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APRESENTAÇÃO 

É com enorme contentamento que apresentamos o e-book “Conceitos e 
Conhecimentos de Métodos e Técnicas de Pesquisa Científica em Engenharia Florestal”  
que foi elaborado para a divulgação de resultados e avanços relacionados às Ciências 
Florestais. O e-book está disposto em 1 volume subdividido em 17 capítulos. Os capítulos 
estão organizados de acordo com a abordagem por assuntos relacionados nas diversas 
áreas da Engenharia Florestal. Em uma primeira parte, os capítulos estão de forma 
a atender a área de silvicultura voltada para as técnicas silviculturais para produção, 
tecnologias para produção de sementes e mudas, melhoramento florestal e proteção 
florestal.  Em uma segunda parte, os trabalhos estão estruturados de forma a abordar 
a área de ecologia e dinâmica florestal. Em uma terceira parte, os trabalhos estão 
voltados para a tecnologia de produtos florestais mais especificamente relacionados 
às  propriedades físicas, químicas e mecânicas da madeira. Em uma quarta parte, com 
um trabalho sobre gestão ambiental, abordando a importância dos recursos hídricos. E 
finalizando, a quinta parte com um trabalho sobre sensoriamento remoto. Desta forma, o 
e-book “Conceitos e Conhecimentos de Métodos e Técnicas de Pesquisa Científica em 
Engenharia Florestal” apresenta resultados relevantes realizados por diversos professores 
e acadêmicos que serão apresentados neste de forma didática. Agradecemos o empenho e 
dedicação de todos os autores das diferentes instituições de ensino, pesquisa e extensão, 
por partilharem ao público os resultados dos trabalhos desenvolvidos por seus grupos de 
pesquisa. Esperamos que os trabalhos aqui apresentados possam inspirar outros estudos 
voltados às Ciências Florestais. 

Cristina Aledi Felsemburgh
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ABSTRACT: The ecology of the landscape 
evaluates the spatial structure of the landscape 
helping to maintain biodiversity, since it is 
possible to define techniques for the recovery and 
conservation of forest fragments. The analysis of 
landscape structure through landscape metrics 
allows to know the function of fragments and 
their possible responses to changes caused 
caused by vegetation suppression. Remote 
sensing techniques have been used in landscape 
ecology studies, since they have the capacity 
to characterize spatially and temporally the 
configuration and composition of land use and 
land cover types. In this context, the objective of 
this study was to develop an R language package 
for the calculation of landscape ecology metrics to 
analyze forest fragmentation by means of remote 
sensors images. In addition, analyzing forest 
fragmentation in the hydrographic microbasin of 
Arroio Grande located in the central region of the 
Rio Grande do Sul state, in the Atlantic Forest 
biome. The package, called LandscapeMetrics, 
being easy to use, allowing the calculation of 
several landscape ecology metrics, making 
it possible to analyze landscape composition 
spatially, according to users’ needs. For the case 
study, the supervised classification was performed 
using the MLE (Maximum Likelihood) algorithm 
using Landsat 5 and 8 images. The results 
allowed us to infer that there was an increase in 
the area covered with native forest, going from 
2,676.15 ha in 2010 to 3,505.86 ha in 2019, with 
a decrease in the number of fragments. Thus, 
it was concluded that the package addresses 
the need for computational routines that aim at 
the calculation of metrics using open source, 
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collaborating with the development of methods to obtain these variables using R, since it has 
shown promise in the area of remote sensing by performing the manipulation of spatial data.
KEYWORDS: Landscape ecology, Atlantic Forest, Remote Sensing, Territorial Management.

