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Preface

Humans represent just one of many species that constitute the planet’s biodiversity.
Nevertheless, as the dominant species, humans have been the primary agent of the transfor-
mation of natural spaces, which can be seen as positive or negative. Therefore, the study of
human interactions, biodiversity, and the environment that surrounds them is a basic tool
for understanding the factors that bind human societies to natural resources. Within this
context, ethnobiology appears to be a promising discipline that can play a key role as a
mediator of dialogue between different academic disciplines and traditional knowledge, a
union essential to enable contextualized and sustainable alternatives to exploitative prac-
tices and biodiversity management. Thus, this book comes with the original proposal of
realizing the main methods that allow us to assess this diverse and complex relationship
between people and nature.

This book represents the evolution of the book Methods and Techniques in Ethnobotany
Research published in Brazil in 2004. We realized that this book was consulted not only by
researchers and students interested in ethnobotany but also by people in different fields.
Thus, this book, Methods and Techniques in Ethnobiology and Ethnoecology, is an improved
and expanded edition of the third edition of the Brazilian text (2010). This book was writ-
ten to guide people in the following methods: think about the data you collect, choose the
most appropriate procedures for collecting such data, and reflect on your practice and sci-
entific work. Over the years, we have continued to improve the text, engage new authors,
and expand chapters to offer a broader view of the possible range of tools that can be used
in this type of research.

Certainly, the text is not without flaws, but as with the Brazilian editions, we are
also open to suggestions and comments from readers regarding ways of perfecting each
new edition. In this book, the reader will find 28 different chapters covering different
qualitative and/or quantitative aspects. We have several works on research methods,
and each year texts that are increasingly practical and complete enter the book market.
However, the intent of this book is to be a bedside manual to help readers make deci-
sions. Much of this book is the result of the authors’ experience with the themes; so
their examples give substance to ideas and procedures that are often abstract. Therefore,
we are grateful to the commitment and involvement of all the authors, for they made
this work possible.

Because this is a translated and revised edition of the Portuguese language version,
many of the references the reader finds in the course of the chapters are written in
Portuguese. It has been requested of the authors that, to the extent possible, they favor
English language publications in the references, especially texts of wide circulation and/or
easy access. Unfortunately, this is not currently possible in many cases, and we apologize to
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our readers. However, surely this aspect does not limit the scope of the work and/or the
reader’s approach to it.

This book, then, dear reader, is the result of years of investigation and research by the
authors with the sole intention of providing a manual with the main methods that can be
useful in any ethnobiological investigation.

Recife, Pernambuco, Brazil Ulysses Paulino Albuquevque
Recife, Pernambuco, Brazil Luiz Vital Fernandes Cruz da Cunha
Avein, Pavaiba, Brazil Reinaldo Favias Paiva de Lucena

Campina Grande, Pavaiba, Brazil Roimulo Romen Nobrega Alves
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Chapter 1

Selection of Research Participants

Ulysses Paulino Albuquerque, Reinaldo Farias Paiva de Lucena,
and Ernani Machado de Freitas Lins Neto

Abstract

In this chapter the reader will have the opportunity of a brief explanation of the terms most commonly
used by ethnobiologist and ethnoecologist as well as access to information about procedures for contact
with the informant, theoretical and practical to check the validity and reliability of information obtained,
and which the main measures to be adopted in resolving the problem of sampling.

Key words Sampling in ethnobiology, Selection of informants

1 Selecting the Informant/Interviewee

The selection of informants or interviewees for ethnobiological
or ethnoecological surveys is an important procedure. In this
discussion, we make the distinction between the terms “infor-
mants” and “interviewees” because depending on the research-
er’s theoretical training or methodological choices, the words can
have different connotations. Moreover, in the context of research
of a participatory nature, it does not make sense to use these
terms. Many authors prefer to use the term “informant” to des-
ignate people with whom they have developed a lasting relation-
ship, that is, individuals that have participated in more than one
interview. Regardless, we believe that the word “informant” mer-
its a distinction that is more than merely conceptual, as explained
previously.

The terms main informant and key informant appear in many
studies. A main or key informant is selected from among all the
informants to collaborate more actively in the research and is
chosen using criteria established by the researcher. Although the
researcher must determine the aspects and criteria that should be

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOI 10.1007/978-1-4614-8636-7_1, © Springer Science+Business Media New York 2014
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Ulysses Paulino Albuquerque et al.

considered in the choice of informants for the study, the following
suggestions may be useful:

(a) Ideally, the selection of the informant should not be based
solely on the quantitative aspects of the interview (for exam-
ple, the number of plants cited) but also on the subtleties of
the information obtained.

(b) Regardless of the focus of the study, the researcher should
consider the peculiarities and originality of the information.

(c) Finally, the researcher cannot afford to lose the information
contained in the subtext of the conversations, whether these
conversations are formal or informal. Attention to these details
can produce a substantial increase in the information collected
and clarify the subsequent process of choosing the informant.

Depending on the research objectives, the researcher must
consider whether to work with local experts (people who are rec-
ognized in their community as specialists on the subject of the
plants and/or animals of the region) or with the community in
general (generalists). Many studies have used experienced local
experts to evaluate how certain types of resources are used. Given
this methodology, for the data to reflect the experience of the
whole population, 100% of the informants would ideally be
involved. Because of its size, however, a study using the commu-
nity in general may be preceded by the selection of a representative
sample. The issue of sampling is discussed in more detail below.

The researcher is faced with many problems in the field, includ-
ing contradictions between the information provided and an indi-
vidual’s behavior. In addition, the validity and reliability of the
information must be considered. Validity affects the accuracy of
the informant, and reliability affects the consistency of the infor-
mation obtained between and among the informants. However,
these definitions for the terms “validity” and “accuracy” are not
always the definitions used by researchers [1]. Furthermore, other
studies have suggested that because the information obtained can
be contradictory, the researcher should diversify the informants to
reflect accurately the cultural world of the community studied [2].
A number of suggested methods for evaluating the collected data
are outlined below.

Cross-referenced information: This method involves presenting
the information provided by a given informant [3] to the other
informants, prompting a confrontation in which the information
can be refuted or confirmed. This method should be handled care-
fully because the informants may be offended and believe that the
researcher does not have confidence in the information they have
provided, which can create problems between the informant and
the researcher, compromising the entire study.
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Repeated information: The repeated information method is
used as a control and considers the time factor. In the repeated
information method, the informant is asked the questions, and after
a period, the questions are put to the informant again. Once again,
this method should be used carefully so that the repeated presence
of the researcher does not overwhelm or pressurize the informant.

Historically, especially over the past two decades, several
authors (e.g., [4, 5]) have proposed quantitative techniques based
on a term known as informant consensus. Undoubtedly, these tech-
niques are based on the idea that culture is shared knowledge,
which emerged from the cultural consensus theory developed by
cognitive anthropologists in the 1980s.

The cultural consensus theory assumes that “(a) there is a
culturally corvect answer to a given question, (b) each informant
responds independently of another informant, and (c) the probability
that an informant will answer a question corvectly in a domain of
knowledge veflects the informant’s competence in the field” [6].
Amorozo [7] states that any person in a given culture can be a valid
informant because of his “cultural competence.” In turn, Reyes-
Garcia et al. [6] defined competence, from the cultural consensus
perspective, as “the proportion of correct answers given by the
informant.”

In light of these considerations, let us analyze some of the
elements that can facilitate the contact with the informants and
fieldwork, such as rapport. The purpose of rapport is the acquisi-
tion of trust, which is essential for obtaining information. For
example, people who live near protected forest fragments likely
make use of the forest’s plant and animal resources, even when
access is forbidden. Earning the trust of the population will facili-
tate information gathering because people tend not to tell the
truth for fear of being reprimanded.

The researchers can gain trust by following certain procedures,
including the following: delimiting the study area; visiting all the
households to explain the importance of the work and its purpose;
identifying themselves as researchers; and organizing a general
meeting to explain the study and the process that will be performed
in the community. This meeting can be held in a school or on the
premises of a local association. If the goal of the research involves
local experts, for example, the researcher can achieve rapport by
going from house to house. At this point, it is important to collect
the informed consent signatures (required by the research ethics
committee at least in Brazil) from all the community members
interested in participating in the study, thereby confirming the
researcher’s ethical commitment to the community and/or the
people involved in the research (see Chap. 27).

Because ethnobiological and ethnoecological studies exam-
ine different cultural contexts, it is important to consider the
behavioral subtleties (physical and oral) of each community.
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The physical aspects are described here as nonverbal language,
which depending on the population studied, can be of funda-
mental importance for the understanding of life and the daily
routine of the community. The misinterpretation of a simple
gesture can compromise the study (e.g., [8, 9]).

According to Viertler [9], nonverbal language is common
among the indigenous population of the Bororo of Mato Grosso
in Brazil for whom simply keeping quiet or crossing the arms can
represent disapproval. Viertler [9] also noted that nonverbal lan-
guage could have various meanings, from “timidity and humility to
disagreement or disapproval.” Therefore, before first making con-
tact with the community, the researcher should learn the local cus-
toms and practices. Ideally, a local mediator should be used, such
as a community member or an individual with substantial access to
the community who can provide valuable socio-cultural informa-
tion and will introduce and guide the researcher in the community,
facilitating the development of the study considerably. Table 1
demonstrates a number of characteristics and desirable guidelines
for performing fieldwork.

2 Sampling Procedures

In reality, many of the weaknesses observed in ethnobiological and
ethnoecological studies relate to the criteria used to choose the
survey participants (informants, interviewees, etc.) and the sample
size (Boxes 1 and 2). Often, studies reach inadequate conclusions
because the sample size is too small or insignificant for the problem
in question. The representativeness of a sample is intrinsically
related to the selection criteria set by the researcher, which under-
standably vary. Remember that different factors can interfere with
the local knowledge of plants and animals, such as gender, age,
occupation, and ethnicity. Therefore, these variables should be
considered when designing a research project.

For example, in a study performed by Gomez-Beloz [11],
because individuals over the age of 15 were considered adults in
their community and were able to form a family, all of the young
people over the age of 15 were included as informants. Obviously,
this criterion is not useful for all communities. Therefore, it is nec-
essary, at least at this point, to remember the goals of the study so
that a truly representative sample can be defined, and any changes
that have direct or indirect effects on the representativeness of the
sample must be considered. Remember, if the sample is not
representative, the strength of the generalizations made in the
study is strongly affected and the research may be invalidated.

In studies where there are numerous elements in the selected
population, it is necessary to use sampling techniques. An increas-
ingly popular sampling and informant selection technique is the



Table 1

Selection of Research Participants

Researcher orientations for maintaining high ethical and scientific standards

Characteristics of good reseavchers

Always truthful

Openly sharing

Considers their own values or religion
Respects others’ values or religions
Follows customs

Respectful of elders

Good reseavcher ovientations

Focus on learning from /with local people
Invest time to get to know people
Intellectual and real property rights matter
Invest more in the community than is taken
Find ways to avoid bribing people

Good research practices

Embrace collaborations

Listen to people and consider their ideas
(use ears more than mouth)

Contribute to the community before
conducting research

Use informed consent

Ask permission

Use reproducible methods

Test hypotheses

Politely ask appropriate questions
Respect secrets

Pay workers fairly

Collect specimens even when known

Offer research results to communities
as choices

Clearly present ideas as choices

Share research results as publications

Characteristics of bad veseavchers

Often deceptive

Selfish

Doesn’t have values or religion

Disrespects others’ values or religions

Ignores customs

Disrespectful of elders

Bad researcher orientations

Focus on teaching/convincing local people
Get work done fast at any cost

Intellectual or real property rights do not matter
Takes more from the community than is given
Give bribes to get their way

Bad research practices

Avoid collaborations

Hear people and tell them what to think (use
mouth more than ears)

Complete research first then, if time is left,
contribute to the community

Do not use informed consent

Assume a right to do research

Work without methods

Gather information without a plan

Rudely, asking nosy questions

Trick people into giving information

Pay workers as little as possible

Don’t collect specimens if already “known”

Present research results to communities as mandates

Use deception to convince people of ideas

Keep research results a secret

Bennett’s golden rule for ethnobotany field work reproduced from [10]
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Box 1 Hypothetical Examples of the Types of Sampling

Example 1. A researcher wants to understand the processes and techniques
of healing performed by healers of a particular indigenous group. To meet
this goal, we selected a sample of people with more experience in healing
and based on indications of others. Opted participant observation and
semi-structured interviews that allowed greater freedom of expression on
the part of respondents.

This case illustrates a non-probability sampling. The research is primarily
exploratory, and its results cannot be extrapolated to the entire community
in which they live healers, or even for all healers. Thus, by definition, a
sample is not probabilistic “a subgroup of the population in which the
choice of the elements does not depend on chance, but the characteristics of
research” [20].

Example 2. A researcher wants to know what factors affect a community
knowledge about the medicinal use of animals, for example, socioeco-
nomic variables (age, sex, education, access to goods, and services), could
explain different patterns of knowledge. The researcher conducted a prob-
ability sample of 260 people (800 people totaling community) to collect
data. Individuals were sampled by means of a draw. This case illustrates a
simplified, using probability sampling. The survey was primarily designed
to find the association between variables, allowing the results to be extrap-
olated to the entire universe (community). Thus, by definition, represents
a random sample “subgroup of the populntion in which all elements have the
same probability of being selected” [20].

Choose among a random sample or o non-probability depends on the
objectives of the study, the type of vesearch and the contribution thought
to do with it [20].

Box 2 Sample Size

When making a probabilistic sample (remember that we are with the
quantitative approach), we must ask: given that a population is N, which is
the lowest number of sample units (people, organizations, chapters of
novels, etc.) that it is necessary to compose a sample (n). I ensures a
standard error of less than 0.01? The answer to this question seeks to find
the probability of ye my estimate y of Y approaches, the actual value of the
population. If we set the standard error and fix 0.01, suggest that this fluc-
tuation of our average estimate y with respect to the actual values of the
population is not ¥>0.01, i.e., that of 100 cases, 99 times my prediction is
correct and that the value of yis at a confidence interval that includes the
value of 7. In summary, for a given variance (V) y, how large must be my
sample? This is determined in two steps:

1. #n'=¢/V?=size of sample = provisional sample variance/population
variance #'=#n'/(1+#'/N)

Consider the following case. (...) Delimit a population saying that for a
study of CEOs, we consider all those CEOs of industrial and commercial
enterprises which, in 1983, has a registered capital exceeding 30 million
pesos, with sales up to 100 million pesos or more than 300 employees.

(continued)
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Box 2 (continued)

With these characteristics, it was determined that the population was
N=1.176 CEOs since 1.176 companies met the above characteristics. So
what is the number of CEOs that z must be interviewed, in order to have a
standard error of less than 0.015, and since the total population is 1.1762
N=population size of 1.176 companies.

y =average value of a variable=1, a general manager for the company.
se =standard error=0.015, determined by ourselves.

V2=the population variance. Its definition (If): square of the standard error.
§ =variance of the sample expressed as the probability of y.
n' =sample size without adjustment.

n =sample size.

Substituting, we have:

2

w ="
)
v

2= p(1-$)=0.9(1-0.9)=0.09
V =(0.015)° =0.000225
. 0.09
n=—— =
0.000225
, " 400

" = = =298
1+#' /N 1+400/1.176

n' =298

Therefore, for our research, we will need a sample of 298 CEOs. This is
the first procedure to get a random sample: determine your size based on
population estimates. The second procedure is based on how and where to
select these 298 individuals.

Reproduced from Sampieri et al. [20].

“snowball” sampling technique [12]. This technique is used for
the intentional selection of informants. For example, to explore the
local healing systems in a community, one could choose to work
only with “local experts” representing the set of individuals who
are socially legitimized and recognized as holders of a particular
knowledge. From the initial contact with the community, the first
expert is identified, and this expert indicates another expert, and so
on, until all the community experts are involved. It may happen
that, for various reasons, a certain expert does not indicate another
name, leaving the researcher to take stock of the situation and
perhaps restart the process. It should be noted that the researcher
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2.1 Probabilistic
Sampling

2.1.1
Sample

Simple Random

can and should adapt the method to the particularities of the
population under study.

For example, Lins Neto et al. [13], studying the diversity of
knowledge and the use of a fruit native to the caatinga (Spondias
tuberosa Arruda), selected eight main informants using informa-
tion from field observations and previous studies performed in the
region. Subsequently, the authors applied the snowball technique
to the eight informants and obtained eight new names, demon-
strating that for a specific situation, the snowball method can be
adjusted to suit the reality of a situation. In this case, if the snow-
ball technique had been used with only one informant, it is possi-
ble that only a small number of cited experts would have been
obtained. This situation could arise if the informant is uncomfort-
able providing the names of other experts, possibly because of van-
ity (the informant wants to be regarded as the primary holder of
the knowledge about the region’s plants) or personal reasons, such
as relationship problems.

Several books on sampling techniques have been published
(for example, [1]). Next, we will examine the most commonly
used techniques and those that are of direct interest to ethnobiolo-
gists and ethnoecologists. Generally, the two procedures for Box 1
illustrates a number of examples of sampling types.

In this procedure, the elements of the sample are selected ran-
domly, which means that from all of the existing elements, each
element has the same chance of being selected. In other words,
when the objective is to describe or draw conclusions regarding
the characteristics of the population, probabilistic sampling
techniques are used [14]. Typically, a draw is conducted based
on the random number tables that can be found in good statisti-
cal texts. Remember that in any sampling procedure, the error is
reduced as the sample size is increased and there is greater
homogeneity.

This technique is the most basic form of sampling but has a some-
what complex mathematical reasoning. The technique consists of
enumerating all the elements and using a table of random numbers
to select the elements that will be part of the sample. This approach
allows each member of the population to have an equal chance of
being included in the sample, i.e., to be chosen at random [15].
Although this procedure is more appropriate for probabilistic pre-
cepts, it is not always easy to apply because it requires each element
of the population to be identified; i.e., the researcher has a list of
all the elements that make up the population. Sometimes, this type
of sampling does not reflect an accurate representation of the pop-
ulation. For example, if 200 individuals are selected according to
simple random sampling criteria from a population in which the
ethnic distribution is 75 % white, 10 % African descent, 10 %
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2.1.3 Cluster Sampling

2.1.4  Area Sampling

Selection of Research Participants 9

Hispanic, and 5 % Asian, the Asian population would have a very
low probability of participating in the survey, which would affect
the representativeness of the sample [14].

This technique is used when it is more difficult to obtain a com-
plete list of the elements that make up the population, as men-
tioned above. The first step is to stratify the population into
categories based on the criteria established by the researcher,
such as gender, occupation, ethnicity, and region. Stratification
ensures the representativeness of the sample, allowing at the
same time an awareness of the error. Simple random samples can
be obtained from each stratum or category, which when com-
bined, comprises the final sample. This sampling has the main
advantage of ensuring representativeness regarding the charac-
teristics of the population [15]. Returning to the example of
Spata [14], the adoption of stratified sampling would enable the
200 individuals to be selected proportionally among the ethnic
groups, i.e., 150 whites, 20 of African descent, 20 Hispanics, and
10 Asians, thus ensuring the representativeness and homogeneity
of the sample.

The procedures listed above are in some ways simple and practical.
There are occasions, however, when the researcher does not have a
list of the elements that comprise the population and has to address
broader categories (clusters or groups), such as the population of a
city and an indigenous community. The cluster sampling procedure
involves two steps: listing and sampling. For example, to perform
an ethnobotanical study in a rural community formed by several
households, one might observe how the community is structured,
whether in blocks, zones, etc. Each subset (for example, blocks)
would be termed a cluster. A refinement must then be made using
a stratification process, resulting in the formation of subunits. The
listing of each of these elements and the selection of the elements
forms the sample, in a similar manner to simple random sampling.
It is important that the entire process be performed randomly.
Cluster sampling is advantageous over random sampling in which
the costs (time and resources) of preparing a list of the entire
population are high [15]. However, according to Cordeiro [16],
the disadvantages of cluster sampling are “a greater complexity and
difficulty in statistical analysis and, generally, an increase in the vari-
ance of the estimators used, with a consequent decrease in the
accuracy of the study.”

Area sampling is commonly used in community studies and/or
when the elements of the population are entirely unknown. The
technique makes use of maps or aerial photos for the subdivision of
the area into smaller units, and a draw is performed to select the
sample areas. After drawing the areas, the researcher can research all
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2.2 Sample Size

Table 2
Sizes of samples required for various sizes of people,
considering a confidence interval of 5 %

Population size Sample size

50 44

100 80
150 108
200 132
250 152
300 169
400 196
500 217
800 260
1,000 278
1,500 306
2,000 322
3,000 341
4,000 351
5,000 357
10,000 370
50,000 381
100,000 384

Reproduced from Bernard [17]

the elements in the draw area or make new draws, adopting a pro-
cedure similar to that described for the cluster sampling technique.

The researcher always has one question in mind: what is the optimal
size of a sample? The sample size can be estimated simply by selecting
a proportion of the elements of each cluster or of the total popula-
tion (such as in simple random sampling) (Table 2). A more
detailed discussion of this technique can be found in Babbie [1].
We emphasize that for a sample to be representative of a population,
it must be composed of a sufficient number of cases (as outlined
above). The number of cases, in turn, depends on the following
factors: the size of the sampling population, the established level of
confidence, the maximum allowable error, and the percentage in
which the phenomenon occurs [15]. The following table, reproduced
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from Bernard [17], may be helpful; however, the reader should be
careful when using this table and remember that sampling meth-
ods depend on the research objectives, the contribution of the

study, and the feasibility of the fieldwork.

As we have demonstrated, random samples are formed by entirely
random processes, and despite their robustness and superiority, it
is sometimes necessary to choose a sample in which the elements
are chosen intentionally, depending on the characteristics of the
research to be developed. The weakness of this approach is that it
is limited when generalizing. However, if the intention is to
describe only a phenomenon and to generate data and hypotheses,
it may not be advantageous to generalize the data to all members
ofthe population. This situation calls for the use of non-probabilistic
sampling techniques [14]. The “snowball” technique described
above is a good intentional selection strategy. The reader should
refer to Part 2 of the book published by Flick [ 18], which discusses
the problem of sampling in the context of qualitative research.

In this technique, the researcher focuses on specific groups based on
their experience or knowledge of the population, for example, priests
from Afro-Brazilian cults who have in-depth knowledge about the
ritual and medicinal uses of plants. The “snowball” method is one
example; however, the method only allows generalizations about the
specific group studied and not the community as a whole. Almeida
and Albuquerque [19] studied the knowledge of “herbalists” at a
major street fair regarding medicinal plants and animals. Because the
main goal of the research was to understand the system of local
knowledge, the resources that were offered to the population and
whether it was shared by all elements, the researchers chose to inter-
view all the fair vendors who sold plants and animals for therapeutic
purposes. The primary advantage of this method was the low cost
involved, whether in terms of time or preparation; however, this
method requires detailed knowledge of the population [15]. Box 3
presents some tips for using this type of sampling.

Accidental sampling is an interesting procedure in exploratory
studies, where the researcher is not well right questions of your
research. It can be done as an initial procedure for guide. The
researcher listening to people as they come up in the course of his
fieldwork, so entirely free and accidental, until the completion of
the stated size for the sample. It is rare to find this procedure in
ethnobotanical research. The researcher can adopt this procedure
to learn a little community, the universe conceptual and practical,
that will be faced. Example: interviewing people about the use and
knowledge of medicinal plants in health centers or hospitals while
awaiting medical care.
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Box 3 Steps in purposive sampling. Reproduced from Tongco [21]

1. Decide on the research problem.

2. Determine the type of information needed.
Information from every individual in the community is potentially
valuable > use random sampling.
Time and resources are too limited for random sampling > use purpo-
sive sampling with caution
Information is held by only certain members of the community > use
purposive sampling.
Information needs a high degree of interpretation regarding cultural
significance > use key informants

3. Define the qualities the informant(s) should or should not have.

4. Find your informants based on defined qualities.
Research about the area and community.
Ask for help before going to the site and upon arrival at the site.
Realize finding informants may be a trial and error process. Be patient
and persistent!

5. Keep in mind the importance of reliability and competency in assessing
potential informants.

6. Use appropriate data gathering techniques.

7. In analyzing data and interpreting results, remember that purposive
sampling is an inherently biased method.
Document the bias.
Do not apply interpretations beyond the sampled population.

3 Final Considerations

The selection of survey participants is crucial in ethnobiological and
ethnoecological studies, and special attention should be paid to this
process because the success and proper execution of a study depends
on this step. It is essential that the researcher carefully and thor-
oughly evaluates the techniques employed for the selection of infor-
mants, always paying attention to the peculiarities of the cultural
group being studied as well as the goals of the research. The primary
recommendation of this chapter, which will be reinforced in sub-
sequent chapters, is that each researcher must choose the technique
that best meets the objectives of the study being developed, ensuring
the proper execution of the research and reliable results.
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Chapter 2

Methods and Techniques Used to Collect
Ethnobiological Data

Ulysses Paulino Albuquerque, Marcelo Alves Ramos,
Reinaldo Farias Paiva de Lucena, and Nélson Leal Alencar

Abstract

The aim of this chapter is to discuss the methods and techniques most widely used to elicit information
from informants or interviewees, many of which are derived from anthropology. We will thoroughly
describe such methods and critically appraise their advantages and limitations based on our personal expe-
rience and the published literature. Interviews are the main tool that researchers have to elicit information
from study populations. Many techniques are available to conduct interviews, ranging from individual
approaches to research conducted with groups of people.

Key words Ethnobiology, Traditional knowledge, Local knowledge, Methods in Ethnobiology

1 Introduction

We are aware of many handbooks that address methodological
issues related to the study of the relationship between human
beings and the environment, particularly within the scope of the
social sciences. However, in the present chapter, we present a dif-
ferent approach by focusing on the advantages and disadvantages
of the various techniques used for data collection, thereby guiding
the reader in the choice of the most appropriate tool for their
studies.

As in any ethnobiological study, the stage of data collection
involves a combination of theoretical and methodological compe-
tences arising from various disciplines. We chose to select methods
that are frequently used by investigators in various parts of the
world. Our purpose is not to restart the old debate opposing quali-
tative to quantitative research but to propose a strategy based on
their mutual complementarity, thus paving the way for a multi-
method approach. The text transcribed in Box 1 is intended to
help the reader to reflect on this issue.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOI 10.1007/978-1-4614-8636-7_2, © Springer Science+Business Media New York 2014
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Box 1 Quantitative-Qualitative: Opposition or Complementarity?

(...) there is no contradiction, just as there is no continuity, between quan-
titative and qualitative research. Their natures are different.

The former acts at levels of reality, where the data appear to the senses:
“ecologic and morphologic levels” (...)

The latter operates with values, beliefs, representations, habits, attitudes,
and opinions.

The field of practices and goals of the former is meant to bring observ-
able data, indicators, and tendencies to light. From the social perspective,
it must be used in the approach to large agglomerates, demographic sets,
for instance, to classify them and make them intelligible by means of
variables.

The latter is fit to deepen into the complexity of particular phenomena,
facts, and processes specific to groups that are more or less defined as to
their extension and liable to a more intensive delimitation.

From the epistemological perspective, none of these approaches is more
scientific than the other. What good might the use of highly sophisticated
measurement tools bring to a researcher when such tools are not adequate
for the understanding of the data or do not answer the fundamental ques-
tions? This is to say, the mere fact that a study is quantitative does not make
it “objective” and “better”, even though it makes sophisticated use of ana-
lytic instruments, when it distorts or ignores important aspects of the
investigated phenomena or social processes. Similarly, a qualitative
approach does not ensure deep insights by default.

This observation is needed to refute the hypothesis by several scholars
that the quantitative approach is the most perfect one from the scientific
point of view, whereas the qualitative studies are characterized as mere
“subjectivism”, “impressions”, or “exploratory activities” in the best of
cases.

This study is not the place to discuss this subject at length; however, in
both the quantitative and qualitative perspectives, all the stock of methods
and techniques that both approaches developed to be considered scientific
must be used.

Nevertheless, although the relationship between the quantitative and
the qualitative, objectivity and subjectivity cannot be reduced to a contin-
uum, it cannot either be conceived of as a contradictory opposition. On
the very opposite, it is desirable for the social relationships to be analysed
in their more “ecologic” and “concrete” features, and explored in-depth as
to their more essential meanings. Thus, the quantitative approach might
raise issues to be explored in-depth and qualitatively, and vice versa.

Excerpted from Minayo and Sanches [1].

2 The Interview

Interviews are one of the most basic procedures used to collect
data in ecthnobiological studies. Although interviews might
appear to be simple, they are enmeshed in countless subtle fea-
tures and details that must be controlled by the investigator.
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A poorly planned or conducted interview might result in data
with bias. The data resulting from an interview might therefore
become contaminated on several grounds:

(a) The interviewer’s behavior and appearance: when the investi-
gator behave in an inquisitorial manner and thus constrain the
interviewee as a function of, e.g., the image that he or she
conveys (for instance, style of dress or language used) or, con-
versely, when behave in a hesitant manner, raising doubts in
the interviewee regarding the honesty of the study.

(b) The manner in which the questions are directed and posed:
questions that are imprecise regarding their goals might con-
found the interviewee, or conversely, if too direct, they might
suggest probable answers. It is worth remembering that there
is an inherent constraint between interviewee and interviewer,
and a well-known cultural trait makes us refrain from disagree-
ing with the opinions of people with whom we are not
acquainted. For that reason, interviewees might feel compelled
to agree with opinions subtended during an interview.

(c) Cultural interference: on the investigator’s side, distortions
might be possibly introduced in the data resulting from a mis-
taken interpretation of the culture of the interviewee. On the
interviewees’ side, their manner of reacting and expressing
themselves in the presence of an unfamiliar person might com-
promise the quality of the collected data.

(d) The interview setting: the interview might be conducted in the
interviewees’ primary environment (e.g., their homes), a second-
ary territory (e.g., close to their homes, at school, or in the work-
place), or a tertiary territory (corresponding to public areas, such
as squares, bars, commercial areas, or restaurants) [2]. The place
where the interview will be conducted is of paramount impor-
tance because human behavior can be deeply influenced by the
environmental context. In this regard, primary and secondary
territories are most often recommended because interviewees
know and master these places best. Miranda et al. [3], for
instance, noticed that the responses in free list-based interviews
were influenced by the place in which they were conducted.

Closely connected with the interview setting, attention must
be paid to the presence of third parties (e.g., an interviewee’s rela-
tive). Several authors have already shown that the presence of a
third party during an interview might elicit changes in the inter-
viewees’ answers, although very few studies have approached this
issue directly (e.g., Boeije [4]). Although it might appear insignifi-
cant, the time of the day during which the interviews are conducted
must also be taken into consideration because some interviewees
do not want to be bothered at particular times of the day; thus, it
is advisable to schedule the interviews beforehand at a time that is
convenient to the interviewee.
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Box 2 Five Steps for Achieving Success in the Use of Interviews as a
Method to Collect Ethnobiological Data. Based on Richardson [6] and
Babbie [7]

1. Establish a friendly and trustworthy atmosphere for the interviewee. In
this regard, it is worth insisting on the interviewer’s appearance and
behavior: (a) dress in a style similar to that of the interviewees, that is,
simple and modest; (b) behave in a pleasant manner and try to act like
the type of people with whom the interviewees feel most comfortable.

2. Acquaint yourself with the questionnaire that will be applied in the
interview, which requires thorough, item-by-item study. Practice read-
ing the questionnaire aloud and, when applying the questionnaire to
the informant, read the questions naturally using a conversational tone.
Avoid posing the questions in your own words, as this increases the risk
of distortion.

3. After having posed the questions, allow time for the interviewee to
answer at length, and show interest in the subject that is being
addressed, even when you already obtained the intended answer. Do
not hurry the interviewee!

4. Do not argue with the interviewee, do not offer advice, nor make mor-
alistic comments. Avoid appearing as the “protagonist” of the inter-
view, and avoid any authoritarian attitude.

5. Do not restrict your attention to what the informant is able to report
but also concentrate on what he or she cannot or might not express
without your help.

Although biases always exist, formulating a specific design for
an intended study can minimize its effects [5]. In Box 2, we
describe five general recommendations that must be taken into
consideration during the planning and execution of an interview,
which complement the considerations stated above.

Interviews are often conducted with informants who state that
they do not know enough about the subject to participate usefully
in the study. In such cases, the interviewer must make clear that the
interviewee’s participation is crucial and that he or she is truly
interested in what the interviewee has to say. For this purpose,
some techniques can facilitate interaction with the interviewees
[8]. In addition, asking the interviewee’s consent to record the
interview and make notes is always important.

Universal questions that haunt every investigator, especially
beginners, while planning or at the beginning of an interview
include what to ask and how to pose the questions.

According to Weller and Romney [9], the first step in
collecting information during studies is to decide on the cultural
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domain of interest that represents the body of the study, e.g.,
nutritional plants, medicinal animals, or water resources. Finding
the best way to pose questions on the domain of interest is of
paramount importance; thus, ideally, every question must be pre-
viously tested with other people, e.g., other colleagues at the lab-
oratory. However, at a later time, the questions must unavoidably
be pretested with members of the community in which the study
will be conducted to identify cultural biases that might compro-
mise the collection of data. A well-formulated and well-written
question might elicit much valuable information and eventually
contribute to the satisfactory unfolding of the interview itself.
Unfortunately, a portion of informants offer little information,
indicating the need to reformulate a question or apply probing
methods [9]. For instance, “You said that plants x and y are used
to treat inflammation. What other plants are also used to treat it?”
or, “You said that animals x and y are hunted in this area, what
other animals are also hunted?”

From a formal point of view, interviews might be classified
according to the technique applied to elicit information as struc-
tured, unstructured, semi-structured, and informal.

In structured interviews, the stimulus applied to each interviewee
must be the same, i.e., previously devised questions are posed to
each informant independent of previous contacts with the target
population. This approach requires that the investigators have
perfect mastery of the most relevant issues that will be explored.
This type of interview imposes limits on the interviewee’s (or
respondent’s) answers; however, advantageously, it facilitates the
codification /categorization of the answers and allows faster pro-
duction of materials for analysis.

In this type of interview, the meetings between the interviewer
and each interviewee must be as similar as possible. That is, biases
introduced by, for instance, the setting, context, and schedule must
be the same for all the interviewees; conversely, different situations
will be interpreted as being the same phenomenon.

For this reason, questionnaires and/or forms are extremely
useful tools to conduct structured or semi-structured interviews.
According to some authors, the use of questionnaires defines struc-
turation by default; thus, an interview is structured whenever they
are used. Nevertheless, a distinction is sometimes made between
the use of questionnaires and forms, as a function of the manner in
how the data are collected. When the data are collected during
direct and personal interviews, where the interviewer records the
data, the product is designated as a form; conversely, when the
informant fills in the data by him/herself, the product is desig-
nated as a questionnaire. Why do we hold that an explicit indication
of the tool used is important? Both formats have their advantages
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and disadvantages; however, we tend to use forms because they
allow the informants to elucidate certain issues and provide more
insightful information. Nonetheless, the use of forms demands
more time and is more expensive.

The limitations of these instruments are more or less accentu-
ated as a function of the type of questions asked or the manner in
which they are posed. For example, in Brazil, one obtains more
reliable information when the interviewee is asked for his or her
date of birth than for his or her age because there is a cultural ten-
dency to describe age using imprecise terms.

The questions included in the instruments might be classified
as open-ended or closed-ended, with each type having its own
advantages and disadvantages, mainly with respect to statistical
analysis. Open-ended questions give interviewees more freedom
to answer because the interviewer does not provide response
options; e.g., “Tell me about the harvesting of plants for fire-
wood”. Closed-ended questions, in turn, are highly useful
because they elicit uniform answers that might be (a) dichoto-
mous (yes or no, or true or false; e.g., “Do you use plants for
firewood:?”) or (b) multiple choice [e.g., “Which of the following
materials are used for cooking in your home? Firewood (), Gas
(), Coal (), Bagasse (), or Manure ()”]. According to several
authors, there is also the semi-open-ended questions, used to
elicit short answers, e¢.g., “How often do you gather firewood?”
Thus, as a function of the questions they include, questionnaires
might represent an important source of research bias.”

As mentioned above in Box 3, questionnaires and forms should
be tested before their actual application; for that purpose, we rec-
ommend performing an initial, rapid pretest or pilot study with a
small group of people to ensure the instrument’s quality, clarity,
validity, and reliability [10].

We now discuss how Bernard [8] classifies and explains the use
of these instruments, as well as their advantages and disadvantages.

(a) Face-to-face encounter forms are applied in direct encounters
between the investigator and interviewee in which the former
poses questions and records the answers on a form, elucidates
doubts, and makes comments when they are pertinent. The
advantage of these forms is that they elicit information from
people who might not provide it otherwise (e.g., illiterate,
blind, or elderly people) in addition to ensuring that all of the
questions are answered. Considerable skill is needed to apply
this type of form, particularly in the case of intrusive or highly
reaction-inducing questions. However, personal interviews are
money- and time-consuming and almost always demand
representative samples (see Chap. 1). Forms are widely used in
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Box 3 Writing Questions [6]

1.

“Never include a question without a clear idea of how the information
it provides might be used and how much it will contribute to the study
goals”.

“Use precise vocabulary to ask what you really want to know”.
“Avoid posing two different questions in one single sentence”.

“Avoid the use of terms that the interviewees might ignore or not
master”

“The questions must be adjusted to the interviewees’ answering
possibilities”.
“The use of short items is preferable”.

“Avoid negative questions. That type of question usually and easily
leads to error”.

“The questions must not follow a definite direction nor reflect the
investigator’s position on a given subject. They must be formulated in
an objective manner for the interviewees not to feel pressed to give the
answer that they believe agrees with the investigator’s opinion”.
“Finally, the investigator must be careful in interpreting the interview-
ees’ answers”.

ethnobiological research, albeit often misnamed as
“questionnaires”.

Questionnaires (self-applied interviews) might be sent by mail
to be delivered at the respondent’s home, school or workplace
because they are filled in without the presence of an inter-
viewer. Although questionnaires facilitate the collection of
data, they are limited by the respondents’ potential lack of
adherence or response. All interviewees are posed the same
questions; thus, misinterpretation by the investigator is
avoided. In addition, more complex questions might be posed,
as well as questions that require relatively longer times to
answer. The use of questionnaires allows bypassing the inter-
viewee’s inhibition caused by the presence of the interviewer
or if delicate or intrusive topics are addressed (e.g., the collec-
tion of resources in illegal areas and religious or sexual
subjects). However, when questionnaires are used, the inter-
pretations of the questions by the interviewees cannot be
controlled, nor can the order in which they answer the
questions. Therefore, a given question might be read before
the preceding questions have been answered, thereby influenc-
ing the answers to the previous questions. Few researchers
appear to use questionnaires in ethnobiological research.
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2.2 Unstructured
Interviews

2.3 Semi-Structured
Interviews

This type of interview does not include preestablished questions
but unfolds as openly as possible and might be conducted at any
time or place (e.g., at home, walking along the road, or while
weeding the fields). A striking example of this type of interview is
the data-generating method [11], in which the informant is
requested to speak about some topic by merely stating, “Speak
about this”. Thus, unstructured interviews contribute not only to
collecting information relative to the informant’s knowledge but
also to recording his or her behavior, which is hardly possible using
the closed-ended questions of structured interviews.

Contrary to widespread perceptions, the use of unstructured
interviews does not involve letting the interviewee speak freely
because their focus (i.e., the core subject of the study) must be
explained to the interviewee [12]. Therefore, the investigator must
guide the course of the interview by following an order in describ-
ing the phenomena of interest for his/her study. For this reason,
the interviewer should keep the conversation focused on a topic,
providing space for the informant to talk about the content of the
discussion [8].

As their name indicates, semi-structured interviews are intermedi-
ate between the two abovementioned types. In this case, although
the questions are partially established by the investigator before
conducting actual field research, they are largely flexible and allow
more attention to be paid to issues that might arise during the
interview because the investigator may announce the topics before-
hand and has a guide available to orient the interview. If it is not
possible to interview the same informant twice, semi-structured
interviews are the best tool to use.

The “open” side of this technique allows for the interviewees
to answer the questions according to their own conceptions; how-
ever, this approach does not mean that the investigator should
allow them speak freely. The interviewer should not allow the focus
of the study to be lost, but neither must he/she interrupt the
informants abruptly when they deviate from the main topic of the
interview. According to Aguiar and Medeiros [12], when this tech-
nique is used, the investigator must conduct the interview by him/
herself, rather than using other interviewers, because a thorough
knowledge of the subject is required.

The interview guide (similarly to an observation plan—see par-
ticipant observation) must be elaborated beforehand and comprise a
list of the topics (subjects, issues, and doubts) that will be approached.
Therefore, it must be easy and quick to check the guide [10] because
it sets the agenda for the interview and will guide the interviewer to
avoid over-focusing on certain subjects until exhaustion while others
are merely skimmed over.
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This type of interview is similar to an unstructured interview but
differs in that it is totally beyond the investigator’s control. In this
instance, the investigator must use a field diary to record all of the
events observed or heard during the observation process. Bernard
[13] observed that this method is often used during the early stages
of participant observation but can also be used throughout the study
to strengthen the affective bonds with the investigated population
and to identity new facts that might be of interest.

3 Free Listing

Free listing is a technique that is commonly used in the social
sciences to extract information [9, 13] and is considered by some
authors to be a variant of the structured interview. Several research-
ers use this technique to identify items in cultural domains and
calculate their cultural salience (prominence, familiarity, and repre-
sentativeness). According to Quinlan [14], free listing exhibits
three basic characteristics that must be considered: (1) The inter-
viewees tend to list terms according to their order of familiarity;
(2) Individuals who know more about a given domain tend to cite
more terms than individuals who know less; (3) The most cited
terms denote more locally prominent or salient items.

Free listing seeks to identify specific information on a given
cultural domain of the investigated community. The participants
are requested to list, for instance, medicinal plants that they know
or animals that have been observed in the area. The basic premise
is that the most culturally important items will be cited in many
lists and in their corresponding order of importance. This tech-
nique is useful, and the lists produced by one or several communi-
ties might be compared using software, such as ANTHROPAC®.

Free listing might also be useful to identity individuals in local
communities who are specialists in a given cultural domain and to
investigate the intracultural variation of that domain [14].
However, free listing might be limited when questions are posed
about a highly specific domain with which the interviewees are not
familiar. According to Quinlan [14], another limiting factor is the
fact that interviewees cite terms from their active vocabulary and
thus might omit information regarding items that no longer belong
to their everyday experience. This phenomenon might be observed,
for example, with famine foods that are normally used under
adverse and/or low availability circumstances when the preferred
foods are less/not available. In studies examining animal species
that have become rare in the investigated area, these animals might
not occupy an important place in free listing, especially when their
scarcity is so severe as to reduce the odds for the informant to have
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actual contact with them. Therefore, when knowledge regarding
such animals is of interest, the interviewer must supply additional
stimuli for the informants to cite species that are no longer used/
consumed.

Other problems exhibited by free listing include the fact that
informants might not remember all of the items that they know.
Forthisreason, Brewer [ 15| suggests the use of some complementary
techniques that might expressively enrich the initial lists, including
the following:

e Nonspecific prompting—This technique involves continuing
to pose questions to informants even after they have declared
that they cannot remember further items. For instance, in a
study on plants known to be medicinal, the interviewer should
ask the interviewee, “What other plants might be used for
health problems?” Prompting must comprise positive asser-
tions and not induce “yes or no” answers.

e Reading back—This technique might follow the technique
described above when the informant once again declares that
they cannot remember further items. This method involves
slowly reading back all items cited by the informant, thus facili-
tating the addition of items that were not previously listed.

e Semantic cues—In this case, free listing is used as a semantic
cue. Brewer [15] holds this approach to be a powerful tech-
nique to enrich lists; this technique is based on the process of
natural association between items. This method might be used
following the techniques mentioned above and involves
questioning the informant on additional items belonging to
the domain that are similar to those that he or she has already
mentioned. For instance, if oranges are mentioned on an initial
list of known fruits, then the informant might further suggest
tangerines, lemons, and limes following this semantic cue.

As with any other type of interview, free listing might also be
influenced by the setting where the interview is conducted or the
activity that the interviewee is performing at the time he or she is
interviewed. Because this technique assumes that the most fre-
quently and first cited items are the most important from the cul-
tural perspective, these variables must be controlled during the
interview. For instance, an informant approached in front of or
inside a vegetated area might use it as a source for consultation
while citing plants, whereas an informant interviewed at home will
lack that source of stimulation. An informant interviewed while
preparing food might cite more plants involved in that process
(e.g., nutritional plants and plants used as firewood or seasonings)
than an informant interviewed in a different setting.
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Therefore, every study design must consider the settings
included in the investigated area and how much they might
contribute to eliciting information relative to each investigated cul-
tural domain.

4 Field Journal: The Use of Audio and Video Recorders

Field journals are used by investigators to record their observations
and may be combined or not with other techniques for data collec-
tion. In this way, investigators perform their first reading of cultural
systems, which allows reading the cultural facts as has been
described [16]. In a field journal, all of the events that occur dur-
ing one working day must be recorded together with the research-
er’s perceptions and conclusions regarding the people with whom
he/she was in contact. The researcher might choose to organize
their diary as he /she deems best and either follow a chronological
order or classify the data according to the main subjects. Finally,
even when the latter criterion is selected, a temporal order may be
adopted. For instance, the diary might be subdivided into chap-
ters, such as medicinal plants, medicinal animals, hunting proce-
dures, plant cultivation, and harvesting, and the events might
subsequently be described in the order in which they occur.

