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Abstract

Considering that area and edge effects are the most important factors that lead to landscape changes from the
fragmentation of terrestrial communities, the present study aimed to analyze changes in the structure of vegetation
classes of a fragmented landscape. The methodology employed was based on a model of patch dynamics for the years
between 1979 and 2015. The analysis was performed with quantitative (area, shape and edge effect) and qualitative
(low declivity of the terrain, fire resistance and tolerance to variation in light) variables of the classes of vegetation.
Processes of retraction and expansion of the vegetation classes were identified, as well as the alteration of the structure
of the fragments, which resulted in the intensification of the edge effect.

Keywords: changes, fragmentation, classes, edge effects.

Dinamica da estrutura da vegetacio em uma paisagem fragmentada em
Minas Gerais, Brasil

Resumo

Considerando que os efeitos de area e os efeitos de borda sdo os mais importantes fatores que levam as alteragdes na
paisagem através da fragmentagao de comunidades terrestre, o presente estudo teve por objetivo analisar as mudangas
em area e estrutura das classes de vegetagdo de uma paisagem fragmentada. Para tanto, a metodologia foi baseada no
modelo de dindmica de manchas entre os anos de 1979 e 2015 ¢ a analise por meio de variaveis quantitativas (area,
formato e efeito de borda) e qualitativas (baixa declividade do terreno, resisténcia ao fogo e tolerancia a variacdo de
luz) das classes de vegetagdo. O presente estudo identificou processos de retracdo e expansdo das classes de vegetacdo

¢ a alteracdo na estrutura dos fragmentos resultando na intensificagdo do efeito de borda.

Palavras-chaves: mudancas, fragmentacao, classes, efeito de borda.

1. Introduction

Although Brazil is rich in forest ecosystems, and the
state of Minas Gerais (MG) possesses a concentration of
varied formations due to its geological, topographic and
climatic physical condition (Lopes et al., 2002), the natural
cover of much of the country has been reduced to remnants
of different sizes. The current accelerated pace of change
has been the greatest challenge for the conservation of
Brazilian ecosystems due to the processes of landscape
fragmentation, which are responsible for changes in the
diversity and composition of the communities involved
(Metzger et al., 1998). Unfortunately fragmentation of
large Brazilian biomes is apparently an irreversible process
(Nadai and Henry, 2009)
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Area and edge effects are the most important factors that
lead to changes in fragmented communities (Nascimento and
Laurance, 2006). While area effects are ecological changes
that are proportional to the fragmented area (Shaffer, 1981),
edge effects are caused by physical and biotic changes near
forest edges and are therefore proportional to the distance
to the nearest edge (Murcia, 1995). Changes caused by
edge effects are due to the pressure exerted by the external
environment on the fragments, with their intensity varying
according to the nature of the activities in the area around
the fragment (Abdo et al., 2015).

Terrestrial landscapes can be classified according to
the degree of human intervention as a natural or cultural
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landscape (Dolfuss, 1978). A natural landscape is one that
has not been recently subjected to the actions of humans,
whereas a cultural landscape is defined as a landscape that
has undergone man-made changes over a long period of time,
creating a particular set of patterns, species and processes
(Farina, 1998). The evaluation of a cultural landscape
becomes an important tool for diagnosing contemporary
problems of anthropization by allowing future influences
to be estimated and the changes necessary for maintaining
a natural balance determined (Calegari et al., 2010).

In the face of changing landscapes, Troll introduced
Landscape Ecology in 1939 as an important tool for the study
of environmental dynamics (Santos and Pena, 2011), by
studying questions of land use through aerial photographs and
interpretation of landscapes (Nucci, 2007). The availability
of remote sensing data allows the development of such a
study, however, the modeling of environmental processes
at the landscape level still remains a major challenge, given
the difficulties in describing something that is constantly
evolving (Soares-Filho et al., 2002).

According to Metzger et al. (2007), models used in
Landscape Ecology are characterized by considering the
“pattern-process” relationships and the heterogeneity of
space. Models of patch dynamics have been used to analyze
the most varied consequences of landscape changes, but
mainly the changes derived from the process of deforestation
(Gustafson, 1999).

