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ABSTRACT — Understanding the dynamics of forest species occupation in savanna and grasslands
environments allows us to assess how forest expansion operates over time. For eleven years, the population
dynamics of Tachigali rubiginosa (Mart. ex. Tul.) Oliveira-Filho was registered to evaluate the occupation
strategy of this species in the ecotone between forest (Mata de Galeria) and grassland (Campo Sujo), located
within the Capetinga stream basin, at Fazenda Agua Limpa, Federal District. This area has been protected from
wildfires since 1987. This study allocated thirty-one transects of 5 m x 100 m perpendicularly to the Capetinga
stream, covering forest and grassland environments. The measurements were taken from adult trees (DBH >
5 cm), young trees (height > 1 m and DBH < 5 cm) and seedlings (height < 1 m and DBH < 5 cm). The results
indicated that, in the studied period, the population of 7. rubiginosa increased from 179.5 to 262.8 ind / ha.
In 2007, of the total of 280 individuals in 1.56 ha, 96 of them were in the forest (0.22 ha), 103 in the ecotone
(0.16 ha), and 81 in the grassland (1.18 ha). In 2018, this proportion changed when the number of individuals
decreased in the forest (83 individuals), while the number increased in the ecotone (135 individuals) and in
the grassland (194 individuals). In 2007, the young trees dominated with 71% of the total, followed by the
adults trees (28.5%) and the seedlings (20.7%). In 2018, the young trees represented most individuals (39.2%),
but there was a balance between the three size categories, as the seedlings represented 30.0% and adults trees
30.7%. Over the period of the study, there was an increase in the population of 7. rubiginosa, especially of
young individuals, which indicates persistence over time and an expansion of this forest species into grassland
environments.
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ESTRATEGIA DE OCUPACAO DA ESPECIE ARBOREA Tuachigali rubiginosa (MART.
EX TUL.) OLIVEIRA-FILHO: EVIDENCIAS DE EXPANSAO FLORESTAL SOBRE
AREAS DE CAMPO SUJO.

RESUMO — Compreender a dindmica de ocupagdo de espécies florestais em ambientes savdnicos e campestres
permite elucidar como a expansdo florestal opera ao longo do tempo. Durante onze anos, foi acompanhada a
dinamica da populagdo da espécie arborea Tachigali rubiginosa (Mart. ex. Tul.) Oliveira-Filho com objetivo
de avaliar a estratégia de ocupagdo desta espécie no ecotono entre Mata de Galeria e Campo Sujo, na bacia do
cérrego Capetinga, na Fazenda Agua Limpa, Distrito Federal. Esta drea encontra-se protegida do fogo desde
1987. Foram alocados 31 transectos de 5 m x 100 m, perpendicularmente ao corrego, cobrindo uma faixa de
vegetacdo que inclui parte da Mata de Galeria e do Campo Sujo. Foram tomadas medidas dos adultos (DAP >
5 c¢m), arvoretas (altura > 1 m e DAP < 5 cm) e mudas (altura <1 m e DAP < 5 cm). Os resultados indicaram
que, no periodo estudado, a populagao de T. rubiginosa passou de 179,5 para 262,8 ind/ha. Em 2007, do total
de 280 individuos em 1,56 ha, 96 deles estavam na Mata de Galeria (0,22 ha), 103 no ecotono (0,16 ha) e 81
no Campo Sujo (1,18 ha). Em 2018, o numero de individuos diminuiu na Mata de Galeria (83 individuos),
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aumentou no ecotono (135 individuos) e no Campo Sujo (194 individuos). Em 2007, as arvoretas dominavam
com 71% dos individuos, seguida dos adultos (28,5%,) e das mudas (20,7%). Em 2018, apesar das arvoretas
ainda representarem a maior parte dos individuos (39,2%), houve certo equilibrio entre as trés categorias de
tamanho com mudas (30,0%) e adultos (30,7%). Observou-se crescimento da populagdo de T. rubiginosa,

sobretudo de individuos jovens, o que indica persisténcia, ao longo do tempo, e expansdo desta espécie em

dire¢do ao Campo Sujo.

Palavras-Chave: Dindmica populacional; Fogo, Areas de transicdo.