Importantly, in addition to field diaries, personal journals
might be used, which afford a valuable tool in studies on the rela-
tionship between people and the environment. The difference
between both types of journals is that personal journals are written
by the informants themselves upon the investigator’s request; thus,
the narrative and reflections are fully determined by the informant
based on his/her personal experience [17].

During interviews, and especially when they are guided using
forms with open-ended questions, the use of tape recorders is
indispensable to register the entire dialogue. If the conversation
were to be periodically interrupted to record the information, it
would be difficult and complicated to record the entire informa-
tion provided because the informant would lose his/her line of
thought, and important information could be lost. Conversely, the
use of a tape recorder allows the conversation to flow freely with-
out any concern. The interviewees’ permission should always be
sought before a tape recorder is used, and the researcher should
determine whether its presence imposes any constraint on the
informants. If the latter occurs, the tape recorder should be
switched off to allow the interviewee to feel at ease while discuss-
ing embarrassing or polemical subjects off the record. In addition,
it is important to reassure the interviewees regarding the confiden-
tiality of the recorded material and to explain the use that will be
made of the recorded material. It is also important to minimize the
time between an interview and its transcription because long delays
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might result in a loss of information; sometimes the tape is
contaminated by external noise that was also recorded. It should
be remembered that the process of interview transcription can take
a long time and demands considerable attention; depending on
the amount and quality of the data, 45 min of recording might
require 8 h of transcription [18]. Richardson [6] estimates that the
time needed for transcription is twice that devoted to the actual
interview.

Video recording might represent a valuable tool to record
ethnobiological data because it allows a given practice to be
captured in its minute and subtle details. However, the actual use
of this technique demands expertise and experience to produce
materials with high scientific and artistic quality. Among several
suggestions, Fuller [19] recommends the following: paying atten-
tion to the ethical and practical issues involved in the planning of
documentation regarding practices that involve the use of plants;
discussing the ethical issues relative to ethnobiological research
with the involved community, including obtaining informed con-
sent; and assessing commercial implications in case the video is
exhibited to large audiences, including the discussion of the intel-
lectual property rights.

5 Guided Tour

This field research method usually requires the participation of a
member of the community skilled in moving across the local veg-
etation who is knowledgeable regarding the local flora and fauna
or regarding certain main informants selected in the investigated
communities An example of the application of this technique is
the identification of the animals and /or plants cited by their ver-
nacular names in the interviews in anthropogenic areas or forests.
That is, a guided tour consists of giving foundations and validat-
ing the names of cited plants and animals because the vernacular
name of a given species might exhibit considerable variation
among different areas and even among the individuals of a single
community. Such differences might be solved by observing a
plant that was given one or more vernacular names, which thus
become synonyms [20]. This method is also referred to by some
authors as the field informant technique or a “walk-in-the-
woods”. We further recommend recording this activity as hours/
informant. It is worth noting that the names cited by an inter-
viewee during a guided tour might not reflect consensus use
within his or her own community. For that reason, tours with
other members or other activities involving a larger number of
community members ought to be performed, such as participant
workshops or group dynamics.
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6 Participant Observation

We noted above that when information is sought regarding the expe-
riences and opinions of people regarding a given subject, they can be
asked directly using questionnaires and interviews. However, Pinheiro
etal. [17] observe that when the subject of investigation is the inter-
action between people and the environment, many of the everyday
activities that people perform pass unnoticed by them. Thus, even
when these people are willing to report on such activities, they are
often unable to provide reliable information on some topics. Within
this context, observation-based studies play an important role.

According to Combessie [10], participant observation is an
appropriate technique to establish initial contact with a community
because it allows room to explore its reality. Participant observa-
tion allows the gathering of information on the everyday life of the
investigated community, for which purpose the investigator must
be able to memorize and remember the events observed and heard
and later write them down in a certain order, preferentially a
chronological one [8, 13, 20]. Many of the collected data are qual-
itative, namely, field notes relating to situations, photographs, or
dialogue records. Participant observation should not be con-
founded with participatory research because these methods pursue
different goals (Table 1).

Although participant observation affords the investigator a
deeper experience of the entire investigated phenomenon, it is lim-
ited because no one is able to observe absolutely everything in a
trustworthy manner; participants, facts, and situations must be
selected. Babbie [7] observes that such selection must be con-
trolled to avoid the risk of constructing a biased set of data.

According to Montenegro [20], participant observation might
be complete or characterized by full detachment (the latter is dis-
cussed in the next section). Complete participation implies the full
involvement of the investigator with the local community and its
costumes and practices.

“That method further allows for an analysis of the observed
reality ‘from within’ and thus enables one to perceive how a cul-
tural element, anchored in the common sense, in that which is
collectively accepted and legitimated, develops the knowledge on
the local plants” [21].

Research originally based on direct observation or participant
observation unfolds along three stages, with each one being
sequentially dependent on the previous one [22]:

1. The selection and definition of problems—*“In this stage, the
observer looks for the problems and notions able to atford the
widest comprehension of the organisation he is studying”
[22]. The investigator must always consider the credibility of
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Table 1 Differences between participant observation and participatory research

Participant observation

Participatory (action) research

Aims to learn about and understanding reality Aims to transform reality
The definition of objects and techniques, and the The members of the investigated group
analysis of data are centered on the investigator participate throughout the study process

Involves a process of research, education, and
action

Source: Victora et al. [23]

informants and the nature of their statements, i.e., whether
they are directed or spontaneous. In such cases, all singularities
relating to the observed fact or information supplied ought to
be recorded in the field diary for later critical appraisal.

2. Control of the frequency and distribution of the phenomena—
“Having a grasp of many problems, notions, and transient indi-
cators, the observer now wants to know which among them are
worthy of pursuing as the main focus of his study” [22].

3. Model construction—“The final stage of field analysis involves
incorporating individual discoveries into the generalised model
of the social systems or organisation under study, or into a part
of that organisation” [22]. In our specific case, this stage seeks
to attribute meaning to the set of data collected on the velation-
ship between people and plants. The obsevver might begin by con-
structing and specifying the velationships that exist within the
system, and then systematize the phenomena by means of an
analytical operation.

Notably few ethnobiological studies use observation as the
sole methodological strategy used. As a rule, investigators need to
harmonize data collected through participation with data obtained
using other methodological tools. Contradictory elements appear
quite often and demand intense reflection and the formulation of
questions in an attempt to understand what might prove to be
merely an apparent contradiction.

7 Nonparticipant Observation

Also known as direct observation, this technique might be consid-
ered a variety of participant observation because it involves greater
contact with the community without, however, exhibiting the
strong degree of involvement demanded by the latter. From the
methodological point of view, non-participant observation consists
of a free observation and recording of the phenomena observed in
the field, where the investigator behaves as an attentive spectator.



Methods and Techniques Used to Collect Ethnobiological Data 29

This technique is also known as participant observation with total
detachment. As a rule, a large amount of information is obtained,
which thus demands a strong sense of organization and the system-
atization of ideas by the investigator.

8 Focus Groups

Focus groups are employed as a data collection strategy that priori-
tises interaction and discussion between a group and the investiga-
tor. The success of this technique depends on the definition of a
“focus” subject to be explored by the group with the investigator’s
mediation. This technique might be applied to the collection of
ethnobiological data for the following purposes: (1) to generate
hypotheses based on the discussion by informants of an issue raised
by the investigator; (2) to obtain the group’s interpretations of
phenomena, facts, or categories identified during the study; and
(3) to assess strategies for data collection because the use of focus
groups might be complementary to other methods. For instance, a
focus group might include individuals from the community who
are involved in healing practices to establish the meaning of disease
categories. The investigator must practice great discernment when
choosing this strategy and must consider the following recommen-
dations: (1) the groups should preferentially comprise unac-
quainted individuals bearing no family relationships; (2) the data
should be documented appropriately to allow the identification of
each participant’s discourse and mutually convergent discourses;
and (3) the working dynamics should be controlled because the
more expansive individuals tend to inhibit others or centralize
speech. This technique might be applied in three phases (Box 4).

9 The Use of Visual Stimuli

The investigator might resort to several visual stimuli to elicit
information from people. Such stimuli might include fresh plants,
dried pressed plants, photographs, artefacts made from plants, and
even in situ individuals. The literature includes a wide variety of
terms to designate methods based on such stimuli. For instance,
the artefact inventory method, also known as artefact interview,
involves the collection of information on plants; their parts used to
construct artefacts, which are shown to informants to elicit specific
information. Similarly to the previous method, checklists involve
presenting visual stimuli to people to obtain information on plants.
Due to the variation in such terms, Medeiros et al., in Chap. 5,
suggest the following standardization: (a) Inventory/ Interview—
studies involving a vegetation inventory associated with the
collection of ethnobiological data from informants at the field;
(b) Walk-in-the-woods—studies involving tours to collect and
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Box 4 Application Phases of the Focus Group Technique. Transcribed
from Victora et al. [23]

Phase 1

(a) Potential participants are invited: participants are selected based on
preestablished criteria; the meeting’s nature is explained; and the
date, time, place, and duration of meetings are defined.

3 > p > g

(b) Meeting preparation: a guide is elaborated using open-ended (e.g.,
“What do people here do when...?”) or hypothetical (e.g., “What
would people here do under x conditions?”) questions; materials are
organized (e.g., tape recorder and tapes); a meeting place is prepared.
Due to ethical reasons, it is advisable to avoid directly questioning the
participants regarding their personal lives. Nevertheless, some partici-
pants might possibly share personal experiences with the other

participants.

Phase 11

(a) The meeting: the facilitator must maintain leadership over the group,
listen to the participants attentively, show involvement, encourage
participants, be receptive to changes, suggestions, and interruptions,
and ensure that all participants speak, rather than only the most vocal
ones. The presence of an assistant is advisable to take care of other
tasks, e.g., recording the events, observation of nonverbal language,
practical actions such as changing the recorder tapes, and ensuring
that the external environment does not alter the internal
environment.

(b) Mapping of the participants: performing a short interview with each
participant in the group is recommended to collect general data such
as age, gender, educational level, occupation, marital status, number
of children, and certain specific issues relative to the study subject that

cannot be raised with the group for ethical reasons.

Phase 111
Transcription of the tapes and compilation of the data, always maintaining
the facilitator’s attitude and influence relative to the obtained answers.

identify plants, and obtain data from informants unrelated with the
vegetation inventory; (c) Checklist/ Interview—studies based on
the use of stimuli detached from their original context (parts
of fresh or dried plants, photographs, and drawings); (d)
Artefact/ Inventory—studies using plant-derived products (e.g.,
tools, building materials, and toys).

10 Ranking

Ranking analysis might derive directly from free lists elaborated by
the investigator, whereby the informants are invited to rank the
plants as they deem fit. These data are used to construct a matrix,
which allows attributing a score to each species and the subsequent
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Table 2 An example of the organization and analysis of data using the
ranking technique

Informant code
A A, A A, A, A, A, Total Mean Rank
Coconut 3 6 3 6 5 1 24 4.00 5
Guava 6 1 4 1 4 o6 22 367 4
Mombin plum 2 4 6 5 1 3 21 3.50 8
Brazil plum 5 2 1 4 3 5 20 333 2
Manga 4 3 5 2 2 4 20 333 2
Avocado 1 5 2 3 6 2 19 3.17 1

calculation of an index. Ranking might be extremely useful in stud-
ies of local preferences. The reader is referred to the example given
in Table 2, in which the numbers represent the order according to
which six informants cited plants (A;—Ag). The scores for each plant
are first added and later divided by the number of informants. In
this example, avocado might be considered as exceptional among
this particular set of interviewees as a function of its ranking.

The ordering of photographs (a type of projective interview) con-
sists of the classification of photographs by informants according to
a criterion established by the investigator. This technique might be
useful to identify ecological areas that are preferred for the collection
of plant resources or to characterize animals or landscapes according
to the importance attributed to them by informants among other
uses. This technique allows the investigator to perform analyses sim-
ilar to the ranking described in the section above. Notably, several
factors might affect the quality of the data thus obtained, including
the quality of the photographs or illustrations that are used and the
inadequacy of the instruments used to the formulated research ques-
tion. Victora et al. [23] recommend the investigator to also record
the impressions and commentaries that mighic arise when this tech-
nique is applied to understand the informants’ representations of the
investigated subject. Chapter 5 provides several notes on the use of
photographs in ethnobiological research.

11 Twenty-Four Hour Recall

This technique consists of stimulating the interviewees to list the
items (e.g., plants, medicines, or animals) with which they had
contact during the previous 24 h. This approach is usually employed
in studies that seek to gather information regarding diets, nutri-
tional habits, and hunting behavior. This method is a variant of free
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listing in that it involves consecutive or periodic visits to the inter-
viewees during which they are inquired about the contents of the
meals they had in the previous 24 h. The relative importance of
dietary components might be calculated based on the same criteria
as those used in the ranking technique.

One of the limitations of this technique derives from the fact
that the informants might present the investigator with an under-
estimated list of species, mainly because it depends on their ability
to remember the items that they used and on their interpretation
of the question posed by the interviewer. For instance, a given
investigator might want to investigate the diversity of plant items
used for human nutrition in a given community and ask his infor-
mants about the plants that they consumed during the previous
24 h. The informants might have a different understanding/inter-
pretation of the meaning of the word “plant” and might therefore
not cite plant items that should have been listed. In addition, it
worth noting that informants might feel embarrassed or intimi-
dated by having to mention certain of the items that they use in
everyday life. This reluctance might occur due to cultural factors,
according to which the consumption of some resources might be
considered a synonym for poverty, or for safety reasons, especially
in communities that reside in protected areas where the collection
or hunting of some resources might be illegal.

12 Community Mapping

Community mapping is used to gather information on natural
resources and the local perception in a given geographical context,
including the mapping of resource areas. The collaboration of local
informants is sought; e.g., informants who are requested to draw
the local landscape. This procedure is useful in ethnobiological
studies for recording local knowledge of ecological areas, the
distribution of vegetation, harvesting and hunting areas, and the
distribution of useful resources. The procedure includes the fol-
lowing stages:

1. Each informant draws or prepares a basic map providing the
requested information. Because many people might find it dif-
ficult to accomplish this task, detailed and careful explanations
are often needed.

2. Each informant is requested to name and identify each item he
or she has represented on their map.

3. Field trips might be performed with the participants to revise
and refine the maps.

4. At the end of the process, a consensual map might be built
based on a critical appraisal by all of the involved participants.
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5. The investigator might use specific symbols and colors to rep-
resent items.

Nevertheless, the construction of maps by informants might
be difficult; it might also be inappropriate. This difficulty occurs,
for instance, when the informants have trouble developing visual
representations of the land relief and the vegetation of the area. In
these cases, it is recommended that the investigator employs aerial
photographs or even landscape records in which the full area of
interest is depicted. Such illustrations are shown and explained to
the participants, who are later requested to identify and demarcate
the corresponding areas. It is worth remembering that the use of
technological resources that are alien to the interviewees’ reality
might hide limitations. For this reason, one should pay special
attention while conducting interviews supported by such resources.

13 Life History

This is an entirely open-ended and subjective approach, where
communication occurs in the first person. More usually employed
in sociology, the life history or oral history technique might con-
tribute to expanding on certain issues and detach itself from the
autobiographical character that it usually bears. The documents
thus produced are usually classified as focal and case studies. Such
studies are seldom used in ethnobiological research, perhaps
because they do not afford the elements needed for understanding
more general phenomena. Because this is an extremely open-ended
approach, a degree of caution is needed for the intended goals to
be successtully accomplished. The most appropriate procedure is
for the investigator to lead the informants through the relevant
paths of their lives that fit with the intended goals of the study. In
ethnobotany, for instance, the subject of study might be the life an
individual who has a wide knowledge of local plants. Because such
a study seeks to portray several facets of the selected character, it
will be limited from the perspective of generalization. Nonetheless,
such a study will be able to elucidate some issues, such as the trans-
mission of knowledge between the interviewee and members of
their community or the source of his or her learning in regard to
definite cultural domains.

In addition to the care needed in the selection of the most
appropriate methods/techniques for your study, you must pay
attention to the materials /resources needed to achieve success in
fieldwork. An investigator needs to have an “ideal basic kit” of
tools and materials to facilitate, optimize, and systematize the work
during his or her stay at the community. Box 5 describes a checklist
that might be useful for this purpose.
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14 Data Triangulation

The procedures chosen to approach some problem do not always
afford the ideal solution to tackle a given subject. Sometimes the
subject of study bears a level of complexity that poses a major chal-
lenge to the investigator. Ideally, the methods selected in such
studies should be subjected to continuous criticism and reflection
such that the investigator is able to make better decisions regarding
data interpretation. Recently, several authors assessed the efficiency
of various methods (see, ¢.g., Gaugris and Rooyen [24]).

One of the approaches we suggest for planning research is tri-
angulation. This name designates the combination of several meth-
odological procedures for the study of a single research problem.
Several authors have described various types of triangulation, but
in this study, we specifically allude to methodological triangula-
tion, which might involve triangulation within a single method or
between two different methods (see Flick [25]). “An example of

Box 5 Checklist of Materials Useful and /or Essential for Ethnobiological
Field Research

1. Notebook. To be used, for instance, in interviews, to record mate-
rials for the database, to perform data analysis in the field.

2. Digital camera. To document, for instance, plants, animals, activi-
ties, and landscapes.

3. Digital voice recorder. To document, for instance, interviews and
guided tours.

4. Global positioning system (GPS). To reference, for instance, col-
lection sites, resource areas, and plants.

5. Extra batteries for the equipment.

6. A two-way radio. For communication between team members in
the field and as a safety measure.

7. To collect botanical materials, the following are useful: old news-
papers, collection plastic bags, pruning shears, wooden presses, a
field copybook, a field hothouse, pens, porcelain painting pencil
(due to its water resistance), graphite pencils, adhesive tape, large
knife.

8. Materials for vegetation studies that are dependent on the sam-
pling methods used, e.g., a tape measure and labels; safety materi-
als, such as boots and /or gaiters, long-sleeved shirts, and hats.

9. DPlastic or wooden clipboards (for interviews).
10. A field diary.
11. A full first aid kit.

12. Investigator’s identification card including: full personal data,
blood type, contact telephones and addresses, and drug allergies.
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the former strategy is the use of different subscales to measure one
item in a questionnaire, and of the latter, the combination of a
questionnaire and a semi-structured interview” [25].

As an example, while conducting interviews, investigators

might also perform guided tours to collect materials mentioned in
the interviews and identify ethnospecies recognized by the com-
munity. In this way, overestimating the diversity of species recog-
nized by the community will be avoided, and the classification of
the species present in the area can be understood (Box 6).

Box 6 Summary

Procedures for field safety (based on Bridges and McClatchey [26])

Pay attention to the social rules at the working sites. Avoid traversing
the area without knowledge of the potential dangers.

Explore the landscape in the working area using maps and, more par-
ticularly, resources such as Google Earth. Look for maps containing
useful information (such as the vegetation cover).

Acquaint yourself with the main roads, motorways, rivers, mountains,
and railways. Develop a habit of recording the main local coordinates
(latitude and longitude) of the main research sites.

Locate the hospitals, transport centers, and the seat of the local
government.

Make a list of contacts at your place of origin (e.g., doctor, dentist,
bank, and people that should be notified in case of emergency) and at
your destination. Ensure that this list remains always accessible.

Identify the most probable health problems and consider how you
might address or even anticipate them; e.g., poisonous snakes. Always
carry an emergency kit with you.

Establish a means of communication so that people will know about
the progress of your fieldwork on a regular basis and whether you are
having problems. Name a laboratory researcher or the study coordina-
tor as your contact for this purpose.

Wear appropriate clothes when performing biological procedures and
with regard to your insertion in the community.

Procedures for contact with the community

Attempt to understand the structure and network of the local social
relationships. As a rule, contact with local leaders facilitates the inves-
tigators’ access to research sites. For this purpose, and as the initial
stage of the study, contact the county government, residents’ associa-
tions, religious leaders, and health agents to obtain information
regarding the characteristics of the community and to facilitate the
acceptance of the study by the community.

Whenever possible, organize meetings and/or workshops to explain
the project and the adherence to legal regulations, and obtain signed
informed consent.

(continued)



36

Ulysses Paulino Albuquerque et al.

Box 6 (continued)

The experience of our laboratory in establishing “headquarters” at
research sites that allow for closer contact to be made with the com-
munity proved to be beneficial and profitable. However, each com-
munity has its own rules of social coexistence, and every effort should
be taken not to transgress them.

Fieldwork involves many expenses that might be shared (when a proj-
ect has no funding) by members of the collective project team. In this
regard, the expenses must be proportionally divided during the finan-
cial planning of the project among the graduate and postgraduate
students.

Attempt to have the researchers working at the community wear a
uniform. This makes movement in the area during the study safer and
quieter. However, wearing uniforms might impair the study inasmuch
as community members might identify the investigators with, e.g.,

members of environmental protection agencies.

Attempt to make appointments to interview informants. This makes
the interviewees more comfortable and facilitates the research dynam-
ics. To appear unexpectedly at an interviewee’s home or workplace
might make them uncomfortable, and this discomfort would make
the interview more difficult.

General proceduves for data collection

The data collection procedures might be liable to several sources of
error arising from various circumstances. For that reason, a pilot study
or pretest should be conducted whenever possible to assess the effi-
ciency and quality of the research tools.

As much as possible, attempt to collect the plants and/or animals
cited by each interviewee during the events scheduled for collection of
ethnobiological information. Individuals belonging to a single com-
munity might attribute identical names to different botanical species
or vice versa.

Attempt to systematically elucidate the meaning of native categories,
even when they appear obvious. For instance, the category “haemor-
rhoids” represents a type of parasitic infection to certain communities
in the semiarid area of Pernambuco. Similarly, attempt to be as specific
as possible while recording data.

When needed, discuss the data collection progress with the project’s
principal investigator at each step to identify possible problems.

General procedures for the collection and identification of botanical
materinl

Collect at least three samples from each plant. Each sample must be
identified using the same collection number.

The samples must be identified and /or confirmed by specialists.

Upon collection, characteristics that are lost during herborising must
be recorded, including: (a) flower color, (b) plant height, (c) presence
or absence of underground systems, and (d) frequency in the area.
Data pertaining to the collection must be recorded in field notebooks
following the model recommended by each research institution.
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Participatory Methods in Ethnobiological
and Ethnoecological Research
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Abstract

This chapter introduces a brief discussion of the paths of participatory methods, within a multidisciplinary
perspective, exemplifying its use as an instrument for data collection in ethnobiological research, as well as
a discussion of some advantages and disadvantages.

Key words Participatory approach, Ethnobiology, Ethnoecology, Ethnobotany

1 Paths to a Participatory Approach: Participatory Methods

Participatory methods (PMs) can be understood as a set of proce-
dures backed by the active participation of social actors [1-4] that
provide for the collective construction of solutions and diagnoses
to be made by the community itself. In the past, PMs have mainly
been used by NGOs and by some innovative government agencies,
with the objective of interacting with local populations, based not
just on individual analysis but also on collective analysis [5].

One of the main features of PMs is the dynamics of the pro-
cess, which is developed within a specific community context [3].
Thus, these methodologies allow for a true dialogue with the com-
munity [2], so that the researchers may come to appreciate their
knowledge, share their experiences, and analyze different alterna-
tives for improving their planning skills and actions [3, 5]. It is
worth emphasizing the importance of using collective spaces for
this type of study because, in participatory research, the commu-
nity is not only a source of information, it is part of a construct of
social nature; therefore, solutions must be sought through a collec-
tive construction process. In this process, the researcher acts more

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
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as a facilitator, that is, organizing the activities and discussions in an
objective way, contributing to the participation and reflection of those
involved and facilitating interpersonal communication [3, 6, 7].

In recent years, the use of participatory approaches has grown
considerably in research activities worldwide [5, 8, 9], principally
because of the previous lack of community participation, which led
to the failure of many projects [2]. Research using a participatory
approach has surpassed research involving studies based entirely on
the researchers’ scientific-technological knowledge [10].

The techniques of PRA (participatory rural appraisal) and its
tools are very useful when applied to ethnobiological issues and
may be understood as a new method for working with a commu-
nity’s reality and its knowledge of natural resources. In this sense,
the PRA can be understood as a set of methods aimed at sharing,
improving, and analyzing a rural community’s knowledge of the
environment and of its living conditions [4, 5].

Over time, the PRA has received significant contributions from
various fields of research. Among these, the participatory research
inspired by Paulo Freire’s methods is prominent. In the mid-
1960s, his work was based on the importance of dialogue as a way
of learning and enhancing the capacity of communities to conduct
their own analyses of their living conditions [1]. Furthermore,
since popular knowledge became valued and was treated in a
horizontal form, PRA techniques have been used and adapted by
several research communities, such as the social sciences, agronom-
ics, and natural sciences [5]. Currently, some good examples are
the uses of participatory tools in various approaches to research
conducted in the fields of anthropology, sociology, agriculture,
biology, forestry sciences, business, and economics. Within this
context, studies related to ethnosciences, such as ethnobiology and
ethnoecology, might utilize these tools, which provide a didactic
and participatory process for gathering information.

From this reflection we would like to highlight that the con-
cept of PRA, rapid rural appraisal (RRA) is considered to be one of
the precursors of PRA [5] and can be understood as a systematic
and semi-structured activity developed in the field by a multidisci-
plinary team to rapidly acquire new information about rural life
[11]. The RRA may use various approaches depending upon the
intended objectives, such as exploratory (obtain initial information
about a particular topic), thematic (investigate a specific topic),
participatory (involve different social actors for any further actions),
and monitoring (monitor the progress of actions and experiments,
for example) [11]. In this context, participatory methods can be
applied to RRAs, but their purpose and processes are based on the
collection of local information and on learning from external actors
[5]. In contrast, PRAs are created not only to generate information
but also to provide mutual learning between social actors through
dialogical communication [5, 12].
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The application of participatory methods requires the same
level of care normally applied by researchers to the analysis and
interpretation of data in conventional research. Cross-referencing
methods or triangulation methods are important for triangulating
the information acquired from various different perspectives [2,
13]. Special care should be taken by the facilitators—researchers to
avoid transforming the participatory methods into a persuasion
tool, imposing solutions without a commitment to democratic
management or real participation and merely giving the appearance
of involvement with the community [13]. The facilitator’s role is to
guide the learning process and to allow decisions to be made by the
group involved [14]. Chart 1 demonstrates some of the most obvi-
ous advantages and disadvantages of participatory methods.

Chart 1 Advantages and Disadvantages of Using Participatory Methods

Advantages

¢  Allows moments of self-reflection and sharing of experiences, knowl-
edge, planning, and community actions in a collective form and in a
more practical and participatory manner.

® Promotes the formation of groups from different social environments,
social-demographic patterns or different ages and genders, enabling
intersocial analysis.

*  Enables the externalization of an individual’s knowledge by providing
an opportunity for participants to express their opinions more sponta-
neously through diverse exercises and by encouraging respect for local
knowledge. Motivates people to participate and allows a dynamic
work process.

¢  Allows multidisciplinarity, which is ideal for a visualization of the “big

picture.”

® Helps communities identify their needs and collectively propose
changes.

Disadvantages

e Allows for the voices of those who speak the loudest to prevail,
emphasizing the views of the more dominant individuals in the com-
munity during participatory meetings and gatherings. In this context,
the views of marginalized groups, specifically women, cannot be taken
into consideration, which hampers the effective participation of all
stakeholders.

®  Unfeasible to conduct pretesting of methods, such as those in conven-
tional research. For example, using questionnaires with a small group
of informants. The completion of pretests in participatory research
implies additional costs or demands excessive time from community
members involved in the process.

® Limited power to make generalizations. Here, researchers need to be
very attentive to the possible applications of the results obtained.

See [3,13, 15].
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2 Methods That May Be Used in Ethnobiological Research

2.1 From Interviews
to Meetings,
Workshops, and the
Formation of Focus
Groups

While the researchers are still in the process of forming the collective
spaces for participatory activities, the use of interviews can play a
very important role in participatory appraisal because, in many cases,
this tool can be used during the early stages of the research as a
means of orientation, providing the earliest contacts with the com-
munity. Individual interviews conducted early in the research play a
strategic role in the process of gaining people’s trust in the researcher,
and such interviews may establish a true “rapport” with the com-
munity, facilitating the PRA. In other cases, interviews may be used
secondarily to acquire supplementary information [2, 15].

Likewise, interviews with focus groups can be performed by
employing naturally occurring groups, taking into account the
social environments, sociodemographic patterns, or differences in
age and gender of the participants [2, 16]. Interviews with focus
groups promote spaces for discussion and interaction between dif-
ferent social actors, especially when conducted with groups that
are knowledgeable about the issues to be addressed [2].

Along the same lines, meetings and workshops are participa-
tory strategies in ethnobiological research that can provide both
public and collective moments. At first, meetings work in support
of the presentation and explanation of the study objectives, gener-
ating moments of reflective discussion with the participants [15, 17].
Throughout the process, dialogue is a key activity that provides a
process for the creation of critical knowledge about the actions
being taken in the community [2]. Visual stimuli may be employed,
such as slides and photos, during the first moment to begin the
conversation and facilitate the process of dialogue. Meetings are
important for a preliminary survey of the experiences and expecta-
tions of the community, as well as to experience the scenario that
researchers will encounter.

Participant selection for Rural Appraisal, will depend on the
research objectives, the workplace, and the interest and involve-
ment of the community. Assuming that the formation of different
groups comprises people who interact and collectively share a com-
mon past in the same social environment facilitates the exchange of
experiences in participatory workshops [16], participatory exer-
cises consisting of group meetings can be performed in accordance
with the goals of each exercise. The latter would facilitate conduct
and communication with participants, who were selected because
they understand the same social environment. As an example,
Sieber et al. [18] used focus groups represented by local experts in
medicinal plants. In a complementary fashion, another group was
tormed, which consisted of relatives of those experts gathered in
the homes of the participants, to explore the perceptions of
people living in the same environment, that is, the family space.
The formation of family groups can facilitate knowledge exchange
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between local experts and their families, who often do not have
moments in their daily routine that facilitate this process.

Below are some participatory procedures that may be useful
when collecting ethnobiological data. In using these procedures, it
is important that the researcher—facilitator use his or her creativity
to change and adapt the participatory procedures for the local
context. Some of these methods can be used in strategies intended
to “give feedback” to a community. Thus, for example, one can
reflect on the problems and possible solutions for future plans
relating to the management of the natural resources that are part
of the environment and a reality for each community.

To implement these tools, one should take into account that
the tools need to be understood by the community. Unlike inter-
views, participatory techniques need to make information visible to
the community and allow for reflection and ownership of the
results. It is important to create legible cards with large letters and,
in the case of illiterate communities, drawings would be an alterna-
tive for representing the information. Chart 2 is an example of an
ethnobotanical study that used participatory methods as tools for
data collection.

Chart 2 Example of an Ethnobotanical Study That Used Participatory
Methods as Tools for Data Collection

Example of a participatory study conducted by CIFOR (Center for
International Forestry Research—Science for Forests and People)

Study area

District of Malinau in Kalimantan Oriental, Indonesia.

A pilot study in two indigenous communities with subsequent revisions
and final application in five additional communities.

Objectives and study characteristics
®  Multidisciplinary research.
®  Contribution to the sustainability of forests in the tropics.

* Integration of social, environmental, forestry, and biodiversity objec-
tives for the achievement of long-term, multiple-use management.

Participatory Research

Multidisciplinary and collaborative process used to define and collect use-

ful and decisive information related to environmental impacts and the per-

spectives of local communities.

Participatory Methodologies Utilized

¢ Community meeting for initial presentation and explanation of the
research. Development of a community map to gather information on
natural resources and local perceptions.

®* Conducting of scoring exercises, specifically, the rock distribution
method (RDM), to quantify the importance of natural resources and
territorial units.

See [17].
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2.2 Community
Mapping

2.3 Historical
Timelines

Community mapping is based on building a map that synthesizes
relevant information, using the local perspective to represent the
natural resources using a base map, a map of the area, and aerial
photos or sketches on which participants may designate, appoint,
or delimit places where they obtain resources [17, 19]. The first
step in this exercise is to obtain from the participants the names
used for the identification of places and the flows of major rivers
and, later, to include additional reference sites (such as mountains
and villages) used to locate specific types of vegetation coverage,
resources, and risks (natural or anthropogenic) [17]. Community
mapping is an effective tool for developing community manage-
ment projects, gaining an appreciation of local knowledge, and
understanding local ownership, the use of resources, and the
demarcation of territories [13, 17, 19].

“Historical timelines” (Fig. 1) is another tool that can be used to
analyze significant changes in the community’s past that can explain
the present, especially in terms of natural areas or specific resources.
Participants indicate key events and state their comments in a dis-
cussion, beginning with questions pertaining to the time when the
community was founded, the people that were the first to arrive
and the most important events [2, 17]. Participants are also asked
about the changes that have occurred in the landscape over time,
when they occurred, the nature of the changes and their causes;
the answers should include a local representational approach to the
transformation of the landscape and possible threats to

Timeline

1900 | Comunity was founded
Cassava cultivation
Wood extraction

1920 | School

1960 | Tobacco cultivation
Deforestation

1970 | Farmers association

2000 | Electric energy

2010 | Agroecology projects

Fig. 1 Representation of participatory exercises: “Historical Timeline”
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2.4 Historical Charts

biodiversity. Insofar as the participants recall events, a vertical line
is drawn on a poster board to represent a timeline. Events can be
recorded on individual cards and then placed in sequence on the
vertical line, with the oldest events located towards the top of the
line in the upper section of the line (Fig. 1). All information should
be written on a pre-prepared form [2, 17].

Complementary to the timeline, the “history chart” [2] or “his-
torical calendar” (Fig. 2) [15] can be used as a tool to graphically
depict and quantify the changes that have affected the community
as they relate to the researcher’s specific interests. The researcher—
facilitator might discuss only one element with the community,
e.g., forest cover, or he or she can analyze various elements sequen-
tially, forming a matrix with the elements in rows and the time
periods in columns (Fig. 2). Such a chart or calendar might involve,
for example, an analysis of the vegetation dynamics that operate
within the community, representing the historical changes that
have affected the landscape in the areas that supply native resources
[18]. In this example, the graph visually represents, on illustrated
cards, several decades of the community’s history, beginning with
the present day. By visualizing these graphs, participants indicate
the relative numbers of species available in the various resource
units during each season and, thereby, provide a representation of
the abundance and decline of these species in the environment
over time. For each identified species, illustrated notecards with
drawings of trees can express the quantities of plants available for
each species in each resource unit, which allows for an analysis of
how they are represented among the participants.

Fig. 2 Schematic of a historical chart analyzing various environmental elements
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2.5 Scoring and
Ranking Exercises

If the researcher wants to understand the dynamics of change
in the landscape, an “environmental historical chart” can be con-
structed with a “historical succession” of, for example, agricultural
production systems and livestock [18]. The graph can visually rep-
resent, through drawings, the production units (for cultivation and
grazing, for example) and the process for supplying the relevant
units of natural resources (native forest) that have historically been
transformed; it can also provide a perspective for the future, accord-
ing to the expectations of the participants. Thus, one can diagnose
the changes that have affected the community by analyzing its
occupied spaces, i.e., the availability of each resource area’s
productivity and its relationship with the transformation of the
species from the native forest. For example, by researching local
perceptions concerning the abundance of species in an area of
riparian vegetation in northeastern Brazil, Silva et al. [20] gener-
ated a historical chart with a time frame of 3 decades. The data
generated from the graph were supplemented with satellite images
of the same vegetation during the same time frame. This approach
results in more robust information for the preparation of manage-
ment plans aimed at conserving natural resources.

To cross-reference the information gathered via the different
techniques described above, scoring exercises (Fig. 3) can be per-
formed to determine the relative importance of the environment
and/or the resources from the participants’ representations and
seek information about decision-making related to the conserva-
tion of local resources [8, 17]. At each stage of the exercise, par-
ticipants are asked to distribute 100 seeds, for example, among a
group of illustrated cards that may represent the areas from which
certain resources are obtained or the species that are used in the
community, according to their importance. The cards display the

The participants will distribute
100 seeds between the areas of
resnurces

1° LEVEL: Areas of Resources

PARTICIPANTS

Areas of Sierra Fields Home gardens
Resources 50 seeds 10 seeds 40 seeds

In the example above participants identified sierra, fields and
home gardens as areas of resources existing of the use of
medicinal plants by distribut'ng the seeds according to the
importance of each area. n this case, the sierra was
consicered five times more important than thefields.

Fig. 3 Scoring exercises
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The participants will distribute 100
2°LEVEL: Types of Uses seeds between the types of uses

PARTICIPANTS
TYPES OF USES 5

(area of resources sierra) Medicinal Handicraft Wood
60 seeds 10 seeds 30 seeds
TYPES OF USEE_‘ —> Medicinal Food Handicraft
(area of resources sierra) 60 seeds 50 seeds 30 seeds
TYPES OF USES —> Medicinal Food Wood
(area of resources home gardens) 50seeds 40 seeds 10seeds

In the example above participants identified medicinal, food, wood
and handicraft as types of uses existing of the areas of resources,
distributing the seeds according to the importance of each types of
uses. In this case, the medical category was considered the most
important resource for the area and sierra and homegardens and less
important to the field.

Fig. 4 Importance of medicinal plant collection location suggested by
participants

drawing and name of each type of site or species existing in the com-
munity and must be placed on the floor in a manner accessible to all
of the participants [8, 17]. The score for each card, which is the total
number of seeds distributed by the participants, should be added
and annotated onto a specific form and should also include all infor-
mation provided by the participants on the reasons why the scores
were given. To evaluate the importance of the species in each cate-
gory and/or resource zone, one can use the technique of hierarchi-
cal weighting, which was described in the work of Sheil et al. [17].
In this technique, the number of seeds assigned to each resource
evaluated is proportional to its importance to the participants.

As a fictional example, imagine a rural community in which
native species are extracted for medicinal use. The importance of
each collection site (zone with resources) (Fig. 4) to the use of
medicinal plants can be analyzed (see diagram below) (Fig. 5).
However, this analysis does not need to be restricted to a particular
category of use, especially if the researcher wants to study other
types of uses (medicinal and firewood, for example). Instead, the
scoring exercise can be applied simply for each category of use, and
this factor can be included in the multiplication, as shown in Fig. 5.

Likewise, at a lower level, we can analyze the relative importance
of each species for each use category within a resource zone. In our
case, we are using the category of “medicinal use” within the
resource zone “serra” (forest) (Fig. 5), but we could have used
“species used in other resource areas in the community,” as an
example, to analyze all of the hierarchical levels (Fig. 6).
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Areas of
Resources

1°Leve|[ Forest ] + [ Community ] -1

0.7 0.3
[
2 Level Medical Wood Medical Wood -1
evel | 06x07=028 |*| 04x0.7=042 * 0.8x0.3=024 |*| 0.2x0.3=0.06 =
Aroeira Aroeira Aroeira Aroeira
0.6x0.7=0.28 0.6x0.7=0.28 0.6x0.7=0.28 0.6x0.7= 0.28
3° Level Angico Angico Angico Angico -1
eve 0.1x0.6x0.7= 0.042 0.5x0.4x0.7= 0.14 0.1x0.8x0.6= 0.024 0.7x0.2x0.3= 0.042 -

Quixabeira__ Quixabeira Quixabeira Quixabeira
0.1x0.6x0.7= 0.042 0.4%x0.4x0.7=0.112 0.2x0.8x0.3= 0.048 0.1x0.2x0.3= 0.006

Fig. 5 Importance of species in each category of use (in this case, only medicinal) for each collection site
(in this case the forest place appointed as the most important) suggested by participants. For each resource

zone, we have the value of the corresponding plants

Fig.6 Venn diagram conducted in the Cacimbas community, in the city of Jardim, Ceara in northeastern Brazil

Thus, we can calculate the relative importance of species, con-
b b
sidering the “serra” (forest) as the main area of medicinal resources:

IR = Relative Importance

IR (serra)=50 seeds=0.50 (from 100 seeds)
Aroeira: 25 seeds=0.25; IR=0.25x0.50=0.125
Quixabeira: 10 seeds=0.10; IR=0.10x0.50=0.05
Imburana: 15 seeds=0.15; IR=0.15x0.50=0.075
Jurema: 10 seeds=0.10; IR=0.10x0.50=0.05
Catingueira: 12 seeds=0.12; IR=0.12x0.50=0.06
Juca: 8 seeds=0.08; IR=0.08 x0.50=0.04
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Bratina: 10 seeds=0.10; IR=0.10x0.50=0.05
Pereiro: 5 seeds=0.05; IR=0.05x0.50=0.025
Mororé: 5 seeds=0.05; IR=0.05%x0.50=0.025

ZIR of species = IR (aroeira) + IR (quixabeira) + IR (imburana) + IR (jurema)+ IR

(catingueira) + IR (jucd)+ IR (braiina)+ IR (pereiro) + IR (morord)

IR (for all species)=0.50, which corresponds to the relative
importance of the resource area “serra” for the type of use
“medicinal.”

In the above example, the medicinal species of greatest
importance to the community in the resource area “serra” is the
aroeira, and its general importance in all of the resource areas
(“serra,” fields and home gardens) is calculated by the sum of all its
relative importance values at each collection site. However, the
most important species for the other resource areas (fields and
home gardens) would also need to be surveyed. For example:

IR (aroeira) = IR(ﬂroeim from sierm) + IR(ﬂroeim from fielpl)

+IR(ameim Sfrom home gmwlem)

This analysis can be performed for more than two hierarchical
levels, depending on the focus of the study and the realities of each
community. One could, for example, analyze the importance of the
medicinal category relative to the other categories. In a more com-
plex example, three hierarchical levels can be utilized (Fig. 5).

In the above example, arocira was considered to be more
important for medicinal use in the forest compared with its use as
firewood (IR of 0.336 and 0.028, respectively). For use as fire-
wood, angico was regarded as the most important (IR of 0.14) in
the forested area. In the community, aroeira was also seen as more
important for medicine (IR of 0.168), but for firewood, angico was
considered to be more important (IR of 0.042). These results are
proportionate and relate the relative importance of the three hier-
archical levels, taking into account the species used in each use
category and in each resource area.

Thus, the use of these methodologies can favor collective
spaces that enable discussions and reflections on the use and man-
agement of plant resources, demonstrating how and why biodiver-
sity is important to the community [17]. In this way, through a
process of knowledge recovery and appreciation, researchers,
together with a community, can arrive at possible management
solutions that facilitate the maintenance of diversity in the area
studied.
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2.6 Venn Diagrams

2.7 Participatory
Seasonal Galendar

A Venn diagram is a mathematical tool used to illustrate the
relationships between different sets [21]. This tool has been used
in an adapted form for ethnobiological studies with various objec-
tives, including studies of folk taxonomy, in which the authors used
Venn diagrams to illustrate popular taxonomic groupings [22, 23].

However, in this study, the Venn diagram will be described as
a tool for collecting data in ethnobiological and ethnoecological
participatory research (Fig. 6).

Therefore, ethnobiological and ethnoecological investigations
that attempt to access the social structure of a community and
make inferences about its relationship with natural resources can
be quite successful if they choose to use the Venn diagram in a
participatory manner as a tool for data collection. The Venn
diagram is a collective technique that aids in identifying the formal
and informal institutions that act directly or indirectly in an area,
according to the perceptions of the community [1].

This activity can be developed as follows: (1) make a large cir-
cle of paper that will represent the community; (2) use smaller
circles of different sizes to represent the institutions with which the
community relates; (3) ask the participants to choose larger circles
for the most important institutions and smaller circles for the least
important institutions; (4) the distances between circles when
placed on the large circle will represent the relationships between
locations of the entities; (5) conduct a debate to discover all of the
institutions and their links.

Participatory seasonal calendars are designed with several goals,
including understanding the community’s perception of the events
and seasonal variations in relation to the availability of a resource
[21], understanding changes over time relative to the resource’s
availability [24, 25], as well as changes in weather and climate. The
diagrams formed in a seasonal calendar represent graphic illustra-
tions of the interrelationship of knowledge with the studied phe-
nomena, such as climate characteristics, reproductive periods,
availability of resources, periodic incidence of pests and diseases,
rural development and the availability of non-timber forest prod-
ucts (NTFP), among others [26, 27].

To illustrate the application of the seasonal calendar, an exam-
ple will be used from the communities surrounding the Araripe
National Forest (FLONA), Ceard, Brazil. A participatory work-
shop with local communities was proposed to assess the percep-
tions of key informants regarding the different phenological events
occurring that were relevant for the edible native species that they
preferred. The phenological events were leaf fall, budding, flower-
ing, and fruiting.

For the application of this methodology, a matrix was
constructed (Fig. 7) to visualize the different phenological events
for the selected species. Each event was given a score by the
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Fig. 7 Seasonal calendar in the Cacimbas community from the city of Jardim,
Ceara, northeast Brazil

respondents for each of the 12 months of the year according to the
intensity of the evaluated phenophase. To score each phenological
event, seeds were used. In this example, the intensity of each event
was scored from zero for the absence of any occurrence to ten for
the period of greatest intensity.

The period represented by the seasonal calendar does not
necessarily need to be 12 months. The time span may vary depend-
ing on the events that are analyzed and the interval of time during
which the events occur. It is interesting to ask whether there are
variations from year to year in the events being studied or if the
events remain static. If the events undergo variations, it is impor-
tant to identify these variations and, if necessary, to obtain infor-
mation concerning the intensity of the variation in the analyzed
events.

