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Abstract: Fire is a constitutive ecological force in savanna ecosystems, but few studies have monitored its short-term effects on
plant community dynamics. This study investigated changes in plant diversity in the South American savanna (Cerrado) after se-
vere disturbance by fire. We monitored 30 permanent plots (10 m x 5 m) distributed in two Cerrado physiognomies (¢ipico: more
forested; ralo: grass-dominated), being 10 plots in the area disturbed by fire, and five in a preserved control area (undisturbed).
From August 2010 to June 2011, we evaluated changes in species richness, abundance and composition of savanna vegetation.
Monitoring started one week after the fire; disturbed plots were surveyed monthly, while control plots were surveyed every
two months. We observed rapid reassembling in both physiognomies: plots affected by fire showed rapid increase in species
richness and plant density during the first four months after the disturbance. Concerning species composition, disturbed plots
in the cerrado tipico tended to converge to control plots after one year, but each local assemblage followed particular temporal
trajectories. A different pattern characterized cerrado ralo plots, which showed heterogeneous trajectories and lack of conver-
gence between disturbed and control plots; the structure of these assemblages will likely change in next years. In conclusion,
our results showed that fire significantly affected plant diversity in the two savanna physiognomies (cerrado tipico and ralo), but
also indicated that community reassembling is fast, with different dynamics between Cerrado physiognomies.

Abbreviations: APG — Angiosperm Phylogeny Group, cerrado ralo — RF, cerrado ralo control — RC, cerrado tipico — TF, cerrado
tipico control — TC, RM-ANOVA - Repeated Measures-Analysis of variance, NMDS — Non-metric MultiDimensional Scaling.

Introduction

The savanna biome is distributed in almost all continents,
covering ca. 23 million km? (Uhlmann et al. 1998). More
prevalent in tropical latitudes (Sarmiento 1984, Goedert et
al. 2008), this biome is associated with a seasonal rainfall
regime, with well-defined wet and dry periods (Frizzo et
al. 2011). The most diverse savanna in the planet is located
in South America, regionally known as Cerrado (Klink and
Machado 2005, Cardoso et al. 2009). Covering ca. 2 million
km? (Schmidt et al. 2005), especially in the Brazilian Central
Plateau, the Cerrado is a mosaic of vegetation physiognomies
(Lima et al. 2009), i.e., a variety of open and dense forests,
grasslands, wetlands and riparian vegetation (Ribeiro and
Walter 2008). Because of its high diversity, endemism and
human threat, the Cerrado is one of the 34 global hotspots for
biodiversity conservation (Mittermeier et al. 2005).

A peculiar characteristic of savanna ecosystems is the
presence of fire, which works as a significant structuring
force. The relationship between savanna vegetation and fire
is probably very old (million years; Silva et al. 2011), and
shaped plant evolution (Pivello 2011). Through geological
times, species evolved adaptations to cope with this distur-

bance, including resistant structures (e.g., stems, leaves and
roots) and strategies (e.g., fast sprouting, seed dormancy).
Regrowth (sprouting) is an important mechanism, as many
plants have adaptations to survive and quickly produce
vegetative organs. They have root systems and suberized
stems that effectively protect germination gems, allow-
ing immediate sprouting after the fire (Scholes and Archer
1997, Hoffmann 2000). Resilience to fire is therefore high
(Heringer and Jacques 2001), but many studies suggest that
fire frequency and intensity modulate the structure of vegeta-
tion and determine physiognomies (Moreira 2000, Lima et
al. 2009). In South America, high recurrence of fire, for ex-
ample, may decrease the presence of trees, changing forested
environments (i.e., cerrado tipico) into more open formations
(i.e., cerrado ralo) (Heringer and Jacques 2001). The absence
of fire, conversely, favors the development of forest physi-
ognomies (Lopes et al. 2009). The mosaic-type landscape of
this savanna is greatly determined by spatial and temporal
variations in fire disturbances, together with other local fac-
tors (e.g., herbivory, soil) (Silva et al. 2011).

