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APRESENTAÇÃO
Os diferentes tipos de vegetação ao redor do globo, principalmente as florestas 

tropicais, se destacam por fornecer importantes bens e serviços ecossistêmicos 
para a humanidade como, por exemplo, regulação climática, provisão de alimentos 
e diversas fontes de energia. Contudo, as crescentes e rápidas mudanças no meio 
ambiente causadas por sua intensa exploração no século 21 têm promovido reduções 
drásticas de importantes vegetações distribuídas em distintos Biomas. O Brasil como 
um país de dimensão continental e rico em recursos vem atravessando profundas 
transformações em seus Biomas, o que é destacadamente devido aos usos intensos 
da terra sem técnicas adequadas de manejo para a sua exploração. 

Diante desse panorama de significativas transformações do meio natural, se 
faz necessário e urgente o estudo de diferentes tipos de comunidades vegetais 
e ecossistêmicas para definir estratégias de manejo e conservação, assim como 
pesquisas que visem a otimização de produções agrícolas de forma sustentável. A 
união de compreensão ecológica precisa e adequadas técnicas de manejo permitem 
uma exploração sustentável a longo-prazo dos recursos vegetais, assegurando 
manutenção de diversidade e provisões para o futuro.

A execução de estudos robustos para alcançar essa interface entre conservação 
e exploração demanda o uso de eficientes ferramentas analíticas. Dentre essas 
ferramentas, as linguagens de programação têm se sido importantes aliadas 
para obtenções de predições e resultados estatísticos confiáveis e informativos. A 
linguagem contida no software R é a mais amplamente utilizada para processamento 
de dados e análises de vegetação. O R engloba diversos pacotes importantes para 
análises de dados de plantas em diversos contextos ecológicos e agrários. Com 
seus diversos pacotes, o R permite a busca mais apurada pela compreensão de 
padrões e processos ecológicos, avaliação de impactos antrópicos sobre vegetação, 
monitoramentos e previsões de condições do solo para plantios e predições de 
efeitos de mudanças climáticas em florestas. Essa gama de possibilidades analíticas 
amplifica o acerto em tomadas de decisão com relação ao uso dos nossos recursos 
naturais de forma geral.

Este livro tem como objetivo trazer uma compilação de algumas potencialidades 
do software R para análise de vegetação, contribuindo para o aumento da capacidade 
técnica de diversos profissionais das áreas de Ciências da Terra ou Naturais no uso 
dessa poderosa ferramenta analítica. Para tal, os capítulos aqui presentes discorrem 
de forma aplicada sob temas em contextos ecológicos e agrários. Todos os capítulos 
possuem links de compartilhamento livre de dados e scripts com códigos para 
execução das análises que eles abordam no R. Assim, desejamos que o conteúdo 
aqui presente auxilie você leitor (a) em sua tarefa analítica, amplificando a obtenção 
de resultados informativos e potenciais de aplicação prática. 

Écio Souza Diniz
Pedro Manuel Villa
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PHYTOSOCIOLOGICAL PARAMETERS
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ABSTRACT: The estimate of phytosociological 
parameters is one of the most useful approaches 
in the study of plant communities. There are 
several options for running a phytosociological 
analysis, such as the software FITOPAC, 
TURBOVEG, JUICE, and Mata Nativa, or 
another alternative is entering equations into a 
spreadsheet editor. Nevertheless, we consider 

the recent rise in the number of users of the 
R program in the ecology field and, therefore, 
present here a code to run phytosociological 
parameters in R from both woody or alternatively 
for Braun-Blanquet’s sample method. The code 
was created to allow the user, mainly beginners 
in the language, to upload the field data and 
analyze the phytosociological parameters as 
simply and directly as possible. 
KEYWORDS : Abundance, vegetation cover, 
vegetation structure, importance value index, 
dominance 