Application of the seasonal calendar is also commonly used and
is recommended for ethnozoological work. Currently, this meth-
odology has been applied to assess, for example, the breeding sea-
sons of fish species that are important to local communities and the
greater availability periods for these species from the knowledge of
fishermen [9, 28, 29].

When applying these methodologies, careful attention is
needed from the mediator. It is important that the mediator be
aware of and learn to control the engagement of all participants so
that an informant who communicates easily is not the only one to
voice his or her opinion.

The four-cell analysis method was developed and implemented in
Nepal to assess the risk of losses in the species diversity of food
crops [30]. In this study, the researchers considered the average
area of cultivation for each species/variety and the number of
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Fig. 8 Four-cell analysis applied in the community of Areais da Ribanceira,
Imbituba (Santa Catarina, Brazil), with the goal to assess possible threats to the
extraction of native medicinal plant species

families who grew the species and, thus, were able to identify the
food resources that were common in the community, as well as
those that were rare or unique [30].

In Brazil, four-cell analysis was applied in an ethnobotanical
study of local yam varieties ( Dioscorea spp.) in the municipality of
Caapiranga, Amazonas, where the practices for in situ conservation
of this species were investigated [31]. This tool can also be adapted
to assess the risks of the loss of diversity of plant species that are
extracted from natural environments.

To illustrate the use of this tool, in the farming community of
Areais da Ribanceira, which is in the municipality of Imbituba
(Santa Catarina, Brazil), four-cell analysis was applied to investi-
gate the possible impacts of the extraction of native medicinal
species (Fig. 8). In this context, two factors were considered in the
analysis: environmental availability and intensity of extraction. Ten
species of medicinal plants that were indicated by the community
as being the most important were analyzed. During this research,
selected species were illustrated on individual cards and labelled
with their popular names. Another option would be to use col-
lected specimens.

To apply this method, draw a large cross on the ground, or on
paper, and differentiate the four categories. In the study conducted
in Imbituba, the categories for the analysis were as follows: (1)
high availability and low extraction intensity; (2) high availability
and high extraction intensity; (3) low availability and low extrac-
tion intensity; and (4) low availability and high extraction intensity.



Participatory Methods in Ethnobiological and Ethnoecological Research 53

2.9 Participatory
Methods in
“Feedback” Activities

The meaning of each square is displayed by drawing different
numbers of plants (environmental availability) and different num-
bers of people (extraction intensity) in the squares. It is important
to create a consensus among the participants as to what will be
considered high or low concerning the levels extraction and the
environmental availability. Afterwards, select a species and encour-
age the farmers to discuss into which quadrant it should be placed,
considering whether there is high or low extraction and whether it
is highly abundant or not abundant in the environment. The same
exercise is carried out for each species.

Once all species are placed within the quadrants, discuss the
results with the community, with special attention to species
located in category 4 (low availability and high extraction inten-
sity) because these are the species that are possibly threatened.

In this topic we will demonstrate, briefly, some types of participa-
tory methods that can be used in ethnobiological and ethnoeco-
logical research aimed at giving feedback to the studied community.
These types include the following: Election of priovities consists of
a presentation and discussion of all existing community demands,
followed by the ranking of these demands in order of priority.
The election of priorities must be performed separately for men
and for women because priorities can be different according to
gender. Reality and desire is an efficient activity for illuminating
the community’s perspective relative to previously established
themes, expectations, and processes for carrying these activities out.
Its application starts from the generation of a matrix in which the
words “reality,” “desire,” and “what to do” are arranged horizon-
tally, while items related to the community according to the theme
of the appraisal are arranged vertically. Past, present, and future
participants are divided into groups and are then asked to write, on
cards, about a subject in the past, one in the present and about
what is expected in the future. This can be an interesting tool to
verify the community’s perspective relative to research work that
has been developed in the community [32].

3 Final Considerations: Problematizing

According to the above discussion, participatory methods have
been demonstrated to be powerful tools that supplement the
ethnobiological research results collected using conventional
methods. However, this scientific research scenario still does not
promote the full inclusion of the communities in decision-making;
rather, the communities are used as a source of information that
provides an efficient space for discussion and reflection.
Furthermore, the participatory process of data collection can result
in increased awareness and reflection on the part of the community
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regarding their knowledge and management practices. This per-
spective contributes to the process of community empowerment,
to the extent that communities will appropriate the knowledge and
decision-making concerning the management and conservation of
their resources.

In this sense, participatory ethnobiological research plays a
fundamental role, beginning with the traditional constructed
knowledge and taking into consideration all the aspects that involve
the ways in which the people in the community perceive the envi-
ronment, including their social, economic, and historical views.
These aspects, if considered, lead to the hypothesis that although
people are often responsible for the degradation of the natural
environment, they are also responsible for its conservation and
may potentially invent alternative uses for the species in their envi-
ronment. The community members are, or should be, the main
stakeholders because they depend on their local environmental
resources to survive.

The application of PMs demands a detailed organizational plan
for each stage of the diagnostic research (see Chart 3).

Chart 3 Plan for Each Stage of the Diagnostic Research in PMs

Stages

®  Establish contact and relationship with the community.
®  Discuss the research objectives.

*  Explain the research to the community leaders.

®  Choose and prepare a mediating group.

®  Identify participants.

¢  Record the information provided by all participants.

®  Design a form for recording interesting information.

®  Set up a meeting to present the research and facilitate a discussion.
Recommendations

®  Research articles about participatory methodologies.

®  Study selected tools that will be applied to ensure that they are ade-
quate for the research proposal.

®  Have clear research objectives that can be easily achieved. Select facilita-
tors with ample dialoguing capacity and include both males and females.

e  Systematize the diagnostics so that others have access to the information.
Materials Needed

® Large paper (AO or Al) for the creation of maps.

® Targe markers.

®  Colored cardstock.

e Tape.

®  Photos taken in the community, for illustration.

®  Flip-chart for facilitating visualization.
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Thus, research should seek methods that are carefully prepared
and guided by community participation because the problems
experienced by communities have a social component and require
collective solutions [6]. From this perspective, we emphasize that
the construction processes are as important as the data that are
ultimately collected. These aspects should be taken into consider-
ation by the researchers, especially when they have objectives,
goals, and results to attain. When only the results are considered,
the interpretation of the research takes a certain direction, but
when one considers that the process of data collection also has
relevance, the interpretive path assumes a different meaning that
involves the appropriation of knowledge by the community. Thus,
participatory methods identify what really matters to the community
so that local preferences are made relevant in the process of deci-
sion-making, which can be limited in conventional research proto-
cols [5].

An interesting example can be found in the work of Medeiros
[32]. In the perceptions of the people studied, areas of sugar cane
were the most important cause of deforestation, with a high IR
(relative importance) value. However, in this case, the results dem-
onstrated that the two groups had very different perceptions when
considering the information from each group. According to the
author, this fact indicated that, for the purposes of their work, the
IR obtained could not be a valid parameter, noting that people
might not realize that their use of the forest had a significant
impact. In this context, we emphasize that participatory methods
provide a variety of tools that are appropriate for the conditions of
a community with respect to its social, economic, and cultural
aspects, as well as the environmental conditions that are specific to
each place. At this point, we assume that there are specificities in
each location that constitute the complexity of its reality and
should not be generalized. Finally, we note, as previously men-
tioned, that the process used to obtain a result is as or more impor-
tant than the result itself.

If a researcher assumes that his or her research demands com-
munity participation, even if on a smaller scale, he or she must also
assume that there is no better result but that there is a complex
combination of factors that acts on the study environment and that
these factors should be considered. That is to say, there are many
aspects (qualitative and quantitative) that are expressed through
the participatory process and that may be essential for an under-
standing of what actually occurs in the community.

There are difficulties and variations in the process of gather-
ing information by consensus because participants have different
opinions and past realities, even though they live within the same
environment. When using different groups, the researcher can
facilitate interesting discussions among people with a common
history or not, depending on the objectives of the researcher.
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Chapter 4

Oral History in Ethnobiology and Ethnoecology

Maria Franco Trindade Medeiros, Taline Cristina da Silva,
Rosemary da Silva Sousa, and Rafael Ricardo Vasconcelos Silva

Abstract

Oral history is a methodology in which statements about history as it is experienced in its many dimensions
are recorded. To access memory of facts, research that employs oral history techniques uses the inter-
viewee’s orality and memory. In ethnobiological and ethnoecological studies, in which information
acquired from the informant’s memory is also used, oral history may be very useful with regard to gaining
a detailed understanding of the interrelationship between people and the environment; in addition, it may
provide techniques for the systematization and analysis of data. By reading this chapter, the reader will
become familiar with the primary conceptual and methodological premises of oral history, will understand
how ethnobiological and ethnoecological research may use oral history both to collect and to analyze data,
and will also gain access to an analysis of the use of oral history in ethnobiology, ethnoecology, and
environmental history research.

Key words Oral source, Technique of historical documentation, Oral history, Ethnobiology,
Ethnoecology

1 Introduction

Recognizing the other as a witness to and co-participant in the
processes that create the present realities, and living in the group,
establishing conditions to apprehend the phenomena in order to
pick the best apprehension up of the studied group, that is in fact
one of the secrets to obtain a great interaction in the research joining
the Oral History with the Ethnobiology and Ethnoecology.

The complexity of this field approach lies in the knowledge of
the self-explanatory details of the other including his culture and
his environment. Notions of time; logic of the family structure;
solutions for feeding, dwelling, clothing, social organization, and
health treatment; perspectives on life and death; perceptions of the
environment; calendar organization and celebration processes; as
well the changes that have occurred over time regarding these

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_4, © Springer Science+Business Media New York 2014
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numerous aspects; constitute inherent aspects to an understanding
of human culture that one is desiring to study.

In the researches that employ Oral History techniques, the oral-
ity and memory are the substantial elements to access the facts and
reminds. Oral History essentially involves work with memory and,
particularly in Ethnobiology and Ethnoecology, these memories are
of elements of nature, landscapes (cultural ecotopes), facts, etc. With
regard to this research, memory has increasingly become a rich
source of information that may provide important data for the search
for explanations and solutions for current problems that the local
human populations and environments studied are experiencing.
Memory is complex and guides us to the persons who have these
memories. Memory is constructed and structured according to the
social process through the intersections of the memories of each
person. So, through collective relationships and experiences it is
formed the expression of the collective memory, also called the col-
lective memory. Persons’ memories complement one another, in
cither the same or conflicting directions. The so-called collective in
Oral History is the “result of experiences that link some people to
others according to assumptions that articulate the construction of
identities from their memories, expressed in community terms. The
individuals, in this context, have autonomy in the procedure in that
their wills uniquely build the combination of personal and biological
factors and the influence of the environment in which they live.
Thus, the experiences of each individual are authentic and are related
to those of others through the construction of a common identity.
In Oral History, the ‘collective’ does not correspond to the sum of
parts. What ensures the unity and coherence of the interviews gath-
ered in a single group is the repetition of certain factors that, in the
end, characterize the collective memory. Respect for the person as an
individual, however, is the basic condition to formulate respect for
the individual experience, which justifies the work with interviews,
but it is valid for the group. In this regard, Oral History is always
social. It is social, above all, because the individual is only explained
in the context of community life [1].”

With the effective participation of persons—“living docu-
ments”—the researcher has contact with individuals who have
experienced events or who have heard others speak of them is pos-
sible. There is a possibility of establishing a link among the subjec-
tivities, specifics, and totality of the topic chosen for research.

Considering the aforementioned aspects, in this chapter, the
reader will find the primary conceptual and methodological
assumptions of Oral History procedures; the reader will also
observe how this methodology can be used for data collection in
ethnobiological and ethnoecological research, in addition to gain-
ing access to the analysis of the use of Oral History in research that
has already been performed in the fields of Ethnobiology,
Ethnoecology, and Environmental History.
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2 What Is Oral History?

Oral history was created as a technique for historical documentation
in 1948 through memory recording performed by historian Allan
Nevins of Columbia University (USA) [2].

According to the Statute of the Brazilian Association of Oral
History (Estatuto da Associagdo Brasileira de Histéria Oral), “oral
history is understood as research work that uses oral sources in
different modalities, regardless of the field of knowledge in which
this methodology is used” [3].

The definition presented by Delgado adequately covers the
scope of Oral History, as stated: “oral history is a methodological
procedure that seeks, through the construction of sources and
documents, to record, through induced and stimulated narratives,
testimonies, versions, and interpretations of History in its multiple
dimensions: factual, temporal, spatial, conflicting, consensual. It is
not, therefore, a behavior of experienced history, but rather the
record of testimonies of this experienced history” [4].

Oral History appears to be a path to understanding and think-
ing about contemporary society. Through recorded interviews,
Oral History works with the expression of the present moment,
which is related to an aspect of interest to the researcher. Oral
History articulates the ideas exposed by the persons to record or
explain a particular social aspect.

Oral History is a manifestation of oral documentation, which
is characterized as material support derived from oral expression.
Oral documentation designed using electronic recordings with the
objective of recording a particular phenomenon is understood to
be an oral source. Oral sources are varied, and oral history inte-
grates this set of documents, with interviews being the most wide-
spread form. The gathering of interviews through the use of Oral
History procedures may allow for both the recording and the
archiving of these interviews, contributing to the understanding of
particular situations related to Ethnobiology and Ethnoecology
and thus serving a practical and utilitarian purpose.

3 Methodological Assumptions and Social Utility in Oral History

“Oral history is a set of procedures” [1] and is founded on the fol-
lowing points: (1) the design of a project that guides interviews;
(2) the need for live persons, with whom a dialogue is established,
and electronics (digital recorders) as an essential medium of exe-
cuting this task; (3) oral history is based on memory, establishing
links with the identity of the interviewed group, and requires that
the narration modes of each individual participating in the inter-
view be recognized; and (4) the temporal dimension is the present,
and the final product is a document [1].
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An Oral History project involves the design and structuring of
the procedures to respond to three questions that guide said
procedures: Whose? How? Why? The establishment of a group of
people to be interviewed is one of the issues justifying Oral
History. The project predicts the manner in which recordings will
be executed, determining the following: interview location, which
is generally determined with respect to the choice of the inter-
viewee; interview duration, which is a function of the availability
of the interviewee and of the interviewer and involves an attempt
to establish a standard duration among the group of interviewed
people; and other environmental factors that allow for adequate
privacy and content recording. The objectives of the project,
along with the reason that this person’s participation in the
research has been requested and the eventual purpose of the
recordings, are explained to the interviewee before the beginning
of the interviews [1].

The plan is also concerned with establishing the following: the
transcription and establishment of the text; the prediction of a
delay in obtaining the results until reaching a final solution for the
text; the recounting of the written product to the interviewees,
which implies authorization for the use of the product with a letter
of assignment (similar to the Informed Consent Form usually used
at the beginning of Ethnobiological and Ethnoecological research
[5]) that accompanies the text and that specifies its full or relative
use; filing of the material generated in a particular collection, the
procedure for which, in addition to clarification that the use of the
material is not restricted to a single project, must be communicated
to the interviewee; and publication of the results, with an initial
focus on communicating the results to the group participating in
the interviews.

The Oral History interview is a premeditated process, which is
performed through the use of a programmed dialogue between at
least two people. In general, the interviewer is the director of the
project. Some projects include more than one interviewer, tran-
scriber, or proofreader, which always necessitates the inclusion of
an individual to head the project—a director. The interviewer’s
performance is very important for the attainment of a broader and
deeper understanding of the meaning of the recorded interview.
The interviewer must be alert to the signs and manifestations
conveyed by the interviewee. The interviewer’s perceptions when
in the recording environment are especially valuable. The interviewee
is the person who is heard in the interview. Both the interviewer
and the interviewee must be recognized as collaborators at the
time of the interview. Before the recordings are set up, proper
apparatus functioning must be ensured; the recording location,
date, project name, interviewee name, and names of all other
people involved in the act of recording, for all interviews, are
recommended. The interview is the result of the recording of the
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meeting between the interviewer and the interviewee. The interview
produces at least one documentary material: the recording. The
written text is derived from the recorded interview and must be
approved by the interviewees. In the Oral History context, questions
are asked regarding the use of the document. Will the document
be a digital recording? Will the document be a literal transcription
in text form? Alternatively, will the document be a reviewed text?
A concrete point is that “always, in a recorded meeting, at least one
piece of documentary support will emerge going from the oral to
the written” [1].

There are three modes of conducting interviews in any Oral
History project: (1) Life Oral History, (2) Thematic Oral History,
and (3) Oral Tradition. The specification of the criteria for captur-
ing the narratives is a point of distinction between Oral History
interviews and conventional interviews [1].

Life Oral History is often referred to as biography, life stories,
a biographical report, the biographic method, biographic notes, or
even an autobiography [1]. Scientific studies in this line of research
emerged at the beginning of the twentieth century, first in the field
of Sociology with the seminal work of Thomas and Znaniecki. The
academic gathering of life histories serves as a source for the study
of the structuring and functioning of societies. Life Oral History
focuses on subjectivity, individual versions of events, and narratives
originating from memory. This perspective is based on supporting
evidence, allowing for the improbable and uncertainties in lieu of
exact references. Open interviews are utilized.

Thematic Oral History is considered to be the form that most
thoroughly meets academic requirements because Thematic Oral
History involves an understanding of Oral History in relation to
the production of conventional documentation [1]. In Thematic
Oral History, there is a central focus that justifies the interview.
The investigated aspect is outlined, which leads to greater objectiv-
ity. What distinguishes life oral history is the preparation of a
questionnaire, which defines criteria for addressing topics; in other
words, the sequence of questions should lead to the clarification of
a topic. In this methodological approach, the interviewer should
be prepared beforehand and should be well-informed regarding
the subject matter. With this deep underpinning with regard to the
subject in focus, it is possible for the interviewer to outline ques-
tions and prepare a roadmap for situations that he may deem
deserving of attention, such as little-explored details of an event.
Participants in Thematic Oral History research are fundamental, as
testimonial content is key to elucidating the questions referring to
the events under investigation. An accurate characterization of the
interviewee thus becomes necessary: knowing who the person is;
the person’s location during the event under investigation; what the
person saw, heard, and said; and the person’s reaction when faced
with different versions of the event. In Thematic Oral History, the
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hypothesis is tested during the interview, and the interviewee
remains conscious of the theme of the questions that the interviewer
asks of him. As a narrative of an event obtained from someone who
was present, Thematic Oral History considers details obtained
from the personal history of the interviewer only when they reveal
aspects that help the interviewer to clarify a version of the central
topic. This method allows for a confrontation of information, or
formed opinions, because it gathers data on a topic, defining dates,
facts, names, and situations. The nature of Thematic Oral History
is essentially social, promoting discussions, debates, and the com-
parison of versions and, furthermore, can be combined with other
sources. These projects are thematic, aiming for the clarification of
versions and triumph over doubts. Therefore, this method can be
considered the interviewing mode that most closely satisfies the
inherent needs of the majority of ethnobiological and ethnoeco-
logical research, which generally stems from rather clear and specific
questions and topics.

Oral Tradition involves the continued observation of elements
of collective memory and complex, non-synthetic examinations of
these same elements, which comprise human groups’ beliefs and
ways of life. Oral Tradition is a form of Oral History in which the
execution of an interview is guided by observation such that the
interviewee’s narrative is directed toward a practice expressed on
paper. Oral Tradition is not restricted to interview, but rather
involves living with the group for better recognition of the other.
Oral Tradition is similar to ethnography in that it is based on the
detailed description of daily life and on self-explained details that
are exclusive to the culture of the other, including attitudes, behaviors,
and notions of the past and present. Oral Tradition involves a view
of the world of communities that reveal mental assumptions with
references in the past. The subject is more collective and less cen-
tered on the individual. Oral Tradition is qualified by the descrip-
tion of events by someone who experienced them, allowing these
people to recall the past and permitting documents to be produced
that will form a useful collection for investigations dedicated to the
internal and external explanations of that social group. The acqui-
sition of results is time-consuming because it requires a deep inves-
tigation of a specific situation and of the mythological set that
governs the organization of the worldview regarding the commu-
nity’s origin and future. A set of myths provides support for the
construction of documents and the analysis of oral traditions. For
the researcher to develop a universalist view on the society under
study, some principles should be considered, such as origin myths
(the beginning of the world, human beings, or life), references to
basic instincts (reproduction and feeding), explanations of stories,
indications of personal destiny, and explanations for extraordinary
behaviors [1].
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Archiving and saving the interviews results in a so-called
“history bank” or in “sound file documents,” the purpose of which
should be to find projects that are aimed toward combining and
characterizing individual experiences that form the expression of
the collective. In the case of historical database projects, the analy-
sis is gradual, entailing no immediate or exact use. Thus, the his-
tory bank requires proposals for future uses that allow for collection
categorization planning. In addition to archiving rules, the project
should predict situations such as use rights, solutions regarding the
eventual establishment of the written text, and storage location.
History banking is a procedure used in cases characterized by many
narrators, a sense of urgency in the records, a lack of investigative
proposals, and a need for immediate use. The narrators of history
banks are committed to a future dialogue, telling their stories as if
they were assessing the past and recapturing the chronology of the
events. Archiving and public availability of the documents are what
allow for future reordering of the texts that are used for analyses
that recognize possible meanings or analyses that are part of a
specific project.

It should be noted that a project may propose the creation of
both a collection and a history bank (Pure Oral History) and can
foresee intersection of the interviews with other types of sources or
documents (Hybrid Oral History). In Pure Oral History, attention
should be paid to variation in the narratives, which depends on
variants such as gender, age, social class, level of education, and
type of interview. In this case, the narratives should maintain a
common logic that permeates the constitution of all the narratives,
thus emphasizing polyphony, opposition to individual versions,
and the social nature of Oral History. At the same time, Hybrid
Oral History, which more closely satisfies the needs of ethnobio-
logical and ethnoecological research, is based on the combination
of sources, iconographic or textual documents, thus relativizing
oral expression. The focus is on thematic objectivity and the specific
subject rather than on the logic of oral narrative construction.

4 Data Analysis

The analysis of the interviews results from the finalization of the
project, which will first determine the genre of the interview to be
performed and the treatment to be used after the text is produced.
Once planned, the analysis integrates the final part of project devel-
opment after creating the documents that emerge from the inter-
views and after choosing to prepare either a Pure or a Hybrid Oral
History. The analytical procedure involves indication of the points
of intersection, resonance among the narratives, and findings that
diversify the logic of each group under study.
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Transcription is an important procedure in Oral History.
Transcription involves transforming the oral into the written. To
perform this transition, it is necessary to have an adequate under-
standing of what has been verbally expressed and to retain sentence
construction, vocabulary, metaphors, linguistic quirks, and errors.
The transition from the oral to the written includes absolute tran-
scription, in which the words are written as they were expressed,
including errors, repetitions, and sounds occurring during the
interview, and the questions and responses in the interview are
indicated. Therefore, exercising critical judgment and restraint is
the oralist’s responsibility, as in this transition from the oral to the
written, interference with the text can occur. “The notion of a
transition gains new meaning in the oral history, as it suggests the
fatality of the transcriptions as an act of recreation to better com-
municate the meaning and the intention of what was recorded.
[...] Because all written interviews materialize the act of speaking,
they should contain, as much as possible, inclusions of interview
situations. For example, if the interviewee cries, but does not speak,
this should transpire in the text as an integral part of the perfor-
mance” [1]. After this stage, textualization occurs, in which ques-
tions are eliminated and grammatical errors and noise that may
have occurred during the interview are excluded. The words are
also repaired without semantic weight. A topic sentence or “vital
tone” is selected and extracted from the interview as a whole. This
method “is a resource used to reclassify the interview according to
its essence because it is assumed that every speech has a more
important general meaning, [and] it is the task of the person who
establishes the text to understand the meaning of this message and
to reorder the interview according to this axis” [1]. The topic sen-
tence will determine what can and cannot be excluded from the
text. During a third and final stage, the text is presented in its final
form and, following the authorization of the collaborator, it is
incorporated into the series of interview groups that comprise the
project itself. Furthermore, it is important to state that, “in oral
history, the recognition of the text, followed by recounting and
authorization, determines whether the collaborator identifies with
the result or not. This is a great testament to the quality of the final
text” [1]. This product may also eventually be integrated into a
history bank.

To monitor the progress of the project, control records are
designed for use in gaining an understanding of the interview situ-
ation, of the project, and of the interviewee, as demonstrated
below (see model below—Table 1). The field journal (or field
diary) is also an instrument that allows for the recording of obser-
vations made when monitoring interviews and observations on the
project’s evolution. In this journal, information on when contact
was established with the collaborators, the route used to reach
these individuals, the recording process, difficulties encountered,
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Table 1
Example of control records (adapted from [1])
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1—Project data

Project name:

Project director:
Institution:
Interviewer(s):

Type of interview (genre):
Interview location:
Interview duration:

2—Data from the collaborator
Full name:

Place and date of birth:

Address:

Identity document:

Location and agency of emission:
Level of education:

Current profession:

Previous professions:
Observations:

3—Contact and interview data
Indication of contact:

Date of contact:

Other contact:

Form of contact:

Date(s) of the interview(s):
Location of the interview(s):

4—Datw on the progress of the stage and the preparation of the final document

1—First transcription:
2—Textualization:
3—Transcription:
4—Recounting:
5—Letter of assignment:
Monitoring

Name of collaborator(s) 1: Stages concluded: 1 ()2 () 3 ()4 () 5 ()

Name of collaborator(s) 2: Stages concluded: 1 ()2 ()3 ()4 () 5 (

Name of collaborator(s) 3: Stages concluded: 1 ()2 ()3 ()4 () 5 ()

5—Submission of correspondence

Date of the cover letter:

Date of acknowledgment of the interview:
Date of shipping the interview for recounting:
Data of the letter of assignment:

impressions, ideas established between the interviews, and future
hypotheses is recorded. The journal is an intimate record created

by the researcher that allows for a dialogue with the initial project

and also serves as a reference source during the conclusive stages

of the study.



68 Maria Franco Trindade Medeiros et al.

5 Definition of the Sample for Use of Oral History in Ethnobiological
and Ethnoecological Research

Table 2

In addition to the essentially interdisciplinary nature of Oral
History research, the diversity of topics and problems that permit
the application of oral history procedures in ethnobiological and
ethnoecological research represents important challenges associ-
ated with sample definition. In this regard, the basic rule is to attain
clarity regarding the problem and the researched reality sufficient
for adoption of the sampling methods and techniques that are the
most appropriate for each situation.

In this context, Meihy [6] suggests that research utilizing oral
history follows procedures and principles for the definition of the
sample such as the following: the selection of “colonies” and the
formation of “networks” (Table 2). The “colony” is to be com-
posed of all the individuals who have provided testimony or who
have played a particular role in the research problem. Essentially, we
could understand the “colony” as being the research’s “sample
universe” (N). At the same time, according to the same author, the
selection of the “network” represents a subdivision of the colony,
or rather, the sample (n) that will determine how the interviews
will be articulated. Therefore, the network would be composed of
the people identified as potential collaborators in the research.

In many studies, defining a “historical landmark” or, rather, a
particular event of relevant interest with regard to the research that
serves as a temporal point of reference for interviews, is recom-
mended. In the previous example, provided in Table 1, the historical
framework could correspond to the date on which the law creating
the reserve officially took effect. In this case, establishing a “historical
landmark” could contribute to the definition of the sample by estab-
lishing a minimum age for the local collaborators in the research to
ensure the selection of individuals who were directly affected by the
changes resulting from the law. Therefore, it is confirmed that the use
of Oral History is not necessarily limited to the participation of older
persons, which depends on the objective of the study, and that
different social actors in different age groups and with different life

Example of the definitions of “colony” and “network” in ethnoecological research that employ

oral history procedures

Research problem Colony Network

Identify the changes in the way of life Inhabitants Inhabitants who make use of the
for a local human population after of'a protected resources (e.g., fishing and
the creation of a natural reserve natural area firewood collection) in the natural
using a governmental law that area before the restrictions

restricts the use of resources imposed by law
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histories may participate. The use of the “snowball” technique may
be employed to select key individuals/collaborators.

Additionally, it is worth stressing that among the possible
strategies for identifying and selecting local research collaborators,
dialogue with representatives of governmental and non-govern-
mental institutions, as well as local leaders, represents an important
contribution and occurs in more varied ethnoecological and
ethnobiological research approaches.

Following identification of the collaborators and verification of
their fulfillment of the network and colony criteria, these individuals
should be invited to participate in the research. They should be
observed, and any ethical guidelines and rules delineated in the laws
that regulate research involving human beings in the country in which
the study will be performed should be respected. Researchers are
encouraged to have each collaborator receive and sign a document
regarding informed consent to the interview (the aforementioned
Informed Consent Form) containing all of the information necessary
to perform the study. In situations in which there is no legal obligation
to use an Informed Consent Form or to have the interviewee sign
other formal documents, researchers are encouraged to record oral
consent for use of the information at the end of the interview.

Another important aspect is the selection of collaborators of
different genders, ages, and socioeconomic profiles, as long as
doing so is possible and necessary with regard to the research question.
The use of this procedure may contribute to a broader understand-
ing of the researched topic.

The number of interviews to be performed will vary in accor-
dance with the nature of each study. In general, researchers are
encouraged to follow the “law of decreasing returns,” as proposed
by Thompson [2], upon determining that information has begun
to repeat itself and denotations have become constant, thus
indicating that further interviews are unnecessary.

6 Relationship Between the Researcher and the Researched in Oral History
in Ethnobiological and Ethnoecological Studies

As in all research of an ethnobiological and ethnoecological nature,
the relationship between the researcher and the researched person
must be developed in the best manner possible, based on trust between
these two actors, and obtained during the Rapport stage [7].

When handling data collection achieved through Oral History
methods, concern regarding this good relationship should be
redoubled, given that the establishment of a harmonious relationship
of trust between those involved in this type of research ensures
greater involvement of the researched person and, consequently,
greater trust and information richness.

Generally, data collection accomplished through Oral History
methods is time-consuming, and it may become tiring for both
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individuals involved. The following are important suggestions for
establishing a relationship of trust and achieving a higher degree of
success in collecting information: (1) knowing how to be quiet and
listen; (2) seeking to adapt to the psychology of the informant; (3)
being patient during the conversation; (4) stimulating informant
memories using discrete questions; (5) in the case of Thematic
Oral History, not preventing the informant from speaking about
other topics; (6) not speaking at the same time as the informant;
(7) not being insistent when the informant avoids speaking about
an uncomfortable topic; (8) waiting for the length of time necessary
for the interviewee’s memories to surface; and (9) repeating questions
in a different manner to attempt to overcome resistance [8].

7 The Use of Oral History in Ethnobiological and Ethnoecological Research

and Related Approaches

Given its theoretical nature and the advantage of obtaining details
of events that may be added to other versions or historical events
that may not yet have records, Oral History has been used in several
studies that involve historical people and moments, social institu-
tions, and natural resources. The majority of studies that use this
tool are social science studies using historical or sociological
approaches, as they involve the use of written and recorded histori-
cal documents with the aim of understanding the relationship
between people and the environment.

At the same time, ethnobiological and ethnoecological research
has particular characteristics similar to those of oral history because
it originates from peoples’ memories on the topic that the researchers
wish to investigate (plants, animals, ecosystems, etc.). Additionally,
although it is one of the data collection forms most criticized by
science, the use of memory has been the most effective manner of
searching for information that has yet to be recorded in written
documents, resulting in very important data that can be triangu-
lated with information from other sources. According to Silva et al.
[9], Oral History may be quite variable, particularly when there is
a scarcity of written or iconographic documentary sources. In addi-
tion, Lane [ 10] declares that this methodological procedure allows
for a more in-depth understanding of peoples’ historical experi-
ences with natural resources, aiding in the description and system-
atization of knowledge and reconstruction of environmental
history. This method can also serve as a practical and utilitarian
principle in ethnoscientific research.

However, it has been observed that although Oral History is
an appropriate tool for historical contextualization of the relationship
between people and their environment, it has been used very little
or superficially in ethnoecological and ethnobiological studies
(Table 3), possibly because these studies are more dedicated to the
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cognitive aspects of these relationships [9]. The interview method
that is most often observed in these studies is Thematic Oral
History. This type of execution is best aligned with academic
demands, as the understanding that it produces results in the
production of conventional documentation [1]. In addition,
the use of thematic Oral History in studies may also be related to
the topic that each scientific study proposes to investigate.
Furthermore, it is noteworthy that in ethnobiological and ethno-
ecological research, the interview has been one of the most widely
used forms of obtaining data, and in Thematic Oral History, a central
focus that justifies the interview is permitted. A definition of the
researched aspect is developed, which leads to greater objectivity.

8 Final Considerations: Oral History—Why, Whose, and for What?

Recognition of the importance of historical contextualization as a
manner of obtaining a broader understanding of reality has con-
tributed to the increasing value placed on the use of the Oral
History technique in ethnobiological and ethnoecological studies.
However, this apparent acceptance of Oral History allows for the
tollowing questions: Why use Oral History in an ethnoecological
or related study? Whose Oral History and for what?

The debate regarding these questions is pertinent and quite
relevant in the field of ethnoscience. Without a doubt, slightly
deeper analysis of these questions reveals the political bias of Oral
History, which even contributes to greater proximity between the
university and society as a whole [11]. It is worth noting that from
this analysis perspective, oral history has potential as a tool that
gives a voice to the social groups studied in ethnoecological and
ethnobiological research, which were silenced in some manner
during the process of constructing the officially accepted history
disseminated in formal historical records.

By adopting these analytical measures, we will understand how
scientists and researchers have the opportunity to use Oral History
as a broader dialogue strategy with the studied human populations,
in addition to the character of oral history as a vehicle for com-
plaints and the formation of the basis of public policies [17]. Such
a strategy would perhaps provide opposition to a simplistic fascination
with this tool’s potential. A primary question with regard to the
qualification of Oral History use in ethnoecological and ethnobio-
logical research would therefore relate to its social function.

Finally, it is noteworthy that based on the obtained results,
the search for generalizations is not necessarily consistent with
the basic attributes of oral history, including the possibility
that individuals interpret a single historical event differently.
Therefore, it becomes necessary for the analysis of the results to be
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complemented by other sources of information whenever possible,
provided that broader or general inferences are sought with regard
to the researched reality.
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Chapter 5

Procedures for Documentary Analysis in the Establishment
of Ethnobiological Information

Maria Franco Trindade Medeiros

Abstract

Ethnobiological studies depicting the relationships between people and their living environment will be
considered in this study from the perspective of the historical moment. This chapter aims to introduce the
reader to a research practice in ethnobiology that combines biological assumptions with research in history.
Thus, this historical ethnobotany study will greatly emphasize the care with which documentary analysis
and processing of collected data are performed.

Key words Primary sources, Secondary sources, Documental fonts, Documentary analysis, Historical
cthnobiology

1 Introduction

Ethnobiology research develops from the study of the relationships
between people and the environment in which they live [1]. As the
man is socio-cultural-historical in his nature, within ethnobiology,
historical ethnobotany highlights the fact that the interrelation-
ships between man and plant are processed through events guided
by ecological and cultural contexts that change over time due to
their dynamic characteristics [2]. Research in ethnobiological science
focuses on understanding the dynamics of the past—present rela-
tionship that occurs between societies and their environments,
within the botanical, zoological, anthropological, ecological, and
historical fields. Given the Krdnos perspective, i.e., the chronology
of historical events, the remote or the near past of this relationship
is preserved by the documents’ existing information, enabling the
researcher to understand the ways of thinking of society at the time
under study.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_5, © Springer Science+Business Media New York 2014
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1.1 Aspects of
the Research

1.2 Theme

1.3 Identification

Thus, seeking to introduce the reader to the procedures for
documentary analysis in the establishment of ethnobiological infor-
mation, this chapter focuses on disseminating an ethnobiology
research practice belonging to historical ethnobotany. Therefore,
combining the biological viewpoint with historical analysis, the
present study will greatly emphasize the care with which documen-
tary analysis and processing of collected data are performed.

Habits, customs, and forms of social life that originated in the past
and the research aimed to understand this formation, process of
events, adjustments, and modifications over time lead to inferences
about these factors’ influence on today’s society [3]. For example,
to understand the current idea of using Quina (Cinchona spp.—
Rubiaceae) or the knowledge of a particular animal species and its
use as a food item by Europeans on the Atlantic Coast, a research
project is conducted studying the past to discern the different ele-
ments traced to various types of use, the characters involved, and
milestones of its evolution in society. The purpose, therefore, is the
analysis and understanding of the genesis and development of a
particular phenomenon. In the words of [4], “the historical
method fills the voids left by facts and events, supported in a time,
even if artificially reconstructed, which ensures the perception of
continuity and the intertwining of the phenomena.”

The comparison also leads to significant findings when consid-
ering similarities and differences among the information from dif-
ferent societies, contributing to a broader understanding of the
human knowledge of a species and verifying the similarities and
differences among different types of groups. A comparison can be
made among groups in the present or the past or between the pres-
ent and past.

We will now discuss the procedures involving documentary
analysis.

Being aware of the various types of information, the researcher
who will draw on documentary sources to gather data on the man—
environment relationship can address as the central theme of his
research the recognition of the origin, distribution, and diversity of
cultivated plants in relation to their cultivation over time. This pro-
cess also includes the approaches aimed at the presentation of
myths and rituals that involve certain species according to the past
beliefs of certain societies. Thus, the study will proceed through
documentary analysis, and under the perspective of the historical
moment, different studies can be performed.

Given the selected theme, identification of the subject related
to the theme will be performed through consultation of cata-
logs or other search tools available in libraries, archives, or search
engines to locate books, academic papers, journals, and documents.



1.4 Location

1.5 Compilation

1.6 Cataloging
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During this stage of the literature search, the researcher should not
neglect the aid of the librarian or the archivist because they will
help to guide the search. As stated by Eco [5], these information
professionals, in general, are delighted to demonstrate their good
memory and the richness of their collections. However, it may be
that when reading a material said to be of low value, the dedicated
researcher will find an idea between the lines that will be a decisive
“reading key.” Therefore, despite having this specialized help, per-
sonal searches should still be conducted because only the researcher
himself or herself will know with certainty what is truly relevant to
the aims of the project. Once in possession of the material, the first
step will be to look at the index or the table of contents and at the
abstracts to obtain a real dimension of the importance of the mate-
rial for the subject under study.

After identification of the works or the bibliographical survey, the
researcher should locate the bibliographic records.

Through transcription of the original or photocopying, the mate-
rial of interest should be collected. In the context of material com-
pilation, [6] emphasizes that the general conditions for admission
of the inquirer (researcher) will aid in the optimization of the
search. Once aware of these conditions, the researcher will be able
to articulate the material more efficiently by knowing whether all
of the information should be transcribed or if reproduction or loan
is allowed, which forms of reproduction are the responsibility of
the institution, and which ones are permitted by the researcher.

Transcription of the elements that identify the document should
be performed in files. These elements will allow ordering and facili-
tate access at any stage of the research to reference sources on the
subject matter. Through bibliographic files, identification of the
work, knowledge of the content, composition of the bibliographi-
cal references, and the location where the work is deposited can be
obtained (Fig. 1). For each new material, the files will be opened.
Thus, at the end of the consultation of the source material, it will
be possible to visualize rapidly what has been observed. The refer-
ences for which the work cannot be accessed for various reasons
should also be annotated. Thus, the bibliographic archive will
record all books to be searched, and it should be present during
every visit to the collections. These files contain critical informa-
tion that identifies the material and its location and may contain
annotations, such as “buy this publication,” “find without fail,” or
even “evidence suggests that it is very important.” This type of
archive will be useful not only for the current research but also for
future studies, as it may serve as a secure list of source material.
Another type of cataloging is the file that will include, in addi-
tion to the bibliographical reference, a header, the location of the
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1.7 Analysis and
Interpretation

Conventional acronym that
indicates whether the book is
of interest as a general
reference (GR), as a source
for a chapter, etc.

Acronym that indicates the
location of the material (e.g.
CCS/UFRJ, Center for
Health Sciences/Federal
University of Rio de Janeiro)

T T

GR

CCS/UFRJ

Bibliographic reference

[Personal notes]

Fig. 1 Explanatory model of the bibliographic file

search, and the body of the text. The header, located at the top of
the file, presents the remote generic title (subject). In the follow-
ing line, the bibliographic reference is placed, and on the right
margin, there is an acronym that represents the collection where
the consulted material is located. These acronyms should be anno-
tated in a separate listing that will prevent difficulty in identifying
them later. Immediately after the second line of the header, the
body of the text starts. If there is a need to continue to the body of
the text on another file, each file should again contain the specifica-
tions aforementioned and be numbered sequentially to the right of
the bibliographical reference. The body of the text may contain the
following information: general information about the work; a
more detailed summary, indicating on the left margin the page on
which the author’s idea is expressed; a personal critical interpreta-
tion of the author’s opinion; or a direct quote of excerpts consid-
ered relevant and that will be annotated in quotation marks and
will be textual, in full, considering the spelling errors, after which
the term sic is placed in brackets. The page from which the quote
was extracted should be indicated in the left margin of the file
before each transcript. Suppression of parts of the transcribed text
should be indicated by three dots before or after the passage in
question, and if the suppression occurs in the middle of the text,
the punctuation should be in parentheses.

The analysis and interpretation of documents are divided into four
phases: critique of the documentary sources, decomposition and
classification of the essential elements, generalization and critical
analysis, and interpretation of the data that will confirm or disprove the
hypothesis. The critique of the documentary sources is subdivided
into external and internal critique, as observed below (Table 1).



Table 1

Procedures for Documentary Analysis in the Establishment... 79

Discrimination of the critique of the documentary sources (based on [4])

External Text critique
critique

To verify whether the text has undergone alterations, forgeries;
if it has been written by the author himself or if it was
revised by the author; who published it (the author or
someone else); indicate what changes occurred from one
edition to another

Authenticity critique  To identify the author, time, place, and circumstances of the

composition
Provenance critique To find the origin of the documents. To verify the fidelity of
translated texts with the originals
Internal Interpretation critigue  To understand the meaning that the author prescribed to the
critique or hermeneutics text, requiring knowledge of the terms contained therein,

the historical and environmental circumstances,
philosophical currents, training and thoughts that
influenced the author and his or her work

Critique of the contents  To make a judgment on the authority of the author and the
internal value value of his or her work

1.8 Reading

The document is the initial focus of this type of study. Thus, reading
constitutes the means of obtaining basic, peripheral, or specific
information. For a broader understanding of the topic under
development, it is necessary to read systematically to identify the
primary and secondary elements constituting the existing knowl-
edge regarding the selected subject. A key step, given the vast
amount of reading material available in the collections that will be
consulted, is to select the correct material. The search process will
optimize the reading process and will lead to the collection of
essential data for the work. During the reading, the researcher
should not lose sight of the goal because often other subjects can
delight and distract the mind without bringing direct contribution
to the work. Certain words should be consulted in specialized dic-
tionaries or specialized glossaries to obtain semantic accuracy.

The analysis, or separation and understanding of the theme
into parts, will lead to better understanding of the organization in
the document. Combined with the analysis, a critical approach will
permit further development of the ideas in the text, thereby cor-
relating them with the central theme of the research.

Reading as a whole involves several stages as follows: prior
reading, when the researcher will search for the existence of infor-
mation concerning the subject through the index or the summary
of the work; prereading, which is when the information will be
located and the elements of the work evaluated (e.g., introduction,
footnotes, bibliography); selective reading, as the name suggests,
will be the phase in which the reader will select the informa-
tion relevant to the purpose of the work; reflective reading will
seek to recognize and evaluate the information; the critique will
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differentiate the main ideas from the secondary ideas, aiming to
obtain a general idea of the text, understanding the purposes
and intentions of the author subsequently to express one’s own
opinions and conclusions on the subject; interpretive reading will
associate ideas that help to define concepts and to justify or not
justify questions; and finally, explanatory reading is when the reader
will examine the foundations of truth presented by the author of
the work.

Still under procedures, let us examine what is recommended

by [7]:
Reading and Data Collection

Before proceeding with more detailed and systematic readings of
the document, it is necessary to be clear on the information
that is sought after and to collect it in a standardized way to
take full advantage of the time devoted to fieldwork as well as
the organization and data analysis.

The transcription of data and information must conform to a mini-
mum standard of fields, elements, or categories. It is advisable
to create a collection card or spreadsheet, as this will allow the
inclusion of information categories into a database, to ask
questions about them, and to compare the obtained results
[8]. According to [9], transcription of the documents can be
carried out line by line or continuously.

In regard to the transcription of textual elements, the preservation
of the original orthography of the popular names of organisms
is part of an accurate transcription [7].

The Taxonomic Identification

Consider now another aspect related to popular names: the
taxonomic identification. [8] states that the contraposition of
popular names found in historical documents with current
names, present in the same region where the record was per-
formed in the past, can lead to the ancestral terms or the pro-
tolanguage that make up the current language. Thus, when
working with a material devoid of illustrations, of preserved
collection material that can be consulted, and even of indica-
tion of the species related to the popular names given, an
approximation of these terms with the species present in spe-
cialized works from the time when the historical material was
prepared should be performed as well as the consultation of
contemporary works to have an update of these scientific
names while still resorting to botanical experts and zoologists.
A similar situation was experienced by Luczaj [10], where his
textual material also contained three-dimensional material,
composed of the collection of the specimens used as food in
post-World War II Poland. In this case, the researcher can
compare the botanical material with other material deposited



1.9 Redaction

1.10 Indirect
Documentation
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in herbarium collections, in addition to consulting botanical
expert to obtain a precise identification. [11], a biography of
Manuel Arruda da Cimara, an important Brazilian figure in
the eighteenth century, had the collaboration of taxonomists
who helped in the identification of plant and animal specimens
depicted in the illustrations that make up the scientific works
left by Cimara [7].

