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Brazil is a country rich in biodiversity due to the different biomes belonging to it. The 

biome is one of the most expressive in the country, since it occupies extensive area and shelters a diverse range 
of species of fauna and flora. However, for decades this biome has been suffering anthropic pressures that have 
resulted in the decrease of the areas occupied by forest, causing the loss of animal and vegetal species native to 
the regions. The analysis of the changes in the forest cover of this biome caused by anthropic interventions are 
extremely important to guide actions of in
techniques in order to minimize environmental impacts.
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A B S T R A C T  
Background: The intense exploration of the Atlantic Forest went on for years, 
changing the landscape and forming forest fragments. Among the various practices, 
which lead to forest suppression and fragmentation, are the constructions such as 
hydroelectric plants that cause high environmental impact. Thus, spatially analyzing the 
forest remnants becomes of capital importance for understanding the landscape 
dynamics. Aiming for the recovery and/or conservation, the landscape ecology metrics 
are used, which quantify the landscape structure by means of calculations. 
Objective:Thus, the objective of the study was to analyze the forest fragmentation in 
São José Hydroelectric Power Plant area of influence in Rio Grande do Sul, Brazil. 
Material and Methods: The area is under the Atlantic Forest domain, from 2007 to 
2017 and the study used images of medium spatial resolution. With images from 2007 
TM/Landsat 5 sensor and 2017 OLI/Landsat 8 sensor, the Battacharyya supervised 
classifier through SPRING software mapped forest fragments. The landscape ecology 
metrics calculations were performed in FRAGSTATS software. 
in 2007, the area had 2,103 forest fragments, covering 15,380.19 ha. 
the area presented 1,202 fragments that occupied 17,524.0
the fragments increased, from 7.31 ha in 2007 to 14.57 ha in 2017. 
study concluded that São José hydroelectric plant area had provided improvements to 
the environmental conditions, as forest covering area increa
installation and forest plantations were carried out by the company responsible for the 
construction of the plant. This increasing indicates the regeneration of areas.
the present study may assist in research and public policies aimed at conserving and/or 
recovering Atlantic Forest fragments, establishing measures to increase connectivity as 
well as reduce edge effects. 

INTRODUCTION 

Brazil is a country rich in biodiversity due to the different biomes belonging to it. The 
biome is one of the most expressive in the country, since it occupies extensive area and shelters a diverse range 
of species of fauna and flora. However, for decades this biome has been suffering anthropic pressures that have 

e decrease of the areas occupied by forest, causing the loss of animal and vegetal species native to 
the regions. The analysis of the changes in the forest cover of this biome caused by anthropic interventions are 
extremely important to guide actions of interventions in order to implement adequate planning and management 
techniques in order to minimize environmental impacts. 
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changing the landscape and forming forest fragments. Among the various practices, 
which lead to forest suppression and fragmentation, are the constructions such as 

t cause high environmental impact. Thus, spatially analyzing the 
forest remnants becomes of capital importance for understanding the landscape 
dynamics. Aiming for the recovery and/or conservation, the landscape ecology metrics 

landscape structure by means of calculations. 
Thus, the objective of the study was to analyze the forest fragmentation in 

São José Hydroelectric Power Plant area of influence in Rio Grande do Sul, Brazil. 
the Atlantic Forest domain, from 2007 to 

2017 and the study used images of medium spatial resolution. With images from 2007 
TM/Landsat 5 sensor and 2017 OLI/Landsat 8 sensor, the Battacharyya supervised 

ments. The landscape ecology 
metrics calculations were performed in FRAGSTATS software. The results showed that 
in 2007, the area had 2,103 forest fragments, covering 15,380.19 ha. Results: In 2017, 
the area presented 1,202 fragments that occupied 17,524.08 ha and the average size of 
the fragments increased, from 7.31 ha in 2007 to 14.57 ha in 2017. Conclusion: The 
study concluded that São José hydroelectric plant area had provided improvements to 
the environmental conditions, as forest covering area increased after the plant 
installation and forest plantations were carried out by the company responsible for the 

This increasing indicates the regeneration of areas.In this way, 
cies aimed at conserving and/or 

recovering Atlantic Forest fragments, establishing measures to increase connectivity as 