According to Soares-Filho et al. (2007), the construction
of'a dynamic model consists of mapping mutable patterns
of land use and cover of the region of interest. Thus, survey
methods are necessary to identify changes in the landscape
and for this purpose, field surveys, previously existing
maps, aerial photographs, census data and remote orbital
sensing can be used as sources of data (Solorzéno et al.,
2009). In this context, techniques of spatial analysis are
used to quantify and qualify the spatial effects of the
variables that affect changes (Soares-Filho et al., 2007).

The variables that affect changes can be differentiated as
proximal and causal (Soares-Filho at al., 2004). According
to these authors, proximal variables quantify the regional
influences in the spatial configuration of the patterns of
change while causal variables explain the underlying or
motivating forces of the changes.

The study area is in the municipality of Conceigio do
Mato Dentro, in the state of Minas Gerais, and is inserted
in an area of transition between two Brazilian biomes, the
Atlantic Forest and the Cerrado. The constant degradation of
its natural ecosystem is a result of local forest fragmentation
due to the misuse of land for agriculture and, especially,
pasture. Fragmentation is a serious threat for the Atlantic
Forest since today it is estimated that only 7% remains
manly in the form of small fragments (Piratelli et al., 2008).
For the Cerrado biome, a global biodiversity hotspot,
expansion of agriculture and pasture have been the main
causes for the loss of biodiversity by fragmentation since
the 1970s (Manica et al., 2010)

Considering the biological importance of the region,
and that there have been no scientific studies in the area
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useful for informing local public policies with regard to
sustainable management of the natural resources there,
the present work aims to analyze the structure of the
fragmentation landscape. The questions that led to this study
are: (1) How has vegetation structure changed between
the years 1979 and 2015? And (2) which variables have
interfered with vegetation structure? The hypothesis tested
is that the use of land for pasture has altered vegetation
structure by reducing the area of the vegetation classes
and intensifying the edge effect.

2. Materials and Methods
2.1. Study area

The studied landscape covers an area of 2.721 hectares
and is inserted in a region of transition between Cerrado
and Atlantic Forest biomes. According to the Képpen and
Geiger (1928) climate classification, the climate of the
region is tropical altitude, which is represented by elevations
above 500 m, mild temperatures between 18 °C and 26 °C
and annual thermal amplitude of between 7 °C and 9 °C.

Although the analyzed area is in a transition zone between
two Brazilian biomes (Cerrado and Atlantic Forest), it has
ceased to be simply a set of natural plant communities
and has become dominated by a cultural landscape due to
misuse of the soil by pasture and agriculture. The area of
Cerrado is a rupestrian environment; that is, it occurs at
high elevations and possesses rocky outcrops (Rupestrian
Complexes). Its vegetation is quite diverse, with two
distinguishable strata in the area: a woody stratum comprising
trees and busheds, and an herbaceous stratum comprising
herbs and busheds (Vasconcelos, 2014). The Atlantic forest
domain consists of Seasonal Semideciduous Forest, and
possesses shallow soil with low fertility and high water
stress, and experiences extreme variations in temperature
and exposure to wind (Scarano, 2002).

2.2. Landscape dynamics model

To analyze environmental dynamics, and the main agents
responsible for them, the model of patch dynamics (Pickett
and Thompson, 1978) was used (Metzger at al., 2007).

Field survey and remote sensing were the source of
data for the development and calibration of the model
represented by Figure 1. The application of remote
sensing involved the interpretation and classification of
aerial photographs and satellite images and the subsequent
analysis of the resulting maps.

To quantify changes in vegetation structure, proximal
variables were used, while causal variables, represented
by the explanatory variables, were used to explain the
changes in vegetation structure. The result of this process
consisted of a quantitative and qualitative framework of
changes in vegetation structure between 1979 and 2015.

2.3. Field survey

According to the field survey performed during the
month of July 2015, the area is centered on the UTM
coordinates 64°80°36”(latitude) 79°08°32”(longitude),

679



Salomao, N.V. et al.

—

Model of patch dynamics

]

Change identification

Field survey

Analysis of vegetation and

land use and occupation

Vegetation map

1979 ‘ ‘ 2015

Figure 1. Patch dynamics model applied in the study area.

and the vegetation classified as arboreal (Atlantic Forest),
bush and herbaceous (Cerrado).