During the redaction phase of the scientific research, in the process
of construction of the scientific discourse, researchers must ensure
that their own interpretations do not obstruct the concepts of
those who produced the consulted documents. A clear distinction
and control of the personal contribution should also be presented
in the document that is being prepared, that is, the world view and
beliefs of the researcher preparing the document, for the past pre-
understanding of the data analyzed [12, 13].

In this field of work, the data are compiled from a source material,
which generates a background on the context that is being studied,
also providing clues for the search for other sources of data collec-
tion. The collection of information is performed through docu-
mentary research (primary sources) and bibliographic research
(secondary sources). The data sources include documents that are
written or not written, made at the time of or after the fact, i.e.,
contemporary or retrospective sources (Table 2).

What differentiates documentary from bibliographic research
is that the former is restricted to documents and the latter covers
all secondary data (bibliography) on a study topic already made
public, such as books, magazines, newspapers, newsletters, loose
publications, theses, dissertations, monographs, research, carto-
graphic material, and recordings of oral and audiovisual communi-
cations (Tables 3 and 4). The bibliographical research intends to
place the researcher directly in contact with all the existing material
on the subject under focus, be it written, oral, or audiovisual
sources. Through secondary sources, the researcher has the ability
to manipulate information, analyze the data under a new light, and
express new considerations about a known problem as well as on
an issue not yet fully resolved.

2 Final Reflection

The challenge of searching for a text or a material and of locating
evidence that is patiently aggregated, piece by piece, to form a
general idea about what is being researched brings immense plea-
sure. As a researcher and observer of the clues that the documents
leave us, little by little, we understand the ways of thinking of the
society under study. It is important to let the documents lead us to
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Table 2
Overview of the differences between documentary and bibliographical research
(based on [4])

Documentary research Bibliographic research
(primary sources) (secondary sources)
Written Others Written Others
Compiled at the time Conducted by Transcripts from
by the author the author contemporary primary  Conducted
sources by others
Contemporary  Parliamentary and Photos Research reports based ~ Cartographic
administrative Recordings on on fieldwork of material
publications magnetic tape assistants Commercial
Letters Movies Historical study using movies
Contracts Graphics original documents Radio
Statistics Maps Statistical research based Cinema
Other illustrations on census data Television
Research using other
people’s
correspondence
Retrospective  Diaries Objects Research using diaries Commercial
Autobiographies Engravings or autobiographies movies
Reports of visits to Paintings Radio
institutions Drawings Cinema
Stories about trips Photos Television
Folklore

reflect on the subject we are researching and attempting to under-
stand without closing ourselves to changes in the initial course of
our questions because the content of the documentary analyses
often reveal other realities and direct us along surprising paths.

The ideas presented here are not the end but the beginning of
procedural structuring for future studies based on source material.
Each study will find the intricacies that will lead to outstanding
analysis of its material. However, in the present study, we focused
on what we believe is the basis for a meticulous research of decodi-
fication and contextualization of documents.

Finally, we wish to draw the researcher’s attention to the issue
of handling of evidence. During research, systematic consultation of
the material must be carefully performed by the researcher. We should
not contribute to the degradation of the sources any more than
what is naturally expected due to mechanical action. Given this
directive, we will help to preserve the memory, facilitating the
access of collections of scientific interest to other people.
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Table 4
Types of documents and procedures in the bibliographic research (based on [4])
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Bibliographical research (Secondary sources)

Types of

documents

Procedures

Written press

Data from newspapers and magazines should be analyzed for their independence

(determine the theoretical premises of the countries of origin of this material,
whether totalitarian or democratic, and, thus, the modes of regulation of the
media); regarding the content and orientation (observe the spaces dedicated to the
issues addressed in the publication and how the raised issues are addressed);
regarding the dissemination and influence (identify the distribution region and the
type of population that is reached); and regarding the interest groups (publications
targeted at specific groups, such as professional categories, where the ideas,
interests, and actions of the representatives of this social group can be expressed)

Audiovisual The content of the audiovisual media, film, television, and radio should be analyzed
media for their characteristics (trends in content, stylistic characteristics); regarding the
creators or the causes of the content (intentions of the content); and regarding
the audience or the purpose of the content (attention focus, values, or “cultural
patterns” of social groups)

Cartographic Widely variable but generally include maps with political and administrative division,
material hydrographic, ethnographic, ecological, indicators of crops, land use mode, etc.
Publications Analysis of books, theses, dissertations, monographs, journals, research; go through

the identifying, locating, compiling, and cataloging phases
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Chapter 6

Use of Visual Stimuli in Ethnobiological Research

Patricia Muniz de Medeiros, Alyson Luiz Santos de Almeida,
Reinaldo Farias Paiva de Lucena, Francisco José Bezerra Souto,
and Ulysses Paulino Albuquerque

Abstract

In this chapter, we discuss and review the use of visual stimuli in ethnobiology and ethnoecology and
present a proposal to standardise the terminology for the use of visual stimuli in these fields. We focus on
the use of photographs, drawings, voucher specimens, in situ individuals and recently collected plants and
animals.

Key words Projective interviews, Local knowledge, Data collection

1 Introduction

Studies investigating groups of humans can employ visual stimuli
to obtain information. Stimuli are widely used, especially in the
social and medical sciences [1-5], as an additional strategy to help
people remember the specific types of information that are of
interest to the researcher or even to locate the interviewee contex-
tually. Stimuli are used in different ways, depending on the area of
research and the goals of the researchers. Therefore, techniques
and terminology can vary considerably.

These different visual techniques are commonly applied in the
social sciences, which uses visual stimuli involving the presentation
of cards, photographs, and/or films [1, 5, 6]. One example of a
known visual tool is the “Rorschach test”, in which ten images
(inkblots) are shown to people who are asked to describe what they
see [4]. The “Rorschach test” is used in psychology, psychoanaly-
sis, psychiatry [4], and anthropology [1] and seeks information
regarding personalities.

Visual stimuli have been used increasingly in ethnobiological and
ethnoecological studies with the following goals in mind: to ensure
that interviewer and interviewee are talking about the same subject

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_6, © Springer Science+Business Media New York 2014
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(e.g. a plant or animal species) [7]; to identify and collect specimens
in the field for storage in a herbarium or a zoological collection; to
collect ethnobiological data; and even to verify the interviewee’s
recognition of certain elements (plants, animals, or soil types) [8].

However, a quick analysis of this process suggests that there
has been an increase in terminology and concepts, which may
contribute to a lack of clarity, objectivity, and reproducibility in
research studies. Therefore, in this chapter, we outline the use of
visual stimuli in ethnobiological studies with an emphasis on stud-
ies of an ethnobotanical nature to highlight the methodological
limitations and to promote the uniformity of the terminology in
the field. We focus on visual stimuli, although other stimuli (e.g.
smell, texture, and taste) play a synergistic role, and invariably, the
recipients grasp more than one aspect of the stimulus.

In the first section of the chapter, we analyse the visual stimuli
used in ethnobotanical studies, and ethnozoological studies are
included in the second section.

2 Visual Stimuli in Ethnobotanical Research

2.1 Global Features
of the Studies

We identified 45 studies, published between 1985 and 2007, that
applied different techniques using visual stimuli. Of these studies,
8.9 % were performed in the 1980s, 22.2 % in the 1990s, and the
vast majority (68.9 %) were performed between 2000 and the
present. Obviously, the predominance of more recent studies is
because of our methodological approach; it is possible that older
publications used visual tools, but these studies are not available
online and could not be included.

Most of studies (57.8 %) that used visual stimuli were investigat-
ing various categories of use. The medical category was conspicu-
ous because 33.3 % of the studies were exclusively devoted to
medicinal plants; however, this preference does not signify that
visual stimuli are easier to use in studies of medicinal plants, but
reflects a trend in the interests of researchers for this use category.
In addition to the medical category, only the food category
contained studies exclusively devoted to the use of visual stimuli
(6.7 %). There was an obvious lack of studies focusing on the uses
of wood, including firewood, tool making, or rural and domestic
building construction.

One of the studies surveyed did not focus on the categories of
use but on information regarding the vernacular names for species,
noting whether there was agreement among informants regarding
the assignment of plant names [9]. Although this study did not
produce data on the uses of the plants, the study was included in
the survey because it includes a well-defined research question that
could be answered using visual cues beyond merely obtaining the
popular names of plants for crossing-referencing them with their
scientific names.



2.2 Types of Visual
Stimuli

2.2.1

In Situ Specimens
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Regarding the interviewees used in the studies, 24.4 % of the
studies were unclear regarding the qualifications of the people inter-
viewed. To avoid overestimating the number of research studies in
which the informants were experts, the studies that failed to indicate
the use of expert informants were considered to include non-expert
informants. Therefore, 51.1 % of the research studies interviewed
general members of the community, whereas 28.9 % interviewed
only the local experts. In addition, 20 % of the studies reported data
from both expert and non-expert informants. The studies must indi-
cate the type of informant consulted, combined with the efficiency
of the technique, to determine whether the efficiency is related to
the selection of a certain group of informants (such as experts) or if
the stimuli work similarly for both experts and non-experts.

In some cases, there is uncertainty regarding the number of
people consulted in the research studies. In total, 15.6 % of the
studies did not indicate the number of people interviewed, and in
the remaining 84.4 %, the number of informants was estimated
(e.g. the word “approximately” was used to describe the number
of informants). A number of the studies reported the number of
interviewees used for one of the visual techniques but omitted the
number of interviewees used when a different technique was
applied (13.3 %). We believe that the accurate recording of this
type of data is essential because inconsistent information produces
risky generalisations that do not correspond to the reality of a given
culture and jeopardises comparisons with other studies.

A number of studies used more than one type of stimulus, and the
stimuli used most frequently were in situ plant specimens (64.4 %),
voucher specimens (24.4 %), and photographs (22.2 %). However,
stimuli including fresh plants and drawings, and the plant-derived
products present in the homes (for example, tools, toys, and furni-
ture) were included in smaller numbers. In the analysis, 13.3 % of
the studies reported the use of plants for the acquisition of infor-
mation without elaborating on the part of the plant used or the
state of the material. The visual stimuli are discussed below.

The advantage of using in situ specimens [9, 10] as a stimulus is
the possibility of showing the informant the entire plant in its bio-
logical and ecological context, which facilitates the identification of
the plant and the retrieval of information. This stimulus is used
most frequently, possibly for this reason. Despite this great advan-
tage, the use of in situ specimens as a visual tool suffers from a
number of limitations, including the following:

(a) If there are many informants, the use of in situ specimens will
demand a lot of time because the informants must be taken to
the field. Indeed, the vast majority of studies that used in situ
specimens as stimuli selected a small number of informants
(between 1 and 45 informants).
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2.2.2 \oucher
Specimens

2.2.3 Photographs

2.2.4 Fresh Plants

(b) Conversely, if the sample of informants is quite small, it is
difficult to generalise based on the data obtained using this
technique because the sample is non-representative.

(¢) A number of informants may not be available to go to the field
with the researchers, especially if the journey is long or if many
of the informants are elderly [11], which is common in studies
using local experts.

Given the significance of the in situ specimen technique, it is
pertfectly feasible to use this approach, even if the study anticipates
limitations, as it can be used to supplement information without
the need to take all the interviewees to the field. It is advisable,
however, to specify the total number of informants in the group
taken to the field for the in situ interviews.

The use of voucher specimens [10, 12] as a visual stimulus is used
when the informants cannot be taken to the field. In addition, this
technique requires less time than studies conducted outside the
homes. These studies represent significant advantages for this type
of stimulus and are likely the reason that the use of voucher speci-
mens is the second most commonly used technique in the research
studies surveyed. However, compared to the use of in situ specimens,
the voucher specimens exhibit clear disadvantages regarding the
identification of the plant material by the interviewees. The voucher
specimen removes the plant from its original context, limiting the
possibility of identification of a number of its parts (e.g. branches
and reproductive structures), and these parts may be compromised
by drying, which alters their smell, colour, and texture [11].

Photographs [8, 13, 14] have the advantage of representing the
plant in its original context more efficiently than dry material;
however, photographs restrict the informants to identification
using sight alone, which excludes the possibility of smelling, touching,
or even tasting the plant. A possible issue (which can be avoided)
associated with this stimulus is the difficulty the interviewees expe-
rience identifying the plants when the photographs are of poor
quality [7], whether this is because of the print quality or the
inexperience of the photographer. In other cases, even if the pho-
tograph is of good quality, a number of cultures may have difficulties
interpreting the images, especially if the people in question have no
contact with the photographic resource. Therefore, the study must
consider these aspects of using photographs as a visual stimulus
because the misidentification of species by the informant may
compromise the rest of the research, assigning the properties of
one species to another.

In this case, the stimulus is also limited to a small number of parts
of the plant [10, 15]; however, the original properties of these



2.3 Intent and
Efficiency of the Use
of Visual Stimuli
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plant parts, such as colour, smell, and texture, are preserved. Few
studies use this resource given the logistical difficulty of repeatedly
replacing the material for the study; successive sampling is required
to ensure that the samples are always fresh. In addition to time
demands, the need for constant samplings may, in the more
sensitive species, cause damage to the plant populations.

In a way, using stimuli outside the original context of the plant
(voucher specimens, photographs, and fresh plants) is disadvanta-
geous and can give rise to possible difficulties in identification by the
informants. Therefore, it is important to ensure that the stimulus
used is adequate for obtaining the ethnobotanical data within the
social, cultural, and environmental circumstances. This can be
verified by testing the efficiency of the resource regarding its iden-
tification by the informants, i.e. performing assays to adjust the type
or the combination of visual stimuli that are most appropriate for a
given situation. For example, a preliminary test can be performed
using several stimuli to determine the most successtul technique.
When possible, it is much more interesting to combine two or more
stimuli (for example, voucher specimens and photos), providing more
opportunities for identification for the interviewees [10, 16, 17].

The category of use in which the plant is included must also be
considered because, depending on the species and its use, the type
of visual stimulus selected can have different effects. For example,
an informant may recognise only the bark from a given species
because this is the part used by the individual, and the informant
may not be familiar with the leaves and flowers of that plant.

The parts of the plant (dried or fresh) used as stimuli are always
the branches with leaves and occasionally contain the reproductive
structures, which is the scientific method for identifying species.
However, parts of the wood (in woody plants) are not used. In this
regard, when investigating the uses of wood in cases where one
cannot take informants to the field to observe specimens in situ, it
would be interesting to use wood samples as stimuli. We believe
that using portions of the wood may help the informant to recall
the characteristics of the wood, such as weight, flexibility, and
hardness, among other features. These features can help the
interviewee to remember the uses for the wood (for example, the
hardness of the wood may help the informant remember that it is
used for building rooftops). However, this technique has not been
tested, which suggests that for the studies investigating the uses of
wood, there is the need for research comparing the use of the
wood with the use of the other plant parts (for example, the
branches) to determine the stimulus that offers the best results
regarding the quantity and quality of the data.

Acquiring information concerning the knowledge and use of plants
was the aim of 93.3 % of the studies. The remaining study aims were
to acquire data on the vernacular names of plants [9] and to test the
degree of recognition of species by the informants [8, 16-20].
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A number of the studies sought to restrict the research to a
given group of plants. For example, Gaur and Bhatt [21] restricted
their research to the popular uses for ferns. In a case such as this
study, it is difficult to start an interview on a taxonomic group
without a stimulus to direct the informant to the scope of interest
of the study. The difficulty arises because the population studied
may not be able to classify plants corresponding to the group of
ferns. Therefore, using visual techniques, the researcher shows the
informant the plants that he or she is investigating without the
interviewee necessarily understanding that for research purposes,
the plants are part of a (taxonomic) group.

Regarding the efficiency of the techniques, only 26.7 % of the
studies discussed the success of the stimulus used. On the one
hand, Anderson and Posey [15], in a study of the indigenous
Kayapo in northern Brazil, reported the ease the informants dem-
onstrated in recognising the plant sample inside (in situ specimens)
and outside (fresh plants) of their natural context. On the other
hand, Griffin [10] noted the difficulty the informants experienced
in recognising the voucher specimens, given the loss of the natural
colouration of the samples. Furthermore, Monteiro et al. [13]
were unable to use photographs because in the preliminary phase
of the study, less than 5 % of the informants in a semi-arid region
of the Brazilian Northeast recognised the species.

The recognition of the plants in photographs also caused prob-
lems in other studies. Case et al. [ 16] realised that the oldest infor-
mants in a study performed in Papua New Guinea had difhiculties
identifying photographs because they were accustomed to using
other identifying attributes, including smell and taste, or because
they had vision problems. Additionally, Garcia [8], in a study per-
formed in India, found that women of the Paniya and Kuruma
tribes were unable to identify plants through photographs, which
limited the analysis.

Regarding the studies that used the in situ specimen as the
stimulus, Milliken and Albert [22] determined that by observing
the plants in the forest, the Yanomami (indigenous people of the
Brazilian Amazon) were stimulated and were able to remember the
medicinal uses for the plants previously overlooked in interviews.
Moreover, in a study conducted in northeastern Thailand, Wester
and Yongvanit [9] claimed that diagnostic features that enabled
the plants to be identified more precisely were not present in
certain plant specimens.

Considering the small number of studies that discuss the
efficiency of the visual stimulus method, it is difficult to assess the
quality of this approach and its application in ethnobotanical and
other ethnobiological and ethnoecological studies. Therefore, we
propose that studies involving visual stimuli should provide useful
information. For example, the comments by the informants on the
process of recognising the plants (or parts thereof) indicate the



2.4 Terminology
for Techniques Using
Visual Stimuli
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Box 1 Comparing different visual stimuli

Thomas et al. [20] compared the efficiency of photographs and herbarium
specimens, investigating the type of stimulus that allowed informants to
identify plants more precisely in an indigenous territory in Bolivia.

What works best in an ex sita study: photographs or voucher specimens?

Interviews with five key informants that were encouraged to identify 50
species through photographs and voucher specimens (1-month interval
between the application of the two stimuli). The interviewees previously
identified the 50 species when they were taken to the field to observe the
specimens in situ. Therefore, the identification by photograph or voucher
specimen was considered correct when the vernacular name given by the
informant was the same name that the same interviewee indicated when
observing the plant in situ.

The use of photographs proved to be more efficient than the use of
voucher specimens because the interviewees recognised on average 94 % of
species through photographs compared to 77 % with voucher specimens,
and these differences were significant (Mann-Whitney; p<0.01).

informants’ general degree of difficulty in identifying plants. The
visual stimuli highlight possible difficulties caused by the infor-
mants’ limitations, for example, visual problems, the inability to
interpret photographs, or unfamiliarity with the plant. The prob-
lems arising from the type and quality of the stimulus chosen can
be recognised, for example, the loss of colouration in voucher
specimens or changes arising from the transformation of a part of
the plant into a product, such as a toy or a type of tool (Box 1).

In our survey, we determined that 75.6 % of the studies did not
assign names to any of the visual techniques used in the interviews.
Designations for the techniques were not common in the research
studies, and the techniques used included the following: artefact
inventory, checklist, ethnobotanical inventory, ethnobotanical
notebook, field herbarium, field informant, field interview, inven-
tory interview, reference sampler, plant interview, variant of inven-
tory interview, and walk-in-the-woods. A number of these terms,
and their definitions, are discussed below.

Walk-in-the-woods: This technique consists of bringing the
informant into one or more areas of vegetation to collect plants
and obtain information [11]. The walk-in-the-woods technique is
the same as the field interview [23, 24] and the ethnobotanical
inventory [25] techniques. The field interview technique is also
described in the literature as hiking for the in situ observation of
specimens, although it differs from the walk-in-the-woods
technique because it is performed with only one informant from
the community [26].

Inventory interview: The inventory interview is similar to the
walk-in-the-woods technique because in both cases, the informants
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must be brought to analyse the plants in situ. However, in the
literature, the inventory interview is usually coupled with the plant
inventory [26, 27 ], whereas the walk-in-the-woods is more flexible
and can be performed with a simple walk in a field.

Artefact inventory: Using this technique, the researcher shows
artefacts to the informants and questions them about the plants
used to produce the items [11]. The researcher can take advantage
of artefacts in the house the informant lives in (for example, tools,
toys, windows, and doors).

The other techniques, including the artefact inventory, are
similar because they do not require bringing the informants to the
field. However, the techniques sometimes differ in the type of
stimulus used. The field herbarium and the reference sampler tech-
niques only use voucher specimens [12, 28], whereas the plant
interview can use fresh plants or voucher specimens [11], and the
ethnobotanical notebook technique is mentioned in conjunction
with voucher specimens and photographs [16, 17]. Finally, the
checklist technique includes voucher specimens, photographs,
fresh plants, or drawings [11]. The overlap in the terminology is
clear in these cases because different names are used for the same
types of stimuli.

3 Application of Visual Stimuli to Other Branches of Ethnobiology

and Ethnoecology

In other branches of ethnobiological and ethnoecological research,
the use of visual stimuli has been helpful. In ethnozoology, for
example, it is common to use photographs of animals, showing
them to informants to identify and comment on such features as
the morphology, reproductive ecology, trophic behaviour, and
spatiotemporal dynamics of fish stocks. These visual stimuli have
been especially useful in ethnoichthyological studies performed in
mangrove areas because the great diversity of species in these
ecosystems hinders the acquisition and visualisation of specimens
that guide the interviews. Mourdo and Nordi [29] and Alarcon
et al. [30] used drawings and photographs for the identification
and ethnotaxonomic classification of fish in the estuary of the
Mamanguape River (Paraiba) and in the Itacaré region (Bahia).
In ethnozoological studies of terrestrial vertebrates (e.g. [31]), these
stimuli are not only useful but also necessary because the acquisi-
tion of dead specimens violates the laws protecting the wildlife.
However, similar to plants, the use of photographs removes
the animal from its original context and may hinder the identifica-
tion and consequently the accuracy of the results. This problem
can occur in situations in which informants often distinguish
species through features only identifiable by touch (for example,
skin texture) or the original colour, which is often lost in photographs,
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and Souto [33]

either because of the quality/resolution or the use of pictures of
specimens from scientific collections.

The use of drawings has the advantage of standardising the
stimuli if the study is performed using several animal species or if
the acquisition of high-quality photographs of the study-focus
animal is precluded. However, in general, illustrations present the
same limitations as photographs and may even prevent the identi-
fication because of the actual colouration of the animal.

Marques [32], Souto [33], and Maciel and Alves [34] used
visual stimuli through drawings in their ethnoecological studies in
which one of the approaches was to examine the informants’
perception of the morphology of the animals. The use of the ter-
minology from traditional populations to designate the different
parts and /or regions of the animal body is termed “body topogra-
phy” [35]. In these studies, drawings obtained from the literature
were shown to informants who identified the different structures
and the morphological regions indicated (Fig. 1).

The use of dead specimens as visual stimuli is common in
ethnoentomological research. Insects and groups taxonomically
close to insects are often sampled and dried and are brought to the
community for the informants to provide information on their
vernacular names and uses or to group the species according to
their local criteria of taxonomy (for example, [37]). The advantage
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of'using dried specimens in ethnoentomology is that the techniques
of sampling and drying are simple, and unlike studies using other
animals (for example, large mammals), the transport of the material
to homes is not complicated (for example, the samples can be
transported in entomological boxes).

Ethnozoological and ethnoecological studies also use techniques
that take the informants to the field for the identification of
animals and for the recording of their uses. Aragjo et al. [38] per-
tormed guided tours with informants to show and identify birds
that were indicative of incoming rainfall. Likewise, Maciel and
Alves [34] led their interviewees into mangrove areas to record
information on the local knowledge regarding the mangrove root
crab, Goniopsis cruentata (Latreille, 1803), and its habitats.

In ethnozoological and ethnoecological research, most studies
that use visual resources do not name the techniques used. Such
studies as Aratjo et al. [38] and Maciel and Alves [ 34] use the term
“guided tour” in a manner similar to its use in ethnobotany to
describe the technique that takes the informants to the field such
that they can provide information on a given group of animals.

4 Final Considerations

In general, there is an increasing need in ethnobotanical research
for the classification of the terms for in situ techniques and speci-
mens, including specimens that use parts or representations of
plants. In the areas of ethnozoology and ethnoecology, names are
seldom assigned to the techniques that use visual stimuli. The
names used for each type of technique should be standardised to
provide a better understanding for readers. With this necessity in
mind, we propose systemising the terminology applied to the tech-
niques. Our suggestion is based solely on the type of stimulus used
without considering the number or profiles of the informants.
Based on the most popular terminologies, we propose that studies
coupling a plant inventory with a concomitant ethnobotanical
study use the plant specimen as a stimulus and name the technique
an inventory interview [26, 27]. The studies that take informants
to the field for the identification of specimens without depending
on a plant inventory should use the term walk-in-the-woods [25,
39] or guided tour. These terms should also be used for studies
that take informants to the field to acquire information on animals.
The research studies that use plant-derived products as stimuli,
including tools and house-building materials, could name the
technique an artefact inventory. For stimuli outside the original
context of the plant or animal (dry or fresh parts of the specimen,
photographs, and drawings) we suggest the name checklist-
interview. The checklist [11] technique is used to record the
knowledge of or use of a given list of plants and animals and can be
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performed with or without [40] visual stimuli. This terminology
has the advantage of encompassing the largest possible number of
stimuli, avoiding the pronounced inflation of the classifications.
However, when using the term checklist-interview, the studies
should indicate whether they use visual stimuli, and if so, the
stimulus in question should be named. We believe that standardis-
ing the terminology will make it easier to analyse and understand
the context of the use of visual stimuli in ethnobiological and

ethnoecological research.
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Chapter 7

Methods in Research of Environmental Perception

Taline Cristina da Silva, Margarita Paloma Cruz,
Thiago Antdnio de Sousa Aratijo, Maria Luiza Schwarz,
and Ulysses Paulino Albuquerque

Abstract

In this chapter you will find a brief discussion about the complexity of understanding how people perceive
and outsource their vision of the environment. The methods presented here show the diversity of resource
that can be used for the construction of investigative tools that can access more wealth and people trust
the information and/or social groups.

Key words Ethnobiology, Environmental representation, Data collection

1 Introduction

According to the Portuguese language dictionary Aurélio, perception
means the understanding of reality by people, i.c., the perception
of colors, sounds, aromas, and flavors, which manifest through
chemical and neurological phenomena at the level of the sensory
organ and central nervous system and by several psychological
mechanisms that tend to adapt this reaction to the perceived
objects. However, a number of authors believe that perception is
not simply recorded by the senses but is influenced by psychological
[1] and cultural factors [2].

Because of these conceptual differences, Gumuchian [ 3] suggests
using the term “representation” to replace the term “perception”
because the concept of representation considers the psychological
and cultural factors mentioned previously. Cavalcante and Maciel
[4] proposed that representation is the externalization of what an
individual perceives through physiological pathways, and it is influ-
enced by psychological and cultural factors.

Based on the line of thought advanced by Cavalcante and
Maciel [4], in this chapter, the term environmental representation
is used in the same sense as environmental perception because
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representation is how a researcher can access worldviews, sensations,
values, and opinions. We agree with Gumuchian [3] that represen-
tation is not only what the individual externalizes but includes all
the individual meanings built on physiological, cultural, and psy-
chological aspects.

Studies of environmental representations have been used in
ethnobiological studies to access the opinions, feelings, attitudes,
preferences, and values of people regarding the natural resources
and/or environment around them (see Albuquerque and
Albuquerque [5] and Silva et al. [6]).

From the access to environmental representations, research
objectives can be: to test for changes in the landscape and their
possible causes, to devise environmental conservation strategies, to
perform environmental diagnosis, to promote the sustainable use
of environmental resources, to develop environmental education
projects that consider the views of different social actors on the
environment, and to consider differences in age and gender.

Nevertheless, in studies of environmental representation, dif-
ferent methodologies must be used because of the great complexity
of the studies and adding various types of data facilitates decision-
making during data interpretation.

2 Methods for the Research of Environmental Representation

2.1 Prompting
Spoken or Written
Discourse

When the aim is to study the representation of what a given person
thinks or feels in relation to the natural environment or to specific
elements of that environment, the use of open questions to prompt
spoken or written discourse are key. This type of approach allows
the individual to externalize your representations with more free-
dom compared to structured or semi-structured interviews, which
are typically used in ethnobiological studies (see Wezel and Haigis
[7], Tatlidil et al. [8], and Soliva and Hunziker [9]). Lefevre [10]
considers that restricting an individual to select options among
predetermined answers may limit thinking. Notably, the method-
ology of prompting spoken or written discourse has advantages
and disadvantages. An advantage of this method is that the person
can formulate discourse without limitations, which is extremely
important when studying environmental representations because
the person can express greater autonomy to externalize your ideas
and representations. In our experience, the main disadvantages of
this method include the following: (1) depending on the literacy
level of the informant, prompting a written discourse may not be
feasible; (2) the use of the prompting method is not recommended
if the study is short-term and if there are a large number of partici-
pants because more time must be spent with each person com-
pared to interviews with closed-ended questions; and (3) this
method produces a large amount of data, which requires more
time for analysis by the researcher.
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Therefore, a number of ethnobiological studies have used this
type of approach, such as the study by Souza et al. [11] testing stu-
dents’ knowledge of the Achatina fulica snail using the following
prompt: “write what you know about the East African land snail.”

Barraza and Ceja-Adame [12] performed an environmental
representation study using children and teenagers in Mexico in
which the participants had to write essays based on the following
prompt: “When I hear about nature I think of....” Later, Silva
et al. [6] used a similar method with students at a school near sec-
tions of the Atlantic Forest in northeastern Brazil. The students
were prompted to write an essay based on the following phrase:
“When I hear about the forest I think of....”

Qualitative and quantitative analyses can be conducted from
the results of evocative sentences, such as those exemplified above.
For example, Lefevre [10] developed a qualitative analysis that
reveals what collectives think, termed Discourse of the Collective
Subject Analysis. This analysis extracts key terms from each answer
followed by the sorting of similar central ideas to construct a col-
lective discourse (Box 1).

Another type of qualitative analysis is the content analysis pro-
posed by Bardin [13], which consists of a set of techniques for
analyzing communications based on the rigor of the method as a
method for detecting the heterogeneity of the object. In content
analysis, the researcher should (1) perform a fluctuating reading of
the text, (2) extract classification criteria, and (3) break down the
observed frequencies (Box 2).

Box 1 Steps to Construct the Discourse of the Collective Subject, Adapted from Silva et al. [8]

Step 1
Prompt from a phrase, for example: “When I hear about the forest I think of...”

Step 2:
Extract the key terms of the discourse:
“In the woods there are a lot of animals, leaves, birds,” respondent 1
“In the woods I see snakes, butterflies and mosquitoes,” respondent 11
“In the wood there are plants, frogs, armadillos and marmosets,” respondent 111
“It is full of trees,” respondent IV

Step 3:
Identify the central idea of each key term; in the above case, the key term was the biodiversity of the
forest.

Step 4:
Construct a discourse connecting similar central ideas

There are many animals, leaves, bivds. 1 see snakes, butterflies and mosquitoes. Plants, frogs,
armadillo and marmoset. It is full of trees.

Note
The discourse of the collective subject is usually constructed from several central ideas. The situation
above illustrates only a fragment of the full discourse.
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2.2 Semi-structured
Projective Interviews

Box 2 Steps for Content Analysis, Adapted from Silva et al. [15]

Step I:
Prompt, “What do you think the woods would tell you if it could speak?”

Step 2:
Answers to the question:
“Please don’t cut me down,” respondent 1
“Please don’t deforest me,” respondent IT
“Please don’t destroy the trees because they are life,” respondent 111

Step 3:

Molar categories (an interview may have more than one molar category)

Interdiction regarding the forest Frequency (respondents) (%)

Don’t cut me down

Don’t deforest me

Interdiction regarding the trees
Don’t destroy the trees because they are life

Note
Percentiles are calculated relative to the total number of answers.

Quantitative analysis can be performed through the quantification
of elements of speech or writing in accordance with criteria prede-
termined by the researcher, such as in the essay regarding the
Atlantic Forest, in which the words extracted from the text regard-
ing such elements as the wildlife, plants, and feelings, can be quanti-
fied. For example, in the answer “I love the woods,” it is possible to
detect the feeling concerning the forest through the word “love.”
However, even if the data can be quantified, the representation
studies are qualitative |3, 14, 15].

As mentioned, the use of visual prompts to obtain information
from the respondents is performed differently, depending on the
research area and goals. Photographic resources can be used in
environmental representation studies. Minayo [16] called this
type of method a projective semi-structured interview. It is
believed that some people have difficulty verbally expressing
their opinions. Therefore, the use of images could help the pro-
cess of externalizing those opinions [17]. Projective semi-
structured interviews involve the use of photographs during the
interview towards several objectives. For example, using photo-
graphs during the interviews, a number of studies accessed the
representations about preferences for different types of environ-
ment [5, 6, 18]. Gémez-Limo6n and Fernandez [18] performed
a study in the central area of Madrid (Spain) using a set of six
photographs of different stages of ecological succession caused
by the agricultural regime in the region such that different types
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of users (farmers, tourists, and local communities) would indicate
their environmental preferences.

Projective semi-structured interviews can also be used to verify,
for example, representations on the change in the abundance of
plant resources over time in a given region. Benjamin et al. [19]
used photographs of landscapes at different levels of degradation
such that during the interviews, the respondents could indicate
which of the landscapes were most common in one region of the
state of Quebec, Canada.

There are no specific ways to analyze projective semi-structured
interviews. To test for a preference for an environment or an ele-
ment, the salience of the image can be calculated using the
Anthropac software [20], which considers the order and frequency
of choosing the image. Alternatively, if the objective is to test for
the preference or incidence of a particular landscape, as performed
by Schwarz et al. [21] with the Atlantic Forest landscapes in
Joinville (Santa Catarina State, Brazil), the percentage of the pre-
ferred or incident image can be calculated using the number of
times the image was referenced. A number of precautions are
required when using this methodology, such as (1) always use
sharp images of the same quality; (2) pay attention to the angle,
color, and image framing, i.e., ensure that the image is focused on
the subject of study; (3) use replicates, especially if the goal is to
test for a preference for any particular environment; this produces
more confidence in the analysis of the results because it allows one
to check if the grouping is random or the replicates are ranked
together; (4) avoid using images of the areas surrounding the study
area because the respondents may recognize these areas and bias
the results; and (5) it is recommended to label the images with
codes (e.g., #, ¥, and *) instead of numbers or letters because the
respondent may order the images alphabetically or numerically.
Image labels can be useful when plotting data on a spreadsheet.

Environmental autobiography is another approach that uses pho-
tographs and is applicable in environmental psychology, which also
investigates environmental representations. In this methodology,
a camera is given to each participant and the individuals are
requested to take a certain number of photographs to answer a
specific question. Subsequently, the representations of each respon-
dent are verified according to their photographs. Respondents can
be prompted to choose the images perceived as most important, to
rank the most significant photographs, and to write a paragraph
explaining the meaning of each picture [16].

A number of ethnobiological studies encourage respondents to
express their representations of the environment through draw-
ings [ 3, 6, 14]. Goldberg et al. [22] reports that through draw-
ing, the individual organizes information, processes his or her
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When i think in the wood, i see...

Fig. 1 Biotic elements (woodpecker, tree, snake, opossum, and man) illustrated by a sixth-grade student at
the Trés Ladeiras Elementary School, Igarassu, State of Pernambuco, Brazil)

lived experiences and thoughts, reveals his or her learning, and
may develop a unique style of representation of the world. For
example, the drawing method can be applied to investigate repre-
sentations of the biodiversity of a particular ecosystem. Farias and
Alves [14] investigated the representations of a group of students
concerning the diversity of birds in a specific region of the Atlantic
Forest in northeastern Brazil. In a similar environment, Schwarz
et al. [3] and Silva et al. [6] investigated the diversity of the flora
and fauna, as represented by children and adolescents [3, 6]. The
drawing method can be prompted initially through a sentence or
a question (Fig. 1).

To analyze the data resulting from this methodology, each
element of the drawing should be identified for the later quantifi-
cation of the percentage of elements that will be sorted into cate-
gories predetermined by the researcher. For example, the elements
of the drawings could be sorted into biotic and abiotic compo-
nents. However, this technique is time-consuming, and the lack of
drawing ability of the respondents may limit the data collection.

A number of studies also apply drawing when working with
adults. For example, the construction of mental or cognitive maps,
which are spatial images that people have of places they know
directly or indirectly [23], may contribute to understanding how a
place is understood and experienced by a particular social group.
For example, researchers attempt to access environmental repre-
sentations using drawings because it allows them to locate areas
of management and uses of natural resources [24]. In addition,
drawings encourage the respondent to represent relevant aspects
of the perception of the environments related to their preference
for the space and the activity performed in the space [25].
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The interview is a common method used in several areas of ethno-
biological research. In these studies, different types of interviews
are used that vary from structured to informal according to the
degree of control over the data that is required. Semi-structured
and structured interviews are the most commonly used interview
strategies, as is observed for the study of representations. This
method is probably used because of the several advantages it ofters,
including the ease with which standardizing the responses and ana-
lyzing the data can be achieved compared to spoken or written
discourse.

For example, Burger et al. [26] interviewed residents of a city
near a nuclear plant. In the study, the researchers asked the inter-
viewees their opinions and attitudes regarding the possible threats
presented by the presence of the nuclear plant and what they would
like to perform in the future.

Regarding the analysis of data from structured or semi-
structured questionnaires, in most cases, it is necessary to catego-
rize the responses. This categorization can be performed in two
ways, depending on the type of questionnaire. In the structured
interview, the categories are established before beginning the
interviews; for the semi-structured interview, the categories are
created after concluding the interviews because the researcher does
not have a lot of control over the data.

After the categorization, the frequency at which each category
was referenced is the most simple and common calculation that
can be performed. Next, statistical analysis can be performed to
test for significant differences between certain groups of people.
Comparisons between subgroups can be performed if the data
are socioeconomic, such as with gender, age, income, and occu-
pation data.

Although less open interviews offer greater advantages in
terms of the ease of quantifying the results, they do not allow the
researcher to collect qualitative data, which provide a lot of infor-
mation but are more difficult to analyze because the data must be
categorized at a later stage.

Another option when preparing the interviews is to use the
Likert! scale, which consists of questions that generate responses,
half of which are positive and half are negative. This scale consists
of closed responses in a series of scaled statements, such as very
good, good, regular, bad, and very bad [27]. This rating scale
provides the respondent more possibilities to respond.

Analysis of risk perception can be a useful tool when searching for
solutions to local problems [28] and therefore assists in decision-
making, such as the management of natural resources.

1]ohnson WA, Dixon PN (1984) Response alternatives in likerts scaling. Educ
Psychol Meas 44:597.
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The word risk appears in several languages. Sometimes it is
difficult to translate the word risk without losing the meaning
because depending on the location and the social context, variations
in the connotation of the word may exist, giving rise to the idea of
something undesirable, worrying, or harmful [29, 30]. Therefore,
the researcher should be careful to define correctly what is identify-
ing as a risk.

For Sjoberg [29], risk perception is not only a matter of senso-
rial perceptions but also of attitudes and expectations that can be
studied using reasonably well developed methods for measuring
attitudes and psychological scales. In the literature, several studies
discuss how to access risk perception using primarily question-
naires and scales. We will focus on the method developed by Smith
et al. [30], termed the participatory risk mapping (PRM), because
it is a practical and fast method that generates easily comparable
results.

PRM allows the researcher to discover, classify, and rank risk
factors encountered and perceived by populations. The first step
for applying PRM is to identity the risk factors from the perspec-
tive of each interviewee. Next, the respondent is asked to rank
the risk factors that cited in increasing order of severity. Note that
the same person can name more than one risk factor. Questions
can be posed that are aimed at obtaining more details related to
the risk factor, such as the following: in what context can the risk
occur, what are the consequences and/or how can the risk be
avoided, and what is the behavior of the people who are experi-
encing or have experienced this risk factor? In some cases, the risk
factors need to be categorized, and these questions, which are
designed to understand the context more clearly, can facilitate
categorization.

Next, two types of calculations can be performed. The first
calculation is the 7isk incidence (I), which is the proportion of
the respondents that identified a given risk source. I;=n,/n,
where 7, is the number of times that the risk was cited, and #; is
the total number of respondents. The I values can range from 0
to 1; numbers close to 0 indicate a lower frequency of citations,
and 1 indicates that the risk factor was cited by all the respon-
dents (Box 3).

The second calculation is the severity index (S), which is based
on the number and rank of the risk factors cited by each respon-
dent. The S values range from 1 to 2 and values close to 1 are
considered more severe. S;=1+((7-1)/(n-1)), where ris the rank-
ing based on the order indicated by the respondent, and # is the
number of risk factors mentioned by the respondent. The average
of the §;values is calculated for the subgroup of people that identi-
fied the problem (Box 3).
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Box 3 Example of Calculation of the Severity Index (§) and Risk
Incidence (1)

Factors
Respondents Ranking () Factors numbers () §;
I 1 Unemployment 3 1
2 Education 1.5
3 Transport 2)
II 1 Transport 2 1
2 Education 2
II1 1 Unemployment 4 1
2 Education 1.33
3 Hunger 1.66
4 Transport 2
Factors Severity index (S) Risk incidence (1)
Unemployment 1 0.66
Education 1.61 1
Transport 1.66 1
Hunger 1.66 0.33

Using both indices, we arrive at a third index based on the
combination of the risk severity and incidence, the zotal risk (R]).
R;=1,/S,. The RJ increases when higher values for I, which repre-
sent higher incidence, and lower values of SJ, which represent
higher severity, are attributed to a given type of risk [31].

Similar to the graphs used in geographic information systems
(GIS), the results can be represented graphically to construct a risk
map. Using this model, we can determine the space and heteroge-
neity of the risk incidence and severity.

Note that in Fig. 2, the “unemployment” risk had the highest
incidence in addition to a high severity index.

The “transport” and “addiction” risks had a high degree of
severity; however, few respondents considered these factors to rep-
resent a risk. These risk factors were evoked by the following ques-
tion: “In your opinion, which (what) is (are) the factor(s) that can
adversely affect and impair quality of life for you and your family?”
This question was posed to residents between the ages of 25 and
34 years living near sections of the Atlantic Forest of northeastern
Brazil (unpublished data).

The risk map model can be employed in ethnobiological stud-
ies to assess the risk factors that may affect people in such situations
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as deforestation or the construction of a hydroelectric dam in the
area. The model can determine which groups or social strata
perceive the environmental risks as most severe; therefore, the
model identifies the most susceptible groups to participate, for
example, in particular environmental conservation activities.
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Chapter 8

Methods for Data Collection in Medical Ethnobiology

Washington Soares Ferreira Jr., Nélson Leal Alencar,
and Ulysses Paulino Albuquerque

Abstract

In this chapter, we discuss methods for data collection in studies of medical ethnobiology. First, we present
a brief discussion about traditional medical systems and approaches to study them, including medical
ethnobiology. After, we indicate to the researcher some techniques that can be applied to investigations
that seek to assess traditional medical systems.

Key words Traditional medical systems, Biological resources, Ethnomedicine

1 Introduction

Every culture has knowledge and practices for the recognition and
diagnosis of illness, modes of treatment and health maintenance
[1]. This knowledge constitutes a “medical system” that is passed
through generations and represents the product of years of obser-
vation and experimentation in the use of different resources, such as
plants and animals [2]. These systems include medical knowledge
and practices related to illnesses (biomedical interpretation of
health problems) or illnesses (local interpretation of the health
problem by people from a particular group), such as their etiology,
the means by which health problems are treated and prevented,
and assessments of treatments [1, 3, 4, 6].

Medical anthropology, the science that investigates the nature of
illnesses, diagnostic procedures, and healing in the medical systems
of different societies, presents a range of approaches to study these
systems [2, 5, 6]. The ethnomedical approach, for example, inves-
tigates how people recognize and classify ilnesses and organizes
procedures for their treatment by considering how people under-
stand the cause, course, demonstration, and appropriate treatment
for each problem [4, 7, 8]. Although ethnomedicine has a wide
scope of investigation, it differs from other approaches of medical
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anthropology mainly in its study of how people treat illnesses [5].
Considering the range of areas to which the term ethnomedicine
has been applied, Nichter [7] presents various approaches in the
literature, including the following;:

1. Studies involving the identification of illness and their concepts,
classifications, and treatment systems in human populations.

2. Comparative studies of illness and their means of treatment in
different cultures to determine standard aspects.

3. Studies of the effectiveness of techniques used in treatments
and procedures to meet specific cultural needs.

4. Documentation of the relationship between beliefs, social
norms, and illness as well as investigation of the role of illness in
the maintenance of social order.

5. Studies of positive and negative values assigned by human
groups to bodily states, which aid in the understanding of
representations of people’s bodies and bodily expressions
related to states of health and illness.

Research within the field of medical ethnobiology provided
major contributions to the study of traditional medical systems
through multidisciplinary studies of the knowledge and practices
involved in these systems [9-15]. However, medical ethnobiology
differs from other research fields, such as ethnomedicine, in its
focus on the utilization of natural resources (especially biological
resources) by humans for medicinal use [4, 5]. Medical ethnobiology
uses ethnomedical tools to investigate the role of biological
resources in medical systems. Given the importance of this field,
in this chapter we present some of the main methods for data
collection in medical ethnobiology.