Studies on community reassembly are necessary to re-
veal how fire disturbances induce variations in plant diversity
(Bond and Keeley 2005), especially because human activities
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have changed fire regimes (i.e., suppression or intensifica-
tion). Human-induced fires date back to 400,000 years ago in
the African continent (Gowlett and Wrangham 2013), but in
South America this interference probably started ca. 12,000
years ago (Pivello 2011). Post-industrial society, however,
changed dramatically the natural fire regime in most savannas
of the world. In South America, fire frequency and intensity
is currently much higher than natural rates (INPE - Instituto
Nacional de Pesquisas Espaciais 2018), causing significant
perturbation to vegetation structure and biodiversity (Durigan
and Ratter 2016). Although many studies have investigated
this relationship (e.g., Scholes and Archer 1997, Bond and
Keeley 2005, Archibald et al. 2009, Staver et al. 2011, Andela
et al. 2017), little is known about immediate responses and
short-term dynamics, i.e., small-scale successional patterns
(monthly changes). Recovery dynamics and assemblage tra-
jectory (i.e., convergence or divergence; Booth and Swanson
2002) have been poorly investigated, considering that stud-
ies usually compare samples collected at coarse scales, e.g.,
years or seasons (Soares et al. 2006, Lima et al. 2009, Lopes
et al. 2009, Silva et al. 2011). However, the recovery process
starts soon after the fire, and may cause rapid species dele-
tions, substitutions and additions (Salles and Schiavini 2007,
Silva et al. 2011). Three main mechanisms are responsible
for community reassembly, which occur simultaneously:
propagule invasion, seed bank, and regrowth of surviving
individuals (Scholes and Archer 1997, Lima 2005). Another
important question concerns whether composition, richness
and abundance return to pre-disturbance levels over a year
period, i.e., the common interval between fire events (dry
seasons). This body of information is important to guide land
use practices, management and conservation of savanna rem-
nants, especially in South America, where urban and agricul-
ture development have increased the incidence and intensity
of fires (Silva et al. 2011), including catastrophic episodes.

In this context, we investigated short-term dynamics of
two Cerrado physiognomies (tipico and ralo) in response to
fire disturbance. The study was carried out in the Tocantins
State, north Brazil, a region that still preserves large exten-
sions of savanna vegetation, but which has been increasingly
disturbed by human-induced fires. Over the course of a year,
we monitored vegetation structure to investigate community
reassembly in respect to (i) monthly changes in richness,
density and composition, (ii) assemblage trajectory at local
scales, and (iii) convergent/divergent trends in respect to the
structure found in a preserved area (undisturbed).

Material and methods

Study area

The study was carried out in the Tocantins State, north
Brazil, which holds the largest remnants of Cerrado vegeta-
tion in South America. Originally, the Cerrado covered 91%
of this State (Sano et al. 2008), and the vegetation remained
relatively well preserved until recently, possibly because the
region is distant from large urban centers (Sano et al. 2008).
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This situation, however, changed rapidly during the last dec-
ade, as hydropower dams, mining and agribusiness activi-
ties (cattle, soy and eucalyptus) expanded across the region
(Lapola et al. 2014, Ferreira et al. 2014, Lees et al. 2016). It
has led to large-scale changes in land cover, fragmentation,
and the incidence of several environmental disturbances, in-
cluding fires.

The study was conducted in the Cerrado sensu stricto, a
savanna formation composed of trees, shrubs and grasses. This
vegetation is subdivided in two main physiognomies (Ribeiro
and Walter 2008): cerrado tipico (i.e., typical) and cerrado
ralo (i.e., sparse). Both physiognomies are dominant features
of the Brazilian Cerrado, and they differ in respect to the ex-
tent of tree coverage. Trees are more common in the cerrado
tipico (20 to 50%), being less prevalent in the cerrado ralo (5
to 20%), where grasses dominate. These differences are asso-
ciated with fire regimes and edaphic conditions (Ribeiro and
Walter 2008, Silva et al. 2011), which create a mosaic-like
landscape with vegetation patches. Trees are not tall, usually
shorter than 5 m; grasses are also small-sized, forming bushes
with short leaves (< 50 cm height). Common tree species are
Conarus, Eryhtroxylum and Handroanthus; among common
shrubs are Annona, Byrsonima and Palicourea, while com-
mon herbs/grasses are Axonopus, Trachypogon, Mesosetum
and Paspalum. Both physiognomies contain bromeliads and
palm trees.