Brazil is a country rich in biodiversity due to the different biomes belonging to it. The Atlantic Forest 
biome is one of the most expressive in the country, since it occupies extensive area and shelters a diverse range 
of species of fauna and flora. However, for decades this biome has been suffering anthropic pressures that have 

e decrease of the areas occupied by forest, causing the loss of animal and vegetal species native to 
the regions. The analysis of the changes in the forest cover of this biome caused by anthropic interventions are 

terventions in order to implement adequate planning and management 
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The Atlantic Forest was intensively explored during the colonization of Brazil (Tabarelli et al., 2010), 
leading to the reduction of its original size (Santos, 2014). The southern region had an accelerated development 
process which lead to the conversion of forest areas into agricultural areas (Longhi-Santos et al., 2015). The 
estimation of the Atlantic Forest occupancy was of approximately 1,315,460 km² extending through 17 
Brazilian states in the south, southeast, center-west and northeast regions (Fundação SOS Mata Atlântica, 2017). 

Global Hotspot is the nickname for this forest because of its rich biodiversity. Nonetheless, it is the most 
threatened forest in the world. Thus, the Atlantic Forest was proclaimed as a Biosphere Reserve by Unesco and 
National Patrimony, in the Federal Constitution of 1988 (Fundação SOS Mata Atlântica, 2017). According to 
data from the Fundação SOS Mata Atlântica (2017), only 8.5% of forest remnants remain above 100 hectares, 
all fragments of native forest above 3 hectares left represent only 12.5% of forest area remaining. Thus, the 
Atlantic Forest is one of the most deforested in the world (Jenkins et al., 2013). 

The representation of the Atlantic Woods domain in Rio Grande do Sul is by the dense ombrophilous forest, 
mixed ombrophilous forest (araucaria forest), semideciduous seasonal forest, altitude and sand bank fields 
(PRMBA, 2008). According to FEPAM (2017a), the Atlantic Forest occupied 39.7% of the south territory. 
Today the remaining area is of only 2.69% what corresponds to 7,496 km². 

Thus, due to the high deforestation occurring in the Atlantic Forest it is highly fragmented (Ribeiro et al., 
2009). Forest fragmentation consists of the interruption of the congenital vegetation by anthropic or natural 
barriers (Pirovani, 2010), causing the formation of a mosaic composed of isolated patches, possibly being the 
most profound change caused by man to the environment (Oliveira and Mattos, 2014). This process leads to 
habitat loss, increased edge effects, isolation of species, besides the reduction of biodiversity and the invasion of 
exotic species (Calegari et al., 2010).  

Among the several practices that lead to the suppression and fragmentation of the forest are the 
constructions of high environmental impact, in which in Brazil the hydroelectric plants stands out. They have 
several negative impacts on the environment, such as the elimination of native forests, riparian forests and the 
loss of natural and cultural landscapes (Batista et al., 2012), extrapolating the location and region of the location 
of the enterprises (Stefanello et al., 2015). Therefore, despite the development of population importance, the 
construction of a hydroelectric power plant should be the because of the increasing studies about environmental 
impacts in order to minimize the damages for the environment (Costa et al., 2012). 

Thus, spatially analyzing forest remnants, in order to verify their status, becomes of great importance for 
understanding the dynamics of the landscape. Aiming for the recovery and/or conservation of these fragments 
(Pirovani, 2010), despite the Atlantic Forest high deforestation rates, the forest is in the process of natural 
recovery through regeneration. Hence, it is necessary to understand the dynamics of this forest in order to 
establish management plans for biodiversity conservation (Curto et al., 2015). In this context, landscape ecology 
metrics are included quantifying the landscape structure through calculations turning it essential for the 
verification of spatial functioning and changes (Lang and Blaschke, 2009). The authors describe these metrics as 
important because they provide information for the planning, conservation and preservation of natural resources. 

For the sake of obtaining the landscape ecology metrics, remote sensing and geoprocessing techniques are 
used (Vidolin et al., 2011) with Geographic Information Systems (GIS). The use of sensor images on board 
satellites has become important for multitemporal analysis, allowing the verification of changes in the landscape 
over the years. Libos et al. (2005) emphasizes that these tools are important for environmental assessment 
because they provide clear and quantified predictable and unpredictable impacts on an activity. 