This chapter is arranged as follows. First, we present techniques
used to collect data on cultural understandings of anatomy and
physiology of the human body. Then, we present information
needed for the construction of explanatory models and ethnomedical
formularies [4, 16]. We describe tools to investigate the relationships
between the illnesses observed in a culture based on information about
their symptoms and treatments as well as methods to understand the
choices of treatments, such as plants or animals, by different human
groups. Finally, we present a method to assess periodically the illness
events and treatments employed by a group of people.

2 Collecting Anatomical and Physiological Data

Disturbances in health or well-being lead to changes in the body that
can influence the diagnosis of illnesses. Hence, there is a need to inves-
tigate cultural knowledge of the body parts that undergo changes in
various illnesses [4, 17]. Researchers must include anatomical and
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physiological data in these investigations related to local understand-
ings of the anatomy and physiology of the human body.

One of the simplest ways to collect anatomical data specifies the
structures of interest by asking an informant “What is the name of
this?” A schematic drawing of the human body can be presented,
e.g., [18], and photographs can be displayed in which anatomical
structures are presented and respondents are asked to name them [4,
19]. Another way to collect this information is to ask the informant
to draw human body parts and to indicate the name of each structure
represented. For example, Herndon et al. [19] investigated the ana-
tomical nomenclature of the human body among healers in two Trio
villages in Suriname in the Amazon. Pictures of the structures of the
human body were presented to the respondents during interviews,
and they indicated the names of the structures they recognized.

3 Methods for Collecting Data

Data collection on various illness conditions is strongly influenced
by the human sciences, especially anthropology. Information is col-
lected primarily through interviews with informants involved with
the phenomenon under study. Informants may include patients
involved in particular treatments or healers (local experts, healers,
shamans, etc.). Parallel with the collection of anatomical and physi-
ological data, information about the different types of illnesses rec-
ognized in the community can be collected [4]. For example, a
researcher could ask an informant to list the names of all recog-
nized health problems using a free list technique. During this pro-
cess, names of illnesses may emerge that include a number of other
conditions, such as subcategories of illnesses. For example, the ill-
ness category X cited by an informant may include the subcatego-
ries a, b, and c. In these cases, it is suggested that the researcher
asks, “What are all types of X?” [4] to identify these subtypes. This
question should be asked when a researcher realizes that variants of
the same illness are mentioned in an interview with an informant.

One way to collect data and record the meaning of each health
problem involves the use of questionnaires to deduce ethnomedi-
cal explanatory models that can be constructed from a set of ques-
tions about illnesses in the study population [4]. These models
provide a detailed breakdown of how people understand health
problems [7]. The following illustrates one type of information
necessary for developing the model, based on Fabrega [17] and
Berlin and Berlin [4] (Box 1).

Once information about the recognized illnesses is collected, it
can be enhanced with information about the biological species used
to treat each condition collected with an ethnomedical formulary.
Berlin and Berlin [4] show the construction of the formulary in two
stages. In the first stage, the researcher can obtain information on
all of the treatments known by the informant (Box 2):
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3.1 Checklist-
Interview Technique

Box 1 Important information to develop ethnomedical explanatory
models, based on Fabrega [16] and Berlin and Berlin [4]

“Investigating behavioral vestrictions of an individual from the illness:

1. Possible limitations of behavior (e.g., confinement in bed because
of illness).

2. Possible restrictions of roles (e.g., inability to perform the role of father
or housewife).
Investigating the causes of the illness:

3. One can ask the informant, Why did you get sick from ___2> or Why did
youget ___?

”

4. Could ___ develop as & complication of another iliness:
“Investigating the symptoms and the treatments used.:

5. Indicators and sensations that only the patient perceives: How do yon
know you have ___?

6. Possible treatments for the illness.

7. Treatment strategy: What types of treatments ave attempted firs?

What follows?

Who can treat or cure?

8. Ave theve any special diets or vestrictions during and/ or after treatment?”

Box 2 First stage of collecting information needed for building
ethnomedical formularies. Adapted from Berlin and Berlin [4]

“1. The name of each species used in the treatment.

2. The order of preference in which the informant would use these
species when all species are equally available.”

The second stage involves each species mentioned in the
previous item (Box 3):

The information collected from the explanatory models and
ethnomedical formularies can be used to construct a therapeutic
formulary. This is a protocol that informants use for the treatment
of'illnesses, including information about the duration of treatment,
the materials or parts of plants or animals used, and the method of
preparation and the amounts of these materials administered.
Additionally, the formulary reports the time interval required
between each administration. For example, a therapeutic formu-
lary for the treatment of a particular illness may be composed of a
daily dose (cup, handful, droplets, or even local measures) of a tea
prepared from the leaves of plant x for 7 days.

Another way to obtain information about the illnesses known by
informants is the checklist-interview technique. In this technique,
the researcher can present visual stimuli, such as photographs of
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Box 3 Second stage of collecting information needed for building
ethnomedical formularies. Adapted from Berlin and Berlin [4]

“1. Local name
2. Scientific name

3. Strength of treatment (expressed on a five-point scale), organoleptic
properties (color, odor—five-point scale), and taste (three-point scale)

. Any distinguishing features (produces foam, caustic soda)
. Properties (latex presence, resin)

. Parts used

. Amount added for each part of the treatment

. If the ingredient is mandatory or optional in the formula

O 0 N O Ul W

. Ecological habitat

10. Scope of growth /occurrence (in hot, temperate, cold regions)

11. Time of availability (seasonality)

12. Preferred time of collection (diurnal, rainy or dry seasons)

13. Special conditions of collection (e.g., rituals)

14. Preliminary preparation of each substance (washing, heating,
grinding)

15. Containers for preparation (if special, e.g., clay pots, leaves)

16. Order in which the ingredients are added (e.g., before/after boiled
water), shape (chopped, sprinkled, whole), preparation (cold water,
boiled, distilled, plunged in cold water), preparation time (minutes
baked, time of day)

17. To whom the species is given (age, gender, life stage)

18. Mode of administration (drink, scrub, wash, stew, etc.)

19. Dosage (cup, handful, drops, native measures if relevant)

20. Special diet required (prescriptions/proscriptions)

21. Special behavior required (bed rest, avoid sun, steambath).”

illnesses for which the researcher seeks information, while the
interview is developed and contextualized.

The checklist-interview fulfills two main functions: first, it
allows the researcher and the informant to talk about the same or
illness, which prevents errors in data collection when the researcher
mistakenly interprets comments about a illness condition; and sec-
ond, it can enhance information about each illness presented in the
photographs and how to investigate concepts of local illnesses and
treatments [20]. This information can lead to the construction of
an ethnomedical explanatory model, for example.

According to Berlin and Berlin [4], after listing the illnesses recog-
nized by the informants, it is important to investigate the relation-
ships between illnesses. One simple technique to understand how
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3.3 Successive
Free Listing

informants organize and classify illnesses is the pile-sorting
technique [21, 22]. This technique involves writing illnesses on
cards, presenting them to informants, and asking the informants to
organize the cards into piles of health problems that are similar to
one another. After this organization, the researcher can ask the
informants to justify the formation of the piles [21]. For infor-
mants who cannot read, the researcher can state three condi-
tions (for example, illnesses a, 4, and ¢) and ask the informant
which conditions are similar and different [4]. However, for illiter-
ate informants, a large number of conditions can make this process
difficult. Therefore, it may be more effective to use pictures or
drawings to indicate different conditions.

The data obtained from the pile-sorting technique can be
organized into a similarity matrix in a manner similar to a cross-
tabulation, with illnesses occupying the rows and columns of the
matrix to indicate the conditions that appear together most often
[23]. A multivariate analysis can be used, such as non-metric
multidimensional scaling (MDS), to facilitate observation of the
illnesses that present in clusters [24].

Standard free listings, in which the informant list items for the
domain in question, are generally used to identify items within a
specific cultural domain (i.e., the researcher can ask the informant
to “list all types of ____ ) [25]. Depending on the research objec-
tives, the researcher can first ask the informant to list illnesses and
to develop a free list of known conditions. Then, the informant can
be asked to list the symptoms and treatments for the illnesses indi-
cated, creating additional free lists derived from the first list in a
process known as successive or multiple free listing [21].

The data from these multiple free lists can be transferred to a
illness (symptoms and treatment) x items matrix, in which illnesses
occupy the lines and symptoms/treatments occupy the columns.
This matrix can contain binary data (0 and 1) according to the type
of item (symptom and treatment) for each illness on the corre-
sponding line. The case receives a value of 1 if the item corre-
sponds with the illness and 0 otherwise, as shown in Fig. 1. Once
the matrix is constructed, the researcher can compare the different
illnesses based on various items (symptoms and/or treatments),
and a correspondence analysis can be performed (Fig. 1). This
analysis indicates whether the illnesses are closely related based on
the characteristics of recognized symptoms and treatment [25].
That is, the more similar the symptoms and treatment of two ill-
nesses, the closer these illnesses will be than other health problems
at the end of the analysis. Finally, an analysis of similarity (ANOSIM)
can be used to check the consistency of the different groups formed
by the correspondence analysis.

A researcher can also conduct separate analyses to understand
how illnesses are organized based on symptoms. Similarly, one can
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Symptoms | Treatments

abcldef
Ilness1/11 00100 1

Matrix A HOness2/0 1 111 1| — | Correspondence analysis
Tiness3{1 11001
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Illness 1{1 0 O Tlness1{1 00
Matrix B Ilness 2(0 1 1 Illness2|1 11 Matrix C
Mness 3(1 11 Tllness 3|0 0 1

zl ;

Correspondence analysis Correspondence analysis

Fig. 1 Example matrices constructed from successive free lists and the corre-
spondence analysis. Matrix A: presence and absence of symptoms presence and
absence of symptoms and treatments obtained in free lists for each illness.
Matrix B: presence and absence presence and absence of symptoms that
describe each condition. Matrix C: presence and absence of treatments presence
and absence of treatments (e.g., species) given by informants for each condition.
(1) The use of a correspondence analysis to observe the ilinesses proximity to its
symptoms and treatment characteristics. The researcher can use the correspon-
dence analysis to understand how illnesses are organized based on symptoms
(2) and treatments (3), separately. Adapted from Ryan et al. [25]

perform separate analyses of illnesses and treatments to obtain
responses about the organization of illnesses (i.e., illnesses nearer
to the symptom characteristics or the treatment used) (Fig. 1). As
noted, in addition to being simple to administer, successive free
listing can be used with both literate and nonliterate informants to
provide an analysis that allows for the observation of multiple rela-
tionships between the items studied [25].

The criteria used by people to make decisions can be accessed
through decision models [26]. These descriptive models aim to
investigate the criteria used by informants to choose one specific
treatment (plant or animal) over another to cure illness conditions.
In using these models, it is assumed that people have a pattern of
response to certain illness situations in daily life. That is, a illness
situation (a problem or challenge) can be resolved with a treatment
or a combination of treatments that are considered the best solu-
tion to the problem or illness. This solution is retained for future
use if the same problem occurs. However, the model cannot be
regarded as static because changes occur when new solutions are added
and others decline with the passage of time [26].
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3.5 Therapeutic
Itinerary

Box 4 The main questions that can guide research using decision
models. Adapted from Hill [26]

1. What are the treatments (plants and/or animals) that members of the
group consider useful in treating the health problems?

2. What are the criteria that people use to select these treatments?

3. What are the sets of rules to organize criteria (i.e., how are the criteria
organized to make a choice)?

The criteria used by individuals to make decisions may be
arranged into rules that form a set of criteria for choosing a par-
ticular treatment. For example, a rule can be written as follows: “IF
a child has blood in the stool AND swollen glands OR is vomiting,
THEN ask medical advice” [26]. In this example, three criteria are
established to choose an action for medical treatment. Two criteria
must be presented together, such as “bloody stools” and “swollen
glands,” to perform the action “seek medical advice” (Box 4).

First, it must be determined which cultural domain needs to be
investigated, such as a illness condition or a specific set of illnesses
of interest for the study. Thus, a researcher can obtain information
from interviews using the free listing technique, in which the infor-
mant is asked to list the treatments used for each health problem.
Once the treatments are listed, the researcher can seek to identify
the criteria used to choose them. To do so, the treatments can
be written, or photos can be shown and the informants choose the
treatments used for each illness. After this, the informants can be
asked for the reasons used to select each treatment, yielding the
choice criteria. Thus, the researcher can construct a model of how
decisions are made based on the example below (Box 5).

The therapeutic itinerary follows principles similar to those
described for the decision models. The therapeutic itinerary is a
descriptive, qualitative approach in which the researcher secks to
understand the paths taken by a person faced with a health prob-
lem that demands attention and the treatment options available
locally. Based on the itinerary, the researcher can assess the influ-
ence of social, economic, and other factors that may interfere with
the formation of illnesses as well as the study subjects’ choice of
treatment [27, 28]. An effective study requires an in-depth analy-
sis. Therefore, it is practically impossible to follow multiple people
in a community.

The researcher reports the accounts of the patients and/or
their families to reconstruct the illness episode and the approach
used to solve the problem. An interesting aspect of this approach
is that the researcher can access people’s interpretations of the
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Box 5 Example for the construction of decision models. Adapted from
Hill [26]

Rule 1

IF criteria (1) (for example, a person has the
condition X) OR
criteria (2) (for example, a person has the

symptom Y) OR
criteria (3)
THEN treatment A (for example, plant a)

Rule 2

IF criteria (4) (for example, a person has the
condition 7)

THEN treatment B

Rule 3

IF criteria (5) (in this case, the treatment B
did not cure the condition Z)

THEN treatment C

Rule 4

IF criteria (6) (in this case, the treatments
used in rules 2 and 3 did not cure the condi-
tion Z) AND
criteria (7) (in this case, the disease has
lasted more than a week)

THEN treatment D (for example, take the person to a
doctor)

Adapted from Hill [26].

problem and the actions taken. It should be emphasized that the
therapeutic itinerary is developed from in-depth interviews, so
the researcher must work with a small set of interviews (10-20
interviews) and must be careful not to extrapolate to an entire
community by assuming that these routes are standardized within
a culture or are identical for the same types of culturally recog-
nized illnesses (nosological categories). These studies may take
different approaches; for more information, see, for example,
Kleinman [16].

By studying traditional medical systems, some researchers record
information provided by the members of a culture and rely upon
the informants” memory. The memory of a phenomenon can have
various influences that can certainly influence the reports obtained.
When, due to logistical issues, a researcher cannot use participant
observation to access directly a phenomenon, a therapeutic calen-
dar can provide an interesting alternative. The therapeutic calendar
consists of a monthly calendar on a sheet of paper on which the
researcher records the events of the illness and treatment of a fam-
ily and /or person through periodic visits at intervals defined by the
research objectives (Box 6).
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Box 6

The following information must be collected to build a therapeutic

calendar:

1. Health problem.

2. Symptoms recognized.

3. How was the problem handled?
3.1. What were the remedies used?

3.2. How was each remedy prepared?

3.2.1. What was the dosage of each medication?

4. Did the patient improve?

4.1. If so, what were they?

5. What was the duration of treatment?

The researcher can adopt three approaches:

1. Periodically visit the family to record a recent episode.
Limitation: time availability.

2. Ask the patient or family member to record the episodes.
Limitation: need for literate informants.

3. Integrate into the research team a community health agent to
record illness events in families. Limitation: membership of

these professionals.

4

Final Considerations

There is a variety of methods for studying medical ethnobiology,
and some of the main methods were addressed in this chapter.
However, the researcher can choose which methods to use or to
adapt depending on the objectives of the research. Many of these
methods have been widely used in anthropological studies, but few
have been explored in ethnobiological studies. These studies must
incorporate the methods described above, as well as others, to
understand how natural resources are integrated into different
forms of treatment within different concepts and perceptions of
health and illness in human groups.
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Chapter 9

Introduction to Botanical Taxonomy

Alessandro Rapini

Abstract

Botanical taxonomy delimits groups of plants and describes and names taxa based on these groups to identify
other members of the same taxa. The circumscription of taxa is directed by the principles of classification,
and the name assigned is governed by a code of nomenclature. However, changes in the principles of clas-
sification and information accumulated from different sources affect taxon circumscriptions and, conse-
quently, the meaning of scientific names. This process is continuous but, by governing the application of
names, nomenclature has enabled the construction of a sizable body of plant knowledge. Taxonomic
works store botanical information, and scientific names permit the access to and linkage of this information
synergistically, thus enhancing the knowledge regarding plants and disseminating it in space and time.

Key words Classification, Description, Identification, Naturalists, Nomenclature, Phylogenetics,
Plant systematics, Scientific names

“Nature produces individuals, and nothing more. She produces them
in such countless numbers that we are compelled to sort them into
kinds in order that we may be able to carry them in our minds. This
sorting is classification—taxonomy.” [1]

Ethnobiology investigates the folk knowledge of human inter-
actions with organisms [2]. Traditional societies are intimately
dependent upon local environment where they have found mate-
rial to supply most of their demands—food, shelter, clothing,
implements, utensils, medicaments, instruments, etc.—for a long
time [3]. Therefore, ethnobiology can provide critical knowledge
in assessments of biodiversity and sustainable conservation and is
currently considered a priority area in biological sciences because
traditional knowledge and biological diversity are both being rapidly
lost [4].

Although folk classifications are structurally arranged following
general principles [5], a plant may have different local names and a
vernacular name may be used as reference to different plants.
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Consequently, common names cannot substitute scientific names,
and appropriate procedures for recording plant species should be
followed to reach best practice and guarantee high standards of
scientific works in ethnobotany: first, a voucher specimen identified
by the local informants should be collected and placed in a
herbarium to be used as reference to this record; second, the her-
barium specimen should be identified by a competent botanist;
and third, the correct scientific name of the plant and its author(s)
should be mentioned in the article as well as the voucher specimen
and the botanist responsible for its scientific identification [6].
Therefore, the accuracy, reliability and quality of plant informa-
tion to accomplish the best practice in Ethnobotany rely essen-
tially on the taxonomy, which is a basic requirement to any
biological science.

Taxonomy is the discipline responsible for ordering the diversity
of life: it provides a synthetic method to classify and designate
organisms, allowing efficient communication. The discipline of
taxonomy arises from the combination between the principles used
to arrange biodiversity and the procedures established to name its
components. As an inductive method by which we organise the
universe, classifications are anthropocentric constructions devised
with particular interests and assumptions: they group objects and
create classes (intention) based on their properties in such a way
that other objects (extension) of that same kind will also belong to
those classes. In taxonomy, the organisms are the objects, and taxa
are the classes [7] or natural kinds of a sort [8]. Taxa are concepts
or statements defined by common properties or the relationships
of their members: they are created but do not have physical exis-
tence; they can be modified but do not evolve; they can be aban-
doned but do not become extinct [9].

The function of taxonomists is to delimit, describe and name
taxa in such a way that organisms are identified by their conformity
to these taxa. The primary role of taxonomy, therefore, is to circum-
scribe taxa and create a hierarchical system of classes. These classifi-
cations can be constructed with different aims. Some are only
operational and are designed to be simple and stable, whereas others
favour the empirical content, synthesising the knowledge of groups
or investing in predictions. Lastly, some classifications are theoretical
and represent entities in action or the result of natural processes.
Considering that plants are highly diverse and widespread and also
that they have long been used by humans in different parts of the
world and with different purposes, it is not surprising that different
systems have been proposed to classify this group. In this chapter,
botanical taxonomy is introduced considering three integrated com-
ponents of the systematisation of plant diversity: (1) the principles
of classification, (2) botanical nomenclature and (3) description
and identification.
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1 Systems and Principles of Plant Classification

Although Aristotle is widely known as the first naturalist,
Theophrastus (371-287 B.C.), his pupil, is recognised as the father
of Botany (important events for the history of plant taxonomy
since then can be found in [10, 11]). Theophrastus described
approximately 500 plants. He was the first to name plants and con-
template how they should be ordered by using characters, such as
their habit (herbs, sub-shrub, shrubs and trees) and their utility for
humans (wild and cultivated plants), as criteria for their grouping.
After the books in Alexandria had been burned, Theophrastus’
contribution became largely ignored for more than 1,500 years,
until his Enquiry to Plants was translated back into Latin by
Teodoro of Gaza in the fifteenth century from an Arab manuscript
discovered in the Vatican library.

Theophrastus was followed by Dioscorides, a Greek physician
who produced a field guide of useful plants, particularly for medi-
cine, and by Pliny, a Roman lawyer who compiled most of the
natural history information that had accumulated up to his life-
time. Dioscorides” Materia Medica (approx. 600 plants) and Pliny’s
Natural History (approx. 800 plants) were published almost at the
same time (60-80 A.D.) and became the main botanical references
during the Middle Ages (fifth to fifteenth centuries A.D.). In
Medieval times, Arabian contributions to plant knowledge were
restricted to innovations in agriculture and medicine, in addition
to reproductions of earlier manuscripts.

Natural history was reborn during the Renaissance. The
German herbalists Brunfels, Bock, Cordus and Fuchs produced
their own botanical-medical books, and the herbals spread to
Holland, France and England. With the great exploratory travels
during this period, many curious new plants arrived in Europe
from the Orient and the New World, and in the sixteenth century,
universities began to devote attention to the study of plants.
Plantsmen were also interested in describing plants and not
merely their uses, as most herbalists did. In Italy, Luca Ghini set
up the first European botanical garden in Pisa, and his student
Andrea Cesalpino prepared a herbarium (collection of dried plant
specimens) in Bologna, now housed in the Natural History
Museum in Florence.

Cesalpino renewed Theophrastus’ search for order and advo-
cated for a method to organise plants according to their affinities.
He also used plant growth, a character recurrently employed in
several systems, from Theophrastus (approx. 300 A.D.) to
Hutchinson (the 1970s), but associated it with the properties of
fruits and seeds. Cesalpino’s method for plant classification was
further improved by John Ray. Ray had included more than 18,500
“species” of plants in his Historia Plantarum (1686-1704),
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therefore a method for the arrangement of these plants was needed.
Ray employed plant growth as a primary criterion, associating it
with the number of cotyledons, a character influential in subse-
quent systems. According to Ray’s Methodus Plantarum Emendata
(1703), the method of classification should be suggested by the
plants and not imposed to them: groups should be ordered accord-
ing to their affinities, and they should be clearly recognised and sta-
ble enough to avoid confusion. Ray was establishing a new scientific
discipline for plantsmen: Taxonomy (a term only introduced by
Augustin Pyramus de Candolle more than a century later), thus
establishing a course for Linnaeus’ contributions.

In Species Plantarum, published in 1753, the Swedish botanist
Carl Linnaeus named 5,890 species of plants and 1,097 genera
from different parts of the world. Linnaeus was the first to apply
Latin binomials consistently and to use a hierarchical system of
classification considering five categories—species, genera, orders,
classes and kingdoms; most previous treatments used polynomial
tags describing diagnostic features and scarcely recognised catego-
ries above genus. His concept of species was derived from John
Ray, whereas his concept of genera was based on the nearly 700
genera considered by the Frenchman Joseph Pitton de Tournefort
in the 1700s. The simple standardisation promoted by Linnaeus
for naming taxa has been incorporated in botany since and is still in
use today. His sexual system was one of the first to emphasise floral
features in classification, recognising 24 classes based on the num-
ber and arrangement of stamens and subdividing these classes into
orders according to the number of pistils. Nevertheless, Linnacus
was not strict with his own artificial method and eventually included
species with different numbers of stamens in the same genus,
species that otherwise would be treated as different classes [12].
Following Ray, Linnaeus also thought that characters should be
designated by taxa, and not the contrary, and believed that natural
groups existed, though it was impossible for these groups to be
revealed at that time. An advancement in this direction would
have to wait for Genera Plantarum, which was published by the
Frenchman Antoine Laurent de Jussieu in 1789.

Describing genera and orders (currently, termed families) and
grouping them into classes (now, orders), de Jussieu’s work on
100 families is the basis of our current system. He recognised
groups with more than 1 and less than 100 members, a reasonable
range to favour memorisation. Similar to the earlier Frenchman
Michael Adanson, de Jussieu also proposed a synthetic system
based on general similarities, defining groups based on a combination
of different characters; however, unlike his fellow countryman,
he considered the features within groups to be invariable. De
Jussieu’s system was followed by other natural systems. The Swiss
professor of Botany Augustin Pyramus de Candolle, for instance,
initiated the Herculean effort to describe all vascular plants in his
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Prodromus Systematis Naturalis Regni Vegetabilis. This work was
started in 1824 and was continued by his son and grandson,
Alphonse and Casimir de Candolle, respectively, not to have the
dicotyledons completed until 1873. By this time, the number of
species was approaching ten times the number that Linnaeus had
considered. Natural systems were also constructed by, for instance,
the Englishmen Bentham and Hooker, who prepared the 3-volume
Genera Plantarum (1862-1883), and later, by the Germans Engler
and Prantl in their 23-volume Die Natiiviichen Pflanzenfamilien
(1887-1915).

Although artificial systems are based on a single or few characters
selected a priori, such as in the sexual system of Linnaeus or in
herbals in which plants are often arranged according to their uses
and effects, natural systems are polythetic: they are based on many
characters, grouping plants with a large number of correlated attri-
butes. Accordingly, a natural classification is expected to be more
useful and informative than an artificial one and to offer a higher
predictive value [13]. However, different from what has been
largely disseminated since the mid-twentieth century [10, 14-16],
these pre-evolutionary systems were not essentialist. They used
exemplars (or types) as references to associate other members
according to their overall resemblance. Therefore, groups were
formed around these models and not defined because of essential
features found for Platonic types [17]. In fact, evolutionary prin-
ciples had little effect on taxonomic methods; what changed was
the way classifications were explained [12].

Darwin was aware that taxonomic categories were construc-
tions defined by convenience and that classification was a logical
process that synthesised much information in few words [18].
However, he did not agree with the natural systems of his time
because they did not consider genealogical relationships in their
classifications. For him, degrees of similarity should be used only to
reveal descendant from a common ancestral stock upon which taxa
should be based [19]. Although Darwin was already appealing for
a type of phylogenetic classification, more than a century would be
required for it to become consolidated in botany.

In 1915, the American Charles Bessey, a student of Asa Gray,
proposed an influential system, in his Phylogenetic Taxonomy of
Flowering Plants. Despite the title, his system was evolutionist.
Following Ray and de Jussieu, Bessey also employed the number of
cotyledons as an important character, and most subsequent evolu-
tionary systems to the end of twentieth century, such as those
proposed by Armen Takhtajan, Arthur Cronquist, Robert Thorne
and Rolf Dahlgren, continued to divide flowering plants into dicots
and monocots. These evolutionary authors employed an enormous
amount of information, from phytochemistry and anatomy to
ordinary morphology and ecology, to infer evolutionary relation-
ships. Taxa were then constructed based on groups, as revealed
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by a combination of common evolution and degree of similarities
and differences.

Given the complex mosaic of features, evolutionary authors
devote particular attention to different parts of the plant. Weights
are usually given to some characters, and classifications depend
greatly on the author’s judgment. Consequently, evolutionary
systems also address a high degree of subjectivity and are usually
supported based on the authority and experience of their propo-
nents rather than on their utility or objectivity. As a reaction, a
numerical taxonomy [20] emerged. Because plant features can be
observed but ancestral relationships can only be inferred, some
authors advocated for classifications objectively based on the amount
of similarity; they were calling for repeatability and more objectivity
in systematics.

Although the German entomologist Willi Hennig published the
book Phylogenetic Systematics in the mid-1950s, phylogenetics only
became popular in botany decades later. Introduced by Bremer and
Wantorp [21], the phylogenetic approach soon changed the way
plants were classified. In a phylogenetic system, classifications must
consider only monophyletic taxa (also treated as “holophyletic”
by some). Monophyletic groups (or clades, then cladistics) are those
that include a common ancestor and all its descendants; conse-
quently, these groups are recognised by synapomorphies, i.c.
features shared because of their common ancestry. Therefore, a
phylogenetic classification requires, before anything else, hypoth-
eses of ancestral relationships, which are usually depicted in a phylo-
genetic tree: a branched diagram composed of internal nodes,
representing hypothetical ancestors, and terminals, representing
organisms. Similar to an artificial system, phylogenetic classifications
are also based on a single property of their members, also established
a priori: common exclusive ancestry, even though many characters
are usually considered to reconstruct this relationship.

Both evolutionary and phylogenetic systems recognise only
groups derived from a common ancestor, thus preventing the rec-
ognition of polyphyletic groups, those recognised by homoplasies
(convergences or reversions), i.e. features that appear more than
once independently. Nevertheless, in addition to clades, evolution-
ary systems also recognise grades (paraphyletic groups), which are
conveniently decoupled from the immediately nested clades
because of their degree of dissimilarity. Grades are recognised by
symplesiomorphies (or the absence of synapomorphies), i.e. fea-
tures that were present in their common ancestor but derived in
some of its descendants (Fig. 1). Grade members are not necessar-
ily closely related to each other and may share a more recent ances-
tor with members ofanother group. By accepting only monophyletic
groups, phylogenetic systems reduce the subjectivity of recognis-
ing grades based on the amount of their similarity. Nonetheless,
many alternative clade classifications are also possible based on a
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W symplesiomorphy
Poliphyletic Paraphyletic

Fig. 1 Phylogenetic tree, with the terminals (7—6) and internal nodes (7-177)
numbered. Taxon X is recognised by the feature W and includes terminals 7, 2, 5
and 6 (a). Through this information, it is possible to conclude that X is not mono-
phyletic. However, to decide the phylogenetic nature of a taxon, it is necessary to
ascertain whether the common ancestor of its members (77, in this example)
is included, which can be accessed only by convention or by understanding the
evolution of taxon intension (W, in this example). If feature W appeared twice
independently (convergence), then Taxon X is polyphyletic (b). However, if feature
W appeared only once, Taxon X is recognised by a feature present in the ancestor
but not in all its descents (symplesiomorphy); that is, X is recognised by the
absence of W; and W, (c)

phylogenetic tree. Thus, secondary principles of classification must
be considered to assist taxonomic decisions; among them, Backlund
and Bremer [22] listed the general stability and phylogenetic con-
tent and confidence (support) and diagnosability of clades.
Although different assumptions, analyses and data sources can
be used to reconstruct the phylogeny of a group, nothing can
guarantee that the true phylogeny will be completely revealed.
Adding data and improving analytical procedures are obvious strat-
egies to achieve results that are close to the correct ones, and prog-
ress in our knowledge of plant relationships directly affects the
taxonomy of these groups. Up to the 1980s, most phylogenetic
studies with plants included few terminals and were mainly based
on morphological data using parsimony. According to the parsi-
mony criterion, when presented with alternative hypotheses, the
simplest should be preferred; phylogenetically speaking, this means
trees with less homoplasy. However, parsimony is a philosophical
criterion and not a biological one: nature is not necessarily simple,
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and parsimony, in several situations, can be inconsistent [23].
Regardless, morphology is an extremely complex source of data,
and different authors often interpret it differently. Furthermore,
morphological comparisons are not possible for or are questionable
between distant groups, and features are often affected by the envi-
ronment, offering adulterated evidence of relationships. Indeed,
trees based on morphology alone are usually poorly resolved, and
the few clades are barely supported.

In the mid-1990s, evidence based on molecular data was
already surpassing morphology, and this soon became the main
source of data in phylogenetic studies, either in combination or
not with morphological data. This shift was possible mainly due to
molecular sequencing and computational progress and was respon-
sible for important advances in plant systematics. Because DNA is
the source of heritability, molecular data are the most direct evi-
dence of ancestral relationships available. Nucleotide sequences are
stored in electronic databases, such as GenBank (http://www.
ncbi.nlm.nih.gov/genbank /), currently with more than 135 mil-
lion DNA sequences, and can be easily accessed by the scientific
community. The task of recognising the four character states of a
nucleotide sequence is straightforward, though sequences are not
available for every taxon, and their comparisons are not always
simple or unambiguous. With the predominance of molecular
data, parsimony analyses are also losing space to model-based anal-
yses. Empirical and theoretical advances on molecular evolution
favoured the implementation of more reliable models of nucleo-
tide substitution. Currently, most phylogenetic studies in plants
use DNA sequences, eventually combined with morphology or, in
a genomic approach, considering whole-plastid DNA, and employ
maximum likelihood and/or Bayesian inference analyses, often
associated with the results from parsimony analyses.

The impact of phylogenetic systematics in botanical taxonomy
was enormous. Comprehensive classification systems, such as those
proposed for flowering plants [24] and ferns [25], are rooted in
phylogenetic results and emerged from consensual collaborative
works. Vascular plants were divided into Lycophytina and
Euphyllophytina (including seed plants and monilophytes), and
the pteridophytes are no longer recognised as a taxonomic group
[26]. For monilophytes, the Psilotaccae and Equisetaceae are
known to be closer to the eusporangiate ferns Ophioglossaceae
and Marattiaceae, respectively [27]. For angiosperms, Amborelln
trichopoda is sister to the rest of angiosperms, forming a grade with
Nymphaeales [28], including the graminoid Hydatellaceae [29].
In evolutionary systems (e.g. [30]) Amborella (in Laurales) and
Nymphaeales belonged to the subclass Magnoliidae of
Magnoliopsida (dicotyledons), whereas the Hydatellaceae were
treated as Liliopsida (monocotyledons). Traditional groups, such
as the dicotyledons, have been abandoned, and informal groups,
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such as the eudicots, have been incorporated in classification.
The changes at lower levels are also remarkable: some families were
disintegrated, including Scrophulariaceae, the members of which
were divided into five families [31], whereas others, such as
Apocynaceae and Asclepiadaceae, were amalgamated [32]. Most
phylogenetic results are absorbed relatively quickly by botanists and
are incorporated in textbooks for undergraduates (e.g. [33, 34]).

2 Principles of Nomenclature

Our principles of classification direct how plants should be organ-
ised. However, taxonomy would be handicapped if there was not a
system to govern the application of scientific names independently
of these principles. Botanical nomenclature is constantly being
refined to better serve taxonomy. Its function is to offer clarity,
universality and stability for plant names. New propositions are
discussed every 6 years in a nomenclatural section, 1 week before
the International Botanical Congress. Although changes have been
gradually incorporated into the nomenclature code [35], the
Melbourne code is an example of how such changes can be revolu-
tionary. First of all, rather than International Code of Botanical
Nomenclature, the new code is titled Code of Nomenclature for
Algae, Fungi, and Plants. More importantly, since 2012, an elec-
tronic publication is effective, as long as it is published in a journal
with an ISSN or book with an ISBN and in PDF format, and the
diagnoses of new names, in addition to Latin, can also be in
English. Previously, a publication would have to be printed and
distributed in at least two public libraries to be eftective, and a Latin
diagnosis or description was mandatory for the valid publication of
new plant names [36]. These changes began to work before the
publication of the Melbourne code and will certainly increase the
rate at which new taxa are described, favouring floristic studies, par-
ticularly in megadiverse and still poorly known regions.

The code of nomenclature for plants is composed of articles,
recommendations, examples and notes and is independent of
the codes for animals, bacteria, viruses and cultivated plants. The
names are Latin or Latinised and must be validly published to be
recognised; they follow the binomial, hierarchical system, estab-
lished since Linnaeus, 260 years ago. Taxa are named according to
their taxonomic rank. Species names are binomial and composed of
the specific epithet following the name of the genus; names above
species level are uninomial and begin with a capital letter. Names at
the genus level and below are written in italics; those below species
also consist of an infraspecific epithet and must have their rank
explicitly indicated: subspecies (subsp.), variety (var.) or form (f.).
Cultivars can be written in modern language using single quota-
tion marks, e.g. ‘Grape Cooler’. Hybrids are denoted by the
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multiplication sign “x” or the prefix “Notho-” and can be written

as a formula (or as its own combination), such as Oenothera bien-
nisx O. villosa (or O.x drawertii). Above the genus level, catego-
ries are usually flagged by a suffix denoting their rank. Seven
taxonomic categories are mandatory—species, genus, family
(-aceae), order (-ales), class (-opsida), phylum or division (-phyta)
and kingdom (-bionta)—but others can be recognised at a level
between them, usually using the prefix “sub” or “super,” such as
subclass (-idae) and superorder (-anae).

Nomenclature does not establish ranking criteria, and taxa are
assigned to categories by convention. Categories differ only by
their degree of inclusion. When taxa share organisms, those at
higher categories are more inclusive unless there is a redundancy
between taxa. Circumscriptions of such taxa are broader, and the
information is more generalised; consequently, their intensions are
more comprehensive than those at lower ranks. Taxa at the same
rank are exclusive: they do not share organisms. It is always impor-
tant to consider that ranks are designed by convention and conve-
nience: they are comparable only by designation and not by any
biological or natural meaning [37, 38]. The use of categories has
been questioned as a source of instability, and some scientists are
accepting only species and clades, as with the Phylocode [39, 40]
or “cladonomy” [41]. In the current Linnean nomenclature, how-
ever, categories continue to be a requirement for the application of
names, as they have informational content and are mnemonic
devices that have been successfully and universally applied for a
long time [42].

The general principle of nomenclature is that every taxon must
have only one correct name; these names must be validly published
and legitimated. The discernment between alternative names is
taxonomically guided by the type of method and assisted by the
nomenclatural principle of publication priority. Since 1958, authors
must designate a holotype to validly publish a new name. The
holotype is the specimen or illustration designated or used by the
author of the species (or a taxon below species) to which the name
is attached. Duplicates of a holotype are isotypes. However, types
were not always mandatory and, in ancient literature, names were
published without an explicit reference to any type specimen. In
some of these cases, the holotype can be inferred; but in others, a
lectotype must be designated from the original material (syntype)
as nomenclatural type. A lectotype must also be designated among
the isotypes when the holotype is missing. However, when no orig-
inal material is available, a neotype must then be designated for
the name. Lastly, an epitype can be designated to assist in the
precise application of the name when its type is insufficient.
Certainly, the type method is central for nomenclature procedure.
However, it is important to emphasise that types are designated by
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convention and are attached to taxon names only; the taxa
themselves do not have any type.

When more than one type is considered in the same taxon,
there will be competing names for that taxon. In these cases, the
principle of priority must be invoked to discern which is the correct
name: the name that was published first has priority and is the cor-
rect name of that taxon (equivalent to a valid name in zoology);
the names that are published later are heterotypic synonyms. This
is an ancient principle of nomenclature that was already formalised
in the nineteenth century. However, it can be abandoned in favour
of nomenclatural stability. To avoid disadvantageous changes, a
widely used name, particularly one with major economic impor-
tance, can be conserved, regardless of its priority of publication,
whereas others can be rejected. The principle of priority is appli-
cable only at the level of family and below, and names have no
priority outside the rank in which they were published.

In botany, tautonomy—species names whose generic and
specific names are the same—is invalid. To be valid, names must
also be accepted as correct by their authors in the original publica-
tion. A correct name of a species or infraspecific taxon is the com-
bination of the legitimate final epithet in that rank and the correct
name of the genus or species. The authors of the basionym (origi-
nal combination of a species) of a later combination appear between
parentheses, as in zoology; in botany, however, the author names
are followed by the authors of the correct combination. A name can
be illegitimate either because it is superfluous, i.e. its type was previ-
ously applied to another name, or because it is a posterior hom-
onym, i.e. it was already used for another taxon at that rank. Because
a scientific name must be assigned to only one taxon, a posterior
homonym requires a substitute new name.

3 Taxonomic Works:

From Descriptions to Identification

Classification is a continuous process. Taxonomists may disagree
about taxonomic concepts and can always find new evidence to
change their own taxonomic opinions. Disagreements may have dif-
ferent causes, and evidence may originate from different sources.
For instance, although a taxonomist can consider two morphological
variants distinct enough to be recognised as different species, another
taxonomist may recognise them as parts of the morphological varia-
tion of a single species; in the latter case, the two species will be con-
sidered synonyms. Given that a taxonomy based on phylogenetics
must reflect ancestral relationships, the discovery of unexpected
ancestral relationships may require taxonomic changes, and these
changes may affect the circumscription of taxa, potentially changing
the name of a species. For instance, a new family can be created or an
old one resurrected to comprise individuals of a clade without



134

Alessandro Rapini

requiring any nomenclatural change at the species level. By contrast,
a closer relationship of a species with the species of another genus will
require its transference and, consequently, a new combination.
Changes may also be required in favour of clarity and universality, for
instance, when a name is found to be superfluous or a posterior
homonym.

Currently, taxonomic changes most frequently result from new
phylogenetic information. This is a sign of scientific progress, in
contrast to taxonomic stability, which may only reflect ignorance
and not necessarily correctness [43]. Taxonomists are responsible
for critically evaluating new information and incorporating this
information into classifications. As this process often implies taxo-
nomic rearrangements and nomenclatural changes, it is important
also to update identifications continuously.

Identification consists of assigning scientific names to organisms
of yet-unknown classification. There are several strategies for plant
identification [44]. A common procedure is to assign this task to
taxonomists, the specialists of the group, as a specialist can best apply
his/her experience to provide a rapid and accurate identification.
However, taxonomists are not always available; thus, other strategies
must be attempted. In such cases, plant identification may also be
achieved by consulting specific monographs, technical works that
are complete and scientifically accurate. Monographs usually com-
bine complete nomenclatural information, detailed descriptions and
high-quality illustrations, comments on taxonomy, phylogenetics,
nomenclature, ecology and geographic distribution (usually with
maps of occurrence); analytical keys for taxa identification and an
initial section introducing the morphology of the group are also
included in a thorough monograph. In these treatments, species
are arranged in alphabetic order, favouring direct individual queries,
or according to their relationships, favouring comparisons of
closely related taxa.

When the complete taxonomic and nomenclatural information
is included, the correct name of the species is followed by the
authors and original reference of the combination. Starting with the
basionym, the other homotypic synonyms, with authors and refer-
ence, are included in sequence, after the data for the correct name,
according to the publication date. Similarly, heterotypic synonyms
are included below the correct name header, each starting on a dif-
ferent line, usually listed by the publication date of their basionym.
The types of heterotypic names appear at the end of each header,
with an indication of whether they were examined by the authors
of the work.

Plant descriptions should be standardised and compact but
clear and precise. For instance, verbs, articles and conjunctions can
be eliminated, but the type of measures must always be specified,
even when this seems obvious. The method for description is
frequently the same as that used in ancient times, which Winsor [17]
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named “method of exemplar”. An initial description is prepared
based on an example of the taxon, and the variation is added by
including attributes of other exemplars of that taxon. Nevertheless,
other methods can be employed, such as the combination of
DELTA (DEscription Language for TAxonomy; [45]) format and
Lucid software (http://www.lucidcentral.com) to construct sharp
and parallel descriptions in natural language and consistent keys for
identification directly from original databases. Descriptions in tax-
onomic revisions are complete because these monographs are
expected to be more definitive and universal references. In con-
trast, the intention of a floristic work is to discriminate species from
a certain region; their descriptions comprise only the variation
found in the study area and should be shorter, long enough only
to provide the recognition of those species. The importance of
floras in botanical literature is recognised for a long time and they
were the first and one of the main sources of plant knowledge for
beginners. In the last decades, however, checklists, electronic keys
and illustrated guides, rather than classical descriptive floras, have
reached a wider audience [46].

Illustrations have been popular in botany since the Juliana
book. The work was given to her by the townspeople of Honorata,
Constantinople, in 512 A.D. Designed for the illustrations, the
book included 383 plants from Dioscorides” work [11]. Since
then, illustrations have become more common, helping users to
interpret descriptions and identify plants. Pictures can also be very
attractive and helpful, particularly for fresh plant identification and
are largely used in field guides. Line drawings are recommended to
illustrate diagnostic details; they must bear accurate scales, allow-
ing feedback consultation with descriptions, and legends should be
detailed, indicating the specimens used for drawings.

As a scientific work, a taxonomic study must include the mate-
rial examined by the authors, with the following collection infor-
mation: locality, date, phenological state, collector and number,
and herbaria of duplicates. However, some monographs are based
on hundreds of specimens. In these cases, it is recommended to
indicate a selected material representing the variation and distribu-
tion of the species, and include, at the end of the work, a complete
list of exsiccates, only with the collection reference (first collector
and number) and its identification (the species number, depicted
from its order in the treatment).

Since Lamarck, the characters used in identification keys are
decoupled from those used for classification, allowing artificial,
pragmatic diagnostic keys designed for the easy identification of
taxa in natural (and phylogenetic) classifications. A key consists of
pairs of contrasting, preferentially mutually exclusive statements,
which are sequentially followed by the user as they best fit the attri-
butes of the specimen to be identified until a taxon is reached.
The inclusion of more attributes per statement is preferred, as long
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as these attributes are simple and easy to observe. Keys are tradition-
ally dichotomous and can be numbered or indented. In numbered
keys, statements of a pair are adjacent, and the next statements are
indicated by numbers. In an indented key, statements are organised
sequentially, departing gradually from the left, without the necessity
of numbers to indicate further statements. Some keys include refer-
ences to representative illustrations of the attributes; others can be
richly illustrated and presented as a diagram.

Different from printed dichotomous key, electronic keys
(e-keys) have multiple access, allowing interactive identifications.
Users can start at any character and follow different sequences,
delaying the use of missing or difficult characters, or they can use a
combination of attributes simultaneously (polyclave key).
Depending on the material available, morphological information
may not converge on a single taxon through the exclusive use of'a
key. Therefore, additional aspects, such as ecology and distribu-
tion, must be considered when comparing the possibilities to
decide which taxon best fits the specimen. E-keys permit constant
updates and can be accessed through the Internet or distributed in
CD format and can also be incorporated in small devices, becom-
ing useful in fieldwork.