The study area is located in private land (Sao Judas
Tadeu Farm), Porto Nacional municipality, Tocantins State
(10°48°09”S and 48°25°28”W). The area has irregular
slopes with the presence of valleys and plateaus, including
other vegetation types, e.g., semi-deciduous dry forests (mata
seca), flooded vegetation (vereda) and pastures (cattle rais-
ing). The soil is oxisol with the presence of rock fragments of
different sizes. The climate is warm and seasonal, with rainy
summers and dry winters, average annual rainfall of 1,500
mm concentrated between October and April. In mid-August
2010 (dry season), a large-scale fire burned part of the area
(Figure 1A and D), spreading over ca. 100 hectares. All bio-
mass contained in leaves and litter was consumed, remain-
ing only coarse structures of woody species (e.g, suberized
stems). According to local people, another burning occurred
in 2007, three years before this study, when the area was sub-
stantially affected. The history of fire in the area is unknown,
but we are aware of other large-scale fires during 2004 and
2006. In this sense, the area has been subjected to sequential
fire disturbances over the years 2004, 2006, 2007 and 2010,
probably with fires in precedent years.

It is important to state that the current fire regime in the
Cerrado is different from ancient times (Pivello 2011), be-
cause human activities (both pre-historical and modern) have
increased the frequency and intensity of burnings. Although
recent studies indicate that fire frequency in savannas is de-
clining (Andela et al. 2017), and others argue that fire sup-
pression should be avoided to preserve natural ecological dy-
namics (Durigan and Ratter 2016), a high number of fire spots
is the norm in South America (Pivello 2011). Human-induced
fires are periodic and recurrent in the northern Cerrado, so
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Figure 1. Plots monitored in the cerrado tipico (bottom) and cerrado ralo (upper), one week (A and D, respectively), four months (B

and E) and 11 months after fire disturbance (C and F).

fire intensification has been the rule. In 2010 alone, for ex-
ample, more than 120 thousand fire spots were recorded in
the Tocantins State (INPE - Instituto Nacional de Pesquisas
Espaciais 2018). The natural fire regime in this region is poor-
ly known, but considering that some localities remain undis-
turbed for years, it is reasonable to suppose that natural fire
frequency is not annual. In this context, the present research
took place in a region disturbed by unnatural fires, with high
rates and intensity.

Data sampling

A total of 30 permanent plots were established in the
study area, 15 in the cerrado tipico and 15 in the cerrado
ralo. Within each vegetation type, 10 plots were allocated in
the area disturbed by fire, and 5 in a preserved control area
(undisturbed). The smaller number of control plots was due to
the small size of the area undisturbed. We adopted the method
of rectangular permanent plots (Felfili et al. 2005), each 5 m
x10 m, spaced at least 50 m apart. The plots were distributed
over an area of approximately 40 hectares.

Monitoring started one week after the fire and lasted
for 11 months, from August 2010 to June 2011 (excluding
January and February 2011). Plots disturbed by fire were sur-
veyed monthly (n = 9/plot), while control plots were surveyed

every two months (n = 5/plot). At each survey, we recorded
the presence of all plants, including herbs, shrubs and trees.
We also counted the number of individuals of each species,
with the exception of small herbaceous plants (<10 cm),
seedlings and clonal plants (i.e., sprouts and stems originated
from another plant, whose existence and maintenance are not
independent). When necessary, vegetative or reproductive
organs were sampled for identification, without removing
the individual. Plants were identified to the species level or
to the lowest taxonomic category, using exsiccates depos-
ited in the Herbario do Laboratorio de Taxonomia Vegetal
(HTO, Universidade Federal do Tocantins) and specialized
literature. The classification system followed the Angiosperm
Phylogeny Group — APGIII (Bremer et al. 2009).