In view of the technological advances that have occurred in the last decades the use of remote sensing and 
geoprocessing techniques are of paramount importance for studies of analysis of environmental impacts, mainly 
because of the forest cover since the Atlantic Forest is highly devastated due to the intense deforestation. Thus, 
developing methods to obtain this information quickly and reliably are relevant since it helps to plan and 
manage the areas that have undergone interventions in order to conserve and preserve natural resources. 

Thus, the present study contributes to the knowledge once presents a method of evaluation of the spatial 
dynamics of the native forest using free tools and images. Thus, managers can use this method as an instrument 
of management of areas that have already suffered or will suffer environmental impacts.  

In this context, the present study aimed to analyze forest fragmentation of São José hydroelectric plant area 
of influence located on Rio Grande do Sul, Brazil, under the Atlantic Forest domain between the years of 2007 
and 2017. Through analysis, using medium spatial resolution images to evaluate the spatial dynamics of the 
native forest fragments before and after the plant. 

 
MATERIALS AND METHODS 

 
Study area characterization and location: 

São José hydroelectric plant area of influence is composed of the following cities: Cerro Largo, Mato 
Queimado, Rolador and Salvador das Missões, and it is located in the Northwest Region of the State of Rio 
Grande do Sul, Brazil (Figure 1). Its area covers approximately 68 thousand hectares. The power plant in 
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question is located on the side of the Ijuí River that has 10,649.13 km² (FEPAM, 2017b) belonging to the 
Uruguay River watershed. 

 

 
Fig. 1: Location map of São José hydroelectric plant area of influence, Rio Grande do Sul, Brazil. 

 
The cities belong to a Decidual Seasonal Forest, with characteristics of the Atlantic Forest Biome (IBGE, 

2012). The climate is classified by Köppen as "Cfa", humid subtropical, without a dry season, with average 
annual temperatures of 22ºC and average annual rainfall varying between 1,300 and 1,800 mm/year (Alvares et 
al., 2013). 

São José hydroelectric plant has a power potential of 51 Megawatts (MW), and it is considered a small 
medium-sized plant (ABG Engenharia e Meio Ambiente and Ijuí Energia S/A, 2007). The constructions started 
in October 2007 and the inauguration was in March 2012. 

 
Forest fragments Mapping: 

A spatial database was created in the SPRING software version 5.4.2 using UTM (Universal Transverse 
Mercator) and Datum SIRGAS 2000 (Geocentric Reference System for the Americas). It was used an image of 
the TM/Landsat 5 sensor dated 04/22/2007 of the orbit-point 223/80 in order to obtain the native forest 
fragments. The image refers to a few months before the construction of the hydroelectric plant, and two scenes 
of the OLI/Landsat 8 sensor dated 03/23/2017 of the orbit-point 224/79, and 04/01/2017 of the orbit-point 
223/80, referring to the period in which the lake had already been established. The same images were used to 
map the Ijuí river watercourse for later analysis of lake formation dynamics. 

Bhattacharya algorithm supervised the classification using a 99.9% degree of acceptance. The analysis of 
the classification efficiency used the Kappa index proposed by Cohen (1960) and to verify the quality of the 
classification was used the table developed by Landis and Koch (1977) (Table 1). 

 
Table 1: Quality of classification according to Kappa coefficient intervals. 

Kappa Value Quality of classification 
<0.00 Terrible 
0.00 – 0.20 Bad 
0.20 – 0.40 Reasonable 
0.40 – 0.60 Good 
0.60 – 0.80 Very good 
0.80 – 1.00 Excellent 

Source: Landis and Koch (1977). 
 
Kappa index calculations happened with the creation of 40 points, randomly stratified over the native forest 

class using QGIS software version 2.16.3. From the results, Table 1 was the basis to evaluate the quality of the 
classification 
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Forest fragments Analyses: 

The forest fragmentation analysis were through the calculation of landscape ecology metrics using 
FRAGSTATS software version 4.2.1. The importation of the mapped native forest fragments, for the years of 
2007 and 2017, was in raster format. The metrics selected were to allow as many different types of analysis as 
possible, without any redundant metrics (Table 2). 