The information obtained by means of field records
determined the presence of pasture (mainly for beef cattle
ranching), burned areas and the presence of exotic grasses
in the study fragment. These alterations were responsible
for the fragmentation of the landscape and the removal of
much of the native vegetation.

2.4. Mapping of vegetation
2.4.1. Classification of the 1979 aerial photo mosaic

For the analysis of the vegetation of the fragment
for the year 1979, a mosaic of aerial photographs of the
landscape was composed. The mosaic (Figure 2) is a set
of aerial photographs recorded and linked by adjustments
and overlays (Cunha et al., 2006). Eight aerial photographs
from flights from 12 July to 27 October 1979 were used.

After constructing the mosaic, the vegetation of
the mosaic was visually classified. The classification
was based on the analysis of the parameters of tonality
(color intensity), saturation, texture and shape (Panizza
and Fonseca, 2011). Tonality was classified by shades of
gray according to the key for interpretation of vegetation
in panchromatic images (black and white) proposed by
Messias (2016).

The classification resulted in three classes of vegetation:
tree vegetation (Figure 3a), represented by the darker-tone
gray and greater saturation; bush vegetation (Figure 3b),
represented by medium-tone gray and lower saturation;
and herbaceous vegetation (Figure 3c), represented by
light-tone gray and low saturation. All classes displayed little
difference in granulation and shape, and were considered
of medium granulation and irregular shape.
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Figure 2. Mosaic of aerial photographs for the year 1979 of
the study area.

2.4.2. Classification of the 2015 Landsat image

The landscape vegetation analysis for the year 2015
was performed by means of supervised classification of the
Landsat 8 satellite image of 18 July, 2015, of the municipality
of Concei¢do do Mato Dentro (Figure 4). According to
Piroli et al. (2002), supervised classification recognizes the
predominant features in a color composition according to
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Figure 3. Representation of vegetation classes in mosaic cutouts: Tree vegetation (a), bush vegetation (b) and herbaceous

vegetation (c).

data collected in the field. From field visits, three classes
of vegetation were determined for the landscape: arboreal,
bush and herbaceous. The tool classification of the software
Envi 4.5 was used to perform the supervised classification.

Finally, the accuracy of the data obtained from the
supervised classification of the landscape was checked.
The points collected in the field were inserted and analyzed
using the global accuracy and Kappa accuracy indexes
described by Bolfe et al. (2004), which, according to the
author, should be greater than 85%. These values were
obtained in the software Envi 4.5, from a confusion
matrix generated in the post classification option for the
comparison between regions of interest of the classified
image and the classification observed during fieldwork.
The result of this classification generated an overall accuracy
0f 93.8215% and a Kappa value of 85.64%, which means
that the classification was satisfactory.

2.5. Quantitative analysis (proximal variables)

Proximal variables were calculated for the area and
edge effects by vegetation class. We used the software
Fragstats 4.2 to calculate the area metrics of “total
area” and “landscape percentage” and the edge metrics
“shape”, “total edge” (TE) and “total central area” (TCA).
The shapes of the classes ranged between the values of
1 and 2 with values closer to 1 having a more regular shape
(Volotao, 1998). The metrics TE and TCA represented the
sum of all the edges (meters) and sum of all the central
areas (hectares), respectively (Cabacinha et al., 2010).
The vegetation classes with greater TE, lower TCA and
irregular shape had greater edge effect. A distance of
30 meters was used for the edge.

2.6. Qualitative analysis (causal variables)

The causal variables were chosen to explain changes
in the area and intensity of the edge effect per vegetation
class. The opening of areas for grazing implied the
deforestation of arboreal vegetation (Atlantic Forest)
in areas of moderate declivity, and frequent fire use and
the introduction of exotic grasses belonging to the genus
Brachiaria in areas of Cerrado. In this way, the variable low
declivity of the terrain was chosen to explain the process
of retraction of the area of the arboreal class, the variable
resistance to fire to explain the process of expansion of
the area of the bushed class and the variable folerance to
variation in light to explain the expansion process of the
area of the herbaceous class.
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Figure 4. Supervised classification of the study area.