Data analysis

We investigated temporal changes in vegetation structure
of the cerrado tipico (TF = disturbed by fire; TC = control)
and cerrado ralo (RF = disturbed by fire; RC = control), con-
cerning temporal trajectories of abundance, species richness
and composition. Because we were looking for patterns of
convergence and divergence between burned and control
plots, analyses were conducted separately for each vegetation
type (contrasts: TF vs. TC and RF vs. RC).
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To investigate patterns in total richness, we calculated
rarefaction curves based on sampling effort (plots). In this
case, sample order in the original matrix was randomized
500 times (Estimates 8.2; Colwell 2009). We also calculat-
ed richness (spp./50m2?) and plant density (plants/SOm?) of
each plot, and used repeated measures analysis of variance
(RM-ANOVA) to test for differences in mean values over the
months and between groups (fire vs. control). This analysis is
indicated when samples have temporal autocorrelation, i.c.,
multiple observations of the same object (plots). Variables
were transformed (log x + 1) to meet parametric assumptions.
We applied Tukey tests to compare means, and statistical sig-
nificance implied p < 0.05. This analysis was run in Statistica
7.0 (StatSoft, Inc. 2004).

Non-metric multidimensional scaling (NMDS) was used
to investigate compositional changes over time, i.e., succes-
sional trajectories of each plot. This analysis was based on
presence/absence data and Serensen distance. We run the
NMDS in the Past 1.75b software (Hammer et al. 2001).
Finally, we compared temporal variations in species abun-
dance ranks (relative abundance, %) between disturbed vs.
control groups. For this, we considered species that summed
80% of abundance in the undisturbed area (control plots
pooled), and investigated temporal changes in their mean
abundance in the plots affected by the fire, considering only
months 1, 3, 5,9 and 11

Results

Plant diversity

Over the study period, we obtained 14,922 plant records
in the 30 monitored plots, which belonged to 170 taxa and
63 families (Supplementary Information 1). The most diverse
families were Fabaceae (33 taxa), followed by Apocynaceae
(9), Rubiaceae (9) and Bignoniaceae (8). Concerning the cer-
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Figure 2. Rarefaction curves
based on sampling effort, consid-
ering plots monitored in the cer-
rado tipico disturbed by fire (TF)
and control (TC), and cerrado
ralo disturbed by fire (RF) and
control (RC). Curves were built
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Table 1. Repeated measures ANOVA testing the effect of time
(months) and disturbance regime (fire vs. control) on species
richness and plant density, in plots monitored in the cerrado
tipico.

Attributes GL F P
Taxon richness

Disturbance 1 0.0038 0.9518
Time 4 115.6669 0.0000
Disturbance*Time 4 51.9590 0.0000
Plant density

Disturbance 1 0.0718 0.7929
Time 4 133.4702 0.0000
Disturbance*Time 4 53.7925 0.0000

rado tipico, we recorded 135 taxa in the disturbed plots (TF),
and 76 in the control (TC); regarding the cerrado ralo, we
recorded 81 taxa in the disturbed plots (RF), and 41 in the
control (TC). Rarefaction curves showed that, controlling for
sampling effort, disturbed plots have higher species richness
in both physiognomies (Figure 2). All curves tended to stabi-
lize after a rapid initial accumulation.

Cerrado tipico dynamics

Local species richness averaged on 24.5 taxa/50m? in the
TF, and 21.7 taxa/50m? in the TC. Overall, species richness
in TF plots varied over the months, with low values after the
disturbance, a continuous increase until the fifth month, and a
tendency to stabilization after the eighth month (Figure 3A).
The last months showed values similar to TC plots. The RM-
ANOVA revealed significant interaction between time and
disturbance (F = 51.96, p < 0.00001; Table 1), indicating that
species richness differed over time, but with different patterns
between burned and control plots. In this case, TF plots in the
first two months differed significantly from other months of
the same treatment (Tukey; p < 0.05). In addition, TF plots in

after 500 randomizations of the 0

.. . 0 20
original matrix.