 
Table 2: Landscape ecology metrics used to analyze the forest fragments contained in the hydroelectric area of influence - São José, Rio 

Grande do Sul, Brazil. 
Acronym Unit Definition 
CA Hectares Area of all the class fragments. 
NP Dimensionless Number of class fragments. 
LPI Percentage Percentage of the landscape occupied by the largest class fragment. 
TE Meters Total of edges. 
ED Meters/Hectare Edge density. 
MPS Hectares Mean Patch Size. 
MSI Dimensionless Mean Shape Index. 
MPAR Meters/Hectare Mean Perimeter-Area Ratio. 
MNN Meters Mean Nearest Neighbor distance. 

Source: Adapted from McGarigal and Marks (1995). 
 
With these metrics, it was possible to approach the fragments characteristics along with the situation 

analyzes of before the plant implementation and after its construction and to evaluate the changes occurred 10 
years after the hydroelectric installation. 

 
RESULTS AND DISCUSSIONS 

 
The obtained Kappa index was 0.80 and 0.92 for 2007 and 2017, respectively, and classified as "excellent" 

according to Table 1. Figure 2 represents the study area of the native forest fragments. 
By doing a visual analyzes of Figure 2, there were several fragments of varying sizes spotted on it. 

Permanent Preservation Areas existed around Ijuí River, in 2007, what demonstrated that the preserved areas 
existence helped to maintain the water quality of the river. However, in 2017, the landscape changed due to São 
José hydroelectric plant lake. Stefanello et al. (2015) report that the flooding areas suppressed native forest, 
native fields, agricultural areas and habited houses, besides bringing the death of animals. 
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Fig. 2: Map of the forest fragments of São José hydroelectric plant area of influence, Rio Grande do Sul, Brazil, 
representing the years of 2007 and 2017. 

It was possible to calculate the landscape ecology metrics, for the years of 2007 and 2017, using the 
mapping of the forest fragments. Table 3 presents these metrics. 

 
Table 3: Landscape ecology metrics for the forest fragments existing in São José hydroelectric plant area of influence, Rio Grande do Sul, 

Brazil, or the years of 2007 and 2017. 
Metrics Units 2007 2017 
CA Hectares 15,380.19 17,524.08 
NP Dimensionless   2,103.00 1,202.00 
LPI Percentage 1.14 1.82 
TE Metros 4,018,860.00 4,075,500.00 
ED Metros/Hectare 24.97 25.32 
MPS Hectares 7.31 14.57 
MSI Dimensionless 1.56 1.87 
MPAR Metros/Hectare 718.41 443.54 
MNN Metros 108.12 111.29 

Meanings: CA: Class Area of every class fragments; NP: Number of Patches in the class; LPI: Largest Patch Index (Percentage of the 
landscape occupied by the largest fragment of the class); TE: Total Edges; ED: Edge Density; MPS: Mean Patch Size; MSI: Mean Shape 
Index; MPAR: Mean Perimeter-Area Ratio; MNN: Mean Nearest Neighbor distance. 

 
The study area, in 2007, had 2,103 forest fragments (NP) totaling an area (CA) of 15,380.19 ha (Figure 3).  

Of these fragments, the largest one (LPI) represented 1.14% of the study area. Although in 2017, the area had 
1,202 forest fragments (NP), which occupied 17,524.08 ha (CA) and the largest fragment (LPI) represented 
1.82% of the landscape. 

 

 
Fig. 3: Relationship between Class Area (CA) and the Number of Patches (NP) in São José hydroelectric plant 

area of influence, Rio Grande do Sul, Brazil, of the years 2007 and 2017. 
 
Through this, it is very easy to realize that the areas occupied by native forest increased during the study 

period. The area covered by the larger fragment also increased, however, the number of fragments decreased. As 
the increasing in the forest area, fragments union may have reduced the number of fragments, through 
regeneration and/or the suppression of fragments followed by the regeneration of areas surrounding other 
fragments. Forest regeneration in the state of Rio Grande do Sul has been happening a lot in recent years due to 
the legislation imposed against the cutting of native vegetation also, due to the rural exodus that occurs on a 
large scale in the state. 

In addition, the relationship of the forest areas increase relates with the native forest species plantations and 
the translocation of species, carried out by the company responsible for the construction of the São José 
hydroelectric plant in order to comply with the current legislation. The legislation imposes that works of large 
environmental impact must carry out activities that lower these impacts. 

