Aplicacoes da
amn Linguagem R em
%'l Analises de Vegetacio

-
] | Ecio Souza Diniz
Pedro Manuel Villa
i ‘ (Organizadores)
f

Editora
Ano 2020




Aplicacoes da
Linguagem R em
Analises de Vegetacao

/‘\ti Ecio Souza Diniz
g Pedro Manuel Villa
/ ’ (Organizadores)

Editora
Ano 2020




2020 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2020 Os autores
Copyright da Edicao © 2020 Atena Editora
Editora Chefe: Prof? Dr® Antonella Carvalho de Oliveira
Diagramacao: Geraldo Alves
Edigcdo de Arte: Lorena Prestes
Revisdo: Os Autores

Todo o conteludo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative
BY Commons. Atribui¢ao 4.0 Internacional (CC BY 4.0).

0 conteldo dos artigos e seus dados em sua forma, correcao e confiabilidade sao de responsabilidade exclusiva
dos autores. Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos
autores, mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Constantino Ribeiro de Oliveira Junior - Universidade Estadual de Ponta Grossa
Prof? Dr? Cristina Gaio - Universidade de Lisboa

Prof? Dr® Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai € das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof® Dr® Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Universidade Federal do Maranhao

Prof? Dr® Miranilde Oliveira Neves - Instituto de Educacao, Ciéncia e Tecnologia do Para
Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof? Dr? Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa

Prof? Dr? Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste
Prof? Dr? Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias
Prof® Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

| Atena

LEditora
Ano 2020




Prof® Dr® Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof? Dr? Girlene Santos de Souza - Universidade Federal do Recdncavo da Bahia
Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof? Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof? Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biolégicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof? Dr? Anelise Levay Murari — Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof? Dr? Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof? Dr? Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Reconcavo da Bahia

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande
Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof? Dr® Magnélia de Araljo Campos - Universidade Federal de Campina Grande
Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof? Dr® Vanessa Lima Gongcalves - Universidade Estadual de Ponta Grossa

Prof® Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof. Dr. Alexandre Leite dos Santos Silva - Universidade Federal do Piaui
Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Prof® Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande
Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof® Dr® Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof? Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Msc. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Msc. Adalberto Zorzo - Centro Estadual de Educacao Tecnol6gica Paula Souza
Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional Paraiba
Prof. Msc. André Flavio Gongalves Silva - Universidade Federal do Maranhao

Prof® Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof® Msc. Bianca Camargo Martins - UniCesumar

Prof. Msc. Carlos Antdnio dos Santos - Universidade Federal Rural do Rio de Janeiro
Prof. Msc. Claldia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof. Msc. Daniel da Silva Miranda - Universidade Federal do Para

Prof?® Msc. Dayane de Melo Barros - Universidade Federal de Pernambuco

| Atena

Editora
Ano 2020




Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Msc. Eliel Constantino da Silva - Universidade Estadual Paulista Julio de Mesquita

Prof. Msc. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Msc. Guilherme Renato Gomes - Universidade Norte do Parana

Prof* Msc. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Msc. José Messias Ribeiro Janior - Instituto Federal de Educacao Tecnolégica de Pernambuco
Prof. Msc. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof® Msc. Lilian Coelho de Freitas - Instituto Federal do Para

Prof® Msc. Liliani Aparecida Sereno Fontes de Medeiros - Consércio CEDERJ

Prof® Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Msc. Luis Henrique Almeida Castro - Universidade Federal da Grande Dourados

Prof. Msc. Luan Vinicius Bernardelli - Universidade Estadual de Maringa

Prof. Msc. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Msc. Renata Luciane Polsagque Young Blood - UniSecal

Prof® Msc. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Dados Internacionais de Catalogagao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

A642  Aplicagdes da linguagem R em analises de vegetagao [recurso
eletrdnico] / Organizadores Ecio Souza Diniz, Pedro Manuel Villa.
— Ponta Grossa, PR: Atena, 2020.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-86002-35-5

DOI 10.22533/at.ed.355200903

1. Desenvolvimento sustentavel. 2. R (Linguagem de
programagéo de computador). 3. Recursos vegetais — Manejo.
|.Diniz, Ecio Souza. Il. Villa, Pedro Manuel.

CDD 333.7511

Elaborado por Mauricio Amormino Junior — CRB6/2422

Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br
contato@atenaeditora.com.br

| Atena

Editora
Ano 2020




APRESENTACAO

Os diferentes tipos de vegetacao ao redor do globo, principalmente as florestas
tropicais, se destacam por fornecer importantes bens e servicos ecossistémicos
para a humanidade como, por exemplo, regulacéo climatica, provisédo de alimentos
e diversas fontes de energia. Contudo, as crescentes e rapidas mudancas no meio
ambiente causadas por sua intensa explora¢ao no século 21 tém promovido redu¢des
drasticas de importantes vegetacdes distribuidas em distintos Biomas. O Brasil como
um pais de dimensao continental e rico em recursos vem atravessando profundas
transformacdes em seus Biomas, o que é destacadamente devido aos usos intensos
da terra sem técnicas adequadas de manejo para a sua exploracao.