40 60 80 100
Samples
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Figure 3. Temporal variations in species richness (A) and plant density (B) in the cerrado tipico, considering plots disturbed by fire
(TF) and control (TC). Values are mean +standard error.
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Figure 4. Non-metric Multidimensional Scaling analysis (NMDS) revealing compositional variation in TF (1 to 10) and TC plots (21 to
25). The line connecting dots indicates the temporal trajectory, and the arrow indicates the last month.
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the first month differed significantly from all TC plots, with
the exception of the first month. There was no significant dif-
ference among TC plots over time.

Plant density averaged on 87.7 plants/50m? in the TF, and
69.6 plants/50m? in the TC. Plant density in the TF showed
considerable variation over months, with low values soon
after the fire, a progressive increase until the fourth month,
and tendency to converge to TC plots (Figure 3B). The RM-
ANOVA revealed significant interaction between time and
disturbance (F = 53.79, p < 0.00001; Table 1). In this case,
TF plots in the first two months showed lower values when
compared to other months of the same treatment (Tukey; p <
0.05). Furthermore, TF plots in the first month differed sig-
nificantly from all TC plots, with the exception of the first
month. There was no significant difference among TC plots
over time.

The NMDS ordination (stress = 0.257) revealed variation
in species composition related to spatial gradients (among

TC
Sum = 80%

Density (Ind/50m?)

Chagas and Pelicice

plots), months and disturbance regime (Figure 4). Overall,
there were different compositional patterns between TF and
TC, since TC plots were grouped together, with minor vari-
ation among plots and months. In the TF, on the other hand,
there was greater variation within-plots, revealing strong
changes in the first months after fire, and lower variation after
the third month (Fig. 4). In addition, we observed variation
among-plots, since they started and ended with different com-
position, following different temporal trajectories. However,
all TF plots tended to converge to TC plots after a few months.

We observed temporal changes in species dominance in
TF plots, especially in the first months after the fire (Fig. 5).
The abundance rank differed between disturbed and control
plots, but some of the main species in TC became abundant
in TF during the last months (Fig. 5). It is worth noting that
their contribution to total abundance (%) increased over time,
summing 59% in the last month (Fig. 5).

TF-T1
16 Sum =32%

Density (Ind/50m?)

. i = R I P -
P C U9 S EEYZCOT 5T OCECSSEEREG S P C OV S EE%2OCC LB OCELSEEE G
8 8 2% 52283 g8 8 g% SEL238§
TERESEEeb R CRss nas st EE SRR ROt R EER RS R RN
’”Oow§n_§><"’°"’ﬂxo’Fz>§mIU' 7o mOOmﬁisXAmU)—DXdIZ>-§WIU’SX s<
Species Species
18 18
TF-T3

16 = 40% 16 TF-TS

Sum =40% Sum=34%
14 14
12 12
£ £
2 10 2 10
3 3
£ £
2 8 2 8
3 3
2 2
8 I3
6 6
4 4

. = &ﬁﬁﬁ galll | 5. = MA@ . N e oL el enes gﬁ{m =

Srcoogw > 00T 5 LT O CcERREEERTD Sczcoouw 2 >o00cC 5 LT OCERYEEE %G

SEEEEESEEsTE5 2 52¢Ec5588¢83%¢ SEEEECSEEFTECEE2EcE5588588

G oW %88 62l 0% 25 Sgow 088 orax ®cZzalds %% 22

moomgn_ngm Fa s S s T s < Souzsogox9 Fa S S s T s <

Species Species

18 18

TF-T9 TF-T11

16 sum=51% 16 Sum=59%
14 14
12 12
t 8
£ Y
2 10 £ 10
E £
> z
Zz 8 2 8
] 2
8 8
6 6
4 4

S P C U VN EEVU2IOOC G ETOCEOOEEE RG ® P C OOV EE®2OCC 5LETOCEAOEEE %G

8 8 275 52285 8 8 g5 52235
R LT R R LR AR R L 2E5555585F388 8328525353288
BOGgugagxBOFa¥TESsPTg % < GOGUsagxdOreYTESMT ¥ 5<

Species

Species

Figure 5. Species abundance rank in TC plots considering species that summed 80% of total abundance, and temporal variation in their
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Cerrado ralo dynamics

