008 = 6.09 and 2012 = 6.59 m”.ha™).
In the burned plots, the absolute density of individuals de-
creased significantly between years — 224 trees in 2008 and
212in2012 (F=1.58, p <0.01), although basal area increased
significantly (F=18.59, p < 0.01), from 4.18 m*.ha"! in 2008 to
4.61 m*.ha"'in 2012. Tachigali vulgaris contributed substan-
tially to this increase in basal area, due to the marked growth
in diameter of the surviving individuals (Tab. 1). If this spe-
cies is excluded from the estimates of basal area, the burned
plots would have suffered a net loss in basal area over the

Acta bot. bras. 29(3): 408-416. 2015.

four years, rather than a significant gain (Tab. 1). The mean
annual increment in basal area related to the presence of T.
vulgaris was also twice as great in the burned plots (F = 10.26,
p <0.01) in comparison with the unburned ones (Tab. 1).
Of the species with the highest densities in the burned
plots in 2008, prior to the fire, five were fire sensitive, and
there was a notable post-fire reduction in the density and
basal area of Roupala montana, Xylopia aromatica and
Tapirira guianensis. By contrast, T. guianensis increased
in density by 28% in the unburned plots over the same
period of time (Tab. 1). Aspidosperma multiflorum was fire
benefited, with density declining by 15% in the unburned
plots, but increasing by 57% in the burned ones. The other
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six species were unaffected, presenting equal densities be-
fore and after the wildfire (Tab. 1). The density of Tachigali
vulgaris in the burned plots was stable, but increased by
26% in the unburned plots between 2008 and 2012 (Tab. 1).

The unburned plots presented a similar distribution of
individuals in diameter classes between 2008 and 2012 (KS,
x* = 0.05, p > 0.05), whereas this parameter varied signifi-
cantly in the burned plots (KS, x* = 0.14, p = 0.03) due to
a reduction in the frequency of individuals in the smallest
diameter class (10 to 15 cm) and an increase in the larger
classes (Fig. 1).

The mean basal area of the dead individuals (0.85
m?ha') found in the unburned plots over the four years
did not differ from to that of the recruits, at 0.73 m*>ha’!
(U=1.25,p>0.05), with the mean annual loss of 3.64% year
! being similar to the gain, which was 3.08% year (F = 1.75,
p > 0.05). The mean basal area of the dead individuals
(0.61 m*ha™) in the burned plots was significantly greater
(U =6.33, p = 0.02) than that of the recruits (0.29 m>ha™'),
although the mean rate ofloss of basal area (3.89% year) was
similar to that of growth (2.10% year™) (F = 0.10, p > 0.05).

In the burned plots, the smallest diameter class presented
the greatest loss in basal area and highest mortality rate (Fig.
2A), whereas in the unburned plots, the great loss of basal

250
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area and highest mortality rate was recorded in the largest
class (Fig. 2A), due to the death of two large trees belonging
to the species Tachigali vulgaris and Emmotum nitens. In
both areas the highest rate of gain in basal area was observed
in the first diameter class, because of the high recruitment
rates, 0.24 m*ha’! in the burned plots and 0.58 m*ha! in
the unburned ones, and the gains in the basal area of the
surviving individuals, that is, 0.04 m*ha in the burned
plots, and 0.03 m*.ha™ in the unburned ones (Fig. 2B).
Most of the mean parameters of vegetation dynamics did
not vary significantly between the burned and unburned
plots (Tab. 2), except for the mean annual mortality rate and
the annual increase in the diameter of surviving individuals,
which was significantly lower in the unburned plots (Tab. 2).
A 10% frequency of dead individuals was recorded in the
unburned forest, in contrast with 17% in the burned plots.