Diante desse panorama de significativas transformacées do meio natural, se
faz necesséario e urgente o estudo de diferentes tipos de comunidades vegetais
e ecossistémicas para definir estratégias de manejo e conservagao, assim como
pesquisas que visem a otimizacdo de producdes agricolas de forma sustentavel. A
unido de compreensao ecoldgica precisa e adequadas técnicas de manejo permitem
uma exploragdo sustentavel a longo-prazo dos recursos vegetais, assegurando
manutencao de diversidade e provisdes para o futuro.

Aexecucéao de estudos robustos para alcancar essa interface entre conservagao
e exploracdo demanda o uso de eficientes ferramentas analiticas. Dentre essas
ferramentas, as linguagens de programacédo tém se sido importantes aliadas
para obtencdes de predi¢cdes e resultados estatisticos confiaveis e informativos. A
linguagem contida no software R € a mais amplamente utilizada para processamento
de dados e analises de vegetacdo. O R engloba diversos pacotes importantes para
analises de dados de plantas em diversos contextos ecologicos e agrarios. Com
seus diversos pacotes, o R permite a busca mais apurada pela compreensao de
padrdes e processos ecoldgicos, avaliacdo de impactos antrdpicos sobre vegetacao,
monitoramentos e previsdes de condicdes do solo para plantios e predi¢cdoes de
efeitos de mudancas climéticas em florestas. Essa gama de possibilidades analiticas
amplifica o acerto em tomadas de decisdo com relacdo ao uso dos NOSSOS recursos
naturais de forma geral.

Este livro tem como objetivo trazer uma compilacédo de algumas potencialidades
do software R para anélise de vegetacao, contribuindo para o aumento da capacidade
técnica de diversos profissionais das areas de Ciéncias da Terra ou Naturais no uso
dessa poderosa ferramenta analitica. Para tal, os capitulos aqui presentes discorrem
de forma aplicada sob temas em contextos ecoldgicos e agrarios. Todos os capitulos
possuem links de compartilhamento livre de dados e scripts com cddigos para
execucao das analises que eles abordam no R. Assim, desejamos que o conteudo
aqui presente auxilie vocé leitor (a) em sua tarefa analitica, amplificando a obtencéao
de resultados informativos e potenciais de aplicacao pratica.

Ecio Souza Diniz
Pedro Manuel Villa
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CAPITULO 3

PHYTOSOCIOLOGY IN R: AROUTINE TO ESTIMATE
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

Aplicacdes da Linguagem R em Andlises de Vegetacao

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 PARAMETROS
FITOSSOCIOLOGICOS

RESUMO: A estimativa de
fitossociologicos estdo entre as mais uteis

parametros

abordagensnoestudodecomunidadesvegetais.
Existem, portanto, algumas alternativas para
rodar analises fitossociologicas, tais como os
softwares FITOPAC, TURBOVEG, JUICE e
Mata Nativa, ou inserir as equagbes em um
editor de tabelas. No entanto, nds levamos em
conta o aumento no numero de usuarios do
programa R na &rea de ecologia e, portanto,
apresentamos aqui um codigo para rodar

parametros fitossociologicos no R para os
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métodos de amostragem de espécies lenhosas ou alternativamente utilizando o
método de Braun-Blanquet. O c6digo em R foi criado para permitir aos usuarios,
em especial os iniciantes na linguagem, abrir os dados obtidos em campo e analisar

parametros fitossociologicos de forma mais simples e direta possivel.
PALAVRA-CHAVE: Abundancia, cobertura vegetal, estrutura da vegetacao, indice de
valor de importancia, dominéncia

11 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 (CACERES 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 & ARAUJO,
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 DUFRENE 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 & SCHAMINEE, 2001;
TICHY, 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|1 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:

BA;

ADo = area (ha) Eq. 1

Where, BA is the basal area of the species |, and area is the total area sampled
in hectare.
Relative dominance:
BA;
Z?=BA1) Eqg. 2

RDo = 100 (

Where, BA is the basal area of the species i.
Absolute frequency:
Fr;

AFr = Nid Eq. 3

Where, Fr, is the number of sample areas where the species i occurs and Nid is
the number of sampling areas.
Relative frequency:
Frj
Z?:Fri) Eq. 4

AFr = 100 (

Where, Fr, is the number of sample areas where the species i occurs.
Absolute density:
n.
De = ——
A area (ha) Eq. 5
Where, n.is the number of individuals of each species and area is the total area
sampled in hectares.
Relative density:

nj
RDe = 100() £0.6

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

Importance value:

IV = RDo + RFr + RDe 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:
area (m?) Eq. 8

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

Ci )
Xi=C Eq. 9

RC = 100. (

Where, C, 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)72/10000”.

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 spO1 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.ixt”, 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 VI
spO1 0.11 7 16 1.10 2.54 70 | 417 | 160 3.33 | 10.04
sp02 0.23 10 46 2.32 538 | 100 | 5.95 | 460 9.58 | 20.92
sp03 0.44 9 20 441 | 1022 | 90 | 5.36 | 200 417 | 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 Ccv RC AFr | RFr | ADe | RDe VI
sp01 0.15 2 5 1.51 2.03 20 | 333 | 0.5 5.21 10.57
sp02 0.33 5 13 3.32 | 4.46 50 | 833 | 1.3 | 13.54 | 26.33
sp03 1.58 5 8 1580 | 2122 | 50 | 833 | 0.8 8.33 37.88
sp04 0.39 5 5 3.90 @ 524 50 | 833 | 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, IVl = 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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