RESUMO: A ecologia da paisagem avalia a estrutura espacial da paisagem auxiliando na 
manutenção da biodiversidade, uma vez que é possível definir técnicas de recuperação 
e conservação de fragmentos florestais. A análise da estrutura da paisagem por meio de 
métricas permite conhecer a função dos fragmentos e suas possíveis respostas às mudanças 
causadas pela supressão da vegetação. Técnicas de sensoriamento remoto têm sido utilizadas 
em estudos de ecologia da paisagem, uma vez que têm a capacidade de caracterizar espacial 
e temporalmente a configuração e composição dos tipos de uso e cobertura da terra. Nesse 
contexto, o objetivo do estudo foi desenvolver um pacote em linguagem R para o cálculo 
de métricas de ecologia da paisagem para analisar a fragmentação florestal por meio de 
imagens de sensores remotos. Além disso, analisar a fragmentação florestal na microbacia 
hidrográfica do Arroio Grande localizada na região central do estado do Rio Grande do Sul, 
no bioma Mata Atlântica. O pacote, denominado LandscapeMetrics, é de fácil utilização, 
permitindo o cálculo de diversas métricas da ecologia da paisagem, possibilitando a análise 
espacial da composição da paisagem, de acordo com as necessidades dos usuários. Para 
o estudo de caso realizou-se a classificação supervisionada por meio do algoritmo MaxVer 
(Máxima Verossimilhança) a partir de imagens Landsat 5 e 8. Os resultados permitiram inferir 
que houve aumento da área coberta com floresta nativa passando de 2.676,15 ha em 2010 
para 3.505,86 ha em 2019 havendo a diminuição do número de fragmentos. Desse modo, 
concluiu-se que o pacote vem a suprir a necessidade de rotinas computacionais que visem o 
cálculo de métricas de ecologia utilizando código aberto, colaborando com o desenvolvimento 
de métodos de obtenção destas variáveis utilizando o R, uma vez que se mostrou promissor 
na área do sensoriamento remoto realizando a manipulação de dados espaciais.
PALAVRAS-CHAVE: Ecologia da paisagem, Mata Atlântica, Sensoriamento Remoto, Gestão 
Territorial.

1 | 	INTRODUCTION
Landscape ecology has a great relevance for understanding the patterns and 

dynamics of biological diversity, providing conceptual and analytical bases for the study 
and management of biodiversity at various scales (HONRADO et al., 2012). Thus, it is 
understood as the study of the structure, in other words, the spatial relation between 
ecosystems, of the function, which refers to the interaction between the spatial elements, 
and the changes of heterogeneous areas, corresponding to the changes in the function and 
ecological mosaic structure (FORMAN and GODRON, 1986).

In this way, the ecology of the landscape allows the description, prediction and 
understanding of the landscape changes, thus, nowadays assuming a prominent place in 
the context of the applied sciences to planning, ordering, nature conservation and territorial 
management (HONRADO et al., 2012). In landscape ecology, the main object to be measured 
is the landscape structure, which provides characteristics of the constituent elements of 
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the landscape, and is commonly expressed through landscape metrics (SKOKANOVÁ and 
EREMIÁŠOVÁ, 2013).

The landscape ecology metrics consist of quantitative measures of landscape 
composition, which assess spatial structure and composition based on fragmentation 
analysis (SIQUEIRA et al., 2013). The use of metrics is of great importance, since they 
foster biodiversity maintenance and its analysis contributes to the definition of management 
techniques aiming at recovering or conserving forest remnants (JUVANHOL et al., 2011). 

Mariota et al. (2015) reports that to monitor the landscape dinamics reliably and 
economically is a challenge, in a way to implement effective conservation strategies. Thus, 
remote sensing techniques have been used in landscape ecology studies (JUNG, 2016), 
since they have the capacity to characterize spatially and temporally the configuration and 
composition of land use and land cover types.

In order to assist on landscape studies, several softwares provide methods enabling 
landscape structure analyzes based on satellite sensor images and remote sensing 
techniques, since the properties of landscape analysis through mapping the use and 
coverage of the land is more accurate (ZARAGOZÍ et al., 2012). However, the authors 
emphasize that among the most important requirements of a software is to be open source, 
since they promote better interaction between other existing projects or future ones. 
Besides, it improves ecological research where there are financial restrictions (STEINIGER 
and HAY, 2009). 

The R language has several advantages that make it a promising tool in the area of 
remote sensing and geoprocessing, since it is free, flexible in the type of data that can be 
analyzed, is compatible with all platforms and allows other users to change the programmed 
functions (MUENCHEN, 2011). Thus, the use of R solves problems of unavailability of 
specific packages for certain purposes through the collaboration of users, allowing them to 
create packages and make them available to the community, which makes it a complete and 
extremely powerful programming language (CASAJUS, 2013).

In this way, due to the diverse advantages that R language provides to users, it quickly 
became a universal language for data processing (MUENCHEN, 2011). Thus, by allowing the 
implementation of new packages and consequently covering different areas of knowledge, 
the R language becomes promising on analysis and manipulation of digital images from 
remote sensors. However, nowadays, R packages for the calculation of landscape ecology 
metrics are incipient needing implementation. Thus, the LandscapeMetrics package was 
developed to meet this need, which allow us to calculate certain landscape metrics in order 
to analyze forest fragmentation using a raster file as input parameter.