1. INTRODUCTION

Changes in the populations of plant communities
occur over time due to the joint action of limiting
factors that affect their density, spatial distribution,
mortality, and recruitment, such as space limitations,
competition, and climatic conditions, in addition
to other factors. The variation in population density
depends on the magnitude of fluctuation in the
environment, the inherent stability of the population,
and the ecological characteristics of the species
(Ricklefs and Schluter, 1993). Fluctuations in
natural populations are practically unpredictable
since individuals are affected by external factors
(soil pH, temperature), which are correlated with
the characteristics of a given ecosystem (Peroni and
Hernandez, 2011).

The Cerrado biome has great biotic and
abiotic spatial and temporal heterogeneity. These
characteristics provide different environmental
conditions that native species require in order to
utilize available environmental resources and to
minimize limiting factors (Ribeiro and Walter, 2008).
There are mosaics of different forests, savannas, and
grassland environments (Ribeiro and Walter, 2008).
Among the physiognomies that make up the different
formations mentioned, Mata de Galeria and Campo
Sujo represent quite distinct physiognomies when
considering the tree density and the depth of the water
table as examples (Felfili et al., 1998; Ribeiro and
Walter, 2008).

The Mata de Galeria occurs in strips along
narrow watercourses in the Cerrado region. Water
availability, air temperature, soil characteristics and,
above all, light are among the essential factors that
influence the development of these physiognomies
since they have direct effects on photosynthetic rates
(Kozlowski etal., 1991). Under this type of vegetation,
the Cambisols, Plintosols, Argisols, or Neossols have
greater fertility in comparison to surrounding areas.
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These soil types generally occur due to the transport
of nutrients from the higher parts of the soil and the
presence of organic matter from the vegetation itself
(Reatto et al., 2001).

Under the eleven
physiognomies occur in the Cerrado biome and
are distributed throughout the landscape based on
geomorphology and soil type. The cycling of nutrients
in these communities mainly occurs in the litter, where

same climate, at least

higher concentrations of nutrients are found in the
topsoil (Haridasan, 1998). In rural landscapes there is
intense luminosity and the limiting factors are related
to shallow soil depth, acidity, the high saturation of
aluminum, and a low availability of nutrients, such as
nitrogen and phosphorus (Goodland and Ferri, 1979;
Sarmiento, 1984). Despite this, grassland environments
are highly complex, with many endemic herbaceous
and shrub species (Ratter et al., 1996). Therefore,
factors that vary according to physiognomies, such
as the availability of water, nutrients, and luminosity
(Eiten, 1984), directly influence the physiology and
ecology of species, which, in turn, have limitations on
occupation due to their evolutionary history, specific
niches, or the potential for wide distribution (Wright
et al., 2001; Hoffmann and Franco, 2003).

There are significant changes in vegetation over
short distances in ecotones, which are transition
environments between two or more different types
of similar vegetation. Ecotones are places where
certain species can reach their distribution limits, as
they are generally not adapted to survive in adjacent
ecosystems. In these transition environments, the
magnitude of fluctuation in the limiting factors may be
more significant, interfering positively or negatively
in the intrinsic processes of the population. This can
result in localized processes of vegetation expansion
or contraction (Furley and Ratter, 1990).

The transitions between forest and countryside
physiognomies in the Cerrado biome are generally
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abrupt, as evidenced by the change in tree density,
species composition and floristic gradient (Felfili
and Silva-Junior, 1992) in response to nutritional
differences and soil moisture content. Due to the
proximity between ecosystems, Hopkins (1992)
contends there is apossibility thatone type of vegetation
will advance over another type or the boundary between
the two types of vegetation will remain stable. Factors
such as climate, hydrology, soil, herbivory, and fire
are the main determinants in the location of plant
physiognomies (Furley and Ratter, 1990; Hopkins,
1992; Cole, 1992). In areas protected from fires, the
gradual expansion of the forest can occur, especially
in savanna regions with annual precipitation above
800 mm (Durigan and Ratter, 2006). It is assumed
that the boundaries between physiognomies can
change over time (Furley, 1992). This assumption is
based on the interdependent relationships between the
environment and vegetation, which can influence the
climatic and edaphic characteristics of the surrounding
environment (Sternberg, 2001).