The mean patch size (MPS), in 2007, was of 7,31 ha and in 2017, it was of 14,57 ha. This result adds to the 
previous ones, indicating the increase on fragments size. However, this average size is a lot smaller than the one 
found by other authors in areas of the Atlantic Forest biome. Facco (2016) obtained values of MPS of 59.32 ha 
near the Quarta Colônia Park on Rio Grande do Sul, which is larger than the one found in the present study. 
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Calegari et al. (2010) points out those small fragments are common to occur in large quantities in the landscape 
of the Atlantic Forest biome. 

The MPS is a good degree of fragmentation indicator, because it has to do with the number of fragments 
and the total area occupied by the class (McGarigal, 2002). Hence, in the study area, it is possible to believe that 
there is a high index of fragmentation with the predominance of small fragments, indicating that they are 
unprotected and susceptible to the effects of the external matrix. 

Edge-related metrics, which encompass the total of edges (TE) and edge density (ED), return values that 
indicate the irregularity of the fragments and how much they comply with the edge effects. The present study 
found that the total of edges (TE) was 4,018,860.00 m and the edge density (ED) of 24.97 m/ha for the year of 
2007, while in 2017, the value of the total of edges (TE) was 4,075,500.00 m and the edge density (ED) was 
25.32 m/ha. The results are best viewed in Figure 4.  

 

 
 

Fig. 4: Values of the Total Edge (TE) and Edge Density (ED) of the forest fragments in São José hydroelectric 
plant area of influence, Rio Grande do Sul, Brazil, of the years 2007 and 2017. 

 
Between the years of study the edge borders increased, what indicates an increase in fragments 

irregularities. Pirovani et al. (2015) when verifying the landscape and the change in land use and cover around 
the Private Reserve of Natural Heritage CAFUNDÓ, Espírito Santo, Brazil, noticed the same tendency of the 
present work, in which there was an increase in the number of edges in the landscape expressed by the total of 
edges (TE) and edge density (ED). Calegari et al. (2010), also analyzing forest fragmentation in areas of 
Atlantic Forest obtained increased border density. This fact demonstrates the increase of forest fragmentation as 
the presence of highly cut areas in the analysis biome. 

Castro (2008) points out that the landscape interactions has association with the edge effect, in which 
border habitats dominate small and irregular fragments. In the same context, Juvanhol et al. (2011) describes 
that small fragments are more susceptible to the effects of the external matrix causing greater negative impacts 
on the forest, such as changes in species composition and microclimatic changes. 

The mean shape index (MSI) measures the fragments irregularity, that is as equal to 1 (one) when the study 
area presents all fragments with regular shape (for raster file the regular shape is a square), in which as greater is 
the fragments irregularity as greater will  be  the study area, without limits (McGarigal and Marks, 1995). The 
present study brings the mean shape index (MSI), in 2007, as 1.56, while, in 2017, it increased to 1.87, what 
indicates that the fragments irregularities had increased. Thus, this result complements those obtained for the 
edge indexes, which also indicated that there was an increase of the fragments irregularities and it shows that the 
edge fragments may have suffered from the external environment causing deforestation. 

Juvanhol et al. (2011) spatially analyzed forest fragments at Forno Grande and Pedra Azul State Park on 
Espírito Santo State, and separated the fragments into different categories such as, very small, small, medium 
and large related to their areas. The authors obtained an MSI of 1.53 and 1.93 for the very small and small, 
respectively and for the medium and large fragments the MSI values of 2.52 and 2.8. In this way, the values 
obtained by the authors for the very small and small fragments are close to those found in this study, after all 
most of the fragments are small in this one. 
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Saito et al. (2016) describes, that analyzing the shape and perimeter/area index metrics in a group makes 
forest fragmentation more evident, as these two metrics help in understanding the fragments shape, considering 
that the more regular the less they will suffer from edge pressure and less susceptible to further fragmentation 
they are. The mean perimeter-area ratio (MPAR) obtained in the study was 718.41 m/ha in 2007, however, it 
decreased in 2017 to 443.54 m/ha. According to Colli et al. (2003) the reduction of the perimeter-area ratio 
causes the decrease of edge effects, due to the fact that a smaller perimeter-area ratio indicates a more rounded 
area, with the existence of few elongated areas that increase the central area exposure to external effects. 
Oliveira and Mattos (2014) show that the large number of fragments is allied to the concentration of area with 
irregular shape index, thus indicating that most of the fragments undergo intense external influences on the 
edges and the irregularity determines a larger perimeter/area ratio, consequently greater edge effect.  