The needing for forest fragmentation analysis tools are due to the impacts that it 
causes on the environment. According to Matos et al. (2017) the process of fragmentation 
causes changes in forest structure and biodiversity. The main consequences of fragmentation 
include habitat loss, edge effects, species isolation, biodiversity decline, invasion of exotic 
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species, decreased pollination, and consequently disappearance of species (CALEGARI et 
al., 2010). Therefore, the present research aimed to ally the need for free tools on studies of 
landscape ecology and the incipience of packages written in R language for the calculation 
of landscape metrics, contributing to the R community through the incorporation of a specific 
package for spatial data analysis. Against this background, the objective of this study was to 
develop an R language package for the calculation of landscape ecology metrics to analyze 
forest fragmentation by means of remote sensors images. In addition, analyze forest 
fragmentation in the hydrographic microbasin of Arroio Grande located in the central region 
of the Rio Grande do Sul state, in the Atlantic Forest biome.

2 | 	MATERIAL AND METHODS

2.1	 The LandscapeMetrics package
The LandscapeMetrics version 0.1.0 package was developed in R language in order 

to calculate certain landscape ecology metrics, assisting in research on forest fragmentation 
analysis. The first step consisted in choosing the metrics to be used, in order to avoid the use 
of redundant metrics, which encompassed different groups: metric area and density, edge, 
shape, core area and proximity, making it possible to use for different analyzes that users 
wish to perform. They were based on the methodology of McGarigal and Marks (1995). For 
the creation of the functions the development environment integrated was deployed with 
the language R version 3.4.3 (R DEVELOPMENT CORE TEAM, 2017). In order to verify if 
the result of each function was consistent with reality, it was used a known area allowing 
the calculation to be performed manually for later comparison to the results attained by the 
R functions.

The functions were developed so that they only need the raster file (containing the 
thematic classes to be used to calculate the metrics) as the input parameter, except for the 
edge density that still requires the total area study area in hectares. In Table 1 it is exposed 
the functions necessary to obtain each metric and also its input parameter. The functions 
correspond to the acronyms of each metric defined by McGarigal and Marks (1995).
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Group Function Metric Input Output unity

A
re

a 
an

d 
de

ns
ity

CA Class Area Raster ha
NP Number of Patches Raster -

MPS Mean Patch Size Raster ha
MedPS Median Patch Size Raster ha
PSSD Patch Size Standard Deviation Raster ha
PSCov Patch Size Coefficient of Variation Raster %

Ed
ge

TE Total Edge Raster m

ED Edge Density Raster and 
Area(1) m/ha

Sh
ap

e

LSI Landscape Shape Index Raster -
MSI Mean Shape Index Raster -

AWMSI Area-Weighted Mean Shape Index Raster -
MPFD Mean Patch Fractal Dimension Raster -

AWMPFD Area-Weighted Mean Patch Fractal 
Dimension Raster -

MPAR Mean Perimeter-Area Ratio Raster m/ha

C
or

e 
A

re
a

TCA Total Core Area(2) Raster ha
NCA Number of Core Areas(2) Raster -
MCA Mean Core Area(2) Raster ha
TCAI Total Core Area Index(2) Raster %
CASD Core Area Standard Deviation(2) Raster ha
CACV Core Area Coefficient of Variation(2) Raster %

Pr
ox

i -
m

ity

MNN Mean Nearest-Neighbor Distance Raster m

(1) Total area of ​​study in hectares.

(2) To obtain the metrics of central area you must enter the acronym for the desired metrics 
and still use the border value as follows: TCA_20, NCA_20, MCA_20, TCAI_20, CASD_20, 

CACV_20. The same should be used for the edges of 40, 60, 100, 140 and 200 m.

Table 1 - Landscape ecology metrics available in the LandscapeMetrics package and the 
respective function and input parameters to be used in the R

2.2	 Example application
The purpose of the package is to calculate landscape ecology metrics from images by 

different sensor systems it is possible for the user to calculate the metrics according to their 
needs. The application example consisted of illustrating the ability of the LandscapeMetrics 
package to obtain landscape metrics in areas of Atlantic Forest biome allowing to analyze 
changes over a period.
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2.2.1	 Analysis of forest fragmentation in areas of Atlantic Forest biome

The example of application of the package was used the hydrographic microbasin of 
Arroio Grande located in the central region of the Rio Grande do Sul state, Brazil. The area 
is located in the Decidual Seasonal Forest, Atlantic Forest biome, and is characterized by 
intense agricultural activity with high rates of deforestation, being highly fragmented (ROOS 
and FIGUEIRÓ, 2012). In addition, the remnants of Atlantic Forest are located in areas 
of extremely high priority for biodiversity conservation, as defined by the Ministry of the 
Environment (MMA, 2002). In this way the results may help in the territorial planning of the 
area and demonstrate the ability of the LandscapeMetrics package to calculate landscape 
ecology metrics from orbital images.