Thus, long-term monitoring allows us to analyze
strategies for reproduction and the occupation of
habitats, how to best elaborate management plans,
and, above all, to predict the effects of disturbances
on the behavior of plant populations. According to
Hoffmann (2005), comparative ecological studies
between species of the physiognomies involved are
necessary to understand the dynamics of ecotonal
regions. Few species occur regularly in the Cerrado
or in the Mata de Galeria under a restricted sense
(Felfili and Silva Junior, 1992). The species
Tachigali rubiginosa (Mart. Ex. Tul.) Oliveira-Filho
(Caesalpiniaceae), known as Carvoeiro-da-mata, is
fast-growing in the natural areas of Mata de Galeria.
It is considered a pioneer species due to its abundance
in marginal lands and roadsides (Felfili, 1995; Felfili
et al., 1999). The plant blooms from December to
April, and the vegetable-type fruits ripen from April
to May, which later release seeds that are dispersed by
the wind (Felfili et al., 1999).

Field observations carried out on the Agua
Limpa farm in the Federal District (DF), Brazil,
suggest that the Mata de Galeria of the Capetinga
stream is advancing over the adjacent vegetation
over the years, represented by the physiognomy of
Campo Sujo. Geiger et al. (2011) observed a similar
process at the limit between Mata de Galeria and
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Savana, which burned once in the last 35 years at the
Ecological Reserve of the Institute of Geography and
Statistics (IBGE) in the DF. Additionally, Rodrigues-
Souza et al. (2015) monitored tree communities in
the Savanna, Floresta Seca, and Mata Ciliar gradient
for 15 years and noted the expansion of the forest
towards the savanna at the Panga Ecological Station
in Uberlandia, Minas Gerais.

In this sense, the dynamics of the population of
the tree species Tachigali rubiginosa (Mart. Ex. Tul.)
Oliveira-Filho as a model species was monitored for
eleven years to evaluate the occupation strategy and
spatial structure of this species within the ecotone
between Mata de Galeria and Campo Sujo, located in
the Capetinga stream basin, at Fazenda Agua Limpa,
DF.

2. MATERIAL AND METHOD

2.1. Study area

The study was carried out at Fazenda Agua
Limpa (15°56 ’to 15°59° S and 47°55 ’to 47°58° W),
located south of the Federal District (DF). The farm
is owned by the University of Brasilia and has an
area of approximately 4,000 ha. It is contiguous to
the Ecological Reserves of the Botanical Garden and
the Brazilian Institute of Geography and Statistics
(IBGE), which constitutes the Wild Life Zone of the
Environmental Protection Area Cabega de Veado that
has a total protected areas of about 9,000 ha.

According to Koppen-Geiger classification, the
region's climate can be characterized as Tropical
savanna (Aw), Subtropical humid (Cwa), and
Subtropical highland climate (Cwb) that extends over
45%, 46%, and 9% of the territory of the Federal
District, respectively. It is characterized by two well-
defined seasons: one hot and rainy (from October
to April), and the other cold and dry (from May to
September). The annual average temperature is 21 °C,
with a maximum average of 22 °C in September and
a minimum average of 18 °C in July, with an average
precipitation of 1,500 mm (INMET, 2019).

In the ecotone between the Mata de Galeria
and the Campo Sujo, the study area is located on a
concrete cambisol with an average clayey, gravel
texture, and on a terrain with a slope of 19%. In the
demarcated area, there are humid depressions in the
terrain perpendicular to the edge of Mata de Galeria
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and another at approximately 45°, 50 m away from the
edge of the Forest.

2.2. History of fires

The first references to the burning in the Mata de
Galeria of the Capetinga stream were from Ratter in
1976, when he visited the Agua Limpa farm (Ratter,
1991, unpublished data). According to the author, the
burning that occurred in the dry season of 1975 could
be evidenced by the carbonization of fallen trunks and
branches in the interior of Mata de Galeria. In 1987,
a big fire hit the area again, opening several clearings
(Felfili and Silva Junior, 1992). Since then, the area
has remained without a record of fires.