The degree of isolation of the fragments, which the mean nearest neighbor distance (MNN) expresses, 
present values of 108.12 and 111.29 m for 2007 and 2017, respectively. This increase can be an indication of the 
clustering of forest fragments through regeneration and/or the elimination of fragments, as previously reported.  
Pirovani et al. (2015), in a study of the landscape analysis in the surroundings of the Private Reserve of Natural 
Heritage CAFUNDÓ, Espírito Santo, obtained, for the distance of the nearest neighbor (MNN), in the year of 
1970, the value of 923.3 m and, in the year 2007, the value of 813.5 m. This indicates that there is no 
improvement in conservation, as, it may indicate an increase in fragmentation, which is contrary to that found in 
the present study. 

Zanella (2011) describes that the small fragments are important for the reduction of the isolation since the 
larger fragments present in a more isolated form. In addition, the author also describes that ecological corridors 
play an important role being one of the main linking units that favor the increase of connectivity between 
fragments. Pirovani et al. (2014) emphasize that small fragments are ecologically important because they 
function as ecological trampolines. 

Metzger (2000) describes that neighbor fragments can help to maintain the diversity of species between 
them. Since, fragments located far from each other weaken biological diversity and species immigration causing 
the settlement of exotic species (Silva and Souza, 2014). 

The water of the Ijuí river was also mapped making possible to analyze the flood caused by the São José 
hydroelectric plant (Figure 5). The lake occupied a great extent of land modifying the local landscape since the 
area covered by the river, before the flood was 710.82 ha and after has passed to occupy 2,620.82 ha. 

 

 
 

Fig. 5:Dynamics of lake formation in the São José hydroelectric plant, Rio Grande do Sul, Brazil, between 2007 
and 2017. 
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With the formation of the lake on the Ijuí River, after the construction of the São José hydroelectric power 
plant, 1,048.95 ha of native forest were suppressed. According to a study by Stefanello et al. (2015), areas of 
native forest, native field, agriculture, pasture, housing and roads were suppressed, as well as the death of 
several animals. 

In addition Stefanello et al. (2015) report that many forest fragments have become permanent preservation 
areas with complete flooding of the lake, that through this, many species were unable to adapt to the new 
conditions stipulated with the new local scenario and ended up not resisting. Thus, with the present work we can 
see that buildings with high environmental impact, such as hydroelectric plants, directly affect the dynamics of 
forest cover.  

 
Conclusion: 

The study exposed an improvement in the environmental conditions in São José hydroelectric plant area of 
influence, since there was an increase in forest cover after the installation of the plant. This increase in the 
fragments occupation area indicates a regeneration of areas previously related to other uses. In addition, the 
increase of native forest relates to the plantations carried out by the company responsible for the construction of 
the plant complying with the legislation of the country.  

The predominant fragments in the study area are small, however, the last year of study revealed an increase 
of these fragments size, also indicating the regeneration of areas that allowed the expansion of the fragments, 
thus improving the conditions for the survival of the local species. However, an increase in the irregularity of 
the fragments was observed when the edge and shape metrics were analyzed indicating that the fragments may 
have undergone pressure from the external environment causing deforestation of trees located on the edge of the 
same. 

Furthermore, it was possible to verify that the fragments decreased their perimeter-area ratio pointing out 
that there is a large number of fragments with rounded shape and few with elongated shape. Thus, there was a 
decrease in the edge effects of the fragments present in the study area, since rounded fragments reduce the 
exposure of the central areas to the effects of the external matrix. 

Thus, with the work accomplished, it was possible to perceive that buildings with a high environmental 
impact, such as hydroelectric plants, affect the dynamics of forest cover. Leading to the loss of areas as well as 
the implementation of forests in other areas, in order to compensate for the suppressions. 

The research presented a method of obtaining information using free tools and images enabling its use by 
the community as a management instrument for planning of areas that have suffered or will suffer 
environmental impacts. Hence, the present study may help in research and public policies aimed at the 
conserving and/or recovering of the Atlantic Forest fragments, establishing measures to increase connectivity as 
well as to reduce edge effects. In addition to serving as a parameter for the understanding of the impacts caused 
by the construction of a hydroelectric plant with regard to the spatialization of native forest fragments. 
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