Identifications must always be confirmed. A confirmation can
be performed initially by comparing the specimen with the descrip-
tion, illustration and comments of the species and later by compar-
ing the material with the specimens in herbaria, preferentially using
those identified by a taxonomist with experience in the group.
Exsiccates of different species, including types, can also be accessed
at synoptic virtual herbaria. If a monograph or a flora is not avail-
able, a checklist can help the user to know whether the taxon has
been registered in the region; however, its absence in a list cannot
exclude the possibility of a new occurrence.

DNA barcodes are another strategy for identification. They con-
sist of short, standardised DNA sequences that are conservative
within species but variable enough to discriminate between species.
This technology is particularly interesting because it permits identifi-
cation without conferring with a specialist and is based only on DNA
fragments. For animals, the mitochondrial COI gene is used as a uni-
versal DNA barcode; however, this region in plants evolves too
slowly, and other regions are being tested. To date, the best strategy
found is a combination of two plastid regions (matK and rbcL; [47]).
Although this method was unable to identify more than 25 % of
the species sampled, when the strategy is used at the regional level,
the success of identification is close to 100 %. Considering that the
region with most sequences available for plants, the 76cL gene, was
sequenced for less than 15,000 species and the diversity of plants is
approximately 380,000 species, we may understand why DNA bar-
codes for use in botany is still in its infancy [48].
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Taxonomic works are the documentation of our biodiversity.
First, publications function like birth certificate of new taxa. They
also register new information as data are being collected and join
them together in monographs, making the knowledge of plants
available to others and enabling its perpetuation between genera-
tions. In spite of that, taxonomic work is losing its place in the
scientific community. This is because such efforts are time-
consuming and publications are used mostly for consulting,
scarcely generating citations. However, taxonomy fits well within
the Internet, where space is not a limitation, such that data can be
continuously accumulated, illustrations can become available in
colour without additional costs, and information can be updated
and linked to a great assortment of related matters. Websites of plant
systematics can be phylogenetically ordered, such as the Angiosperm
Phylogeny Website [49], where orders of flowering plants are
accessed using an alphabetical index or using a phylogenetic tree.
Most orders of the tree are linked to another tree, but of families.
By clicking on a family name, users can access updated information
of that taxon, such as its diversity, internal arrangements and rela-
tionships, characters, and maps.

Currently, there are many websites that can assist plant taxon-
omy. TROPICOS (http://www.tropicos.org/), for instance, pro-
vides nomenclatural and taxonomic databases. With approximately
1.2 million scientific names, TROPICOS includes authorship, ref-
erences and type information, in addition to correct names, syn-
onyms and homonyms. For several names, users are only one click
away from the original work, some of which was published hun-
dreds of years ago. Images of types, exsiccates, illustrations and pic-
tures of fresh plants are also available. The website informs about
the chromosome number registered for the species and more than
four million specimen records. Links to other websites allow the
netizen to go directly to different digital collections, such as the
virtual herbaria of the New York Botanical Garden (http://sciweb.
nybg.org/science2 /vii2.asp), the Australian Plant Index (http://
www.anbg.gov.au/apni/), and the African Plant Database (http://
www.ville-ge.ch/musinfo,/bd /cjb /africa/recherche.php) in Geneva.
From TROPICOS, users can also visit the JStore Plant Science
(http:/ /jstorplants.org/), which combines images of exsiccates
and the classical literature associated with the species name, and to
The Plant List website (http://www.theplantlist.org/). Many
other doors open immediately from The Plant List. At this site, the
user can often confirm the status of the name, whether it is accepted
or not, and continue to other gateways, such as the Biodiversity
Heritage Library (BHL; http://www.biodiversitylibrary.org/)
and the National Center for Biotechnology Information (NBCI;
http:/ /www.ncbi.nlm.nih.gov/), with different possibilities of
information associated with that taxon, from literature to genetic
sequences.
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4

Final Remarks

Scientific names unite an intricate network of information. They are
like seeds travelling in space and time and work like keys for the
entire body of literature of the taxa they represent. Taxonomic
names guarantee the accumulation of knowledge and its transfer-
ence between generations, from naturalists to the current phyloge-
neticists, and have the power to disseminate this knowledge quickly
to any country, regardless of the language. However, plant names
should have meaning, and this is provided by taxonomy.
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Chapter 10

Analysis of Vegetation in Ethnobotanical Studies

Elcida de Lima Araujo and Elba Maria Nogueira Ferraz

Abstract

In this chapter, you will find information about (a) the problem of vegetation sampling regarding methods,
criteria, and plant measurements; (b) the phytosociological parameters commonly used to describe
communities; (¢) the similarity and distance indices employed and the means of their estimation; and
(d) recommendations on the use of different indices in ethnobotanical studies.

Key words Vegetation sampling, Plant measurements, Diversity of use of the vegetation

1 Introduction

Recent research in the field of conservation biology has highlighted
the importance of studies addressing the cultural relationships
between man and nature for defining (socially participative) strate-
gies that will contribute to the conservation of the biological diver-
sity of forests and to the maintenance of ecosystem functions [ 14 1.
In fact, the significance of such studies has increased in recent
decades, mostly because various ethnobiological studies have
adopted and /or adapted quali-quantitative ecological methods to
measure the value of natural resources for human communities and
to evaluate how use and /or use pressure have been modifying the
cultural form of the relationship between man and nature.

In addition, ethnobiological studies have sought to test
hypotheses regarding resource usage and to correlate them with
ecological theories to define current scenarios and project future
scenarios regarding the use and conservation of natural resources.
These studies question the sustainability of the usage practices that
exist in different cultures and suggest alternatives for conservation-
ist uses based on the knowledge of local populations. Thus, the
assessment of resource availability is being increasingly associated
with quantitative measures, such as use value and local importance,
among others. For examples, see [5-11].
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Regarding vegetation, which is the main subject of this chapter,
ethnobotanical research has been employing vegetation sampling
methods that characterize the floristics and the structure of plant
populations to correlate the quali-quantitative ecological charac-
teristics of vegetation fragments with human perceptions, values,
habits, and modes of resource use. It is also common for researchers
to begin studies by estimating the potential of useful resources
based on local knowledge.

Thus, we present the main problems faced by ethnobotanists
when performing ecological sampling of vegetation to obtain
a phytosociological characterization of an ecological community.
We also explore the parameters and /or indices used to evaluate the
community’s organization and the diversity of its use. The methods
and forms of analysis applied in vegetation studies are diverse and
are presented briefly. We will avoid extensive citations throughout
the text; however, all of the information and analysis techniques
presented here have a theoretical framework, and examples of
studies are listed in the bibliography provided for this chapter.

2 \Vegetation Sampling and Plant Measures

2.1 Selection

of the Study Area
and Determination
of the Sampling
Methodology

The criteria used to select a study area and to determine the
sampling methodology to be applied are various and depend on
the question addressed by each study. Such variability may be of a
political-administrative nature when the research question involves
more than one municipality, state or country, or an environmental
nature, such as related to the topography, climate, and vegetation.
Maps, aerial photography, satellite imagery, and interviews with
community members are useful tools for study area selection.

The selection of the vegetation sampling method must consider
what kind of statistical analysis will be performed on the dataset.
The most common sampling methods are random, systematic, and
preferential sampling types (see [12]).

When sampling is random, the sampling units are distributed
by chance, i.e., the location of the point where each sampling unit
will be placed is determined randomly (using a table of random
numbers, for example). This kind of sampling permits the use of
various statistical analyses and comparison of results within and
among the sampled areas.

In systematic sampling, a starting point is selected, and all
sampling units are set systematically from this point. The distances
between sampling units are generally fixed, and the units may be
set along straight lines, perpendicular to each other (fishbone), or
in various other orientations, with fixed distances between them.

Preferential sampling is subjective, requires previous knowl-
edge of the vegetation to be studied, and prevents the evaluation
of confidence intervals for the obtained data. However, there are
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Fig. 1 Schematic representation of the shapes and sizes of sampling plots

studies that, after preferential selection of a stretch of vegetation,
distribute the sampling units in a random or systematic manner.
In such cases, the obtained data may be subjected to statistical
treatment. Ethnobotanists have generally been opting for the latter
two procedures, often relying on the help of informants to select
appropriate stretches of vegetation for a study.

The question of the representative sample size is in vegetation
studies. For example, there was a great deal of variation in sample
size between ecological studies conducted in Brazil up to the 1980s
[13], which led to problems in comparing the results of different
studies. To solve this problem, in recent decades, the scientific
community has attempted to standardize sample sizes, with a
minimal sample size of 1 ha commonly being used to study woody
plants [14]. When the sampled area is smaller than 1 ha, the
obtained data are estimated for 1 ha to enable comparisons.

In ethnobotanical studies, the sampled area has ranged from
0.1 to 1.4 ha. The objectives and particularities of each study
determine the choice of the size of the study area in ethnobotanical
research. However, it is recommended that the sample size be stan-
dardized to 1 ha in studies of woody plants to facilitate future com-
parisons. In the case of studies that opt for smaller sample sizes, the
use of a rarefaction method prior to comparisons is reccommended;
this rarefaction method will be discussed in Sect. 2.7.

The most commonly used types of sampling units are plots, or
quadrats, and point-quarters (see [15, 16]), with the former type
being more commonly used by the scientific community, as exem-
plified by various studies in Brazil [13].

The shape of the plot may be square, rectangular, or circular.
The first two types are most commonly used. The numbers and
shapes of sampling units vary with their size. For example, different
numbers and shapes of plots maybe used to sample 1 ha of vegeta-
tion, e.g., 100 10x 10 m plots, 50 10x20 m plots, or 10 20x50 m
plots may be employed (Fig. 1). These plots may or may not be
contiguous. In general, a larger number of smaller plots are pre-
ferred because, depending on the spacing between them, there is a
greater probability of sampling more species in the community.
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Fig. 2 Schematic representation of sampling by the point-quarter method

The life span of the material used to construct the plots may be
long (permanent plots) or short (semipermanent plots). Long-term
studies usually employ permanent plots. The use of a string or cord
to aid in demarcating the sides of the plots is also common. When
plants contact the external edge of the cord, they are, by convention,
included in the sample, and usually only two of the cord’s sides are
considered to avoid overestimation. The use of statistical tests
to evaluate the differences in results between areas is also common.
In this case, plots represent pseudoreplicates, and the assumptions
of the applied statistical tests must be carefully observed.

Sampling by plots is also often adopted for the study of herba-
ceous vegetation, in spite of the existence of other sampling tech-
niques for this biological group, such as the point method. Under
this method, stakes, usually composed of metal, are placed in the
soil at fixed distances. All plants that touch any part of the stake are
sampled. However, when the objective is to monitor herbaceous
plants, sampling by plots is more advisable because the sampling
area remains delimited in the field.

Additionally, some studies have adopted the point-quarter
method for vegetation sampling [13, 16]. This method differs
from sampling by plots because it does not involve a defined area.
This method employs a set of quadrants formed by intersecting
two pieces of wood so that a cross is formed. The distances between
the center of the cross and the plants that are closest to its vertices
are measured. These plants will be the individuals that are sampled
in the community (Fig. 2).

To avoid having the same plant sampled in consecutive points,
it is recommended that the distance between the sampling points
be twice the average distance between plants in the community
[17]. The number of sampling points may vary between studies
depending on the researcher’s objective. However, it is recom-
mended that a large number of points should be used, as this
increases the probability of acquiring better knowledge of the local
diversity and structure of the vegetation. The number of individuals
in a point-quarter sample is related to the number of points used,
as each point-quarter permits the sampling of four plants.
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After defining the sample size and sampling methods, it is neces-
sary to define the biological group(s) of vegetation and the
criterion(a) to be employed for including an individual in the sam-
ple. For example, the researcher may decide that he/she does not
want to sample epiphytes and lianas or that he /she wants to sample
all of the possible diversity in the community. The decision regarding
what to include clearly depends on the study’s objective.

Studies on woody plants usually establish inclusion criteria that
define which individuals will be included in the sample. There is
currently a trend toward standardizing the criteria for a given veg-
etation type and/or biological group to facilitate future compari-
sons. For example, there is a tendency to standardize the inclusion
size as corresponding to a 5 cm stem diameter at breast height
(DBH) for plants in Atlantic forest communities [ 14, 18], ora 3 cm
diameter at soil level (DSL) for plant communities in the caatinga
[19]. A criterion based on height is also used in some cases, which
is usually over 1 m for woody plants.

After establishing the sampling units and defining the inclusion
criteria, the popular names of plants are noted, and botanical
material including flowers is collected for detailed taxonomic
identification. The botanical material is herborized [20] and, after
identification, is incorporated into an Herbarium’s collection.

Manual pruning shears and a tall trimmer are used for collecting
plants. Newspaper, paperboard, corrugated metal sheets, a press,
and a kiln are used for herborization. During sampling, it is always
advisable to fill out a collection form containing the following
information: a description of the site where the material was col-
lected (e.g., vegetation type, coordinates); a description of the col-
lected plants (e.g., size, frequency in the area); features that are
lost in the herborization process (e.g., color of the corolla, smell);
and characteristics regarding plant usage (e.g., medicinal, wood).
Each researcher generates a sequential collection number in his/her
collection notebook, and this number is added to the plant’s
collection form. The collector’s number accompanies the material
when it is incorporated into the herbarium. For publication, it is
usually requested that the researcher indicates the name of the
herbarium in which the collected material was deposited.

After the collection of botanical material, tree height, stem
circumference and, sometimes, canopy area are measured. All
individuals meeting the pre-established inclusion criteria for height
and diameter are measured.

The instruments commonly used for measuring individuals are
the following: (1) measuring tape, to measure the circumference/
perimeter; (2) calipers, to measure the diameter (herbaceous indi-
viduals or seedlings); (3) larger calipers, to measure the diameter
of woody individuals; (4) a graduated rod, to measure height; (5)
a clinometer, to measure angles and height; (6) a hypsometer, to
measure height; (7) field forms or tables, to record the collected
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Table 1
Hypothetical example of a field spreadsheet for recording field data

Plots no.

Number of HE|ght Diameter

individual  Plant name (m) (cm) Observations

1 Poincianelln 5.5 17.0 Shows evidence
pyramidalis of cut

2 Aroeira 7.0 35.0

Fig. 3 Area view of caatinga vegetation in the dry season, showing the occur-
rence of individuals with tillers arising from stem base

data (see example at Table 1); and (8) identification tags, corre-
sponding to the number that the researcher writes on the plaque
used to mark the plant. This last procedure prevents the researcher
from measuring the same plant twice, enables monitoring studies
and allows the researcher to find the plant to collect reproductive
material if it is not flowering at the time of sampling.

Field forms or spreadsheets are prepared in the form of tables
with several columns. After the plot number, the first column con-
tains the number of the individual in the sample, and the following
columns contain the popular and /or scientific name of the plant,
its height, the perimeter/circumference, or diameter of its stem
and observations that the researcher finds appropriate (Table 1).

Because plants are modular organisms, the criterion used to
define an individual plant may vary. Usually, every plant that is
not connected to another plant at the soil level is considered an
individual. However, it is possible for some plants to present mul-
tiple stems above ground without an individualized stem base (Fig. 3).
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In such cases, the circumference of every shoot is measured.
Their basal areas are then calculated and totaled to obtain a single
diameter measure.

The measurement data are used to calculate phytossociological
parameters, including density, basal area, dominance, frequency, and
the importance value index and cover value index. These parameters
permit the community to be described at two levels: architectural,
when the parameters are expressed for the community as a whole,
without individualizing any species; and structural, when the param-
eters are expressed for every species in the community [17].

Height and diameter distribution classes are used to describe
plant sizes. These classes allow testing of whether the vertical space
in the community is occupied in a stratified fashion and what
species occur in each stratum. They also enable the perception of
whether there is an absence or excess of individuals in a given class.
The formulas employed to calculate phytosociological parameters
are widely known [14, 17, 21, 22], and these parameters are calcu-
lated with computer software such as FITOPAC [23] or Mata
Nativa, or directly in Excel, using the formulas shown in Fig. 4.

In general, density measures permit the evaluation, in a total or
relative manner, of the number of individuals in the community.
The determination of total or species-by-species dominance also
permits a partial evaluation of the occupancy of horizontal space
above the soil, while calculation of the absolute frequency allows
evaluation of the number of sampling units occupied by particular
taxa, permitting inferences about the distribution pattern of the
population. The importance value and cover value indices are syn-
thetic indices that permit the ordering of species consideration of
their densities, relative dominances, and frequencies with a single
value. All of these parameters, together with height and diameter
distributions, allow inferring how the species are using environ-
mental resources, and are useful for the ethnobotanist who wishes
to evaluate the sustainability of resource exploitation.

Herbaceous vegetation may also be described based on the
same phytosociological parameters used in studies of woody plants
[24]. However, in semiarid environments, many of the herbaceous
species are ephemeral, with their life cycles being delimited by the
duration of the rainy season, as occurs, for example, in caatinga
vegetation. This factor implies that herbaceous plants must be
sampled in the rainy season. However, if a researcher intends to
evaluate whether there are differences in the relationship of man
with native herbaceous species during the dry season, sampling
must be performed in both the rainy and dry seasons.

In addition to the examination of phytossociological parameters,
Feitoza et al. [25] proposed a new index specifically for studying
herbaceous vegetation in seasonal environments, referred to as the
mixed ecological importance value index (MEV). This new index
allows the persistence time to be indicated for herbaceous plants
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Fig. 4 Formulas and units of the parameters usually used in phytosociological

studies

within the vegetation during the year (physiognomic parameter)

1) DT = N(U/A)

2) Da; = N{(U/A)

3) DR; = 100(N#/N)

4) DoT = ¥ G(U/A)

5) G = P¥4n ou 0,785.D?
6) DoA,; = G(U/A)

Where:

DT = Total density, (ind.ha™")
N = Total number of
individuals

U = Area (10.000m?)

A = Sampling area (m?)
DA, = Absolute density of
taxon i, (ind.ha™!)

N; = Number of individuals
of taxon i

DR; = Relative density of
taxon i, (%)

DoT = Total dominance,
(m2ha™h

G = Basal area (m?)

D = Diameter (cm)

T = pi ou 3,14159

DoA,; = Absolute dominance

of taxon i, (m2.ha!)

7) DoR, = 100(DoA/DoT)
8) FAT = § FA,

9) FA, = 100(NUA/NUT)
10) FR, = 100(FA/FAT)

11) IVI = DRi + DoRi + Fri

12) IVC = DRi + DoRi

G; = Basal area do taxon i (m?)
DoR; = Relative dominance
relativa of taxon, (%)

FAT = Total frequency absolute
in sample, (%)

FA,; = Frequency absolute of
taxon i, (%)

NUA = Number of the sampling
units with the tdxon i

NUT = Total number of the
sampling units

S = Number of taxon

FR; = Frequency relative of taxon
i, (%)

IVI = Importance value index,
(o)

IVC = Importance cover index,

(%)

and is calculated using the formula:

VEM = PFA+VI,,

where:

VEM=Mixed ecological importance value index
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PFA (apparent physiognomic persistence) = Number of months in
which the species has leaves or is visible in the habitat divided
by the number of months in the year

VI,=the species’ importance value (IV) divided by its population
size

During the dry period, many herbaceous species represent an
important source of food, water, or shelter for various animal
species. In addition, herbaceous plants provide protection to the
soil and aid in the retention of seeds on its surface. Therefore, the
VEM index is quite interesting, as it reveals the species that are
temporarily visible in the community and permits the identification
of herbaceous plants that may play an important role in the main-
tenance and functioning of seasonally dry habitats.

Ethnobotanical studies employ phytosociological sampling to
relate information about vegetation usage (made available by urban
or rural communities) and the actual quantity and frequency of the
resource used [26-28]. These relationships enable inferences to be
made about plant richness and distributions, patterns of resource
use, the degree of management of the studied fragment, and the
priority species for conservation plans.

Furthermore, the sufficiency of floristic sampling is a criterion
adopted to ensure that the community is well represented in a sam-
ple. Thus, in addition to the species included in the sample, it is
common to record the species found close to the sampling units.
Subsequently, a rule of three is used to verify the proportion of the
total community that is represented by the sampled species.

Another way to evaluate the sufficiency of floristic sampling is to
plot a collector’s curve. This is achieved by plotting the number of
species that were not previously recorded in the sample on the y axis,
whereas the x axis represents the number of the sampling unit.
The idea is to verify at which point in the sampling a tendency
toward stabilization of the species appearance curve can be observed.
There is also a running average curve of the number of species in the
sample [17, 29]. This curve is drawn from the average accumulated
number of species per area. A 5 % variation is calculated from the last
average, which is 2.5 % above the last point and 2.5 % below it.
If at least 10 % of the sampling units are contained in this 5 % inter-
val, the floristic sampling is considered to be sufficient.

Indices are often calculated to compare the floristic similarity
among communities. Among these indices, the Jaccard and
Sorensen binary coefficients (presence/absence) are widely used
(see [30-32]) and are calculated using the following formula:

S=a/(a+b+c)
S.=2a/(2a+b+c)
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2.6 Species Diversity
and Forms of
Measurement

Table 2
Number of individuals per species in two hypothetical samples

Species
Communities A B C D
1 5 5 5 5
2 1 2 1 20

where:

§=Jacard’s similarity coefficient
S =Sorensen’s similarity coeflicient

a=Number of species with simultaneous occurrence in sample 1
and sample 2

b=Number of species that occur only in sample 2

¢=Number of species that occur only in sample 1

Even though these two indices are similar, the Sorensen index
is reccommended when researchers want to place more value on the
simultaneous occurrence of a species in the areas being compared.
These indices may also be used in ethnobotanical research [11] to
compare the similarity of species used by different local human
communities, whether quali-quantitative methods have been
employed for vegetation sampling or not. For this purpose, the
constants a, b, and ¢ are considered to represent the species used
by the local human community.

The determination of species diversity is a subject of wide interest in
ecological and ethnobotanical studies because it not only permits an
understanding of the local biodiversity but also enables the detection
of differences between and within biomes and the identification of
the resources that are important for the social and economic devel-
opment of a region. One of the first questions asked in the diagnosis
of an area is the number of species contained therein. This question
may be answered using a species list, but such a list does not permit
determination of the number of individuals (abundance) of each
species present. Indices addressing species abundance were first
used in 1953, and they measure heterogeneity as a synonym of
diversity. For a better understanding, let us imagine, as an example,
two areas with the same number of species, but with different
numbers of individuals, as represented in Table 2.

A richness index based solely on the species list would show
that community 1 is equal to community 2; however, community
2 is more uniform. Therefore, the two communities are different,
as the total number of individuals in the area is much more evenly
distributed among species in community 1.
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The literature describes several indices that answer questions
about the richness and abundance of populations in the commu-
nity, leading us to question which factor(s) determine community
organization and functioning.

The importance of different factors and /or ecological theories
associated with the subject of diversity will not be discussed here.
We will, however, indicate the types of indices used in ecological
studies, some of the interpretations attributed to them and how
they can be used in ethnobotanical studies. For example, imagine
that in Table 2, instead of species A, B, C, and D, we used the fol-
lowing categories: medicinal, food, ornamental, and wood, with
the numbers representing how many people in the community use
the vegetation in this manner. In this case, showing only the usage
list would lead to the conclusion that community 1 uses the vege-
tation resources in the same way as community 2. However, if we
consider the frequency with which resources are used, it can be
observed that there are differences between the communities:
according to the calculated index, the extraction of wood would be
a factor with a larger impact for community 2.

In general, species diversity measures may be grouped into
two categories: (1) species richness indices based on the number of
species in a sample and (2) heterogeneity measures that consider
abundance models (based on the distribution of species abun-
dances) and diversity indices (based on the relative abundances of
species) (see [31]). The latter type of measures aims to express rich-
ness and evenness in a single value. Species abundance models are
one way to evaluate species diversity and employ statistical sam-
pling theory to investigate how communities are structured. In the
literature, the most common types of these models are log series,
log-normal distribution, and broken stick models. Among the vari-
ous heterogeneity measures, we only describe diversity indices.
Information on species abundance models is available in the
bibliography.

Objective richness may indicate the number of species in the com-
munity. However, this parameter is associated with the problem
that the total community size is often unknown. In practice, stud-
ies are conducted by sampling, and it is therefore possible that only
a portion of the species richness is being sampled. This situation
may also occur in ethnobotanical studies.

Richness indices usually require knowledge of the number of
individuals or the sample size. The richness index indicated in
Whittaker [33] may be calculated for any taxonomic level (species,
genus, family) using the formula 4= §/log N or §/log A, where the
log calculation may be performed using base 10, ¢ or 2, with the
natural logarithm (¢) being the most common; Sis the total number
of taxa; A is the size of the sampled area; N is the number of indi-
viduals in the community; and 4 is the species richness in the
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sample. The units in which this index is expressed depend on the
base of the logarithm used: decit if log 10; nats if log ¢; and bits if
log 2 (see [30, 31]).

The index indicated by Whittaker is very similar to the Margalef
and Menhinick indices. Margalef’s index is calculated using the
formula Dy, =(S-1)/In N, where one species is subtracted from
the total sample. Menhinick’s index is calculated with the formula
Dyn=S/ \/ N, where the square root of N is used. However, it
should be noted that Margalef’s index is calculated using base e
(see [30]).

The richness indices described above may also be adopted in
some ethnobotanical studies. Imagine, for example, that some spe-
cies in a native vegetation area are widely used and that we wish to
express the richness of the useful native species in the vegetation.
To calculate richness, only the numbers of species that are indi-
cated as useful in interviews (S,) would be included in the analy-
sis. Sampling of the vegetation would also be necessary to identify
the species that occur there and the number of individuals that
cach species contributes to the sample. Thus, §, would be divided
by the log of the number of individuals of useful species in the
sample. The resulting richness value would refer specifically to
the useful species, and you would also be able to verify how well
this value represents the total species richness in the sampled
plant community.

Sometimes, the objective of a study is to visualize differences
between the sampled communities with regard to the richness of
useful species. However, the sample sizes in the different commu-
nities are not always equal (in terms of vegetation sampling or the
people who were interviewed), reducing the reliability of compari-
sons. One way to minimize this problem is to use the rarefaction
method (see formula in [30, 31]). This is a statistical method that
estimates the expected number of species when a random sample of
individuals is taken from a collection. This method assumes that all
individuals in the community are distributed randomly. Therefore,
the rarefaction curve overestimates the number of species in the
community if the populations occur in clusters.

The main question addressed by this method is how many
species can be found in a sample of # individuals. Thus, if we had a
community with 4 species and 42 individuals distributed in the
following manner: 21 individuals belonging to species A, 16 to
species B, 3 to species C, and 2 to species D, what would be the
expected number of species if we had only 30 individuals in the
sample?

In ethnobotanical studies, the question would be as follows: if
21 people in a community cited plant x as medicinal; 16 cited plant
y as ornamental; 3 cited plant w as wood; and 2 cited plant z as
food, what would be the expected use diversity indicated if the
interviews had been performed with only 30 people?
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The first nonparametric diversity measure was proposed by
Simpson. Based on probability theory, Simpson postulated that
diversity is inversely related to the probability of two individuals
of the same species being selected at random, given that they are
part of the same community. For an infinite population, this
probability was defined by the formula D= P? where D= Simpson’s
index, and P;=the proportion of individuals of species ¢ in the
community. This probability, by itself, is not considered a diver-
sity measure. The conversion of this probability into a diversity
measure is performed using the complementary formula below

(see [30, 31]):
1-D=1-3(2)

where:

1 - D=Simpson’s index of diversity

1 =Probability that two individuals picked at random belong to the
different species

D="Probability that two individuals picked at random belong to
the same species

P,;=Proportion of species ¢ in the community

Some authors have contended that a confusion exists in the
literature as to what Simpson’s index measures and have proposed
a formula that is reciprocal to Simpson’s original index, also
referred to as the N, reciprocal by Hill. The N, reciprocal is defined
by the formula 1/D=1/) P?, where 1/D is the reciprocal of the
original Simpson’s index (see [30-32]).

Simpson’s index (1 - D) ranges from 0 to 1, and the reciprocal
of Simpson’s original formula ranges from 1 to the total number of
species in the community. Simpson’s index is quite sensitive to
changes in the number of abundant species in the sample. Thus, in
plant communities in which few species account for a large number
of individuals, this index’s value will be close to 0.

In ethnobotanical studies, the use of an adapted Simpson’s
index permits perception of the diversity of local knowledge about
specific resources in the environment. For this purpose, it would be
necessary to modify the meaning of P;, which could then be under-
stood as the proportion of interviewed people that use the plants
in the category .

Shannon-Wiener’s diversity measure (H') is widely employed.
Shannon-Wiener’s function was derived independently by Shannon
and Wiener and is sometimes erroneously referred to as Shannon—
Weaver’s function. It is based on information theory, as suggested
by Margalef, which aims at measuring the degree of order/disor-
der within any system. The main question addressed by this
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function is prediction of the expected species in a community sample.
This uncertainty is measured using the following formula (see [ 30,

31, 34]):

K

H'= Z(Pi)(l()gz pi)

i=1
where:
H' =Shannon-Wiener’s diversity index (bits/individual)
S=Number of species

P;=Relative proportion of abundance of the specie #

This diversity index may be calculated using base 2, ¢, or 10,
and it can also be converted from one base to another. The units in
which the results are expressed depend on the adopted base: bits
per individual (base 2); nats per individual (base ¢); or decits per
individual (base 10). Shannon-Wiener’s diversity index is sensitive
to the number of rare species in the community and increases with
increasing numbers of species.

There is another way to express Shannon-Wiener’s index, which
was recommended by Hill, using the formula: N, =¢” (see [30])

where:

e=2.71828
H' =Shannon-Wiener’s function (calculated with base ¢ log)

N;=Number of species equally common that produce the same
value of diversity (H')

The recommendation made by Hill [35] was put forth with
the objective of using as the unit of the results only the word
species, which is better understood by ecologists and ethnobota-
nists than logarithmic bases. However, the use of H' is more common
than N;.

In ethnobotany, the H' index is used [36, 37] to express
the diversity of plant species. It can also be employed to express the
diversity of use of the vegetation of a given area. Three questions
are frequently asked. (1) Does the diversity of the plants used
correspond to the species diversity in the area? (2) Are the plant
species evenly used by the human population? (3) Are there differ-
ences in the diversity of use with regard to the structure of the
interviewed human population (e.g., regarding age or sex)? For
this type of analysis, some modifications in the understanding of
the terms in the formula must be made.

If the researcher’s question addresses the general diversity of
vegetation use versus species diversity in an area, he /she must con-
duct interviews to identify which species are used and a quantita-
tive floristic survey of the area’s vegetation, according to the
floristic sampling procedures discussed above, to identity the
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species that occur in the area and their abundances. Shannon—
Wiener’s index must be applied to the total dataset resulting from
the survey, allowing calculation of the species diversity in the area,
and to the data only on the species indicated as useful (S,). Through
these calculations, it is possible to evaluate how much the diversity
of used species corresponds to the total diversity in the area.

If the question only involves the diversity of uses attributed by
the population, the plant uses indicated in the interviews must be
categorized, and the number of people in the community that use
the plants in different categories must be determined. In this case,
vegetation sampling is not required [37]. In this index, p; would
represent the number of people who cited species 7 in the inter-
views. In other words, the abundance of species ¢ is taken as being
equal to the number of informants who cited it in the interviews.
Thus, the result of the calculation will permit comparison of the
diversity of the used plants taking into consideration their relative
abundance in the citations. If people’s knowledge about the utility
of plants is poor, then the diversity based on use may be a subset of
the real species diversity in the region.

The application of Shannon-Wiener’s index based only on
interviews does not always permit assessment of the species actually
used by the human population because the informants generally
refer to the plants by their popular names, and they may sometimes
use the same name for ten different species, which may result in an
underestimation of the useful plants in a region. The inverse may
also occur if different people use different popular names for the
same taxonomic species, leading to an overestimation of the useful
species in an area. Therefore, it is necessary to perform sampling of
botanical material so that the calculation is carried out using a list
of taxonomically identified species, rather than ethnospecies.

It is worth noting that the use of this index based solely on
interviews does not allow evaluation of the stocks of resources in
nature. Sometimes, the species cited in an interview may be grown
randomly in backyards and gardens, without occurring in the
native vegetation. Another issue is that the abundance of a species’
citations does not necessarily correspond to the abundance of the
plant population in nature. Thus, it is possible that in 50 inter-
views, a given species will be cited 50 times, but only five individu-
als of this species may be found in 1 ha of the sampling area.
Therefore, when the index is calculated only based on interviews,
all inferences made from the index results require wider discussion
about the resource’s conservation and sustainable use.

Recently, a new index for the evaluation of the diversity of peo-
ple’s knowledge about biological resources has become available in
the literature (see [38]). The application of this index reveals that the
adaptation of Shannon-Wiener’s index to determine the diversity of
useful species in a region does not always permit evaluation of the real
knowledge an informant has about the useful plants in an area.
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2.9 Evenness

2.10 Techniques to
Evaluate the Richness
and Diversity Indices

The measure of evenness is also known as uniformity or equitabil-
ity (see [30-32, 34]). Evenness shows how the abundance of spe-
cies is distributed in a community and may be applied to both
Simpson’s and Shannon-Wiener’s indices. This parameter may be
calculated using the following formula (see [30]):

E=D/D

max

where:

D=0Observed index of species diversity

Dy.x=Maximum possible index of diversity, given the number of
species (S) and the total number of individuals ( N) in sample

For Simpson’s evenness measure, the maximum diversity is
obtained when all species have the same abundance (p=1/8).

Thus, Simpson’s evenness (E) is given by the following formula:
Emeax and Dmax: l/S

where:

D,... = Maximum value possible of the Simpson’s index

S=Number of species in sample

The evenness measure of Shannon-Wiener’s function is calcu-
lated using the following formula: J'= H' / H' .,

where:

J =Evenness measure of Shannon-Wiener’s function (varia de 0 a 1)

H’' =Shannon-Wiener’s diversity index
H ... = Maximum value of H =log S

The application of evenness measures in ethnobotanical studies
would clearly show whether the cited species are known equally
well by the community as well as which resources are under greater
use pressure.

These diversity indices adjusted for ethnobotanical studies
become important tools because they permit comparing areas and
making inferences about cultural, social, and economic aspects of a
region and about the conservation status of the biome in question.

It is possible to verify whether the richness and diversity estimates
obtained for a community are close to the community’s real diver-
sity. This evaluation is important for all research that addresses
sampling, whether the sampling is of vegetation or of human
populations by means of interviews.

One of the commonly used approximations for this purpose is
the so-called jackknife. This tool involves a nonparametric tech-
nique, which therefore does not present demands with regard to
the sample’s statistical distribution. This methodology permits
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calculation of the mean and variance of the diversity of species or
of the reported uses. It may be applied to all of the indices dis-
cussed above (see [30, 31]).

This technique consists of a consecutive series of richness esti-
mates with a decreasing sample number for each estimate. In prac-
tice, the community’s diversity is initially calculated considering all
samples. Consecutive estimates are then performed, with one sam-
ple removed for each new estimate. The estimated values are called
pseudovalues, and their mean and variance are subsequently calcu-
lated. These means and variances are expected to be closer to the
community’s real diversity.

There is another technique related to the jackknife method
known as bootstrapping. The bootstrapping procedure is similar to
the jackknife method. Estimation by the jackknife method is rec-
ommended when the community is represented by a small number
of samples, whereas bootstraping is recommended when the com-
munities are represented by a larger number of samples. Computer
programs to perform the bootstrapping procedure and calculate
the other indices described in this chapter are available. The for-
mulas for the jackknife and bootstrap procedures are available in
Krebs [30].

3 Final Considerations

Phytosociological and ethnobotanical studies employ statistical tests
and multivariate analyses to test for differences among the measured
parameters, correlate variables, and test hypotheses. These tests
include the #test, Kruskal-Wallis test, multiple linear regression,
cluster analysis, and principal components analysis (PCA).

The choice of test depends on the characteristics of the sampled
biological data and on the question that the researcher intends to
answer. Some biological data exhibit a distribution that meets the
statistical assumption of normality (i.e., the mean is equal to both
the median and the mode) or exhibit variance homogeneity, per-
mitting the application of statistical tests classified as parametric.
However, large portions of biological data (possibly the majority)
violate these assumptions. In this case, the researcher attempts to
normalize the data by means of transformation (e.g., using logarith-
mic or square root transformation). When the transformed data still
violate the assumption of normality or do not exhibit variance
homogeneity, the researchers use tests classified as nonparametric.

The classification and assumptions of each test and the way they
are calculated can be found in basic statistical books [34, 39—41].
All of these statistical tests may be performed with specific software,
such as SYSTAT [42], PC-Ord [43], or SAS [44]. However, inter-
pretation of the results must be performed by the researcher, con-
sidering the hypothesis and /or question established in the study.
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Chapter 11

Techniques for Gollecting and Processing Plant Material
and Their Application in Ethnobotany Research

Lucilene Lima dos Santos, Fabio José Vieira,
Luciana Gomes de Sousa Nascimento, Ana Carolina Oliveira da Silva,
Leidiana Lima dos Santos, and Gardene Maria de Sousa

Abstract

Until they are incorporated into an herbarium, the sampling of plant species and every process involved in
their collection are key steps in many areas of botany. When sampling processes are performed properly,
they provide information well beyond a plant’s scientific name; these processes also emphasize the local
importance and conservation status of the species and its significance in different environments. Showing
plants in situ, fresh parts or even plant parts in small voucher specimens are becoming increasingly com-
mon tools in ethnobotany because the goal is to obtain information and rescue the use of particular plants
by traditional communities. Therefore, visualization of the plant sample is critical for ensuring that both
the researcher and the community member are referring to the same plant. In this chapter, we will discuss
the common techniques of sampling, preserving, and processing plant material as essential tools for basic
field procedures and their relevance and applications in methods that assist in ethnobotany research.

Key words Plant collection, Herborization, Herbarium, Complex pressing, Ethnobotanical studies

1 Introduction

The correct identification of plants is essential to ethnobotany
research because it is a vital link between scientific information and
popular knowledge [1]. The collection, the preparation of voucher
specimens, plant identification, and storage of the specimens in an
appropriate place (in this case, an herbarium) are important,
because allows other researchers using the same material [2].
In botany-related studies, the stages that include the collection, pro-
cessing, and incorporation of plant material are key because the final
product of these procedures is the voucher specimen. The specimen
consists of plant parts removed from a given species, including
pressed and dried vegetative and reproductive structures (flowers
and/or fruits), that have been properly labeled with information

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_11, © Springer Science+Business Media New York 2014
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about the sampling site and some morphological characteristics.
This plant material is deposited in an herbarium and will provide
basic information for students and researchers from different fields,
such as plant taxonomy, phytogeography, plant anatomy, ecology,
plant physiology, and ethnobotany.

Moreover, the sampling of plants for the preparation of a
voucher specimen is an essential and mandatory part of any study
because it ensures that the plant was actually collected and that
misidentification of the species will be avoided.

The information on the tag attached to the voucher specimen
aids in plant identification and provides data about the plant’s geo-
graphic distribution, its conservation status, its potential uses, and
its local relevance. Sampling, herborization, and incorporation into
an herbarium are essential for understanding the local flora in many
environments and serve as a genetic heritage. Some plants that are
not available in their natural habitat are only represented by
voucher specimens, and their analyses are important for developing
conservation strategies for certain species.

2 Methodology for Sampling and Herborization

2.1 Sampling Kit

2.1.1

Field Notebook

The equipment and tools required for collecting plant material
may vary according to the characteristics of each group of plants.
Therefore, before each field trip, the preparation and selection of
all of the equipment that will be used should be carried out.
Knowledge about techniques and the proper handling of these
tools is also important because they will provide convenience, ease
of transportation, and safety to the collector while ensuring better
use of the samples and that minimal damage to the plants from
which the samples were extracted occurs. The essential objects for
this phase of ethnobotany research are described below, indepen-
dent of the plant group to be studied.

These books are used to record field observations, including a
plant’s characteristics and descriptions of the environment in which
it occurs (Fig. 1). For example, plant characteristics, such as color
and aroma, are usually recorded (such information may be lost
during the drying process), and its height and diameter at breast
height (DBH) (e.g., 1.30 cm from the ground) are also recorded.
Characteristics of the environment may include the geographic
coordinates of the sampling site, physiognomic aspects of the veg-
etation, soil characteristics, and the distribution pattern of the spe-
cies in the area.

The field notebook should be small to ensure that it is easy to
carry and handle in the field.

For ethnobotanical studies, a more detailed description of the
plant, including any common names, its uses and the parts used
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Scientific name

Family:

Common name:

Collector:

N°: Date:

Determiner and date:

Material collected:

Altitude: Latitude (S): Longitude (W): Country:
Estate: Municipality: District:

Place: Vegetation:

Height: DAP/DNS: Soil: Habit:

Sample collection for studies in laboratory

() Phytochemistry ( ) Farmacology ( ) Wood quality ( ) Biomass ( ) Others

Type of sample (organ):

Quantity of wood: No:

Observations:

Local uses:

Flowers (color and odor):

Fig. 1 Model of a field notebook for collecting plant material as used in ethnobotanical studies

2.1.2  Common Graphite
Pencil, Wax Pencil,
or Permanent Marker

2.1.3  Pruning Shears,
Pole Pruner, and Machete

2.1.4 Field Presses

(roots, bark, and /or bast), is required. The parts that are used can
be added to the voucher specimen next to the sample.

All notes should be performed at the moment of sampling;
therefore, no information is forgotten.

During fieldwork, we are always exposed to different weather con-
ditions; thus, the common pencil is recommended for writing field
notes because ballpoint pens, although very practical, dissolve eas-
ily when in contact with water and ethanol, which can lead to the
loss of important information.

These tools aid in the collection/cutting of plant material from
small species or trees or even for the removal of an entire plant
from the ground. The machete becomes an especially important
tool when collecting bromeliad species. The pole pruner is essen-
tial for the collection of arboreal plants, allowing the highest
branches to be reached.

These tools are wooden structures that assist in the pressing and
transportation of plant material that has already been collected.
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2.1.5 Newspaper
or Blotting Paper

2.1.6 String

2.1.7 Plastic Bags

2.1.8 Adhesive Tape

2.1.9 Plastic Containers

2.1.10 Measuring Tape

2.1.11 GPS

2.1.12  Envelopes

2.2 Sampling
of Plant Material:
General Aspects

Plant samples are placed on the paper. On the blotting paper, it can
be interesting to note information concerning the plant, such as its
name, the identity of the collectors, the date, and the sampling site.
This measure should be taken because plants are often mixed; if
the data are also on the blotting paper, it can aid the fieldwork.
We recommend the use of newspapers only if blotting paper is
not available because newspapers can cause the spread of plant
diseases.

String should be made of resistant material because it is used to tie
the pressed samples. The ideal string should also be resistant to
oven temperatures (above 70 °C).

Bags are used when fieldwork requires a large amount of samples.
We recommend plastic bags measuring 40 x25 cm (60 L). Plastic
bags are notably practical and facilitate movement during field-
work, allowing us to collect a large amount of plant material. It is
worth noting that samples should be pressed on the day of their
collection.

Tape is used to join groups of branches collected from a single
individual, i.e., from a single sample number when it is not possible
to press the plant at the moment of collection. Adhesive tapes are
also used for sealing plastic bags containing fruits or bark.

When plants are sampled with flowers, storage of some flowers in
plastic containers with 70 % ethanol for subsequent identification is
recommended. The same procedure can also be used for collecting
fruits for subsequent identification or for inclusion in a seeds and
fruits collection. Plastic containers can also be useful for collecting
exudates (e.g., latexes or resins) for subsequent phytochemical
analyses.

Measuring tape is used to obtain different measurements such as
the length of plant parts, trunk circumference, which can be the
diameter at ground level (DGL) or DBH, and the distance between
individuals.

This equipment is important because it provides the geographic
coordinates of the sampling site or of a particular plant.

Envelopes are used to store small plants, loose leaves, and seeds.

During fieldwork, depending on the objective of the study, the
researcher should use an experimental design that limits him /her
to collecting plants of a specific physiognomy (herbs, trees, vine/
creepers, or shrubs) or study all plant strata, as in general floristic
surveys.
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Generally, collecting plant samples with fruits and /or flowers
is reccommended because these reproductive structures assist in the
correct identification of the specimen. If collecting fruits and/or
flowers is not possible, it is important to collect the vegetative
structures with the aim of later finding the plant with flowers and
fruits to confirm its identification.

Collecting plants with mechanical damage or damage caused
by insects or fungi should be avoided; these plants should only
be collected if judged to be representative of the species or if no
other plant was found. Collecting extra fruits and flowers is also
useful to aid the identification of the plant and to facilitate the
work of taxonomists, who can remove or dissect fragments of
these extra samples.

Collecting 4-6 samples of each individual species is ideal.
One sample, known as the unicate, is deposited in the herbarium
of the institution at which the study was carried out. The remain-
ing samples, called duplicates, are used for exchange with research-
ers and experts at other institutions. It is also important to deposit
samples in other herbaria as a backup in the event of loss or damage
at the herbarium where the unicate was deposited.

Sampling techniques for special groups, which have mor-
phologies that limit certain aspects of sampling, and the impor-
tance of collecting plant samples for ethnobotany studies will be
described next.