2.3. Sampling method

The studied area covers where there is evidence of
advancement of the Mata de Galeria over the adjacent
Campo Sujo. Thus, 31 transects of 5 m by 100 m were
systematically allocated (Figure 1), perpendicular to
the course of the Capetinga stream, covering a strip
of vegetation that includes Mata de Galeria to Campo
Sujo. Each transect was subdivided into 20 plots of 5
m by 5 m, corresponding to 620 plots.

The study area covers 1.56 ha, where 88 plots
(0.22 ha) were distributed in Mata de Galeria; 62
plots (0.16 ha) in the Mata de Galeria / Campo Sujo
ecotone and 470 plots (1.18 ha) in the Campo Sujo.
The transition strip from the limit of 5 m inland from
the edge to the Mata de Galeria area and Sm from the
edge into the Campo Sujo area was called an ecotone.

2.4. Data collection

A population survey was carried out in each
environment during the dry season in June of 2007,
2008, 2012, 2014, and 2018. The 620 plots were
measured for the height and diameter at breast height
(DBH = 1.30 m from the ground) of individuals
considered adult trees (DBH > 5 cm), and only the
height for individuals considered to be young trees
(height > 1 m and DBH < 5 cm) and seedlings (height
< 1 m and DBH < 5 cm). The height was taken
using a graduated ruler (cm), and the circumference
was measured with a tape measure (cm); later, to
calculate the diameter of the shaft, the circumference
in centimeters was divided by the value of ™ (3.14).
Each individual was marked with aluminum plates
containing an identification number.
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The species was identified through consultation
with a specialist and compared with exsiccates from
the herbarium of the University of Brasilia (UnB).
The specimens were then deposited in the mentioned
herbarium.

2.5. Data analysis

The information in the field spreadsheet was
reproduced in Excel spreadsheets. The spatial
distribution was investigated between all of the years
from 2007 up to 2018. For this purpose, according
to the mean and variance values for each year, the
dispersion coefficient (CD) and the Green index (IG)
were estimated. (Brower and Zar, 1984; Ludwig and
Reynolds, 1988). When the CD has a ratio between the
values of variance and means less than one, the sample
has a uniform type classification. If the ratio is equal
to one, the sample has a random classification, and
when greater than one, the classification is aggregated
or grouped (Brower and Zar, 1984). For the IG, values
less than zero mean random distribution, while values
equal to zero mean uniform distribution and greater
than zero signify an aggregate distribution (Ludwing
and Reynolds, 1988).

Mortality, recruitment, and population density
of T rubiginosa were calculated from annual
surveys. The calculation was based on the number of
individuals at the beginning of the sampling (No), the
total number of new and dead individuals each year,
and the environment (Mata de Galeria / Ecotone /
Campo Sujo).

The diameter and height data collected in 2007,
2008, 2012, 2014, and 2018 were used to characterize
the population structure. Frequency histograms
were constructed based on the intervals of diameter
classes for individuals considered to be adults and the
intervals of height class for individuals considered
as adults, young trees, and seedlings. The formula
defined the class intervals:

A/K

where: A represents the amplitude of the values
(for height and diameter), and K is defined by the
Sturges algorithm, as shown in the formula below:

K=1+3.3x1logN

where: N is the number of individuals sampled
(Gerardi and Silva, 1981).
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Table 1 — Demographic parameters of the population of Tachigali rubiginosa in Mata de Galeria / Ecotone / Campo Sujo at Fazenda Agua
Limpa, Federal District, over the years of sampling. N - Number and Density (ind / ha); NR - Number of individuals recruited,
TR% - Recruitment rate; NM - Number of individuals killed; TM - Mortality rate; Var. - Variance; CD - Dispersion Coefficient;
IG - Green Index. 2007 to 2018. )

Tabela 1 — Pardametros demogrdficos da populag¢do de Tachigali rubiginosa na Mata de Galeria/ Ecotono/ Campo Sujo na Fazenda Agua
Limpa, Distrito Federal, ao longo dos anos de amostragem. N - Numero e Densidade (ind/ha); NR - Numero de individuos
recrutados; TR% - Taxa de recrutamento; NM - Numero de individuos mortos; TM - Taxa de mortalidade; Var. - Varidancia; CD
- Coeficiente de Dispersdo; IG - Indice de Green. 2007 a 2018.