Local species richness averaged on 9.5 taxa/50m? in the
RF, and 7.7 taxa/50m? in the RC. Overall, species richness
in RF plots varied over time, with low values after the dis-
turbance, a continuous increase until the fourth month, fol-
lowed by stabilization (Figure 6A). The last months showed
values similar to TC plots. The RM-ANOVA revealed sig-
nificant interaction between time and disturbance (F = 7.92,
p < 0.00001; Table 2). In this case, RF plots in the first two
months differed significantly from other months in both
disturbed and control treatments (Tukey; p < 0.05), except
for the first month of RF, which did not differ from the first
two months of RC. Considering only RC plots, the first two
months differed from the others.

Plant density averaged on 21.6 plants/50m? in the RF, and
20.3 plants/50m? in the RC. Both groups showed consider-
able variation in plant density over time. In RF plots, we ob-
served low density soon after the fire, a progressive increase
until the fourth month, followed by convergence to RC plots
(Figure 6B). RC plots also showed seasonal variation, with
high values after the fifth month. The RM-ANOVA revealed
significant interaction between time and disturbance (F =
4.57, p < 0.0012; Table 2). In this case, RF plots in the first
month differed from other RF months, and from the last four
RC months (Tukey; p < 0.05). Furthermore, RC plots in the
first month differed from other months of the same treatment.

The NMDS ordination (stress = 0.327) revealed variation
in species composition related to spatial gradients (among
plots), months and disturbance regime (Fig. 7). Overall,
there were different composition patterns between RF and
RC plots; these last were grouped together, but showed some
variation among plots and months. In the RF, on the other
hand, there was greater variation within-plots, revealing very
heterogeneous trajectories over time (Fig. 7). These plots had
dissimilar composition in the first month, and showed no in-
dication of convergence to RC plots in the last month.

We observed strong temporal changes in species domi-
nance in RF plots, with little similarity to the abundance rank
observed in RC plots (Fig. 8). In addition, these species con-
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Table 2. Repeated measures ANOVA testing the effect of time
(months) and disturbance regime (fire vs. control) on species
richness and plant density, in plots monitored in the cerrado ralo.

Attributes GL F P
Taxon richness

Disturbance 1 0.3686 0.5542
Time 5 40.5742 0.0000
Disturbance*Time 5 7.9157 0.0000
Plant density

Disturbance 1 0.5384 0.4761
Time 5 48.3224 0.0000
Disturbance*Time 5 4.5727 0.0012

tributed little to total abundance in all months, especially in
the last (17%), indicating lack of convergence between dis-
turbed and control plots (Fig. 8).

Discussion

Our study investigated the response of savanna vegeta-
tion to fire disturbance, describing short-term dynamics of
community reassembly in two physiognomies of the South
American Cerrado (cerrado tipico and ralo). The survey was
conducted on a monthly basis over a year, a grain scale ap-
propriate to reveal immediate responses and successional
dynamics. Other studies have employed longer time scales
(e.g., Nappo et al. 2005, Soares et al. 2006, Rodrigues et al.
2007), usually limited to compare before and after samples.
At the small scale, we were able to see that fire significantly
affected plant diversity in both physiognomies, but commu-
nity reassembling was fast. After a few months, species rich-
ness and plant density reached levels observed in undisturbed
sites, and composition in the woody formation (#ipico) tended
to converge to control plots. Savanna vegetation is resil-
ient to fire, and assemblages may roughly converge to their
initial conditions after the disturbance (Nunes et al. 2002).
However, local assemblages showed heterogeneous succes-
sional trajectories and composition, especially in the open
formation (ralo), indicating stochastic reassembling. In addi-
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Figure 6. Temporal variations in species richness (A) and plant density (B) in the cerrado ralo, considering plots disturbed by fire (RF)
and control (RC). Dots and whiskers are mean =+ standard error, respectively.
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Figure 7. Non-metric Multidimensional Scaling analysis (NMDS) revealing compositional variation in RF (26 to 30) and RC plots (11
to 20). The line connecting dots indicates the temporal trajectory, and the arrow indicates the last month.

tion, higher values of richness and density in disturbed plots,
together with heterogeneous abundance ranks, indicate that
community development will continue. Therefore, although
vegetation diversity (i.e., richness and abundance) was able to
recover in the course of a year, some attributes (i.e., composi-
tion, species rank) indicate that fire disturbances change the
structure of local assemblages, with longer-lasting effects. In
the absence of new disturbances, changes in vegetation struc-
ture are expected via species replacement, new invasions and
the strengthening of competitive interactions.