FITOSSOCIOLOGIA NO R: UMA 
ROTINA PARA ESTIMAR PARÂMETROS 

FITOSSOCIOLOGICOS

RESUMO: A estimativa de parâmetros 
fitossociológicos estão entre as mais úteis 
abordagens no estudo de comunidades vegetais. 
Existem, portanto, algumas alternativas para 
rodar análises fitossociológicas, tais como os 
softwares FITOPAC, TURBOVEG, JUICE e 
Mata Nativa, ou inserir as equações em um 
editor de tabelas. No entanto, nós levamos em 
conta o aumento no número de usuários do 
programa R na área de ecologia e, portanto, 
apresentamos aqui um código para rodar 
parâmetros fitossociológicos no R para os 
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métodos de amostragem de espécies lenhosas ou alternativamente utilizando o 
método de Braun-Blanquet. O código em R foi criado para permitir aos usuários, 
em especial os iniciantes na linguagem, abrir os dados obtidos em campo e analisar 
parâmetros fitossociológicos de forma mais simples e direta possível.  
PALAVRA-CHAVE: Abundância, cobertura vegetal, estrutura da vegetação, índice de 
valor de importância, dominância

1 |  INTRODUCTION

Phytosociological parameters are widely applied in ecology with the aim of 
characterizing vegetation and understanding processes in plant communities. 
Nowadays, phytosociology is not limited to vegetation description, but it is the base 
for understanding patterns of community assemblage. Hence, it is very important to 
comprehend the structure of a plant community that is being investigated in order to 
delve further into questions concerning plant ecology.   Phytosociology is a science 
that present results of a current assemblage, based on floristic composition. However, 
vegetation is not static and changes in space and time as a result of different ecological 
processes. For that reason, it is necessary to continually update phytosociological 
studies (CÁCERES et al., 2015).

Phytosociological studies started with the botanist Josias Braun-Blanquet around 
the 1920s wherein plant community sampling in plots was standardized and based 
on the information he used to name the vegetation (DENGLER, 2017). Nowadays, it 
is a method that widely used in Europe, northern Asia, Africa and Latin America. This 
method is over 100 years old and data have been accumulating in published and 
unpublished studies done on several million research plots; however, some of those 
data have been registered in compound vegetation-plots databases (DENGLER et 
al., 2011).  

Phytosociological parameters describe the frequency, abundance, and cover 
of each species in relation to the community (BRAUN-BLANQUET, 1979; MORO & 
MARTINS, 2013; MUELLER-DOMBOIS & ELLENBERG, 1974; MUNHOZ & ARAÚJO, 
2013), and are divided into absolute and relative types. The absolute parameters are 
related to the total area sampled or total number of samplings, while the relative 
ones concern the total frequency, total abundance, and total basal area (BRAUN-
BLANQUET, 1979; MUELLER-DOMBOIS; ELLENBERG, 1974). As we can see 
by the names, these parameters are quite intuitive and very informative regarding 
vegetation structure. 

Besides describing the vegetation, many studies use phytosociological 
parameters to investigate patterns of distribution of a focal species between samples 
(KOUR & SHARMA, 2014; WHITFORD, 1949), the relationship of dominance within a 
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vegetation community (JIBRIN et al., 2018; RODRIGUES; VILLA; NERI, 2019), or to 
investigate the set of species that have greater weight in the plant community structure, 
for ecological restoration, or for human use (MELI et al., 2014; SOLDATI et al., 2017). 
Sometimes these parameters are used to implement additional metrics to investigate 
the vegetation community, such as the application of relative abundance and relative 
frequency in the measurement of indicator species, as proposed by DUFRÊNE and 
LEGENDRE (1997). In addition to being used as part of many scientific studies in 
plant ecology, at least in some countries, phytosociological parameters are required in 
vegetation studies that are required as part of the process of environmental licensing 
and in the preparation of the management plan of protected areas.