Year N (ind/ha) NR TR% NM TM% Average Var CD 1G
2007 280 (179,5) - - - - 0,4 2,0 4,5 8,1
2008 288 (184,6) 12 43 4 1,4 0,5 2,1 4,5 8,5
2012 320 (205,1) 65 23,2 33 11,8 0,5 2,2 4,2 8,1
2014 395 (253,2) 94 33,6 19 6,8 0,6 3,3 5,3 16,3
2018 410 (262,8) 86 30,7 71 25,4 1,0 4,1 4,1 15,8

3. RESULTS 32.9% (135) and, mainly, in Campo Sujo, by 47.3%

In 11 years, the total of 7. rubiginosa increased
from 179.5 ind / ha in 2007 to 262.8 ind / ha in 2018.
That is an absolute increase of 130 individuals in the
area, totaling 410 individuals. The recruits totaled 257
individuals and 127 dead. In 2018, the recruitment
rate was 30.7% whereas the mortality rate was 25.3%,
the latter of which is higher than the previous years
evaluated. The number of individuals killed rose from
19 in the inventory carried out in 2014 to 71 in 2018.
Of those 71, one individual belonged to the adult
category (1.4%), 11 were young trees (15.5%) and 59
were seedlings (83, 1%) (Table 1).

In 2007, out of the 280 individuals in 1.56 ha,
96 individuals were in Mata de Galeria (0.22 ha),
103 in the ecotone (0.16 ha), and 81 in Campo Sujo
(1.18 ha). In 2018, this proportion changed when the
number of individuals decreased in Mata de Galeria
by 20% (83 individuals), increasing in the ecotone by

Cfer, J008

[l L] i =
Figure 1 — Time variation - 2003 (four years before the beginning of the experiment) with emphasis on the arrangement of the 31 transects
of 5 m by 100 m; 2008; (one year after the beginning of the experiment); 2012 (five years after) and 2018 (11 years after) -

(194) (Figure 1).

In 2018, the population dispersion coefficient
was 4.10, which indicated a grouped distribution.
The Green index was 15.84, confirming the referred
distribution. In addition, it was observed that for all of
the years evaluated, the population presented itself in
a grouped distribution (Table 1).

The number and percentage of individuals over
the years distributed in the categories of adult, young
tree, and seedlings (Table 2) indicate that, of the 410
individuals registered in 2018, 126 (30.7%) were
classified as adults, 161 (39.2 %) as young trees and
123 (30.0%) as seedlings. The number of individuals
in the seedling category more than doubled, increasing
from 58 in 2007 to 123 in 2018. However, over the
evaluated period, there was a decrease from 152
seedlings in 2014 to 123 in 2018.

May 2012

July 2018

observed in the study area, Mata de Galeria / Ecotone / Campo Sujo at Fazenda Agua Limpa, Federal District. Images: Google

Earth Pro.

Figura 1 — Variagdo temporal - 2003 (quatro anos antes do inicio do experimento) com destaque da disposigdo dos 31 transectos de 5 m
por 100 m; 2008, (um ano apos inicio do experimento); 2012 (cinco anos apos) e 2018 (11 anos apds) - observado na drea de
estudo, Mata de Galeria/ Ecotono/ Campo Sujo na Fazenda Agua Limpa, Distrito Federal. Imagens: Google Earth Pro.
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Table 2 — Number of individuals and percentage of adults, young
trees, and seedlings of Tachigali rubiginosa in Mata
de Galeria / Ecotone / Campo Sujo at Fazenda Agua
Limpa, Federal District between 2007 and 2018.

Tabela 2 — Numero de individuos e porcentagem de adultos,
arvoretas e mudas de Tachigali rubiginosa na Mata
de Galeria/ Ecotono/ Campo Sujo da Fazenda Agua
Limpa, Distrito Federal entre 2007 e 2018.