The essential steps for herborization [3-6] are described below.

1. Press samples immediately after their collection or at least on
the same day. Never leave plants to be pressed on the following
day because certain plants dehydrate easily, which can make
pressing impossible.

2. Prepare samples with an average size of 34 x25 cm. In cases
where this procedure results in the loss of essential parts
(e.g., very large leaves) or if the sample represents the entire
plant, it should be folded into an N or V shape.

3. Branches with several leaves should be thinned.

4. Ifitis necessary to discard some leaves of the sample, the leaves
should be cut such that the vestige of the petiole is evident.

5. Leaves should be pressed alternately in the sample, i.e., some
leaves should exhibit the abaxial face and others the adaxial face.

6. Long inflorescences should have their stem lightly creased
before being folded.

7. Large fruits that cannot be pressed should be detached from
the sample and placed in nylon mesh bags tagged with the
collector’s name and the corresponding collection number.

8. Place each specimen collected on a sheet of blotting paper, and
never include two samples on the same sheet.
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Fig. 2 Pressing and drying of plant material: (a) Model of the presser assembly; (b) plant drying in a field oven

2.4 Drying

9. The collector’s name followed by the collection number should
be written in the margin of the sheet (make notes with pencil
if the material is preserved in ethanol).

The following procedure is mainly derived from two classic works
[4,5].

If a field oven is available (Fig. 2b), the previously pressed
material should be arranged in the presser (Fig. 2a) at the end of
each sampling day and later placed inside the oven in the following
sequence:

1. One of the presser grids

2. A cardboard sheet

3. A corrugated aluminum sheet, if available
4. Another cardboard sheet

5. Blotting paper with one sample

Steps 2-5 should be repeated for each of the samples. This
structure is called the “sandwich.” After assembling “sandwiches,”
the presser should be closed using the other wooden grid, tied
using the strings and placed in the oven.

Each batch of pressed material should have an average height
of 40-50 cm. Because of variations in drying time according to the
consistency of the sample, the material should be examined every
3 h. The blotting paper should be replaced if it becomes too wet,
always taking care to record the data contained on the old paper.
As the sample dries and shrinks, the strings of the pressed batch
should be readjusted such that the sample does not wrinkle.

The plant material is considered to be dry when it is rigid, does
not bend when it is suspended and is not wet when touched. At this
point, the material is removed from the oven. Upon returning from
the field, all material should be examined to determine if it should
be returned to the oven in the laboratory for additional time.

When a field oven is not available, plant material is dried in
the sun. To ensure that the material is preserved, it is sprayed
with commercial-grade ethanol at the time of its collection
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=

Fig. 3 (a) The process of sewing the voucher specimen; (b) specimen sewn and identified with tags and an
herbarium number; (c) incorporation of plant material into an herbarium

2.5 Preparation of
Voucher Specimens

2.6 Registration
and Incorporation
into an Herbarium

(this information should be recorded on the field tag because sam-
ples treated with commercial grade ethanol are not recommended
for molecular studies). On the following day, the pressers are
removed, and the edges of the package containing samples are cov-
ered with two cardboard sheets. Next, the package is strongly tied,
placed inside a plastic bag, and sealed with adhesive tape. After
returning from the field, the samples should be placed in the oven
for immediate drying.

After they are dry, the samples should be placed in a =20 °C
freezer for 3 days to avoid different types of infestations. After this
period, samples should be returned to the oven to remove any
traces of moisture. Later, samples should be sorted by their collection
campaign in numerical order of their collection and placed in
plastic bags with naphthalene or camphor until being deposited in
the herbarium.

As previously mentioned, samples with flowers and/or fruits and
preferably more than four samples of each individual should be col-
lected whenever possible with the exception of herbs; in most
cases, the entire individual is collected and herborized under a
single collection number [7]. With the samples in hand, a specimen
is selected to be the unicate, which will be sewn to the cardboard
(Fig. 3a); the remaining samples, the duplicates, will be sent to
other reference herbaria. It is worth noting that the sample should
be completely attached to the cardboard because a poorly sewn
sample can result in damage to the specimen due to frequent han-
dling in the herbarium.

After the plants are sewn, the next step is the attachment of the
identification tags to the lower right corner of the cardboard
(Fig. 3b). The herbarium stamp will be in the lower left corner with
the corresponding registration number that the sample receives
from the herbarium into which it is incorporated (Fig. 3¢).
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3 Collection in Special Cases: Plant Groups That Require Complex Pressing

3.1 Bromeliaceae

3.2 Woody Vines
(Lianas)

During fieldwork, adverse situations can arise in the collection and
pressing of particular groups of plants. Initially, such situations
create uncertainty about how to collect and process a given
sample. The macambira (Bromelia laciniosa Mart. ex Schult. f.—
Bromeliaceae), Brazilian twin-stemmed palm (coco catolé) ( Syagrus
cearvensis Noblick—Arecaceae), coroa-de-frade (Melocactus bakien-
sis (Britton & Rose) Luetzelb.—Cactaceae), embatbas (Cecropia
spp-—Urticaceae), and anthuriums (Anthurium spp.—Araceae)
are some practical examples difficult to collect plants. These plants
are locally important for several communities in notably different
environments and require distinct collection and herborization
methods. Below, we describe procedures to facilitate the collection
and processing of some of these groups of plants.

The Bromeliaceae are a well-known group of plants that are used
by several communities in different Brazilian ecosystems. In Brazil,
they are known as “macambira” and/or “bromelia.” Bromeliads
exhibit morphological peculiarities, which result in a degree of
complexity during their collection and pressing.

The entire leaf should be collected including the leaf sheath; it
should be folded into an N or V shape. A young and an adult leaf
should always be collected. Depending on their shape and size,
inflorescences can be sectioned at the base of the scape (the stalk that
supports the inflorescence) and folded as many times as necessary.
It is possible to use the blunt side of a machete to mark the points
where it will be folded or cut the inflorescence or infructescence in
half; if they are globose, similar to the pineapple.

For large bromeliads whose leaves exceed 3 m in height, the
leaf is measured, and samples from the tip, middle, and base of
the leaf are herborized. These fragments should not exceed the
size of the voucher specimen. Ideally, the leaves and inflorescence
would be pressed separately.

Small bromeliads are collected and pressed in their entirety. We
recommend care during their collection because several bromeliad
species have associations with insects. For example, Aechmen mer-
tensii (G. Mey.) Schult. & Schult. f. has an association with leafcut-
ter ants. The collector should clean the debris that accumulates at
the leaf base. Bromeliad leaves are arranged in spirals and form a
microhabitat for certain groups of animals (insects and amphibians)
and plants. Therefore, it is useful to record the presence of animals
and other plants in the water accumulated by the leaves.

Vines or creepers, popularly known as lianas or branches and
commonly associated with the families Bignoniaceae, including
such plants as cip6-alho (Arrabidaeca spp.), and Convolvulaceae,
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including such plants as the Brazilian jalap (batata-de-purga)
(Operculina macrocarpa (Linn) Urb.), are important among the
plants used by traditional communities. Because lianas usually cling
to larger plants, they can be confused with the supporting plant;
therefore, different aspects of their collection are featured.

Apical and basal branches should be collected along with the
respective structures that fixed them to the supporting plant.
During pressing, the collector should indicate the position of the
collected branch because in certain species, branches are highly
diverse. The stem and/or more developed branches should be
cross-sectioned because they provide key information for the iden-
tification of the family.

Branches are rolled up so that the bigger leaves can be folded or
even sectioned to facilitate herborization. If possible, the collector
should provide the name of the supporting plant.

The collector should not add sterile and leafless branches to
samples with fertile branches to avoid mixing different material
because lianas are rarely found in isolation. Usually, several liana
species are found tangled together with leafless stems, and their
leafy stems are spread in the tree canopy.

This group includes the known palm trees, the babassu palm (coco-
babacu) ( Orbignya phalerata Mart.), carnauba wax palm (carnatiba)
(Copernicia prunifera (Mill.) H.E. Moore), buriti palm (Mauritia
flexuosa L. £.), and coconut (Cocos spp. and Syagrus spp.). These
species are important because of their multiple uses. For example, in
house construction, the trunks are used for the vertical structures,
and their leaves are used for covering the house. They also feature
edible fruits.

The same method that is used for collecting arboreal species is
used for collecting large palm trees.

It is essential that the following features are recorded: the total
height of the plant; stipe height; the presence of anchoring roots;
the number of leaves in the canopy; leaf and petiole lengths; the
number of leaflet pairs; the length of the inflorescence and its axes;
and the presence and distribution of thorns.

The sampling should include the leaflet, portions of the middle
and tip of the leaf blade, representative parts of the inflorescence,
flowers, and fruits.

During pressing, all leaflets on one side of the rachis should
be sectioned, leaving their respective vestiges intact; several axes of
the inflorescence should also be cut, and the bases should be left to
indicate where the insertions were located. Each paper on which
plant parts are placed should be marked with the name of the
collector and the number, the name of the organ (e.g., leat or
inflorescence) to which the sample belongs, and an indication of
the corresponding fragment (Fig. 4). Even if voucher specimens
are from different parts of the plant, they receive the same
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3.4 Plants with
Bulky Parts (Cacti,
Inflorescences, Fruits,
and Tuberous Roots)

3.5 Aquatic Plants

Fig. 4 Pressing of an Arecaceae specimen, of which different parts received the
same collection and registration number

collection and registration number because they are treated as a
single sample. For example, F. Vieira (58), Leaf, base; F. Vieira (58),
Leaf, middle; and F. Vieira (58), Leaf; tip.

Plants with stem tubes, bulbs, tuberous roots, xylopodiums, or
even large inflorescences and fruits present problems during
herborization because they contain large amounts of water in their
tissues, and some parts of the structure are thick.

These bulky parts are serially cut longitudinally and /or cross-
sectioned and pressed separately from the more sensitive parts to
reduce the loss of their primary characteristics because of creasing
or wrinkling.

The blotting paper should be changed daily to avoid infestation,
especially by fungi, which damage the material, and to facilitate
drying.

Excessively succulent plants, especially certain pseudobulbs of
orchids, can be cut at their fleshiest parts, which facilitates water
evaporation during drying. A longitudinal cut should also be per-
formed to remove part of the internal tissue.

For cacti, the cladodiums with ribs should have their fertile
parts cut longitudinally. To show the number of ribs, a 2-cm-thick
cross-section should be added to the sample.

Water lettuce (Pistia stratiotes L.—Araceae) and common water
hyacinth (Eichhornia crassipes (Mart.) Solms—Pontederiaceae)
are good examples of this plant group. Aquatic plants require
special care because of their organ structures and the amount of
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water contained in their tissues. These plants should be collected
carefully because most of them are notably delicate, with roots that
are strongly attached to the substrate, and could be damaged with
any rough movement.

Aquatic plants should be herborized at the sampling site because
their flowers wilt easily. We recommend distending the flower parts
with a small brush or tweezers, wrapping them in cellophane or
bond paper (40 kg) and attaching them to the blotting paper using
adhesive tape. The rest of the procedure should follow the general
rules for collecting, pressing, and drying plant material.

4 Sample Collection for Ethnobotanical Studies

4.1 Collection
of Wood Samples

4.2 Sampling
of Material for
Phytochemical
Analysis

4.3 Edible Plants

Timber resources are widely used in several environments, espe-
cially as fuel, but also in housing construction and for producing
different artifacts [4] (Fig. 5a). Wood samples consist of a
15x8x4 cm block of heartwood. Usually, this block is cut from a
bigger one that has been removed from a tree trunk after slow
drying to avoid cracking in the sample. This material can also be
used for the analysis of density, moisture, and total ash content in
ethnobotanical studies that address phytofuels.

Any plant part can be collected. During collection, the samples
should be placed in blotting paper bags, and the larger parts that
do not fit in the bags should be wrapped in blotting paper. The use
of newspaper is not recommended because it can release the chem-
ical substances used for printing, which can damage/contaminate
the sample. The researcher responsible for the analysis should
determine the amount of material collected. However, certain pre-
cautions should be taken during collection. For example, avoid
girdling (when the entire bark is removed, and the phloem is
reached), which can lead to the death of the plant (Figs. 5b, ¢).

The reader should remember that certain preservative solu-
tions commonly used to avoid contamination during the drying
process, such as 70 % ethanol and camphor, could change the
plant’s natural properties. In such cases, the plant material should
be dried without being treated with a preservative solution.

In studies on the nutritional value of plants, the researcher should
be careful with the collection, storage/packaging, and preserva-
tion of fruits and other parts of interest (e.g., the central portion of
the stem, the stele (Fig. 5d) and roots) to maintain them in perfect
condition for laboratory analyses. Immediate processing is always
recommended; however, because it is not possible most of the
time, it is important to store these parts in a cooler or freezer to
ensure that the chemical characteristics of the plant are maintained
until these components are isolated and subsequently analyzed.
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Fig. 5 (a) Wood for making artifacts; (b) bark extraction for a phytochemical study; (c) appropriate amount of
dry bark for use in analysis; (d) blue columnar cactus (Facheiro) (Pilosocereus pachycladus F. Ritter) used to
make sweets; (e) checklist-interview: dry plants in voucher specimens (field herbarium) and photos shown on
a laptop; (f) a respondent showing plants that were cited as useful near his house during a guided tour

4.4 Material Visual prompts are increasingly used as tools in ethnobotanical
Sampling for a studies (see [8-10]). Among the different types of prompts, inter-
Checklist-Interview viewees can be shown photos (printed or on a laptop and of high

quality) of the species of interest or even a field herbarium, which
consists of an album or a block of voucher specimens containing
32x21 cm samples (Fig. 5¢). Showing a reasonable number of
plants to the interviewee should also be considered to avoid trans-
forming a useful tool into a long and tiresome methodology for the
study participants, which may result in the loss of key information
about a particular group of plants.
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On a guided tour during the interview, the persons participating in
the study show the cited plants, which may occur in their backyard,
in a neighboring plot, or even in a distant area. The tour provides
a good opportunity to collect the specimens cited as useful because
the respondent is nearby and can assist in ensuring that the correct
plant is collected (Fig. 5f).

5 Final Considerations

Generally, all of the steps that concern preparations for the sampling
of plant species, whether for general knowledge of the flora or for
more specific knowledge of a particular area (e.g., catalog of medici-
nal, timber, or edible plants), until the samples reach the herbarium
are important and contribute to the understanding, conservation,
and use of these resources by traditional and nontraditional
communities.
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Chapter 12

An Introduction to Zoological Taxonomy and the Gollection
and Preparation of Zoological Specimens

Kleber Silva Vieira, Washington Luis Silva Vieira,
and Romulo Romeu Ndobrega Alves

Abstract

Humans have an innate capacity to create categories and classify them according to particular characteristics.
The attributes we refer to things and organisms have served as the basis for developing many classification
systems, although taxonomy is the only one used to study biodiversity. Having access to biological diversity
it is not a simple task, and investigators must know a series of prerequisites ranging from the collection
and preparation of zoological material to their correct storage in scientific collections. The variety of
collection and preparation methods for animal specimens is almost equal to the diversity of known taxo-
nomic groups—although it is possible to consider general methods that can be applied to most taxa that
will facilitate access by systematists, taxonomists, and nonspecialists alike to the information contained in
those specimens. The objective of the present chapter is to present a short introduction to zoological
taxonomy and explain the general methods used in collecting and preparing zoological material, in a man-
ner that can be appreciated by nonspecialists. We also wish to provide sufficient orientation so that zoologi-
cal material can be correctly deposited in scientific collections and supporting a better use of the information
presented in the specimens by researchers from different areas, including ethnobiology.

Key words Systematics, Methods, Zoological collections

1 Introduction

When humans evolved the power of abstraction we became capable of
restructuring the manner in which we observe the world, honing an
innate capacity to order things that we judged to be, or not similar—
including objects and plants and animals, and even ourselves. This
ordering capacity bequeathed humans the power to perceive the
great diversity of forms that exist in nature— and the set of meth-
ods employed in classifying the diversity of living things came to
be called taxonomy [1].

Although all human cultures have developed specific manners
of classifying things and organisms [2] they have differed in their
greater or lesser power of organizing that information. The Greeks

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_12, © Springer Science+Business Media New York 2014
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were credited with perfecting our manner of seeing and classifying
the world, and Aristotle fundamental in his logic (inspired, in turn,
by Plato) the concept of classes and how they related to others—a
system of logically positioned categories that conform to a hierar-
chy of values [3]. In spite of being quite old, this classification
system is as useful today as it was in the time of Aristotle, and is
currently used to educate children and body laymen in informal
conversations, and is employed in more technical matters by
numerous professionals such as economists, ecologists, physiologists,
geneticists, doctors, and taxonomists [4].

Aristotle’s method served as the basis for the development of
traditional taxonomy at the beginning of the eighteenth century
when scientists employed the formal concept of classes, and a new
field of science emerged from the combined efforts of Peter Artedi
and Linnaeus to classify the natural world [5]. Taxonomy, as we
understand it today, creates biological groups that share certain
characteristics and elaborates names for those groups. The classifi-
cation system of Linnaeus also employs the concept of categories,
which represent another part of its methodological structure.
Biological classifications therefore serve as sources of information
about biodiversity and reference systems concerning biological
organisms [6].

Researchers, taxonomists or not, interested in investigating
biological diversity must be aware of a series of different collection
techniques and preparation methods for organisms that are prereq-
uisites for their inclusion into scientific collections. The variety of
these collection and preparation methods is almost proportional to
the diversity of taxonomic groups currently known [7 ]—but even
though this array of techniques is quite numerous, it is still possible
to discuss general methods that can be applied to most of the taxa
that interest researchers.

The collection and preparation of animal specimens does not
constitute a sport, nor do they represent acts of meaningless violence
or cruelty, as many nonscientists imagine—but rather a methodology
that is indispensable to the investigation of biological diversity and
unique in providing taxonomists, systematists, anatomists, physi-
ologists, and ecologists with information that would not be possible
in any other manner. Scientific collections are archives containing
our accumulated information about nature, and these collections,
many of which are hundreds of years old, are open to any and all
individuals interested in research or teaching.

The objective of the present chapter is to present a short intro-
duction to zoological taxonomy and explain the general methods
used in collecting and preparing zoological material, in a manner
that can be appreciated by nonspecialists. We also wish to provide
sufficient orientation so that new material can be correctly deposited
in scientific collections and the information contained within those
specimens preserved and used constructively by researchers in
many different areas, including ethnobiology.
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2 Zoological Nomenclature

The publication of the tenth edition of the Systema Naturae near
the beginning of the second half of the eighteenth century can be
considered to mark the birth of modern taxonomy [8]. After the
death of Peter Artedi, one of the originators of the “Systema
Naturae” the Swedish naturalist Linnaeus presented his work
describing, so far, the most appropriate way of classifying and nam-
ing organisms.

In his proposal, Linnaeus classified and created a series of
divisions so inclusive that encompassed from minerals to animals,
being also useful in the classification of microorganisms. The
nucleus of the classification methodology presented in the Systema
Naturae [9] was not in itself totally new, as it basically recognized
similarities and grouped entities (whether animals, plants or miner-
als) into groups with exclusive names—as had been done since
ancient Greece [10]. Nonetheless, the greatest innovation in the
Systema Naturae was, without a doubt, the practice of assigning
binomials to those entities.

The method applied by Linnacus borrows the concept of
Aristotelian classes in the construction of classification levels,
which he denominated “taxa”. This conferred to the system a pla-
tonic aspect in explaining the observed similarities between objects
and in naming categories—and gave Linnaeus the title of essential-
ist in the history of biology. In addition to its taxonomic structure,
the methodology developed by Linnaeus adopted the concept of
categories when the objective was to describe the attributes of the
specimens or types, and it was here that the binomial rule took on
its importance. Within the dimension of a category, a genus (ori-
gin, tribe, offspring, genus) is hierarchically more encompassing
than an eidos (exterior aspect, form, way of being), but such terms
are relative and dependent on references, and a genus could be an
eidos when compared to a higher level in the hierarchy. Linnaeus
created only five categories within his system: Species > Genus > Or
der> Class > Kingdom, all of which were very precise from a logi-
cal-ontological point of view.

Zoological nomenclature, as originally developed by Linnaeus,
is now regimented by the International Code of Zoological
Nomenclature [8] that established a system of rules and recom-
mendations dealing with the correct manner of creating and apply-
ing zoological names. There are, of course, other nomenclatural
codes in biological taxonomy, but the zoological code is indepen-
dent and only recognizes its own rules and recommendations [11].
Its objective is to assure stability and universality in the scientific
names given to animals, and to guarantee that each is unique.
The origin of this code was a consequence of the confusion of
names assigned to animals in the scientific literature in the period
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around the first half of the nineteenth century as a result of the
expansion of the Linnaean system and its acceptance in many coun-
tries and in many different areas of zoological research. The regi-
mentation of the International Code of Zoological Nomenclature
has eight basic principles [8]:

1.

The code avoids dealing with taxonomic judgments, which must
not be made subject to regulation or restraint

. The nomenclature used does not determine the inclusion or

exclusion of any taxon, nor the order to be adopted for any
group of animals, but does furnish the name to be used for a
taxon, and this name will indicate its hierarchical level

. The creation of a name-bearing type permits its application to

a taxon without infringing on taxonomic judgments. Every
name, according to the Code (except for names that designate
“a collective groups” and for taxa above the level of family)
must is permanently attached to a name-bearing type. For spe-
cies and subspecies, this name-bearing type designates at the
same time the name of a specimen (or number of specimens)
that constitute the name-bearer of the taxon; for genera and
subgenera, it is the nominal species; for taxa at the level of fam-
ily it is the nominal genus. For this reason, when a taxon at
some level is created by a taxonomist, this taxon may contain
several name-bearing types, each with a name that is available
for use at that level. The principle of priority (which can be
modified in the interest of stability and universality) is used to
determine which of them is the unique valid name

. Nomenclatural rules are tools that can be used to guarantee

maximum stability compatible with taxonomic freedom. As such,
the Code recognizes that rigidity in the application of the
Priority Principle can, in certain cases, cause problems in cases
of widely used or well-known names by the validation of
another little-known name, or even a name that has long been
torgotten. As such, the rules orient the taxon is to consistently
use the Priority Principle, except in situations when its applica-
tion would be incompatible with stability or universality or
cause unnecessary confusion. In these circumstances, the
Code contains provisions that modify the automatic application
of the Priority Principle and the establishment of the primacy
of names, or in assigning name-bearing types, in spelling a
name, or in other similar situations

. To avoid ambiguity, the use of the same name for different taxa

is prohibited. This is the Principle of Homonymy

. The Code provides orientations to zoologists that must establish

new names as well as rules to determine if some name, which
was previously proposed, is available and with what priority;
it also considers cases in which a name needs to be corrected to
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be correctly used—the Code in this case allows for the confir-
mation of the name-bearing type of the taxon it denotes to be
ascertained (and, when necessary, its fixation)

7. The Code also allows self-interpretation and self-administra-
tion by establishing an operational International Commission
of Zoological Nomenclature and provides conditions under
which the Code can be modified

8. “Jurisprudence” does not exist in Zoological Nomenclature.
Nomenclatural problems are decided by the direct application
of the Code, and never by referral to any precedent

Although all these principles are important, the laws of Priority,
Homonymy, and Synonymy are consider the most significant by
those who are interested in suggesting new proposals for the names
of taxa. It is convenient to note here that the Code attempts to
reach its goals of stability and universality by way of these princi-
ples, definitively prohibiting homonymy at the level of family and
genus in all of the animal kingdom. At the species level, homonyms
are prohibited within each genus [11]—although the Rule of
Homonymy does not apply in cases in which the generic zoological
names are identical to names of plants or microorganisms, due to
the principle of independence of the Code. Another situation pro-
hibited by the Zoological Nomenclatural Code is utilization of two
or more names for the same taxon (synonymy); when an error of
this type is encountered it should be immediately corrected.

If the same name is given to two or more taxa (homonymy) or
if two or more names are attributed to the same taxon (synonymy),
the Code indicates the Rule of Priority to resolve this type of
problem. The Rule of Priority is a very direct and simple principle,
but one of the most important, and states that if two or more hom-
onyms or synonyms are encountered the oldest published name
will be considered valid.

All of the names published in this way must have an author
(or authors) and a date, with the author being considered the per-
son who first published a given name. According to the Code, the
name of the author and the date do not compose part of the official
scientific name of the taxon, in spite of the fact that they are
generally cited together (ex. Elachistocleis ovalis Schneider, 1799;
Elachistocleis ovalis Schneider; or only Elachistocleis ovalis). Master’s
and Doctoral theses are not considered publications to this end, as
the Code only considers texts that were published in specialized
and indexed periodicals.

When a species is transferred to another genus the name of the
author and date of publication should be presented in parenthesis
(ex. Ceratophrys aurita (Raddi 1823)), this represents a special
case that recognizes that proposed taxonomical rearrangements
are potentially reversible, as they are subject to different interpre-
tations by different authors.
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Proposals for new names, especially for species, require that
the author(s) designate a type species. This process, which the
Code designates as the principle of typification, consists of choosing
a specimen (if that is the case) that will fix the name of a given
taxon. This type-specimen may be a whole animal or part of one, a
colony or part of one, or even the activity of an animal (in the case
of fossils) or impressions, molds, or counter molds. In addition to
these cases, there are a series of others that are discussed in detail
by Bernardi [11, 12] and by Mateus [13].

If the author uses a single specimen for the description, it will
be denominated the holotype, which is the most common situa-
tion. In case the author needs more specimens he/she can desig-
nate a holotype and the others will be called paratypes. Although
the author may choose not to designate a holotype, the entire
series will serve to fix the new name and each specimen will be
called a syntype. In this situation, any author may subsequently
choose a single specimen to be the agent that fixes the name—and
this specimen will be the lectotype, and the others be called para-
lectotypes. The difference resides here only in the date of the origi-
nal publication or those published later. In special situations, in
which the holotype or lectotype is lost, an author may propose a
neotype, although this is only done in situations of extreme neces-
sity. The formation of a specific name must respect the binomial
rule and be formed by more than one letter. Generic names are
always singular nominative nouns (ex. Leptodactylus) and likewise
formed by more than one letter. At the family level, the name that
is used to designate the genus loses its singular genitive termina-
tion and receives the suffix -idae (ex. Leptodactylidae). The forma-
tion of the term that designates a subfamily follows the same
principle, although the suffix utilized is -inae (Hylinae). These
principles are recommended by the Code, which also recommends
the use of the suffix -oidea in the designation of a superfamily
(Tyrannosauroidea). Additionally, the suffix -ini (Odontophrynini)
is used for tribes and -ina for subtribes.

The development and expansion of the Phylogenetic System in
the second half of the twentieth century revealed some problems
with the traditional nomenclatural rules when applied to
supra-specific monophyletic groups. As a result of these conceptual
and practical problems, nomenclatural systems exclusive to the
Phylogenetic System were developed [14, 15]. Some of these pro-
posals were not well received by the scientific community (whether
due to rivalry between different schools or to the fact they were
not functional) and an alternative nomenclatural proposal for the
Phylogenetic System known as the PhyloCode has been better
accepted and increasingly widely used in the last 5 years [16].

There are a number of similarities between the PhyloCode
and traditional zoological nomenclatural rules, as for example
their mutual objectives of determining stable, universal, and
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unambiguous methodologies. Both codes avoid infringing on the
personal judgment of the taxonomists in the choice of names, and
attempt to apply the Principle of Priority to correct eventual cases
of homonymy or synonymy. The PhyloCode is nonetheless inde-
pendent of the Traditional Code and does not apply a taxonomic
hierarchy, recognizing the categories of clade and species only as
different biological entities and not as hierarchical levels. A species
is therefore treated as a segment of a populational lineage while a
clade is considered a monophyletic group of species (or organ-
isms). Both are products of evolution, with a phenomenological
purpose, and the fact of being named does not make any difference
at all. The act of giving a name, in this case, would be a fortuitous
consequence, in which the recognition of diagnostic characters
would represent questions to be decided through the use of empir-
ical evidence rather than cases of personal decisions.

3 The Collection and Preparation of Zoological Material

3.1 Collecting

Species descriptions following the international code of zoological
nomenclature, taxonomic revisions, and morphological, biogeo-
graphical, reproductive or ecological studies, as well as the phylo-
genetic system of a given species or group of species are all based
on specimens collected and deposited in scientific collections.
Specimens collected and deposited in both scientific and didactic
collections are used in graduate and postgraduate research and
laboratory classes, biology courses, veterinary medicine, ecology,
oceanography and agronomy, among many others.

Additionally, ethnobiological projects that study the utilization
of animals or animal parts by traditional societies can also use infor-
mation gathered from specimens collected by the researcher him-
self or from specimens deposited in academic collections. The
enormous diversity of animal species, associated with the wide vari-
eties of environments that they occupy, demand corresponding
diversification of the collection and preparation methods used to
incorporate these organisms in zoological collections [7].
According to Caramaschi [ 7], a number of basic procedures should
be followed in order to guarantee adequate collections with the
least possible risk to the integrity of the animal populations and to
the collector himself. As such, this chapter presents the general
technical principles involved in collecting and preparing vertebrate
specimens, the equipment utilized, the types of zoological collec-
tions possible, and their importance.

Zoological specimens are collected when there is a real necessity
for specimens for scientific and /or educational purposes, and if the
conditions for their preparation, transport, and storage are ade-
quate. Random collections or collections without documentation,
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3.2 Series

or those with inadequate preparation and storage facilities should
be discouraged. Additionally, the collector must respect the envi-
ronmental regulation and licensing procedures of the country
where they are working in order to avoid judicial complications.

There are basically two types of collecting methods: general
and specific (senso Vanzolini and Papavero [17]). A general col-
lecting is undertaken by the systematic exploration of a given area
with attention being given to all of the animals encountered. In
reality, this collecting method is impractical, as no one can go into
any field and collect everything; additionally, the logistics and
equipment and materials necessary for this type of collection would
be quite impractical. Researchers are generally interested in a par-
ticular taxonomic group, even though they may come across a col-
lectible animal species outside of the focus of their work.
Nonetheless, the researcher must pay attention to all informative
details even if apparently external to the specific group they are
interested in.

According to Vanzolini and Papavero [17], specific collecting
is characterized by searching for and capturing specific specimens—
which might be just a single species or a certain taxonomic group,
agricultural pests, or organisms that inhabit a specific environment
or special microhabitat (e.g., species that live inside bromeliads,
caverns, or fossorial organisms). Specific collecting does not have
to be rigid [7], and if the researcher is an area with rare or interest-
ing species, the opportunity to collect some of these individuals
should not be wasted (even if they are not the direct object of the
study). It must be noted, however, that this particular collecting
situation still must obey the criteria established by the collecting
permit and must never be applied in cases of rare species that are
threatened with extinction.

Series are composed of individuals of one or more species collected
in a given area within a given period of time. Independent of which
taxonomic group they belong, animals can present intraspecific
variations that are individual or generated by sexual dimorphism or
by age. Individuals of the same species from different localities can
show accentuated variations when closely examined [7]. As such,
studies of a given species should analyze as many series as possible,
and preferentially those from various localities, covering the total
geographical distribution of the focal animal.

A good series should contain, in principle, sufficient numbers
of specimens to cover all or most of the variations encountered in
a population. However, this number should not atfect the quality,
in other words, should be collected as many individuals as possible
to prepare and transport in good condition without spoil the col-
lection. Due to the environmental laws that govern the emission of
collecting permits for animals, the upper number of specimens to
be collected is always restricted. In this case, the series should be as
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all-inclusive as possible and include specimens of both sexes, and of
all sizes, colors, and ages. As such, a good collection is one that
does not select only males or females, or the largest and most visi-
ble specimens, but rather is performed more or less randomly with-
out any individual or collective choices [7, 17].

Field notebooks should be of high quality and have hard covers
and sturdy paper, and be of a size that is both convenient to use
and easy to store. The pages should not become loose easily—and
for this reason it is best to use notebooks whose pages are sewn
together rather than stapled or spiral-bound. Some researchers
prefer to use loose but numbered pages that can later be bound in
a binder [7].

Field notebooks should be used to record three basic types of
information [7, 17]: (1) Trip diaries that register both scientific
and human-related incidents, observations of the local inhabitants
and local customs, as well as physiognomic and ecological descrip-
tions of the study localities; (2) The catalog numbers of the mate-
rial collected, including, for each number, all of the data noted for
the specimen (or lot of specimens) that it corresponds to. This
numbering must be done very carefully to avoid repetitions or
numbering errors that could lead to a loss of information; (3)
Observations about the animals and the sites. In addition to
descriptions of the local environment, information should also be
included that can be used to critically define the collected material,
such as where it was collected, the date, the beginning and end of
the collection period, the number of people collecting, the charac-
teristics that can be lost or altered at death or during the preserva-
tion process (such as behavior, coloring, weight, emitted sounds,
or luminosity).

Any and all specimens or lots that are collected must be well identified
so that the information will not be lost and the collecting nullified.
The surest procedure is to tag the material in the field during
collection. In this context, the tag is physically bound to the col-
lected specimen. The tag may be only numerical, containing the
field number followed by the identification of the collector, or it
may include written data such as the weight, color, size, sex, and
sexual maturity of the specimen [7, 17]. The tag should be made
of excellent quality material—especially tags used to identify speci-
mens that will be conserved in humid environments or that will come
into contact with formaldehyde or alcohol. For tags that will only
be exposed to dry environments, good quality and firm-textured
paper will be sufficient.

Tags can be of five types: fiber—which can be previously
printed or filled in with Nankin Indian Ink; tin—which is more
difficult to prepare, as the letters and numbers must be stamped;
cardboard—which can be printed with a sequential numbering
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stamp using printing ink; plastic—which are made from continuous
rolls of plastic tape and a sequential numbering stamp (so that the
letters and numbers are easily visible); or tracing paper—which
should be of excellent quality (at least 120 weight), and the letters
and numbers should be written legibly using good quality Nankin
Indian Ink.

An additional label should be included in the recipient that
holds a specimen (or lot of specimens) collected in a given area.
This label generally contains three basic items of information: (1)
the locality where the material was collected (farm, stream, river,
lake, beach, etc.), which should be indicated with the greatest pre-
cision possible, preferentially georeferenced using a GPS device;
(2) the collection date (day, month and year) followed by the name
of the district or municipality and then the state and country.
To avoid confusion, the month should be written in Roman, not
Arabic numerals; and (3) the name(s) of the collector(s), with the
abbreviation “Col.” or “Leg” before them (from legit in Latin,
which means collected).

The recipient label should be made of good quality tracing
paper (minimum weight of 120). The information must be legible,
and Nankin Indian Ink is reccommended or inkjet or laser printing
(as long as the ink used is not soluble in formaldehyde or
alcohol).

This procedure allows a specimen to be stored indefinitely in a
collection without any serious distortion or degradation of'its parts
and should inhibit cell destruction by autolysis as well as impede
bacterial and fungal attacks.

Preparation is sometimes confused with fixation, but there is a
great difference between these two methods. Fixation stabilizes
the animal tissues, while preparation allows the zoological material
to be stored for indeterminate periods (as explained in the para-
graph above). There are two principal types of preparation: liquid
and dry [17].

Liquid preparation uses fixing and conserving solutions.
The principal fixer used is formaldehyde (which is a gas in its
pure state). Commercially available formaldehyde is generally used
for fixing animal tissues and consists of a saturated aqueous solu-
tion containing 40 % formaldehyde (commonly called 100 % form-
aldehyde). The final formaldehyde concentrations most commonly
used are 5 and 10 %, appropriately neutralized, with the 5 % solution
being favored for watery and delicate specimens.

Alcohol at 75° GL is the principal liquid preservative solution
and its concentration should never be below 50° GL. Materials
preserved in alcohol should be inspected periodically to avoid sig-
nificant decreases in alcohol concentrations and /or liquid volumes
[7,17].
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Fig. 1 Fish collecting, of the selective type, using throw-nets (Photo: Virginia Diniz)

There are two basic methods for sampling or collecting vertebrates:
(1) active searching (which is also known as general or visual
searching) for a set period of time, which consists of searching for
animals in their native habitats and microhabitats (sensu Martins and
Oliveira [18]); and (2) passive sampling, using different types of
traps. There are various techniques used in each of these sampling
methods depending on the vertebrate group being collected.

The fish capture should be undertaken in all the aquatic environ-
ments to be sampled, whether continental or marine. Fishing
equipment is generally of two types: selective and nonselective.
Selective instruments consist of traditional fishing gear as well as
nets with meshes and specific shapes designed to capture fish of
certain sizes and with similar lifestyles (Fig. 1), including fishing
lines, fishing poles, sieves and dip net, longline fishing (both the
open ocean and bottom type), fishing nets such as cast net, trawl
net, gillnets and hoop net (also used in capturing other vertebrates)
[17,19]. Nonselective equipments are those used when no impor-
tance is given to the size or lifestyle of the fishes to be collected,
and includes electrical fishing equipment as well as chemical sub-
stances such as rotenone. The latter is very efficient in small pools
left by receding rivers or tides, or in rocky streams.

Nonselective methods have many disadvantages and are generally
not recommended. The use of chemical substances, for example, is
considered an environmental crime in Brazil according to Article
35 of Law No. 9605 of February 12, 1998. Electrical fishing
equipment is not only difficult to transport and store but also can
occasionally cause serious accidents [19].
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3.6.2 Amphibians
and Reptiles

The collected specimens are fixed in 10 % formaldehyde. Small
specimens can be placed in an aqueous solution of formaldehyde
while still alive, to guarantee the fixation of their internal organs
and musculature. Medium and large specimens require formalde-
hyde injections through the mouth and anus (or cloaca), into the
musculature, at the base of the swimming fins, and into their inter-
nal body cavity [19]. The fish can be tagged by tying a label to the
caudal peduncle, by passing a line through the mouth brachial
chamber, or by placing a tracing paper label inside the jars or plastic
sacks containing formaldehyde used to store them (plastic sacks
can be transported inside a cooler or other such container). If pre-
pared tags are not available, labels can be rolled up and stuffed into
the mouths of the collected specimens [17]. After these procedures,
the animals should be maintained immersed in 10 % formaldehyde
in adequately sized recipients and kept there for 2 weeks. After this
period they should be washed to remove excess formaldehyde and
then placed in recipients containing 75° GL ethyl alcohol.

Amphibians and reptiles are often collected together and denomi-
nated herpetofauna. There are essentially two basic methods used
for capturing these animals—active or passive capturing. Active
capturing or visual searching for defined periods (sensu Martins
and Oliveira [18]) can be undertaken during either the day or
night, while passive captures use snares and traps.

Active collecting of amphibians and reptiles can be undertaken
in two ways: General—consisting of wandering randomly in a pre-
determined area while examining the greatest number of possible
microhabitats (in the vegetation; underneath the leaf litter, fallen
trunks or rocks; in crevices or on rock outcrops; in burrows along
the margins of streams and lakes, or within them); and Systemized—
searches in which the researcher surveys and established transect
to encounter these animals. The most commonly used sampling
methods in systemized collecting include audio strip-transects to
sample anuran amphibians [20], transect sampling [21 ], and quad-
rant sampling [22].

The principal equipment utilized in herpetofauna collecting
includes: long-sleeved shirts and long pants and a hat, a backpack,
canteen, penknife, knife or machete, a field notebook and Nankin
Indian Ink pens, hand-held flashlights or head lamps, extra batter-
ies, boots, and snake garters. Rubber boots are recommended for
use in swampy areas. Collectors also use slingshots, and large twee-
zers (35 cm long) to capture animals hiding in holes or burrows,
and bamboo pole lassos. Compressed air pistols with 4.5 mm lead
shot are used to collect lizards. Lutz lassos and poles with hooks
are used to contain and manage snakes. Wooden boxes and cloth
and plastic sacks are used to transport the collected specimens.

The principal method of passive collection involves the use of
straight-line drift fences and pitfall traps made from 60 L (or larger)
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Fig. 2 Interception and fall-traps with directional fences utilized in collecting
amphibians and reptiles (Photo: Washington L.S. Vieira)

plastic jars or buckets that are buried to their rims and separated by
plastic drift fences at least 5 m long and 1 m high (Fig. 2). These
traps must be inspected at least twice a day (in the early morning
and before nightfall). This method is very useful in capturing spe-
cies that are difficult to detect by active searching and aids in stan-
dardizing and maximizing herpetofauna collections in any area.

Other devices such as “Glue Trap,” “Sticky-trap” and “Trap-
a-roach” are largely used to capture arboreal specimens [23-27].
Funnel traps are generally set near bodies of water to capture
tadpoles, snakes and turtles and can be associated with pitfall traps
to maximize collection efforts [24, 26].

Cage traps (“Tomahawk” and “Sherman”) are principally used to
capture mammals but are equally useful in collecting large lizards,
turtles, and crocodilians. The baits used in these traps must be
renewed daily (meat, fruits and /or a mixture of sardines, flour, and
peanut butter) and nontarget animals attracted to these baits can
often be used as bait for larger animals [28].

The specimens collected can be transported in cloth or plastic
sacks to the laboratory where they are anesthetized and killed. In the
case of amphibians, the specimens can be euthanized by inhala-
tion of ethyl ether or by injections with high doses of Benzocaine,
Lidocaine or Xylocaine, or by drowning in 40° GL alcohol.
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3.6.3 Mammals

Reptiles are generally killed by inhaling ethyl ether or by injecting
them with high doses of Xylocaine, Pentobarbital, or Ketamine
[29]. All of the specimens are ultimately fixed in 10 % formalde-
hyde and then conserved in 75° GL alcohol.

Collecting mammals in scientific search has three principal objectives:
to study their skins, bony parts, and soft organs [17]. The informa-
tion contained in the collected specimens and deposited in scientific
collections can serve as the basis for studies of systematics, evolu-
tion, biogeography, genetics, ethnobiology, and ecology.

Mammals are encountered in almost every type of habitat—
which makes it difficult to establish fixed methodologies for their
capture [17]. Nonetheless, collecting of these animals can follow
the sampling methods established for other specific groups,
depending on the objectives of the study. Mammals can usually be
collected by two distinct techniques: active collecting, also known
as direct searching; and by using traps [17].

According to Vanzolini and Papavero [17], active collecting is
utilized for certain groups, principally medium-sized animals such
as small felines, foxes, small deer, wild pigs, and monkeys. This type
of collecting/hunting commonly involves the use of a 36 caliber or
larger shotgun, 22 caliber rifles, and shells with small (ns. 8 and
10) or large shot (ns. 3 and 5). To use this equipment the researcher
must have a license for owning and carrying a firearm as well as
certification for their use. If the firearm belongs to an institution,
the researcher must carry a letter from that institution allowing
him to use it in the field [30].

Other equipment is also used to collect mammals, and most
items have been listed above under the topic of amphibians and
reptiles. However, collectors should also take with them into the
field (especially for preparing the skins) scissors, tweezers, cotton,
sewing thread, arsenic, borax (sodium borate) or taxidermy paste,
wire, pliers, brushes, sawdust or cornmeal (used to absorb fat,
blood, or other body fluids during the preparation of the skins),
pins, and wooden or cork boards that can be used to hold the skins
while they are drying. The utility and utilization of these equip-
ments are well described in the publications of Vanzolini and
Papavero [17] and Auricchio [31].

Various types of traps are used to collect mammals, and there
is considerable variation among the different models. The most
commonly used types are Tomahawk and Sherman traps (Fig. 3),
although other less-common models are available such as Havahart
and Longworth traps [31].

Tomahawk and Havahart traps are made from galvanized wire
with openings at one or both ends and are used to capture larger
animals such as felines, foxes, bush-dogs, and striped hog-nosed
skunks. Sherman traps are made from aluminum or galvanized
metal sheets and can be collapsible, or not; they are generally easy
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Fig. 3 Sherman-type traps used for collecting mammals (Photo: Washington
L.S. Vieira)

to set up and come in many different sizes. Longworth traps are
also made from aluminum and have a tunnel entrance with an
automatic trap door mechanism and a holding cage coupled to
the posterior part of the tunnel when the trap is fully armed [31].
To attract animals, these traps must be baited on a daily basis with
a mixture of fruits and sardines or flour and peanut butter; they
should be checked early in the morning. Rat and mouse traps can
also be used to collect small mammals such as rodents and marsupi-
als, although they have inconvenience of crushing some part of the
animal—making its skeleton or skull unusable for study [17, 31].

Intercept and pitfall traps linked by straight-line drift fences
[32-34] are also used and can maximize mammal collections
(Fig. 3) by capturing small and medium-sized animals such as
rodents, marsupials and armadillos (Fig. 4). Details of this method
were described earlier, under the topic of amphibian and reptile
collections.

Fine-mesh mist nets made from very thin black nylon thread
come in many sizes, although the most common models are 6 m
long by 3 m tall. These nets are extended and held vertically by
aluminum or bamboo poles (Fig. 5); they should not be tightly
stretched, and their holding poles should be placed to allow the
formation of bulges or overlaps that allow the animals to become
entangled as they struggle [17, 30, 31, 33, 35].