Based on the direct relationship between edge effect
intensity and the protection of the core of the class from
external factors (Riguete et al., 2013), the explanatory
variables used to illustrate the intensity of edge effect were
greater protection of fragment core, to explain lower edge
effect intensity, and lower protection of fragment core, to
explain higher edge effect intensity.

3. Results

3.1. Dynamics of vegetation structure
3.1.1. Quantitative analysis

According to the quantitative analysis of vegetation
structure between the years 1979 and 2005 (Table 1), the
arboreal class experienced a retraction in area (negative
sign) and its edge effect intensified due to the transformation
of'its regular shape (value closer to 1) to an irregular one
(value farther from 1), thus increasing total edge and
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decreasing its core area. Both bush and herbaceous classes
experienced an expansion in area (positive sign) and their
edge effects increased from 1975 to 2015 due to their
transformation from regular shapes (values closer to 1)
to irregular shapes (value farther from 1), thus increasing
total edge and decreasing their core areas.

3.1.2. Qualitative analysis

Qualitative changes in vegetation structure are described
in Table 2 below. The variables low declivity of the terrain
and lower protection of fragment core explained changes
in structure of the arboreal class. The variables resistance
to fire and lower protection of fragment core explained
the changes in the structure of the bush class, while the
variables folerance to variation in light and lower protection
of fragment core explained the changes in the structure of
the herbaceous class.

4. Discussion

The process of retraction of 1,171 hectares of arboreal
vegetation (Table 1) was explained by the variable /ow
declivity of the terrain (Table 2). Declivity is one of
the main parameters considered in the classification of
land use aptitude in Brazil and is directly related to the
practice of raising cattle (Ramalho-Filho and Beek, 1995).
This parameter is consistent with that observed in the study
area since the area is considered relatively flat and pastures
were, in fact, not found in areas at higher elevations.

In Brazil, pasture areas were characterized and classified
according to the declivity of the terrain, based on the
generation of a digital Elevation Model (DEM) derived from
SRTM (Shuttle Radar Topography Mission) of the project
Brasil em Relevo (Brazil in Relief) carried out by Embrapa
in 2005 (Miranda, 2005). According to the distribution of
pasture areas by declivity class in Brazil, 75% are in areas
of flat relief (declivity between 0 and 2%) and smooth

undulating (declivity between 2 and 8%). With respect
to the distribution of pastures by biomes, the pattern of
declivity found for pastures in the Atlantic |Forest is also
between flat and undulating.

Rupestrian fields (campos rupestres) are a type
of phytophysiognomy of the Cerrado biome and the
predominant component of the herbaceous-bushed stratum
of the region (Gomes et al., 2015). Until recently, raising
cattle in the Cerrado region was extensive, and based
on native vegetation of low productivity (Durigan et al.,
1998). However, African grasses, perfectly adapted to
the environmental conditions of the Brazilian Cerrado,
provided an increase in productivity and, therefore, have
become the main invaders of pasture areas (Klink, 1994).

The process of expansion of 1.168 hectares of herbaceous
vegetation (Table 1) was explained by the variable tolerance
to variation in light (Table 2) by virtue of the introduction of
the exotic herbaceous Brachiaria decumbens (Stapf. Prain.)
in pasture areas. Solar radiation is essential for the native
herbaceous stratum in Cerrado areas since it is necessary
for positive carbon balance and growth (Oliveira et al.,
2007). However, the daily and seasonal fluctuations that
occur in the study area due to the reduction of native
vegetation tend to cause extensive variation in the intensity
of luminosity and, for this reason, the species that possess
ecophysiological mechanisms more suitable for these
changes are at a competitive advantage (Larcher, 2000).

The morphological and structural changes of the
species Brachiaria decumbens (Stapf. Prain.) are typical
of plants subjected to an environment with low luminosity,
making them able to adapt to the conditions imposed by
the environment (Gobbi et al., 2009). The morphological
responses of Brachiaria decumbens aim to avoid shade
and to increase light uptake by the assimilating organs
by means of leaf blade elongation that allows the plant to
tolerate different levels of shade (Lambers et al., 1998).
In this manner, the variable tolerance to variation in light

Table 1. Table of changes in vegetation structure between the years 1979 and 2015.