Year Adults Young trees Seedlings Total
2007 80 (28,6%) 142 (71,0%) 58 (20,7%) 280
2008 94 (32,6%) 134 (69,1%) 60 (20,8%) 288
2012 107 (33,7%) 125 (39,0%) 88 (27,5%) 320
2014 120 (30,4%) 123 (31,1%) 152 (38,5%) 395
2018 126 (30,7%) 161 (39,3%) 123 (30,0%) 410

In general, when the percentage of individuals in
the categories concerning the total were observed in
2007, trees dominated with 71% of the individuals,
followed by adults (28.5%) and seedlings (20.7%).
By 2018, although the groves still represented the
majority of individuals (39.2%), there was a balance
between the categories (Table 2).
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The population structure showed an inverted “J”
distribution, both for diameter and height, with many
individuals in the first size classes and a decrease in
the last (Figures 2 and 3).

There was an increase in the number of
individuals in the second (8.9-12.8 cm) and third
(12.8-16.6 cm) diameter classes (Figure 2) over the
course of the eleven years of study. Additionally, the
most significant number of individuals in the first
class (5.0-8.9 cm) was observed in comparison with
the others over the years, except in 2018, when the
number of individuals observed in the first class was
practically equivalent to those observed in the second
class (8.9-12.7 cm).

The population structure of 7. rubiginosa for the
height variable showed that the first class (0.1-1.5
cm) in 2007 had 75 individuals and, after 11 years,
that number increased to 155 individuals. For all the

Q2007
o2008
m2012
m2014

22018

L'I El = b 11 | = E
246-2842835-3235324-362363-401

SEES

Figure 2 — Number of individuals distributed in diameter classes of the population of Tachigali rubiginosa in the Ecotone / Mata de Galeria
/ Campo Sujo at Fazenda Agua Limpa, Federal District, years 2007, 2008, 2012, 2014, and 2018.

Figura 2 — Numero de individuos distribuidos em classes de didmetro da populacdo de Tachigali rubiginosa no Ecétono / Mata de Galeria
/ Campo Sujo na Fazenda Agua Limpa, Distrito Federal, anos de 2007, 2008 2012, 2014 e 2018.
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Figure 3 — Number of individuals distributed in height classes of the population of Tachigali rubiginosa in the Ecotone Mata de Galeria /
Campo Sujo at Fazenda Agua Limpa, Federal District, 2007, 2008, 2012, 2014, and 2018.
Figura 3 — Numero de individuos distribuidos em classes de altura da populacdo de Tachigali rubiginosa no Ecétono Mata de Galeria/
Campo Sujo na Fazenda Agua Limpa, Distrito Federal, anos de 2007, 2008, 2012, 2014 e 2018.

years studied, this class was represented by the most
significant number of individuals.

4. DISCUSSION

Natural populations are dynamic, with mortality
and birth rates constantly changing due to intra and
inter-specific interactions with the environment
(Ricklefs, 1993). The inverted “J” pattern observed for
the analyzed population was also obtained in studies
by Aquino etal. (2007), Carvalho et al. (2009), Arantes
and Schiavini (2011), and Cappelatti and Schmitt
(2015), who attribute the pattern to population's self-
regenerative capacity. Regenerative capacity refers to
greater recruitment and lower mortality, which allows
them to be in dynamic balance. The changes observed
in the studied population of 7. rubiginosa showed that
the recruitment rate was always lower than mortality
in all the sampled periods, pointing to population
growth.
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The higher mortality rate observed in the smaller
diameter classes may be related to competition for
space and resources among smaller individuals since
they exhibit greater density and a grouped spatial
distribution (Baker et al., 2003). In addition to these,
Saboya and Borghetti (2012) and Palma and Laurance
(2015) point to water stress as one of the leading
causes of seedling mortality in the field.

Regarding the physiognomies analyzed, the
results pointed to a significant increase in the number of
regenerants in Campo Sujo. The species 7. rubiginosa
seems to present phenotypic plasticity, which allows
the occurrence of individuals along environmental
gradients (Felfili, 1995). Studies corroborated this
behavior by Felfili et al. (1999), who evaluated the
behavior of 7. rubiginosa seedlings at different levels
of shade in a nursery, finding greater production of
dry matter in seedlings that were under the condition
of less shade (50% of shade). This confirms the
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phenotypic plasticity of this species, depending on
the level of shading. Additionally, a study by Felfili
(1995) highlighted that the preferred habitat of this
species is at the edges of the forests, where periodic
disturbances occur with intermediate solar radiation.