Recovery patterns were observed mainly in the cerrado
tipico. Richness and density peaked four months after the fire
and tended to stabilize. The progressive increase in species
richness and plant density is strong indication of community
reassembling (Chazdon 2012). In addition, plant composition
tended to converge to the structure found in control plots.
Different processes determine the response of plant com-

munities to disturbances, including seed storage, invasion
and immediate regrowth of surviving plants (Kammesheidt
1999, Alvarez-Yépiz et al. 2008, Chazdon 2012). In savanna
ecosystems, plant regrowth must play a central role. It was
commonly observed in our plots, especially during the first
months. Several adaptations grant resistance against fire, such
as suberized stems, protected gems and gemiferous roots
(Hoffmann 1998). These characteristics allow resident indi-
viduals to survive and regrow, even when significant aerial
biomass is removed. Regrowth is probably a strong mecha-
nism of resilience and inertia in woody formations, since
surviving trees and bushes lead succession to pre-disturbance
states in a relatively short period. Each plot, however, showed
different temporal trajectories with heterogeneous species
ranks, probably because different factors affect plant succes-
sion at the local scale. It may include, for example, local dis-
turbances (Connell and Slatyer 1977, Chazdon 2012), initial



Short-term vegetation dynamics in savanna

219

RF - T1
RC
2 Sum = 80% 12 Sum=40%
10 10
: H
3 s 3 8
3 3
£ £
> >
Z 6 2 ®
2 z
H H
[=] =}
4 4
2 Flﬁ 2
0 > o 0 > o
© > - 2 = = > = 2 =
E & # S 8 g : g & £ 8 &
> <] § ui T T > <] § ui T T
s °
o o
Species Species
14 14
RF - T3 RF-T5
12 Sum =24% 12 Sum =25%
10 10
E E
3 8 2 8
3 3
£ B
Z 6 2 6
2 [
5 5
a a
4 4
2 2 &
. — [ ey 0 == _
g z < 3 £ 3 £ 2z b 3 £ 2
> e} § ui T E< > d § ui T k-
o e
o o
Species Species
14 14
RF - T9 RF - T11
12 Sum=25% 12 sum=17%
10 10
£ £
3 s 3 8
3 3
B g
= S
3 6 ? 6
2 z
5 H
=] =}
4 4
2 2
0 —= == —_— 0 — — — E .
] 2 2 £ 3 ] z - 2 = S
2 g 2 3 g 2 g 23 &
> O wi T T > O w T I

Croton sp.1

Species

Croton sp.

Species
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composition and invasion sequence (Drake 1990, Fukami et
al. 2005, Ejrnaes et al. 2006), stochastic invasion and extinc-
tion (Chase 2003, Tilman 2004) and local biotic interactions
(Fargione et al. 2003, Lortie et al. 2004). The stochastic ac-
tion of these processes may cause variation among plots, but
surviving plants likely play a significant role inducing inertia
and convergent patterns in forested formations.

In the cerrado ralo, we also observed convergent patterns
for species richness and abundance. However, plot compo-
sition showed very heterogeneous trajectories, with no indi-
cation of convergence between disturbed and control areas.
Species abundance ranks also revealed significant dissimi-
larity in species composition, indicating strong divergence
at the end of the study. Two species dominated disturbed
plots (Erythroxylum suberosum A.St.-Hil. and Croton sp. 1),
but they were rare in control plots. It should be noted that
in the cerrado ralo, where the proportion of woody species

is smaller, plant biomass is significantly destroyed by fire.
The removal of dominant species may release resources,
light and space for invaders (Hoffmann 1996, Davis et al.
2000, Hoffmann 2000, Frizzo et al. 2011). Community reas-
sembly would depend more on dispersal dynamics than on
plant regrowth, fueling stochastic processes via invasion and
colonization. Temporal changes in composition are strongly
influenced by invasion sequence and priority effects (Booth
and Swanton 2002, Fukami et al. 2005), creating a mosaic
spatial structure. Therefore, reassembly dynamics in the cer-
rado ralo is different from the cerrado tipico probably be-
cause different mechanisms prevail, i.e., seed dispersal and
regrowth, respectively.