For the temporal analysis of the fragmentation of Atlantic Forest remnants, one 
TM (Thematic Mapper – Landsat 5) sensor image used, dated 02/18/2010, and one 
OLI(Operational Land Imager – Landsat 8) sensor image, dated 01/26/2019, both with 
spatial resolution of 30 m and available free of charge by the USGS (United States 
Geological Survey). Native forest areas were supervised classification using the “pixel-to-
pixel” by means of the Maximum Likelihood (MLE) algorithm. After the mapping of the forest 
fragments, the raster file was imported into the R software to obtain the landscape ecology 
metrics.

3 | 	RESULTS AND DISCUSSION

3.1	 Installation the LandscapeMetrics
The package is available in the GitHub repository (<github.com/LandscapeMetrics>) 

and you can download and install it from the source site, you need the devtools package 
and use the following commands:

> libary(“devtools”)
> devtools::install_github(“LandscapeMetrics/LandscapeMetrics”)

3.2	 Examples of using the package
The functions were developed so that they only need the raster file (containing the 

thematic classes to be used to calculate the metrics) as the input parameter, except for the 
edge density that still requires the total area study area in hectares. Thus, the functions 
implemented in R language have been developed to make the package easy to use. At first 
it is necessary to import the image containing the thematic class where it leads to the results 
desired and must be proceeded as follows:  

> library(raster)
> raster <- raster(“Fragments.tif”)
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Where “Fragments.tif” corresponds to the image nomenclature in format “.tif”, it 
contains fragments of native forest. In this way, with the loaded image it is possible to obtain 
the landscape metrics. Thus, typing the acronym corresponds to the metric that is desired 
and adding as input parameter the matrix file is possible to obtain the result of it. As an 
example, to calculate the number of patches (NP) the following command must be used:

> NP(raster)
[1] 132

Where the resulting value shows us the total number of patches in the study area. To 
obtain the mean patch size (MPS), proceed as follows:

> MPS(raster)
[1] 20.27

Where the value obtained returns the average size of the fragments in hectares 
contained in the area. In the same way, we must proceed to obtain the result for the mean 
shape index (MSI):

> MSI(raster)
[1] 1.54

Another example exposed is to obtain the number of central areas when 20 meters 
of edge is subtracted. To do so, it must be performed the command “NCA_20”, as explained 
below:  

> NCA_20(raster)
[1] 139

Thus, for the central area metrics, the corresponding acronyms of each metric should 
be used, as well as the number for the edge to be used (20, 40, 60, 100, 140 and 200 m) 
as previously described. Another example exposed is to obtain the mean nearest-neighbor 
distance (MNN), which should be performed as follows:  

> MNN(raster)
[1] 150.98

The MNN result is given in meters. The calculation of the edge density (ED) differs 
from the other metrics because it needs to inform the area of the study landscape in 
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hectares, as the example shows:

> ED(raster,41460.27)
[1] 39.47

Thus, it is noted that after typing the acronym for metric, it has to be written the 
name of the main file, in other words, the total area of study, since this metric represents the 
amount of edge in function of the landscape area being analyzed. The others metrics that 
were not described should follow according to Table 1.

3.3	 Analysis of forest fragmentation in areas of Atlantic Forest biome
With the supervised classification of images, TM/Landsat 5 and OLI/Landsat 8, we 

obtained the mapping of forest fragments in the study area (Figure 1). The results of the 
metrics of landscape ecology are shown in Tables 2 and 3.

Figure 1 - Mapping of forest fragments in the hydrographic microbasin of Arroio Grande, for the 
years 2010 and 2019, located in the Rio Grande do Sul State, Brazil
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According to the results obtained, it was noticed that there was an increase in the 
areas covered by forest remnants of the Atlantic Forest which were 2,676.15 ha in 2010 and 
3,505.86 ha in 2019. Being that many of the fragments were united due to the expansion 
of the forest area so the number of fragments (NP) decreased to 74 in 2019, while in 2010 
they numbered 132. 

In the year 2019 the central area of the fragments increased in relation to the year 
2010 fact related to the expansion of forest areas in that year. However, it was possible 
to notice that most of the fragments are of small sizes, since as the border distance was 
increased, there was a decrease in the area (TCA) and of the number of forest fragments 
(NCA). Ribeiro et al. (2009) when analyzing the Atlantic Forest as a whole observed that 
almost half of this one is under effect of edge inferior to 100 m.