Because of the relevance of the phytosociological studies, there is software 
that can process these calculations, such as FITOPAC, TURBOVEG, JUICE, and 
Mata Nativa (respectively, SHEPHERD, 1996; HENNEKENS & SCHAMINÉE, 2001; 
TICHÝ, 2002; CIENTEC, 2016), and these benefit the researcher because the use 
of a spreadsheet editor and manual insertion of equations is not necessary. Although 
some software is freely available, the usage of different platforms during research 
can cause inconvenience. For instance, often times a researcher must become 
familiar with different templates, deal with distinct input tables, and export the data 
to another software type if he wants to proceed with more complex analyses. Hence, 
development of a code in the software R will favor researchers that already use R as 
their main statistical software, reducing time wasted in dealing with other platforms or 
exporting data. Moreover, a simple code will also facilitate the beginning user in the 
interpretation of the parameters, as well as in the understanding of the R language. 
Undoubtedly, the R program is the most used software in ecological studies today 
and many researchers will benefit from running phytosociological parameters and 
statistical analyses in the same environment.

In this context, we aimed to estimate phytosociological parameters of plant 
species communities using the R software. Here we present a set of command lines 
wrote in R that can be applied for calculation of phytosociological parameters. Our 
intent was to create a code that allows a researcher to 1) update the field table, 2) 
run the parameters, 3) and put the table with all phytosociological parameters into an 
appropriate format. 

2 |  METHODS

To implement phytosociological analysis, we consider the most common types of 
field tables used for woody species sampling and Braun-Blanquet cover-abundance 
sampling. The formats of both tables are presented in their own code (see below). 
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2.1 Woody sampling

For woody species sampling, our code was built to transform circumference at 
breast height (cbh) into basal area, and subsequently calculate the sum of basal area, 
frequency and abundance per species. These values will be used with the total area 
sampled (in hectares) and the number of areas sampled in the following equations.

Absolute dominance:

                               Eq. 1 

Where, BAi is the basal area of the species I, and area is the total area sampled 
in hectare.

Relative dominance:

   Eq. 2

Where, BAi is the basal area of the species i.
Absolute frequency:

    Eq. 3

Where, Fri is the number of sample areas where the species i occurs and Nid is 
the number of sampling areas.

Relative frequency:

   Eq. 4

Where, Fri is the number of sample areas where the species i occurs.
Absolute density:

          Eq. 5

Where, ni is the number of individuals of each species and area is the total area 
sampled in hectares. 

Relative density:

         Eq. 6

Where, ni is the number of individuals of each species and N is the total 
abundance.

Importance value:

        Eq. 7
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2.2 Cover value and abundance scale

For the Braun-Blanquet approach, the code is divided into two main sets. Firstly, 
to calculate proportion of cover, frequency and abundance per species that will later 
be applied in the equations to get the phytosociological parameters. The parameters 
for absolute and relative dominance are replaced with cover value and relative cover 
(calculated from proportional cover, instead of basal area) and used in the following 
equation with the total area sampled (in square meters) and the number of areas 
used to calculate cover value and relative cover. 

Cover value:

    Eq. 8

Where, Ci is the proportional cover of the species i. 
Relative cover:

   Eq. 9

Where, Ci is the proportional cover of the species i.   
Here, we are considering the Braun-Blanquet method used for small areas and 

square meters as a unit of measure. Therefore, calculations of the parameters for 
frequency and density are the same as presented in equations 3 to 6 but use the 
sampled area in square meters instead of hectares to calculate absolute density 
(Eq. 5). Importance value is calculated as presented in Eq. 7 but relative dominance 
(RDo) is replaced with relative cover (RC).  

3 |  RESULTS AND DISCUSSION

The code created to run phytosociological parameters analysis in R is available 
at the GitHub platform (https://github.com/GustavoHeringer/phytosociology) and is 
transcribed below in separated sections. Our intent here is to highlight the main steps 
used in the code and to provide a code that is as useful as possible.

3.3 Code for woody species sampling

Firstly, the researcher must prepare an input table like Table 1. The table 
presented here is largely used to record woody vegetation with one small adaptation, 
which is that the researcher must add a column to report the abundance of species. 
In woody species sampling, usually each line in the table refers to an individual and 
individuals with more than one trunk receive more than one value for the circumference 
at breast height (cbh) column. Here, we propose to use one line for each trunk and, 
therefore, an individual with more than one trunk will occupy as many lines as there 
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exist trunks. Hence, this individual must receive abundance as 1, in the recording 
of the first trunk, and receive 0 for the other trunks (see sp04 in Table 1). Thus, the 
calculation of basal area and abundance per individual will be performed correctly. 

plot species abundance cbh height

81 sp01 1 17.9 4.0

81 sp02 1 29.8 5.0

81 sp03 1 84.6 10.8

81 sp04 1 40.6 7.5

81 sp04 0 21.8 3.9

Table 1: A common example of a data frame used in fieldwork for woody sampling that must be 
uploaded in R.