Discussion

The frequency of wildfires in savanna forest has not
been documented systematically, and the long-term “equi-
librium” condition of this type of vegetation is not known
(Henriques 2005; Veenendaal et al. 2014). Savanna forest
probably represents a natural transition resulting from
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Figure 1. Distribution of woody plants (DBH, , > 10 cm) by diameter class in 2008 ((J) and 2012 (£) in the unburned (A) and burned (B) savanna forest (cerradao)
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> 10 cm) in the unburned (CJ) and burned () savanna forest (cerradio)

1.3m =

plots sampled in the Bacaba Municipal Park, Nova Xavantina (Mato Grosso, Brazil). A and B = Annual rates of loss or gain in the basal area and mean annual rate
of mortality and recruitment in the unburned (——) and burned (--#--) savanna forest plots, respectively.
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Table 2. Mean parameters of the dynamics of the woody vegetation (DBH

1.3m

> 10 cm) based number of individuals in the unburned (USF 0.61 ha) and burned (BSF

0.38 ha) savanna forest (cerradao) plots sampled in the Bacaba Municipal Park, Nova Xavantina-MT. USF = unburned savanna forest sampled in March 2008 and
January 2012. BSF = burned savanna forest in March 2008 (six months before the wildfire) and in January 2012 (40 months after the fire).

Dynamics parameters USE_ . BSE, . F P
Annual mortality rate (% year) 2.87 5.20 4.24 0.04
Annual recruitment rate (% year) 7.58 6.63 0.09 0.76
Half-life period (years) 15.55 12.48 3.12 0.08
Duplication period (years) 14.89 16.30 0.28 0.59
Turnover rate (% year') 16.28 13.61 1.30 0.26
Stability (years) 2.42 5.45 1.09 0.30
Annual increase in diameter (cm years™) 0.16 0.27 3.72 0.05

the expansion of forest cover into areas of savanna in the
absence of fire (Ratter et al. 1973; Ratter 1992), indicating
that the presence of this forest may be related more closely
to the water retention capacity of the soil than to its fertility
(Marimon-Junior & Haridasan 2005). In the present study,
the occurrence of a wildfire in the savanna forest provided
an opportunity to evaluate the responses of individual spe-
cies and overall changes in community structure, providing
potential guidelines for management and conservation.

A number of broad features of the effects of wildfire on
the savanna forest were apparent. Firstly, some species were
insensitive to fire, while a number of key species benefitted
by increasing in diameter (e.g. Tachigali vulgaris) or den-
sity (e.g. Aspidosperma multiflorum), or by recruiting new
individuals (e.g. Tabebuia aurea). Secondly, there was an
expected decrease in density, but an increase in basal area.
Thirdly, higher mortality was recorded in the burned plots,
in particular in the individuals of smaller size (diameter).

Species richness and diversity

The occurrence (or absence) of wildfires affects different
species in a number of ways. A loss of woody species fol-
lowing wildfires has been observed in a number of different
vegetation types, including cerrado stricto sensu (Lima et al.
2009) and savanna forest in the Brazilian Federal District
(Moreira 2000) and savannas in North America (Peterson
& Reich 2008). However, burning may favor the appearance
of light-demanding species such as Machaerium acutifolium,
Tabebuia aurea and Vochysia haenkeana, as observed in
the Amazon rainforest (Holdsworth & Uhl 1997). These
changes may result in modifications of the community’s
silvigenetic cycle (Machado & Oliveira-Filho 2010), favoring
colonization by light-demanding species in the gaps formed
in the forest canopy. Of the three species that appeared
over the course of the study period, T. aurea is known to
be favored by fire due to its high sprouting capacity (Vale &
Lopes 2010). While all three species occur in both burned
and unburned plots, the density of T. aurea may increase
with the frequency of wildfires (Ribeiro et al. 2012).

The high percentage of fire sensitive species (46% of
those with more than 10 individuals) which decreased in
density between 2008 and 2012 indicates that the flora of
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the savanna forest has a relatively low capacity for recupera-
tion following wildfires in comparison with open savanna
formations (Gomes ef al. 2014). In other words, wildfires
have a greater impact on closed formations in comparison
with more open ones, as observed in African savannas
(Smit et al. 2010).