Process

Area (ha) % of landscape Shape TE TCA (ha)
Class 19792015 1979 2015 12907195' Heetares 1979 2015 1979 2015 1979 2015
Arboreal 1769 598 65 22 Retraction  -1.171 1.022 1.078  246.730 465.791 119.225 780
Bush 925 928 34 34.10  Expansion +3 1.025 1.076  167.028 300.153 62342 444
Herbaceous 27 1195 1 439 Expansion  +1.168 1.021 1.079 77972 599.806  1.821 146
Total 2.721 2.721 100 100 1.171 - - 491.730 1.365.750 183.388 1.370
Table 2. Qualitative analysis of vegetation structure.
Vegetation class . Explanatory Explanatory
Change in area . Edge effect .
1979 - 2015 get variable g variable
Arboreal Retraction for pasture  Low declivity of the Greater Lower protection of
terrain fragment core
Bush Expansion by Resistance to fire Greater Lower protection of
frequent use of fire fragment core
Herbaceous Expansion from Tolerance to Greater Lower protection of

exotic grasses

variation in light

fragment core
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favored the expansion of the area of the exotic herbaceous
class due to the ability of Brachiaria decumbens to develop
this mechanism of acclimatization. This mechanism allows
the species to grow in this environment of high light
variation and, therefore, be a species of potential use in
pasture areas (Fernandes and Barbosa, 2013).

The expansion of only three hectares of bushed
vegetation (Table 1), reflected stability of this vegetation
class, which was explained by the variable resistance to
fire (Table 2). Burning pastures is a common practice in
areas of rupestrian fields (campos rupestres) due to the
resistance of its bush vegetation (Jacques, 2013). This greater
resistance to fire by the bush vegetation in fields, relative
to other vegetation types, is due to their morphological
(structures such as specialized lignotubers), physiological
(induced germination, flowering, fruit dehiscence, seed
dispersion or breaking of dormancy) and demographic
(recruitment or adult mortality) adaptations to fire resistance
(Figueira et al., 2016).

In the quantitative analysis of the edge effect, an
increase in the variable fotal edge, a reduction in the variable
total central area and an increase in irregularity of the
fragment according to the variable shape (Table 1), were
responsible for the increased edge effect in all vegetation
classes from 1979 to 2015 (Table 2). Because all of the
vegetation classes possessed greater total edges, they also
had shorter distances between the interior (core) and the
edge, and therefore a smaller central area (Nascimento
and Laurance, 2006). The central area of a class is the
best indication of its quality and, thus, even if the class
of vegetation is large enough to contain some species, if
it does not have a sufficient central area to support these
species its structure will be affected (Cabacinha et al., 2010).

The reduction of core area is directly related to the
shape of a fragment since more irregular fragments are
subjected to more matrix intervention and less protection
of'the interior environment, leaving the core more exposed
to edge effects (Metzger, 2001). Thus, the explanatory
variable lower protection of fragment core explained the
greater intensity of the edge effect in the vegetation classes
in 2015, while the explanatory variable greater protection
of the fragment core explained the lower intensity of the
edge effect in the vegetation classes in 1979.

In areas frequently deteriorated by the effects of
pasture and fire, like the one in the present study, edge
effects alter vegetation structure (Laurance et al., 2002),
since individuals at the edge are prone to more intense
adversities than individuals of the interior, such as higher
air and soil temperatures, lower air humidity, more intense
and frequent winds and luminosity throughout the year,
greater evapotranspiration and greater exposure to fire
(Lima-Ribeiro, 2008).

The area and edge metrics analyzed in this study
for vegetation structure dynamics also determined the
structural dynamics of the landscape between the years
1984 and 2013, as reported by the structural analysis of
the landscape in an area of Cerrado in northeastern Minas
Gerais (Paracatu MG, Brazil) by Oliveira et al., 2007. Those
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authors found similar results to that of the present study,
identifying a reduction of area and an intensification of the
edge effect as the cause of the dynamics in the structure
of the natural landscape.

5. Conclusion

Analysis of the dynamics of vegetation structure
showed that it was strongly impacted. Because it is an
area of transition between two Brazilian biomes rich in
biodiversity, but in a state of degradation, management
actions regarding land use and occupation, and the recovery
of vegetation cover, are recommended to help reduce the
impacts of pasture, and thus the edge effect, and restore
the original vegetation structure.
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