Metrics 2010 2019
CA (ha) 2,676.15 3,505.86
NP 132 74
MPS (ha) 20.27 47.38
MedPS (ha) 1.21 2.20
PSSD (ha) 151.50 284.40
PSCov (%) 747.26 600.30
LSI 16.89 18.51
MSI 1.54 1.84
AWMSI 6.97 10.22
MPAR (m.ha-1) 576.91 536.36
TE (m) 349,740.00 438,720.00
ED (m.ha-1) 39.47 49.51
MNN (m) 150.98 136.83

Table 2 - Values of area and density, shape, border and proximity metrics obtained for the forest 
fragments in the hydrographic microbasin of Arroio Grande, Rio Grande do Sul State, Brazil

Distance of Edge  (m)
2010

TCA (ha) NCA MCA (ha) TCAI (%) CASD (ha) CACV (%)

20 1,757.25 139 12.64 65.66 77.50 613.05

40 1,738.71 138 12.60 64.97 77.08 611.80

60 1,163.34 86 13.53 43.47 64.23 474.84

100 812.61 40 20.31 30.36 73.08 359.73

140 393.30 22 17.88 14.70 39.35 220.14

200 193.41 14 13.81 7.23 34.50 249.74
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2019

20 2,419.47 140 17.28 69.01 144.88 838.32

40 2,327.49 127 18.33 66.39 145.56 794.24

60 1,565.28 101 15.50 44.65 73.99 477.42

100 1,083.51 55 19.70 30.90 61.21 310.73

140 521.37 28 18.62 14.87 39.74 213.43

200 222.57 22 10.12 6.35 15.57 153.91

Table 3 - Central area metric values obtained for the forest fragments in the hydrographic 
microbasin of Arroio Grande, Rio Grande do Sul State, Brazil

Analyzing the central area between the years of study it was noticed that with the 
increase of the edge distance there was an increase in the number of fragments. Calegari 
et al. (2010) when analyzing time series in areas of the Atlantic Forest biome applying 35 
m edge observed the same. This fact is related to the greater irregularity in the shape of 
the fragments in 2019 indicated by the MSI metric that increased from 2010 (1.54) to 2019 
(1.84).

Finally, it should be noted that the LandscapeMetrics package can be used to 
calculate forest fragment metrics as well as other land use and land cover classes as 
required by the user. However, these created metrics are used in several forest surveys 
(CALEGARI et al.; 2010; JUVANHOL et al., 2011; PIROVANI et al., 2014). Aiming to analyze 
forest fragmentation, the metrics available in the package encompass different groups that 
make it possible to explore the degree of fragmentation of a given region allowing the study 
of conservation strategies in order to minimize the consequences of the degradation of 
native areas. 

In this way, the package can help in the territorial management, allowing evaluating 
the appropriate use of certain areas in order to avoid suppression of forest fragments, 
aiming to preserve native forest areas. Since, through the mapping of land use and land 
cover, it is possible to seek ecological knowledge about the forest fragments, allowing a 
correct environmental management, assisting in the forest management, being possible to 
diagnose the existing problems and possible changes necessary (CALEGARI et al., 2010).

4 | 	FUTURE DEVELOPMENTS AND CONCLUSIONS
The LandscapeMetrics package, developed in R language, is easy to use, allowing 

you to calculate several landscape ecology metrics. With this package, is possible to analyze 
the composition of the landscape spatially, according to the needs of the users. The package 
was developed with the intention of simplifying the metrics since you only need the raster file 
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containing the forest fragments. Thus, the package addresses the need for computational 
routines that aim at the calculation of metrics using open source, collaborating with the 
development of methods to obtain these variables using R.

As further work, new landscape ecology metrics will be implemented in the 
LandscapeMetrics package in order to reach a larger audience with different needs, since 
in the current version there are few implemented functions when compared to the totality 
existing in the literature. In addition, the functions that calculate the central area metrics will 
be adjusted allowing the user to define the distance they want instead of having specific 
borders as happen in this present version. So that will allow greater flexibility in the use of 
these metrics. 

The LandscapeMetrics package can be used to calculate forest fragment metrics as 
well as other land use and land cover classes as required by the user.  Aiming to analyze 
forest fragmentation, the metrics available in the package make it possible to explore the 
degree of fragmentation of a given region allowing the study of conservation strategies in 
order to minimize the consequences of the degradation of native areas. In the study area 
it was noticed that there was an increase in the areas covered by forest remnants of the 
Atlantic Forest, with the decrease in the number of fragments.

In this way, the package can help in the territorial management, allowing evaluating 
the appropriate use of certain areas in order to avoid suppression of forest fragments, aiming 
to preserve native forest areas. Although the focus of the manuscript was using images TM/
Landsat 5 and OLI/Landsat 8, the package is designed to use any satellite image, thus it 
is expected that the same will be used for the most diverse studies of landscape ecology.
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