An increase in tree species has also been recorded in
studies of habitats unaffected by fire - Sanquetta et al. (2000)
recorded the addition of a species in a mixed rain forest
over a period of three years, while Franczak et al. (2011)
subsequently recorded the recruitment of a further seven
species within a seven-year period at the same site. Similar
results have been recorded in savannas in Brazil (Moreira
2000), Australia (Scott et al. 2012), and Venezuela (San José
& Farinas 1983). The increase in species richness and di-
versity in the unburned plots may be related to the opening
of gaps following the death of large trees, which favors the
appearance of pioneer species such as Alchornea discolor and
Cordiera myrciifolia, as observed by Franczak et al. (2011).

Basal area and density

The increase in basal area recorded in the unburned
plots indicates that the community accumulates biomass
over time. As the forest formations in the study region - the
Amazon-Cerrado transition zone - are encroaching the
savanna formations (Marimon et al. 2006), the community
will tend to accumulate biomass. An increase in basal area
of the savanna forest of the study area would thus be ex-
pected (Franczak et al. 2011; Marimon et al. 2014; Oliveira
etal. 2014).

While an increase in basal area was observed in the
present study, the increase in density in the unburned plots
was unexpected because this parameter tends to decrease
as a community approaches the typical configuration of a
forest formation (Feldpausch et al. 2005). In the present case,
then, the savanna forest may still be at an “initial” stage of
the silvigenetic cycle, characterized by positive net changes
in density, for example (see Marimon et al. 2006; Machado
& Oliveira-Filho 2010; Oliveira et al. 2014). This may also
be related to the hyperdynamics typical of the forests of this
region (Marimon et al. 2014) and the high density of large
pioneer species with a short life cycle, such as Tachigali
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vulgaris. In addition, the comparatively lower mortality rate
in relation to recruitment recorded at the study site would
lead inevitably to an increase in density. In the absence of
fire, then, recruitment occurred at a higher rate, leading to
an increase in the density and total biomass of woody plant
species, as observed in rain forest by Sanquetta et al. (2000)
and in savanna forest by Oliveira et al. (2014).

Even though density decreased in the burned plots, an
increase in basal area was observed after burning, in contrast
with the pattern observed in other savannas around the world
(Hoffmann 1999; Lima et al. 2009; Smit et al. 2010; Scott et
al. 2012). This unexpected result is related to the marked
increase in the basal area of Tachigali vulgaris (1 m*ha?),
which appears to have been a key species for the recovery of
the structure and biomass of the savanna forest community
over the four-year period following the fire. While the density
of this species did not increase after burning, the biomass of
the surviving individuals did, maintaining the total biomass
of the community. The considerable increase in the biomass
of this species was likely due to the reduction in individual
density after the fire leading to a decrease in competition for
sunlight and nutrients (Lima et al. 2009), which would favor
the growth of survivors and accelerate cation leaching from
the debris of the burned vegetation, resulting in a significant
increase in soil nutrient concentrations, which support
plant development (Ivanauskas et al. 2003). In addition,
the charcoal formed by the fire acts as a soil conditioner,
increasing nutrient availability (Frost & Robertson 1985;
Glaser et al. 2001). This likely contributed to the increase in
the basal area of T. vulgaris, given that this species responds
positively to the presence of charcoal in the soil (Souchie et al.
2011). In the absence of this species, then, there would have
been a net loss of basal area, demanding further analysis of
the effects of wildfires on community dynamics.

Mortality and recruitment

Fire has a disproportionately greater effect on smaller
individuals in comparison with larger ones. A similar
pattern has been observed in evergreen seasonal forest in
Mato Grosso (Ivanauskas et al. 2003), and in Brazilian and
Australian savannas (Hoffmann & Moreira 2002; Miranda
et al. 2002; Lima et al. 2009; Scott et al. 2012). The higher
mortality rates recorded in the smaller individuals may be
accounted for by the reduced resistance of their thinner bark
(Frost & Robertson 1985; Miranda et al. 2002; Hoffmann et
al. 2012).