*cbh = circumference at breast height

Another mandatory step when running the code is to insert the total area in 
hectares sampled and the number of sample areas, as shown below (0.1 ha and 10 
sample areas).

area.wo <- 0.1 
sample.wo <- 10

Subsequently, the user must run a set of codes to prepare a data frame that 
will be used in the output and to calculate the phytosociological parameters. At the 
same time, the circumference at breast height in centimeters is converted to basal 
area in meters squared. If the user sampled diameter at breast height (dbh) instead 
cbh, the first code line below must be replaced with “df.wo$basal_a <- 3.1415926*(df.
wo$dbh/2)^2/10000”.

df.wo$basal_a <- (3.1415926*(df.wo$cbh/(2*3.1415926))^2)/10000
basal_a_wo <- tapply(df.wo$basal_a, df.wo$species, function(x) sum(x))
freq_wo <- tapply(df.wo$plot, df.wo$species, function(x) length(unique(x)))
abund_wo <- tapply(df.wo$abundance, df.wo$species, function(x) sum(x))
table_wo <- data.frame(SPECIES=names(abund_wo), BASAL_A=basal_a_wo, 
FREQ=freq_wo, ABUND=abund_wo)

In the following set of codes, the phytosociological parameters will be calculated 
and included in the data frame.

table_wo$ADo <- table_wo$BASAL_A/area.wo
table_wo$RDo <- 100*(table_wo$BASAL_A/sum(table_wo$BASAL_A))
table_wo$AFr <- 100*(table_wo$FREQ/sample.wo)
table_wo$RFr <- 100*(table_wo$FREQ/sum(table_wo$FREQ))
table_wo$ADe <- table_wo$ABUND/area.wo
table_wo$RDe <- 100*(table_wo$ABUND/sum(table_wo$ABUND))
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table_wo$IVI <- table_wo$RDo + table_wo$RFr + table_wo$RDe

Finally, we provide a very simple code to export the output as a .txt format that 
can be used in any other software.

write.table(table_wo, “phyto_from_field_to_table_woody.txt”, row.names = F)

3.4 Code for cover-abundance sampling

Similar to woody species sampling, the user must insert input data in a 
standardized format (Table 2). The table that we propose is commonly applied in the 
Braun-Blanquet approach. Frequently, the researchers that use the Braun-Blanquet 
cover-abundance scale approach do not record the abundance of each species; this 
occurs mainly in vegetation communities composed by grass where it can be very 
difficult to distinguish individuals. Even so, we also provided a code that allows for 
the calculation of absolute and relative densities and the creation of these variables. 
Thus, researchers that need to calculate the phytosociological parameters with 
respect to density must account for abundance during fieldwork. 

plot species abundance cover class cover percentage cover proportion

81 sp01 4 2 15.0 0.150

81 sp02 1 R 00.1 0.001

81 sp03 2 2 15.0 0.150

81 sp04 8 5 87.5 0.875

Table 2: A common example of a data frame used in fieldwork for cover-abundance sampling 
that must be uploaded in R.

*cover class = cover class sensu BRAUN-BLANQUET (1979); cover percentage = mean of cover in percentage 
based on cover class.