The physiognomies of Campo Sujo are formed
by sparsely-developed shrubs and sub-shrubs
interspersed with grasses (Ribeiro and Walter, 2008).
However, as Durigan and Ratter (2006) stated, if
this physiognomy is protected from fire, as it has
been happening for 32 years in the present study
area, forest trees species from neighboring areas can
expand in density and grow in size. This fact can
be corroborated by fire suppression experiments in
savannas (Bond et al. 2005; Geiger et al. 2011; Scott
et al. 2012) that provide evidence suggesting more
open vegetation types can be progressively replaced
by forests, especially in places with more than 800
mm of average annual precipitation (Durigan and
Ratter, 2006).

Thus, long intervals without fire can allow forest
tree species to enter savanna environments which
promotes changes in flora and vegetation structure.
Levine et al. (2006) and Vitousek (2004) pointed out
that changes in flora and structure can affect both the
availability and the efficiency in the use of limiting
resources available to plants, which determine the
changes in soil conditions and even in the stimulation
of symbiotic interactions. Reinforcing this hypothesis,
Dahlgren et al. (2003) and Silva et al. (2013) observed
the expansion of trees in pastures and dystrophic
savannas that altered the patterns of nutrient cycling
and accumulation. This expansion triggering
biogeochemical feedback cycles that increased soil
fertility and induced changes in the ecosystem's
floristic structure and composition. In addition to
Silva and Anand (2011), these authors stated that such
situations indicate the establishment of individuals of
some species can trigger forest expansion, despite the
apparent abiotic limitation of the environment.

In this sense, in the study area, it was found that
in addition to 7. rubiginosa, a tree species typical
of Mata de Galeria, such as the late secondary
Cabralea canjerana (Vell.) Mart. (Meliaceae)
and the initial secondary Maprounea guianensis
(Aubl) (Euphorbiaceae), were also present in the
ecotone and Campo Sujo areas. Arantes et al. (2014)
observed forest species expanding into areas of the
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Cerrado sensu stricto influenced by environmental
changes promoted by the savanna species Bowdichia
virgilioides Kunth. (Fabaceae). According to Peroni
and Hernandez (2011), pioneer forest species have
accelerated growth and provided shaded environments
that allow other species to establish themselves.

Another aspect that may offer ecological
advantages to the genus Tachigali is in the fact that it
contains nodulation in the roots, resulting in symbiotic
bacteria fixing atmospheric nitrogen (Faria et al.,
1989), which may allow better competitive capacity
due to the greater nutrient assimilation.

The concentration of individuals in the first-
size classes and the aggregate distribution can also
be related to high seed production and anemochoric
dispersion of I rubiginosa. Souza-Pietro et al.
(2014) evaluated the seed rain in forest remnants
in Mato Grosso (MT) and recorded a density of 17
seeds / m? only in October. The authors considered 7
rubiginosa to be one of the most prevalent seeds in the
evaluated area, with an occurrence of 80%. Salles and
Schiavini (2007) considered that the high investment
of species in reproduction could be an evolutionary
strategy since few individuals escape the processes
of predation and competition and manage to reach
adulthood. Therefore, key ecological characteristics
of T rubiginosa can contribute to offering a high
capacity of the species to thrive in marginal and
transition environments, as observed in the limits
of Mata de Galeria / Campo Sujo in the Capetinga
stream basin, Fazenda Agua Limpa. The observations
made place an emphasis on the characteristics of high
annual seed production, the plasticity in the face of
variations in light radiation, and the association with
nitrifying bacteria.

5. CONCLUSIONS

The increase in Tachigali rubiginosa indicates
that this species expanding from the forest environment
into the Ecotone area (Mata de Galeria / Campo Sujo)
and towards the Campo Sujo of Fazenda Agua Limpa.

The increase in the number of young Tachigali
rubiginosa individuals in the evaluated period
indicates the persistence of this forest tree species
in the Ecotone (Mata de Galeria / Campo Sujo) and
Campo Sujo over time, if the area remains free of fire.
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Understanding how certain environments
permit the expansion of forest tree species, and
how this establishment changes local environmental
conditions and facilitates succession helps to explain
the occurrence of some forest species in open field
ecosystems. Such a pattern is a fundamental starting
point to elucidate longer-term forest expansion.
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