Recruitment in terms of both the number of individuals
and basal area was recorded almost exclusively in the first
diameter class in both types of plot. The relatively higher
rates of recruitment recorded in this smaller size class in
the unburned plots in comparison with the burned ones
indicates that fire reduces density and basal area through
two processes: (i) increasing mortality rates and (ii)
prevention of the recruitment of new individuals into this

class. Smaller individuals may either not survive the fire or
be incapable of growing to reach higher diameter classes,
which will be reflected in a lower recruitment rate (Frost &
Robertson 1985; Miranda et al. 2002). The high proportion
of heliophilous species such as Tachigali vulgaris, which had
the second highest density, would thus have contributed
to the gains in basal area in the smallest diameter classes
in the unburned plots, and in the larger classes in the
burned plots. The combined effects of fire on individuals of
different diameters and the response of key species, such as
T. vulgaris, resulted in a shift in the structure of the savanna
forest in terms of the girth of its constituent trees.

Recruitment rates did not differ significantly between
burned and unburned plots, and were similar to those
recorded in unburned tropical rain forests in Costa Rica
(Enquist & Enquist 2011: 3.0% year') and southeastern
Brazil (Gomes et al. 2003: 3.5% year™). Even so, the wildfire
led to an increase in the mortality rate in the savanna forest,
despite the fact that this habitat was characterized by the
presence of number of species more typical of open Cerrado
habitats (Ratter et al. 1973; Ribeiro & Walter 2008) which
would have - theoretically - been more tolerant of this
type of disturbance (Coutinho 1990; Miranda et al. 2002;
Hoffmann et al. 2012). This indicates that species typical
of this vegetation type — even those which also occur in
the cerrado stricto sensu - have not developed adaptations
to the effects of wildfires seen in more typical savanna
species, presumably due to the fact that they suffer greatly
reduced selection pressure from this phenomenon (Walter
& Ribeiro 2010).

The mortality rate recorded in the burned plots in the
present study (5% year™ or 17% over the four-year period)
was lower than those found in Amazon forests. For example,
Haugaasen et al. (2003) recorded 36% mortality one year
after a wildfire, while Holdsworth & Uhl (1997) recorded
44% mortality after a two-year period, and Barlow et al.
(2003) recorded 36% after one year and 48% after three
years. However, more similar rates have been recorded in
the southern Amazon-Cerrado transition zone, such as 5.8%
year” (Balch et al. 2011) or 19% after three years (Brando et
al. 2014). These lower rates may be related to the increased
contribution of savanna species to community composition
(Ratter et al. 1973; Ribeiro & Walter 2008).

The half-life rates found in this study for both types
of plot (16.7 and 28.7 years) were much lower than those
found in a cerrado stricto sensu, i.e., 58 years by Mews
et al. (2011), but more similar to the values recorded in
vegetation on rocky outcrops (20 years) in the same region
as the present study (Gomes et al. 2014). This indicates that
the community studied here is highly dynamic, a pattern
reinforced by the high turnover rate of dead individuals
(~ 23 years at both sites).

The present study provides key data on the response
of the poorly-known savanna forest communities to fire.
The results indicate that the wildfire altered the species
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composition and structure of the woody vegetation of this
habitat and killed trees, with smaller individuals being
more affected. The results only partially corroborate
the hypothesis tested, however, given the occurrence of
an increase in the basal area in the burned plots. In this
sense, Tachigali vulgaris appears to be a key savanna forest
species for the recuperation of biomass following wildfire
disturbance, given the significant investment in biomass of
the individuals surviving this disruption. It is nevertheless
important to note that this species has a short life cycle
(Franczak et al. 2011), and that this “recuperation” of biomass
may be no more than a short-term effect, reinforcing the
need for further monitoring of the study plots in order to
better evaluate the medium- to long-term response. Overall,
the results indicated that frequent burn-off of the savanna
forest would result in marked modification of the species
composition and structure of its woody vegetation, which
may be undetectable from biomass estimates alone, at least
over the time scale analyzed during the present study.
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