Again, the user must create the two objects regarding to the area sampled, here 
in square meters and the number of sample areas.

area.bb <- 10 
sample.bb <- 10

Subsequently, there are three sets of codes. The first one, to prepare the data 
frame, the second to calculate the phytosociological parameters, and, finally, the 
code to export the output in a .txt format.

cover_prop <- tapply(df.bb$cover_prop, df.bb$species, function(x) sum(x))
freq <- tapply(df.bb$plot, df.bb$species, function(x) length(unique(x)))
abund <- tapply(df.bb$abundance, df.bb$species, function(x) sum(x))
table_bb <- data.frame(SPECIES=names(abund), COVER=cover_prop, FREQ=freq, 
ABUND=abund)
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table_bb$CV <- 100*(table_bb$COVER/area.bb)
table_bb$RC <- 100*(table_bb$COVER/sum(table_bb$COVER))
table_bb$AFr <- 100*(table_bb$FREQ/sample.bb) 
table_bb$RFr <- 100*(table_bb$FREQ/sum(table_bb$FREQ))
table_bb$ADe <- table_bb$ABUND/area.bb
table_bb$RDe <- 100*(table_bb$ABUND/sum(table_bb$ABUND))
table_bb$IVI <- table_bb$RC + table_bb$RFr + table_bb$RDe

write.table(table_bb, “phyto_from_field_to_table_braun_b.txt”, row.names = F)

3.5 Output format

For woody samples, the output table will contain species name, abundance, 
basal area (in meters squared), frequency, and the phytosociological parameters 
including importance value index per hectare (Table 3). 

SPECIES BASAL_A FREQ ABUND ADo RDo AFr RFr ADe RDe IVI

sp01 0.11 7 16 1.10 2.54 70 4.17 160 3.33 10.04

sp02 0.23 10 46 2.32 5.38 100 5.95 460 9.58 20.92

sp03 0.44 9 20 4.41 10.22 90 5.36 200 4.17 19.75

sp04 0.04 3 5 0.43 0.99 30 1.79 50 1.04 3.82

Table 3: An example of output of the code in .txt file extension. BASAL_A = Basal area, FREQ 
= Frequency, ABUND = Abundance, ADo = Absolute Dominance, RDo = Relative Dominance, 
AFr = Absolute Frequency, RFr = Relative Frequency, ADe = Absolute Density, RDe = Relative 

Density, IVI = Importance Value Index.

For Braun-Blanquet cover-abundance methods the output will contain almost 
the same result as for woody samples. Nevertheless, it replaces basal area, absolute 
dominance, and relative dominance with cover, cover value, and relative cover, 
respectively (Table 4). Furthermore, in this case all parameters will be reported per 
meter squared instead of hectares.

SPECIES COVER FREQ ABUND CV RC AFr RFr ADe RDe IVI

sp01 0.15 2 5 1.51 2.03 20 3.33 0.5 5.21 10.57

sp02 0.33 5 13 3.32 4.46 50 8.33 1.3 13.54 26.33

sp03 1.58 5 8 15.80 21.22 50 8.33 0.8 8.33 37.88

sp04 0.39 5 5 3.90 5.24 50 8.33 0.5 5.21 18.78

Table 4: An example of output of the code in .txt file extension. FREQ = Frequency, ABUND = 
Abundance, CV = Cover Value, RC = Relative Cover, AFr = Absolute Frequency, RFr = Relative 

Frequency, ADe = Absolute Density, RDe = Relative Density, IVI = Importance Value Index.

Both .txt tables can be easily opened in any software or spreadsheet editor and 
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the researcher can use this code for many different objectives, e.g., to use the output 
of phytosociology as a variable in future analyses. The researcher can also maintain 
their study in R as the objects “table_wo” and “table_bb” for later analysis.

As a final highlight, the researcher may decide to use a different heading in the 
field table, for instance “ProportionalCover” instead of “cover_prop” as provided in 
our code. To this end there are two equally easy options. First, the researcher can 
just change the heading in the original field table or in R and run the code normally. 
As a second alternative, the term “df.bb$cover_prop” can be substituted for “df.bb$ 
ProportionalCover”, throughout the entire code.

4 |  FINAL CONSIDERATIONS

We presented a set of command lines that allow to calculate phytosociological 
parameters exclusively in R. Therefore, R users can apply phytosociological 
approach in their studies without move from other planforms. We also highlight 
that our code provides more flexibility to the researchers, since allows the user to 
calculate phytososiological parameters from woody and Braun-Blanquet approach 
(cover sampling). Finally, we believe this routine can be easily applied by beginning 
users and will favor a better understanding of phytosociological parameters, while, at 
the same time, can work as a gateway to the R language.
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