Ecological communities are highly dynamic and histori-
cally built (Booth and Swanton 2002, Chase 2003, Tilman
2004). Community assembly follows complex and dynamic
routes that include purely stochastic processes (i.e., disper-
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sion/invasion; Drake 1990, Lortie et al. 2004, Hubbell 2006)
and more deterministic relationships with environmental fil-
ters and biotic interactions (Keddy 1992, Bruno et al. 2003,
Kraft et al. 2015). However, community development in sa-
vanna ecosystems may follow other assembly rules, such as
plant regrowth after fire disturbance. Regrowth is common
among savanna species (Hoffmann 1998, Nunes et al. 2002),
especially because natural fires do not kill most plant indi-
viduals. This process confers high resilience, inertia and de-
terminism to vegetation structure, allowing fast development
and convergence to undisturbed states — a pattern observed in
the cerrado tipico vegetation. Much emphasis has been given
to seed dispersal as a chief mechanism during initial succes-
sion (Drake 1990, Booth and Swanton 2002, Fukami et al.
2005), but community assembly models in savanna ecosys-
tems must include regrowth as an important mechanism re-
structuring plant diversity after disturbance by fire. However,
in herbaceous physiognomies, where many species lack pro-
tective structures (Hoffmann, 1999; Kennard et al. 2002),
regrowth dynamics may be less important. The same is ex-
pected when fires have lethal effects (i.e., too intense and fre-
quent), compromising the regrowth of fire-adapted species in
both forested and open physiognomies. In these cases, prop-
agule invasion would be a main driver behind community
development, leading to multiple non-convergent trajectories
(e.g., Booth and Swanton 2002, Fukami et al. 2005). In this
sense, community assembly models for savanna ecosystems
must consider that response to fire will depend on both fire
regime and vegetation physiognomy, which trigger different
assembly mechanisms.

The Cerrado sensu stricto, a major component of the
savanna biome, is a system ruled by natural fires. However,
human activities have changed the natural fire regime, and
much discussion have pondered the detrimental effects of fire
intensification or suppression on biodiversity. Recent studies,
for example, emphasize the need for consistency fire policies,
especially because fire suppression in some areas has trans-
formed savanna vegetation into forests, causing changes in
biodiversity patterns and ecosystem functions (Durigan and
Ratter 2016). However, Cerrado vegetation has been sub-
jected mainly to fire intensification (i.e., intensity and fre-
quency), and many natural areas are disturbed at unnatural
high rates (Silva et al. 2011, INPE - Instituto Nacional de
Pesquisas Espaciais 2018), with negative effects on biodiver-
sity (Miranda et al. 2002, Pivello 2011, Silva et al. 2011). To
implement correct management practices, conservation poli-
cies will need information about natural fire regimes and the
effects of human-induced fires on savanna vegetation. This
information will enable the establishment of optimal fire fre-
quencies, the best moment to induce controlled fires, or the
implementation of fire suppression programs in protected and
unprotected areas (e.g., van Wilgen et al. 2004, Govender et
al. 20006, Silva et al. 2011, Valko et al. 2014, 2018). Attributes
of the natural fire regime remain poorly known in the South
American savanna, but diversity is apparently maximized
when disturbances occur at 3-year intervals (Pivello and
Coutinho 1992, Silva et al. 2011), creating a balance between
recovery, dominance and invasion. The study area remained
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undisturbed for 3 years (between 2007 and 2010), so plants
had considerable time to accumulate energy reserves, protec-
tive structures and seed banks. It may explain the rapid reas-
sembling of species in both physiognomies. Future studies
must investigate the effect of recurrent fires (i.e., annual) on
community development.
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