There are different ways of erecting these net barriers, and they
can be stretched in a line or in the form of a “Y,” suspended from
trees, placed around abandoned human habitations, over streams
and small lakes, at the margins of large rivers, or near burrows or
the entrances of caves [35]. Another type of net used to capture
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Fig. 4 Euphractus sexcinctus captured using interception and trap-falls with directional fences (Photo:

Washington L.S. Vieira)

Fig. 5 Capturing bats with mist nets (Photo: Washington L.S. Vieira)

bats (although little-used yet in Brazil) are harp traps, which
consist of two aluminum supports holding an array of thin threads.
For more details, see Jones et al. [34] and Kunz et al. [35].
Mammal inventories, in addition to using the methods
described above, can be complemented by recording animal tracks.
These registers are made by photographing the tracks or making
plaster molds. “Photographic traps” use an apparatus that triggers
a camera when an animal passes near it. Owl pellets—the regurgi-
tated remains of owl meals that contain the bones and skins of
small mammals—can be used to complement inventories [31].
Additionally, interviews with local residents of human communi-
ties and hunters will often supply interesting information, although
the precision of their observations will depend on obtaining
supportive elements from them (such as skulls or skins) that will
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Fig. 6 Specimens preserved by taxidermy and labeled in the field (Photo:
Washington L.S. Vieira)

allow more precise identifications of the species and serve as
testimonial material.

Local residents also commonly stock products derived from
local animals (such as their skulls and skins) used for medicinal or
ornamental purposes [ 36—41 |. Once donated, this biological mate-
rial will allow secure identifications of the species. The practical
knowledge of hunters and their hunting techniques can often maxi-
mize collection results. For more details, refer to Alves et al. [39].

The specimens collected can be killed using anesthetics com-
monly employed by veterinarians or with ether or chloroform.
Injections with alcohol or 10 % formaldehyde at the base of the
cranium are commonly used for small individuals [31], with large
doses of cyanide being used for large animals [17]. The specimens
can be prepared by liquid or dry techniques. Liquid preparation
involves injecting 10 % formaldehyde into the specimens and their
subsequent conservation in 75° GL alcohol. Dry preparation is
accomplished through taxidermy (Fig. 6).

Packing and transport of the specimens in liquids can be accom-
plished using jars or large vessels containing 75° GL alcohol, or in
boxes (in the case of skins preserved by taxidermy). More details are
available in Vanzolini and Papavero [17] and Auricchio [31].

Collecting of bird specimens for scientific purposes are made with
two principal objectives: (1) to study their plumage and other struc-
tures of their external morphology, and; (2) to study their skeletons
and soft tissues. Additional information is usually gathered con-
cerning their nests, eggs, behavior, and songs [ 17]. In general, birds
can be collected by either active (direct searches) or passive
collecting.

Active searches are undertaken during the day, generally in the
first hours of the morning, or at night fall, by way of random
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Fig. 7 Capturing birds using mist nets (Photo: Washington L.S. Vieira)

searches or along preestablished transects. According to Bibby
et al. [42], active searching along transects is more appropriate as
it allows the researcher to estimate bird densities at the site and
provides more accurate information about habitat and microhabitat
use and gradients of species distributions in the area. Long transects
can be divided into smaller sections, thus facilitating observations
and collecting.

Birds can be brought down with a 36 caliber shotgun using
small (n. 8) or large shot (n. 5). The caliber of the shotgun, the
sizes of the shells and the shot must all be adequate to the size of
the bird, its distance, and to the collecting locality. The use of this
equipment requires a hunting permit and a registration permit for the
firearm itself. Additionally, if the firearm belongs to an institution,
a letter must be presented indicating that the bearer is authorized
to use it [30].

Much of the other equipment used for capturing birds is used
with other animal groups, although a good pair of binoculars and
camera are required as well as a recording machine. If the recorder
is not digital, extra tape cassettes are recommended. Additional
equipment includes a directional microphone, reserve batteries,
banding rings (for banding birds that will not be collected), a
needle-nosed pliers, paper used to prepare cones (utilized in trans-
porting the specimens), and cotton. Addition material, principally
that used in preparing skins, was listed above in the section dealing
with mammals. The purposes and uses of this equipment have been
described in good detail by Vanzolini and Papavero [17], and
Auricchio [31].

The method most commonly used to collect birds employees
mist nets (Fig. 7), which were described earlier in the section
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dealing with collecting mammals. These nets should be set up
before the birds begin their activities (generally between 04:00 and
04:30 hours in the morning, depending on the geographical local-
ization of the sampling area). Once the nets have been installed
the researcher should remain nearby in order to inspect them
(although the interval between inspections may vary according to
the methodology used).

The collector can often maximize the collecting successes of
both active searches and mist nets by recording bird calls and then
playing them back to attract other birds. This technique is extremely
advantageous because it will attract individuals of a particular spe-
cies seeking to investigate the electron trap called call—facilitating
their capture and economizing time [30].

As with mammal collections, the researcher can interview local
inhabitants, hunters, or people who commonly trap birds. The
information may not be extremely accurate, however, except in
cases where whole specimens (or parts) are available for definitive
identifications. The knowledge that the hunters and bird trappers
have of the area and the techniques they employ may also aid in
maximizing scientific collections. For more details, refer to Alves
etal. [39, 40, 43].

Captured birds can be killed by compressing their thorax,
which impedes their respiration and heartbeat. Other techniques
include injecting Ketamine into the thorax or alcohol or formalde-
hyde into the base of the cranium, or inhalation of ether or chloro-
form [30]. These specimens may be prepared in 10 % formaldehyde
and subsequently conserved in 75° GL alcohol, or prepared in a
dry state through taxidermy.

The specimens can be transported and stored in small recipi-
ents or in larger containers containing 75° GL alcohol (specimens
stored under liquid conditions), or in boxes (skins that have been
prepared by taxidermy). For more details, refer to Vanzolini and
Papavero [17], and Auricchio [31].

4 Zoological Collections

The material collected during field expeditions should be housed
in permanent zoological collections that are responsible for record-
ing and ordering the specimens and preserved body parts for edu-
cational and/or scientific purposes [44]. The collections can be
used to support research projects in areas such as taxonomy, bioge-
ography, zoogeography, morphology, ecology, and ethnobiology,
and are essential to the academic studies of undergraduate and
graduate students. More detailed information about zoological
collections and their peculiarities can be found in Martins [44] and
Franco [45].
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Zoological collections can be either didactic or purely research
collections. Didactic collections are designed toward teaching pur-
poses, demonstrations, and training. They are generally housed in
institutions that offer courses in zoology, and the materials usually
have short useful lives, due to frequent handling of the specimens.
As such, teaching collections must be renewed periodically. The
material incorporated into this type collection is often inappropriate
for research purposes due to the lack of basic field collection infor-
mation or because they were partially damaged [44, 45].

Research collections are also known as scientific collections and
have inestimable value to taxonomic and biological studies. They are
classified as general, regional, private, or special collections.

General collections maintain biological material from different
parts of world, are secular, and generally incorporated into muse-
ums (although some may be found in universities or other large
research institutions). Regional collections unite diversified zoo-
logical material from a specific geographical region or locality and
are usually kept by local universities, technical schools, or research
institutes. Researchers and dedicated amateurs or even private
companies sometimes gather zoological material into private
collections. These collections are maintained by private resources
and are commonly donated or sold to public institutions after the
death of the collector or when he/she no longer can (or cares
to) maintain the material. As these collections are usually restricted
to the specific interests of the collectors or to a given zoological
group, they quite often have excellence specimens and records
[44, 45].

Special collections house materials with the purpose of sup-
porting specific studies, often those of economic interest, and are
designed to aid in solving problems specific to the institutions with
which they are associated. The principal types of special collections
are: collections of economic interest—which can be medical /public
health, agricultural, or related to food production; reference or
identification collections—which hold collections designed to
facilitate the identification of specimens by comparisons; collections
of specific taxonomic groups—which hold collections of specific ani-
mals (such as snakes, amphibians, coleopterans, mollusks, or mam-
mals) and are of relevant importance to scientists working with
those specific groups [44, 45].

All collections should be maintained in order so that their data
and specimens are reliable and easily consulted, and they should
be amplified and conserved for future generations. The storage
and maintenance of any collection is extremely important and
requires constant attention. This set of activities is the primary
responsibility of curators, and should follow the specific instruc-
tions and procedures outlined in the works of Martins [44] and
Franco [45].
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Chapter 13

Sampling in Ethnobotanical Studies of Medicinal Plants

Mariano Martinez Espinosa, Isanete G.C. Bieski,
and Domingos T.0. Martins

Abstract

Ethnopharmacological and ethnobotanical studies represent one of the strategies of medicinal plants selection
most widely used and recognized today. Ethnobotanical surveys may support chemical and pharmacologi-
cal studies in the search for herbal medicines for the treatment of the most common diseases. Several
methods can be employed in carrying out these surveys, with particular emphasis on ethno-directed studies,
taking into consideration shorter time and lower cost required for data acquisition and analysis. In this
regard, probability and non-probability methods of sampling have been widely employed. Therefore, the
aim of this chapter is to present the fundamentals of sampling in the area of ethnobotany. For this purpose,
brief presentation of the main probability and non-probability sampling methods will be presented with
two practical illustrations from recent researches conducted recently. It is important to note that
non-probability methods can be used in ethnobotanical survey of medicinal plants, but its use do not allow
for statistical inferences on the population, since they are not based on probability theory. For a better
understanding of probability sampling method, we utilized two examples of sample design. It is hoped that
this write-up will contribute in a significant way to sampling design in ethnobotanical and ethnopharmaco-
logical studies minimizing biases that are common in this type of studies.

Key words Population, Sample, Statistical inference, Ethnopharmacology

1 Introduction

The use of statistics dates back to 4000 B.C., when it was used by
warriors in conquering people of different territories. It however
came into limelight in the nineteenth century gaining importance
due to its application in the different areas of knowledge [1].
Statistics is an important tool employed in collecting, analyzing,
summarizing, and drawing conclusions from data, using sound
processes and scientific tools. Statistical analysis is used in designing
scientific studies to increase consistency, measure uncertainty, and
produce robust datasets and information. As such, statistical methods
are used extensively throughout the scientific process, from the
design of research questions through data analysis and to the final
interpretation of data, thus enables drawing of valid conclusions.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_13, © Springer Science+Business Media New York 2014
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1.1 Basic Concepts
of Statistical Inference

1.1.1  Population
or Universe

1.1.2  Element
of a Population

One of the main goals of statistics is to make inferences from
information contained in data obtained from one or more samples
of a given population. Research planning requires elaboration of
sampling plan or design, which includes defining sample size and
sampling techniques to be employed in sample selection from the
given population, in such a scientific manner that the sample
obtained “honestly” represents the entire population.

In addition, sampling is done in order to provide reliable
results with minimum bias or error and in such a way that repre-
sentativeness is guaranteed and thus allows the researcher to draw
conclusions for the entire population. It is clearly necessary to
define the type and sampling method before hand for adequate
data collection [2].

There are broadly two types of sampling techniques based on
sample selection design: probability and non-probability. These
two main categories encompass different sampling methods.

In probability sampling, all elements in the population have
some opportunity of being included in the sample, and the math-
ematical probability that any one of them will be selected can be
calculated. Whereas, in the case of non-probability sampling the
samples are gathered in a process that does not give all the indi-
viduals in the population equal chances of being selected.

Both types of sampling can be used in ethnobotanical and eth-
nopharmacological investigations for the selection of medicinal
plants [3-9].

However, it should be noted that non-probability sampling
has many limitations when compared to probability sampling,
especially in terms of accuracy and representativeness. Thus, non-
probability sampling may be used only in surveys in which data
obtained are not meant to be used to make statistical inferences
from the population [2, 6, 10].

Universe is the set of all elements of interest that have one or more
common characteristics that can be counted, measured or ordered,
and from which inferences can be made [2, 11]. Thus, this set
consists of elements and the same can be represented by (1):

E={1,2,..,N-1,N} (1)

Population is the entire collection of individuals, objects, or
simply elements about which information is desired. Population
may be finite (determined number of elements), or infinite, i.e., an
indeterminate number of elements.

According to Bolfarine and Bussab [2], element of a population or
basic unit z is any element belonging to the set E (z€ E). The basic
unit may be single or collective (group or set), although the unit of
observation and analysis is the element [11].



1.1.3 Characteristic
of Interest

1.1.4  Population
Parameter

1.1.5 Census:
Advantages and
Disadvantages

1.1.6  Sample
Sampling Unit

1.1.7 Variables
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Variables of interest of a population are the common characteristics
of the information of each basic unit of that population. A variable
is a characteristic of interest to be measured for each unit in the
sample. In general, variables are usually represented as letters X
and 7, other notations may also be used or better still with X; and
7.. However, the latter notations are recommended when there are
several features or variables.

A population parameter is the numerical measure used to describe
the characteristic of a population of interest. Usually, the parameters
are represented by letters of the Greek alphabets (a, f, etc.). The
most utilized are the total, average, proportion, and population
variance.

A census consists of collecting information of all various elements
of a population or universe. The advantage of a census is that it
presents the information of all the elements existing in a given
population.

The main disadvantages of census are the high cost, vast
amount of time needed, paucity of skilled personnel for the collec-
tion, inability to observe all elements of the population, and
destructive processes, among others. A solution to these problems
is to select part of the elements (sample) and from this part infer-
ences about the population under consideration is made.

A sample is a subset of the population and consists of # elements
[2, 3]. In practice, it usually employs random samples, in which
each elements of the population has the same chance of being
selected in the sample.

When a survey is carried out, it is recommended to select
elements of the population by means of the sampling units. These
units or elements in which the measurements are made to obtain
data to be analyzed are called sampling units. The sample unit can
be single or collective [3, 11, 12].

It is essential to obtain an appropriate sample in order to be
able to generalize the findings. This is in addition to ensuring good
representation of the population of a particular survey. Thus, one
of the important steps in research planning is the data capture, in
which sampling design and sample size determination are funda-
mental, in order to have statistically reliable results.

A variable to be studied in a population consists of common char-
acteristic that is desired to be measured (or observed) in each unit
of'a given population. Variables can be qualitative or quantitative.

A gqualitative variable (or categorical) can be classified into
nominal and ordinal. Contrary to the nominal qualitative vari-

ables, ordinal variables are presented with a natural ordering
[13, 14].
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1.1.8 Data

1.1.9 Error

1.2 Different Types
of Sampling

1.2.1  Nonrandom or
Non-probability Sampling

Variables that can be counted or measured are termed
quantitative and can be classified into discrete and continuous.
Discrete variables are those that assume finite number of values
that can be counted or referred. For example, the number of indi-
viduals in a community and the number of plants in a forest
garden.

Continuous variables are those that can assume an infinite set
of values and are generally obtained by measurement. For example,
the height of a plant (m) and the weight of a fruit (g).

Numerical measures (or attributes) describe the results obtained
(or observed) in each unit constituting the data for each variable
studied.

Variations or errors are common occurrence in researches at all
levels of measurement involved in data collection of a particular
feature of interest.

When measurements of a particular characteristic of a sample or
population are repeated under the same conditions, the results of
these measurements are not necessarily identical. The unpredict-
able fluctuation that is observed in measurements or observations
of the results is called error [2, 11].

Sampling is the process by which inference is made to the whole by
examining a part. The sampling method is the scientific procedure
of selecting those sampling units which would provide the required
estimates with associated margins of uncertainty, arising from
examining only a part and not the whole. There are broadly two
types of sampling techniques based on design of sample selection:
probability and non-probability. These two main categories encom-
pass different sampling methods.

In non-probability sampling type, probability mechanism is not
utilized in the selection of units or sample elements of interest.
The selection of elements usually subjected to the experience and
knowledge of the researcher.

In ethnobotanical surveys, non-probability sampling methods
most commonly employed are sampling by convenience, quota
sampling, and snowball sampling [6-10]. It is important to note
that these methods are not recommended when there is the desire
to extend the results to the population and to make inferences.
However, such methods may be useful in exploratory research.

Sampling by convenience. A convenience sample is simply one in
which the researcher uses any subjects that are available to partici-
pate in the research study. That is, a population is selected because
it is readily available and convenient. This sampling method has a
limitation, in that it cannot be generalized to the population [15].



1.2.2 Random
Probability Sampling
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Therefore, this sampling method does not guarantee that the
sample is representative, and therefore, the data from this sampling
is only valid to the sample itself and cannot be extended to the
population. This sampling technique can be used in exploratory
research, especially in situations where one desires to have an
overall idea and to identify general aspects of the variables
considered.

This sampling procedure usually takes shorter time, relatively
costs less, and is very easy to apply [6, 15].

Sampling by quotas. This sampling method is quite similar to strati-
fied sampling method. However, in each group or stratum, one
nonrandom sample is selected. Although the sample size for each
stratum is proportional to the size of the stratum in relation to the
total population, the sample may not necessarily be representative
of the group or stratum of the population in consideration. In gen-
eral, the sample in each stratum is chosen using sampling by con-
venience method. Consequently, the samples obtained by this
method also do not permit making inference about the population
under studied [15, 16].

Snowball sampling. This sampling method is widely used for inten-
tional selection of expert informants. In this method, the researcher
goes to the study site and seeks in the community, an informant
that is culturally competent (a local specialist) about the topic of
the research, who then indicates others with similar competence,
repeating the process from new participants progressively included
until all local experts in the community are completely covered
[17]. It is worth mentioning that samples obtained by the snow-
balling method are not representative and cannot be used for mak-
ing statistical inferences about the population [6].

In probability sampling, the elements of the population of interest
are selected by a probability procedure in which the samples are
determined at random [2]. By using this method, all the elements
have equal chance of being included in the sample. It guarantees
representativeness of the sample with increased robustness [6, 17].

There are several procedures of implementing probability
sampling. There are several probability sampling methods.

The four probability sampling methods most commonly
used in ethnobotanical surveys of medicinal plants are simple

random, stratified, systematic, and cluster or complex sampling
[2,9,18].

Simple random sampling. Simple random sampling is a sampling
method whereby a sample of size # of a random variable X, with a
given distribution, is selected from a finite population of N units,
such that each sample has the same probability of being selected
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and all members of the population have the same probability of
being included in the sample [2, 6, 10, 14, 19].

The researcher, before commencing research and selecting
samples must determine the appropriate sample size needed to
achieve the desired accuracy. The accuracy of an interval represents
the range permitted between the true value of the parameter of
interest and the point estimate.

In order to determine approximate sample size, the parameter
of interest must be known. This is usually a mean or a proportion.
It is also important to ascertain whether the population size (N) is
known, since the expressions utilized in the determination of sam-
ple size depend on availability or otherwise of these information. It
is also important to choose confidence level and the limit to the
error of estimation.

In this chapter, only expressions used in determining a sample
size for estimating proportion (p), with a confidence level of 1 -a.
This is because most of the variables considered in the area of eth-
nobotany are generally categorical and are often used in associa-
tions and prevalence ratios.

Thus, if the population size ( N) is unknown or if it is too large
to be determined, the approximate sample size of the sample (%),
the expression (2) are used for the estimation of the value with a
confidence level 1 -a [18].

n=(za/2)d€(1_1)) (2)

where

n=approximate sample size;

p=proportion of population considered;

A=limit to error estimate;

a=level of significance considered;

Z,,»=value obtained from the table of standard normal distri-
bution [18].

If the population size (N) is known, expression (3) is used in
place of (2) to determine the approximate sample size (%) and to
estimate the value of p with a confidence level 1 -a [2, 6, 18].

_ Np(1-2)
n= > (3)
(N-1)(d/2,,) +p(1-p)

where

n=approximate sample size;

N= population size considered;

p= population proportion considered;
A= limit to error estimate;



Sampling in Ethnobotanical Studies of Medicinal Plants 203

a = level of significance considered;
Z,,>=value obtained from the table of standard normal distri-
bution [18].

Stratified random sampling. A simple random sampling is more
representative of the population if the elements are homogeneous,
otherwise the population to be studied should be divided into
subgroups or strata of elements in order to be as homogeneous as
possible.

A stratified random sample of the elements is the division of the
population into strata or groups, according to some characteristic
of interest and subsequent selection of a simple random sample
from each stratum [2, 10, 19].

To determine the approximate size of a stratified sample, it is
necessary to know the parameter of interest, which by and large is
usually the mean or proportion. It is also important to know
whether the population size (N) is known, since the expressions
used to determine sample size depend on availability or otherwise
of this information, besides from the value established for error
estimation and the level of significance. In this case also, only
expressions used in determining sample size for calculating pro-
portion (p) or prevalence will be considered.

Firstly, the sample size is determined by considering the same
value of proportion for all strata. In this case, the sample size is
determined using expression [2]. If the population in each stratum
is given as N,, then the population size ( N) is given by the summa-
tion of the size of each stratum [6], which can be obtained by the
expression (4):

K
N=N,+N,+...+N,=2 N, (4)
i=1

To determine the sample size for each stratum, it is necessary
to first determine the fraction of population ( W,) for each stratum,
which is obtained by the expression (5):

N,

W, = N (5)
N

where

N-=total size of the population;
N,=population size of each stratum;
W, =population fraction of each stratum.

Thus, the sample size for each stratum (#,) is obtained by
expression (6), multiplying the population fraction in each stratum
by the sample size (#):

n, = VVIz n, (6)
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for k=12,..., K
where

m,=approximate sample size of each stratum;
n=approximate total sample size;
W,.=population fraction for each stratum;
K=number of strata.

If the proportions are different for the strata, the expression
(7) can be used to estimate the approximate sample size (%)
required to estimate p [10, 12, 19]

K
ZN;'ZPz (l_f’i)/vvz
i=1

n=

L
N4 + Y N,p,(1-p;)

i=1

where

K= number of strata in the population;

N;= number of units in the stratum g

N=numberofunitsinthe population,i.c., N= Ny + N + ... + Ng;

W;= fraction of observations assigned to the stratum 7, i.e.,

W;= N,/ N,

p:= population proportion of stratum

a*=d?/(z,/,)*, where d is the limit to error estimate;

Z,,»=value obtained from the table of standard normal distri-
bution [18].

In order to estimate the value of p; when it is unknown, values
from similar surveys are often used, or when this is also lacking, a
pilot sampling may be conducted. However, when both options
are not available the value p;=0,5 may be used as an estimate.
Justifications for this value can be found in specialized books on
sampling and its mathematical and statistical proofs are readily
found in the books of statistical inference [2, 3, 14].

Systematic vandom sampling. An alternative to simple random sam-
pling is systematic sampling. Systematic sampling is a sampling
method that allows random selection of an element of the first %
elements of a reference system and subsequently the selection of
every kth element [12].

To systematically select a sample it is necessary to:

. Have a complete list of elements of the population
. Number the elements of the population from 1 to N

. Know the number of elements to be selected (#)

N N S

. Define the interval or range of selection: k= N/#, to determine
the value of %, may require a rounding off
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5. Choose a random number 7 between I and %; the first randomly
selected number would be 7, the second number selected
would be 7+ k&, the third would be: 7+ 2 x k, the fourth number
would be 7+ 3 x £, etc.

6. Use the numbers selected to identify elements of the list
selected as samples

7. Next should be used so the numbers selected to identify the
elements of the list selected in the sample

Random cluster sampling. In simple random probability sam-
pling methods, the sampling unit is consisted of only one element
of the population. When units of the population are grouped into
sets or clusters and, in turn, some of these are randomly selected to
form a sample, the method is called a cluster sampling. Thus, a
cluster sampling is a random sample in which each sampling unit is
a set or cluster of units [2, 12, 14].

A cluster sampling is especially useful when the population in
question is large and spread over wide geographical area. In this
sampling method, the first step is to specify an appropriate number
of clusters. In general, the units within a cluster tend to have simi-
lar characteristics. On the other hand, the clusters should be as
heterogeneous as possible between them, to be able to take eco-
nomic advantage of cluster sampling.

Numerous small clusters are advantageous to control variabil-
ity, but few large conglomerates are economically advantageous.
Therefore, one should find a balance between the number and size
of clusters. The fact is that, there are no “magic” rules that always
work best to make this decision. Each problem must be studied
separately, but pilot samples may be undertaken to help the
researcher in making the right choice [2, 12, 19].

There are two types of cluster sampling methods, namely:
single-stage cluster sampling and multiple-stage cluster sampling.
In single-stage cluster sampling, all of the elements within selected
clusters are included in the sample, whereas multiple-stage cluster
sampling is obtained when the researcher only selects a number of
subjects from each cluster-either through simple random sampling
or through systematic random sampling, as in the cases of munici-
palities, census sectors, households, and individuals [2, 3, 12].
According to Albuquerque and Hanazaki [3], the expression (8)
can be employed to obtain the number of clusters (m):

m=— (8)
n

where

m=number of randomly selected clusters;
n=approximate sample size;
N-=total size of the population.
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It should be noted that if there are strata, the approximate
number of conglomerate to be selected in each stratum is denoted
by m;, which is obtained by using the expression (9):

_me.

m, Lofori=1,..,K 9)

[

where

m=number of randomly selected clusters;

M;=number of clusters in each stratum;

K=number of strata;

M=total number of clusters in the population.

In order to determine the number of individual in each
randomly selected cluster and region (#,;), the expression (10) can
be used:

ct

nzg xm, (10)

where
N, population of the randomly selected cluster;

N,: total population of the stratum selected;
m,=approximate size of the sample in each stratum.

2 lllustrated Examples

2.1 Example of
Stratified Sampling

For this section, two examples of researches carried out in the state
of Mato Grosso, Brazil will be used as case studies.

The data obtained from an ethnobotanical survey conducted
among the residents of the communities of Nossa Senhora
Aparecida do Chumbo District (NSACD) located in Poconé
municipal, Mato Grosso, Brazil in 2009 [20] was used. NSACD is
comprised of 37 communities, distributed in 16 micro areas, total-
ing 3,652 individuals belonging to 1,179 families. Micro areas
comprise of groupings of communities having large and small
number of families. It is an official term employed by the Ministry
of Health for logistics purposes to facilitate provision of health-
related services to families in these communities who attend the
local Family Health Units [21] as presented in Table 1.

In this particular study, a population consisted of an individual
(informant) per family (NSACD) with at least 40 years of age and
has been residing for at least 5 years in the district. Thus, the sam-
pling unit in this example was the family unit. This was because the
district is located in a rural area and moreover it is much easier
locating an informant within a family [6, 20, 22].
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Distribution of 37 communities of Nossa Senhora Aparecida do Chumbo district (NSACD), Poconé, Mato
Grosso, Brazil, 2009, by micro areas, with total number of individuals and families in each micro area,

including sample fraction and sample size

Communities MA  Total of individuals N, [/ m
Chumbo 1 311 71 0.0602 17
2 397 78 0.0662 19
3 238 67 0.0568 16
Canto do Agostinho, Santa Helena 4 179 52 0.0441 15
Os Cagados, Virzea Bonita
Furnas II, Salobra, Z¢é Alves 5 165 59 0.0500 15
Campina II, Furnas I, Mundo Novo, Rodeio 6 279 81 0.0687 20
Campina de Pedra, Imbé 7 188 67 0.0568 16
Barreirinho, Coetinho, Figueira 8 253 95 0.0806 23
Bahia de Campo 9 257 74 0.0628 18
Agrovila, Sao Benedito 10 184 66 0.0560 16
Agroana 11 186 81 0.0687 20
12 186 97 0.0823 24
Bandeira, Minadouro 13 248 82 0.0696 20
Carretao, Deus Ajuda, Sangradouro 14 216 77 0.0653 19
Pesqueiro, Varzearia
Chafariz, Ramos, Sete Porcos, Urubamba 15 208 67 0.0568 16
Céu Azul, Capio Verde, Morro Cortado 16 157 65 0.0551 16
Passagem de Carro, Varal
Total 3,652 1,179 1.000 290

Source: Bieski (2010) [14]

MA micro area, N, total of families, W, sample faction, 7, sample size

Thus, using the expression (3) and the total number of families
from Table 1 (N=1.179), considering a p value of 0.5 (p=0.5)
with a confidence level of 95 % (Z,,, =1.96) and a limit to error
estimate of 0.05 (4=0.05), a sample size of 290 or more families
(n>290) for the 16 strata was obtained. The value of p=0.5 was
attributed because there is no prior information from previous eth-
nobotanical surveys of medicinal plants in Mato Grosso state.

In order to determine the approximate sample size of each
micro area, expressions (5) and (6) were used, which corresponded
to the total number of families and sample fraction respectively.
The population fraction (W,) of each micro area was first
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2.2 Cluster Sampling

determined, by dividing the total number of families in each micro
area by the total number of families of the population (N=1,179),
as illustrated in Table 1.

Using expression (6), the sample size for each micro area was
calculated by multiplying population fraction of each one by 290.
This can be seen in the last column of Table 1.

In this second example data from a population study of elderly
units of the Family Health Program (FHP) [23] was considered.
The data are kindly furnished by Cuiaba City Council. The data
consisted of a register elaborated by the Office of Planning and
Urban Development/IPDU (2010) of the Council, as seen in
Table 2.

Using the expression (3) and the total number of the elderly in
Table 2 (N=7,187), considering p value of 0.10 (p=0.10), estab-
lished on the basis of a population study in Sio Paulo, where the
prevalence of use of psychotropic medications for this population
was 10 % [24], with a confidence level of 95 % (Z,,,=1,96) and a
limit to the estimation error of 0.025 (4=0,025), yielded a sample
size of 514 or more of the elderly (n>514).

Since this is a cluster sampling, a design effect of 1.5 to correct
the sample size was taken into consideration, taking into account
that the population comes from various FHPs units [25]. With this
fix, the sample size of 771 of the elderly was obtained
(514x1.5=771).

Also anticipating possible sample loss (elderly), for various
reasons such as unanswered or invalid questionnaires, refusals,
death, among others, and considering studies reported in the lit-
erature and the characteristics of population [24], a loss of 20 %
was expected. Thus, the corrected sample size rose from 771 to
925 of the elderly (2=771+771x0.20=925).

In order to determine the sample size per stratum (region), we
considered the expression (6). These values are shown in Table 3.

Notice that in the four regions considered, the elderly are dis-
tributed in 30 units of FHDPs that are called clusters (4/=30). Thus
a two-stage cluster sampling was employed to reduce the variance
[26]. Thus, by applying expression (8) 8 conglomerates () was
obtained (m=7,187/925=8). Using this number () and apply-
ing expression (9), the number of clusters by region (m;) was
obtained, as shown in the third column of Table 4. The elderly
enrolled in the units of the FHP by region, municipality.

To select clusters of each region, we performed a systematic
random drawing, with the aid of MINITAB, version 15.0. And
subsequently, to determine the number of the elderly in each
cluster region drawn (#,), we considered expression (10), as
shown in Table 5.
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Register of the Family Health Program (FHP) units, Cuiaba municipality,
Mato Grosso, Brazil, showing the total number of elderly, as male

and female, by unit area and region, 2009

Order Region Family Health Program

Feminine Masculine Total

O 0 N O Ut B W N~

— e e
B D~ O

I S T S N S N N S N T i e B
®© N & OBk W N —~ S v 0 N o
» @ O 0 O/C O|C O 0 ©O\Z2 z Z2 Z zZ Z|z Z|z2 Z|z z Z t© B o &

8]
\O

30 S

Altos da Serra I
Altos da Serra IT

Dr. Fabio I

Dr. Fabio II

Novo Mato Grosso
1° de Marco

Jardim Florianépolis
Jardim Umuarama
Jardim Uniao
Jardim Vitéria I
Jardim Vitéria I1
Jardim Vitéria ITT
Jodao Bosco Pinheiro
Novo Horizonte
Novo Paraiso I
Novo Paraiso II
Ouro Fino

Trés Barras
Despraiado

Jardim Araca

Jardim Santa Amalia
Novo Colorado I
Novo Colorado II
Ribeirdo da Ponte
Santa Isabel I

Santa Isabel IT

Santa Isabel IIT
Residencial Coxip6 I
Residencial Coxip6 II
Residencial Coxip6 111

68
73
95
105
139
115
99
126
80
76
114
98
105
140
149
95
149
135
141
180
212
91
69
158
129
199
152
154
148
90

79

95
116
120
121
109

87
112

91

57
102

85
114
135
181

93
148
115
122
145
173
103

76
154
100
205
141
114
140

70

147
168
211
225
260
224
186
238
171
133
216
183
219
275
330
188
297
250
263
325
385
194
145
312
229
404
293
268
288
160

Sonrce: Cuiaba [27]



Table 3

Number, sample fraction, and sample size of the elderly registered
at the FHP units by region, in Cuiaba municipality, Mato Grosso, Brazil, 2009

Region N, W, Ny

North 2910 0.4049 375
South 716 0.0996 92
West 1011 0.1407 130
East 2550 0.3548 328
Total 7187 1.00 925

Source: Cuiaba [27]

N, number of the elderly by region, W, sample fraction of the elderly, 7, sample

size by region

Table 4

Number of units in the FHP (clusters) by region and sample size
of clusters to be selected by region, in the municipality of Cuiab3,

Mato Grosso, Brazil, 2009

Region M; m;
North 13 4
South 3 1
West 5 1
East 9 2
Total 30 8

M; number of clusters in each region, 7, number of clusters selected in each stratum

Table 5

Sample distribution of the elderly, by conglomerate units in the FHP,
in Cuiaba city regions, of Mato Grosso state, Brazil, 2009

Stratum Region Cluster Family Health Program N, N, n, ng;
1 South 01 Residencial Coxip6 1T 288 288 92 92
2 North 02 Novo Paraiso 2 188 97
03 Jardim Vit6ria 2 216 100
04 Jardim Florianépolis 186 809 375 96
05 Joao Bosco Pinheiro 219 113
3 East 6 Despraiado 1 263 575 328 150
07 Ribeirio da Ponte 11 312 178
4 West 08 Dr. Fabio II 225 255 130 130
Total 1833 925

N, population of the cluster drawn, N, population of the stratum selected, 7,
approximate sample size for each stratum, 7; number of the elderly in each cluster
and region selected
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Conclusion

It is hoped that this chapter will contribute substantially to sample
planning, especially when conducting ethnobotanical and ethno-
pharmacological surveys of medicinal plants, thereby reducing or
eliminating major sources of bias that can affect the statistical infer-
ences and thus the analysis of the data obtained. It also hoped to
facilitates comparisons between ethnobotanical and ethnopharma-
cological studies that may employ the methods presented, which
will enable analysis with greater precision and reliability.
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Chapter 14

Indigenous Populations: Some Peculiarities

Fabio de Oliveira Freitas

Abstract

In this chapter, we consider a number of characteristics inherent to interacting and working with indigenous
populations. Certain aspects of life in an indigenous village may present difficulties and require a researcher
to adapt his or her work objectives to fit the reality of the environment. Our aim in this chapter is to pres-
ent research strategies based on data, previous reports, and field experiences that we consider useful for
professionals who work with indigenous populations.

Key words Traditional populations, Indigenous peoples, Cultural dynamics, Cultural diversity,
Work methodology

1 Introduction

A frequent question for those who are beginning to work with
traditional and indigenous communities is what methods to adopt
when undertaking that work. The answer to such a simple question
is highly complex. There is no single answer, and what works in
one situation may be disastrous in another. Furthermore, the skills
of the person who is working with these populations will dictate
the best approach.

To assist groups who are starting to work with such communities,
our aim here is to bring together a number of points we believe to
be important in developing the skills of the professional who is
planning to work with indigenous peoples.

We will not present a model of fieldwork in this paper but, rather,
describe the wide variety of factors and peculiarities that permeate
and /or are intrinsic to both traditional and indigenous communities
and should be accounted for when preparing fieldwork methodologies
so that both parties reach their goals and achieve the best results.

We focus on indigenous communities because we have more
experience in this area; however, much of what is presented can be
applied to other traditional communities. We use Brazilian examples
in several instances to contextualize our findings.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_14, © Springer Science+Business Media New York 2014

213



214

Fabio de Oliveira Freitas

2 Traditional and Indigenous Brazilian Populations

A recent change in Brazilian law, through the publication of Decree
6040 on 7 February 2007 in the Official Gazette of the Union
(Diario Oficial da Unido), mandated the official recognition of a
number of traditional Brazilian groups and established the National
Policy for the Sustainable Development of Traditional Peoples and
Communities (1).

In addition to both the indigenous and Maroon (“quilombola™)
populations that have already been recognized, a number of other
populations were incorporated into this list (1), each with its own
cultural and historical peculiarities. As a result, these peculiarities
can be included in differentiated public policies, and projects and
studies can be designed with respect to these peculiarities.

The exact number of people living within traditional Brazilian
populations is not yet known. It is estimated that traditional
Brazilian populations represent more than 25 million people in
total, or approximately 1 /8th of the Brazilian population (2). This
figure alone indicates the difficulty or even impossibility of trying
to develop a standardized methodology.

For indigenous peoples, there are more reliable official numbers.
According to the National Indian Foundation (Fundag¢io Nacional
do Indio—FUNAI) (3), 225 ethnic groups or indigenous societies
are currently recognized in Brazil, and these groups speak 180
different languages. It is estimated that there may be approximately
63 additional societies that are still isolated and have not yet been
contacted.

The general population of these societies is approximately
600,000 people, with two-thirds of them living in villages and the
remainder in cities. It is estimated that in the year 1500, when the
first European settlers arrived, the total indigenous population was
between two and four million people (3).

Thus, there was a drastic reduction in the number of indigenous
people, and, consequently, a major human-cultural loss occurred,
and the remaining populations are descendants of only a part of
what used to exist. Moreover, the culture of the surviving peoples
may be a mishmash of cultures that survived over time due to both
losses incurred through the extinction of many human groups and
changes in the innate culture of the nations—whether those
changes occurred due to internal or external factors.

The first point that must be raised within the scope of the
present study (i.e., focusing on the indigenous communities) is the
great cultural diversity that exists among these populations.

Each of these ethnicities has a different history intrinsic to its
culture (traditions, myths, and rites), as well as a history of contact
with other communities and with “Western” society in particular.
As noted above, there are both isolated groups with virtually no
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influence from or knowledge of Western society and groups that
have been so influenced in terms of behavior and everyday life that
they are more closely aligned with Western society than the more
culturally preserved indigenous populations.

For example, we have observed the “revival” of certain
indigenous groups/ethnicities in recent years, mostly in the north-
eastern region of Brazil, where the historic contact with colonizers
occurred longer ago and was often not particularly amicable. Thus,
some groups are living a process of cultural “rescue” or even
neogenesis. Some members of the latter context, in cases where
the traditional culture of the groups, including language, rites, and
myths, has been almost lost, structure themselves by “borrowing”
the cultural characteristics of other indigenous groups and recorded
historical data.

It is clear that although there are traditional cultural groups
that have been little if at all influenced by Western society, there are
also very acculturated groups for whom only traditional (genetic,
cultural) traces remain. Therefore, the way to interact with each of
these groups ditfers as, perhaps, do the objectives.

Below, we discuss and expand upon the peculiarities inherent
in the culture and history of indigenous people that we believe
provides helpful tips to inform the development and elaboration of
a study concept and during the implementation of a study.

3 Relationship

As stated previously, the time of contact a population had with
Western society also greatly influences the cultural preservation of
a given indigenous people. Moreover, the way that contact was
established with these communities also strongly impacts the evo-
lution of their society and its relationship with the environment.

There are cases in which contact has been peaceful from the
onset (e.g., with most of the Indians in the region known as Alto
Xingu in the state of Mato Grosso) and examples of hostile contacts,
many of which resulted in the massacre and extinction of certain
indigenous groups.

These different forms of contact had different impacts on the
culture of these people. In friendly contacts, there was a cultural
exchange, which may have varied in intensity according to the
interests of each population, whereas for non-friendly contacts,
the relationship is/was imposed.

Even during apparently friendly contacts, Western culture may
have been imposed upon indigenous culture. What often occurred,
tor example, is that groups of missionaries believed they needed to
provide “spiritual comfort” to indigenous peoples without knowing
what the community’s own beliefs were.



216 Fabio de Oliveira Freitas

Historically, indigenous groups in Brazil have been contacted
by different groups from Western society, including settlers,
explorers, farmers, rubber tappers, miners/prospectors, lumber-
jacks, missionaries, governments, militaries, universities, NGOs,
and companies.

An example of the different influences each of these groups
may have on traditional populations can be observed in the case of
the Yanomami Indians. This community was first contacted by
prospectors. The results of this contact included health problems
(epidemics), environmental problems (the pollution of rivers and
deforestation), and, most drastically, conflict and extermination.

Later, beginning in the mid-twentieth century, missionary
groups (both Catholic and Evangelical) began to settle among
these people (we will not discuss the merits of these missions but
simply register the cultural impact that they entailed).

During this missionary work, some Yanomami communities
were “colonised” by Evangelical missionaries, while other commu-
nities were colonized by Catholics. This divide damaged the family
relationships of those who found themselves in different locations
with different missionary influences. That is, cultural barriers were
created between different Yanomami groups for reasons outside
their own culture. Thus, if a person was working with one group,
it would be difficult to also work with the other because of the
stigma of having gone over to “the other side”.

4 Land

Another reality of indigenous communities is their agrarian situation.

Some communities are in an ideal situation, in which they
inhabit their traditional territory and it is demarcated for their use
(for example, the Indians of the Alto Xingu). Others have demar-
cated territory that is not their traditional territory (for example,
Xavante Indians). Others have partially demarcated territory
(whether traditional or not). Finally, there are cases of peoples
whose territory is not demarcated (e.g., Guarani—Caiud in the
state of Mato Grosso do Sul).

This demarcation has an influence on cultural dynamics
because, if people reside in territories other than those they
originally inhabited, there is or was a need to adapt to the new
environment. For example, in terms of availability of genetic
resources (species found in the environment that people use for
food, crafts, construction, tools, and rites), the new territory may
lack certain species or products that the new residents have been
accustomed to and traditionally used in everyday life (e.g., brazil
nuts or prey species) or even sporadically for a specific function
(medicine, wood for bow making, oars, etc.).
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The time these peoples have already spent in their new territory
also has an influence because it allows for more or less time to have
adapted to the new environment. Furthermore, whether the
biome of the new environment resembles their traditional area will
strongly influence their adaptation and relationship to this
environment.

There are also cases in which people were removed/driven
out/fled their traditional lands to stay in another area for a time
but later returned to their traditional territory. This phenomenon
was observed in the case of the Panard (or Krenakore) Indians.
Due to the arrival of pioneers, the Panara were displaced from the
region they inhabited in southern Pard in the 1970s to the Xingu
Indigenous Park in the northeastern portion of the state of Mato
Grosso. However, they were unable to adapt to this new environment
and began to migrate, forming short-term villages in a given place
and then moving again, until they eventually returned to the tradi-
tional home of their ancestors. This return led to the demand for a
reserve to be created for them, which was subsequently granted.

As an aside to the general text and a means of recording this
part of their history, the Panara Indians encountered a number of
difficulties, especially hunger, during this journey back to their
homeland given that they did not have established farm land in any
new area they moved to. Sometimes, members of the Panard even
moved to a new location before reaping what they had sown.
Furthermore, there were no children born during this migration.
They simply chose not to conceive children until their return journey
had concluded. It was therefore a period of intense pressure on
their cultural structure and population.

Returning to the issue of land, a case similar to that of the
Panara occurred with the Xavantes Indians of Maraiwatsede, which
is one of several distinct territories among those reserved for the
many Xavante “lines”. In the mid-twentieth century, these Indians
were taken from their land and moved to another territory in Agua
Branca, which was already occupied by Xavante Indians. This
conflict created warring factions, and many problems were gener-
ated by the interactions of the two groups.

Decades later, these Indians won back the right to their land.
However, the interior of their land had been overrun by dozens of
farms. This situation both hindered the repossession due to the
numerous legal injunctions that had to be processed through the
legal system and caused more serious problems that could only be
resolved in the medium to long term.

Upon returning to and occupying a part of their land, the
Xavante Indians found it to have been devastated. There was no
native vegetation on much of the land because much of it had been
removed for use as wood or to convert the land into pastures or for
planting. These Indians were a group with a traditional food culture
based on hunting that found itself in an area with no vegetation,
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which meant that hunting was severely limited compared to what
they had experienced when they lived there the previous decades;
thus, the decimation of the native ecosystem had a strong cultural
impact on the returned Xavante Indians.

5 Cultural Differences, Language, Behavior, and Gender

A point to bear in mind is that, as a general rule, we will always be
foreigners when working with a culture different from our own.
No matter how long the relationship lasts and how integrated we
become into everyday society by becoming increasingly knowl-
edgeable about the details of another culture, a Western researcher
will never become a member of the indigenous people he or she is
researching! He or she will only be able to increase the level of
respect and trust between parties. The reverse is also true. However,
this fact is not a problem, it is just a fact.

Because we are from different cultures, we need to adapt our
ways of interacting and passing information to the peculiarities of
the people with whom we are working. This applies in relation to
our behavior, thinking, interpretations, and cultural background.

An example that nicely illustrates this point comes from a
group of people who went to work in an area in Africa in which
there were many cases of the disease commonly known as “sleeping
sickness”. This disease, also known as African trypanosomiasis, is
an often fatal disease caused by the unicellular parasite Trypanosoma
brucei, which is transmitted by the Tsetse fly (4).

The group was trying to introduce ways to avoid being bitten
by the insect to the local people. To do so, they prepared a presen-
tation for the community with a number of illustrations and
enlarged photos of the parasite, the fly, and the disease cycle.

A few days after the presentation, they perceived that the
community had not adopted the group’s reccommendations. When
they tried to ascertain whether the community had understood the
dangers of the disease and how to protect itself, they were imme-
diately told “Yes”. However, the locals said they were not doing
anything about the disease presented by the group, nor were they
concerned about it because the enormous fly from the photos did
not exist in that region. In other words, the community did not
realize that the images shown were enlargements of flies that
existed there because they had no knowledge of photography!

The moral of this story is that differences in cultures, ways of
both thinking and interpreting, and knowledge sometimes mean
that small details undermine the entire effort despite both good
intentions and preparation. The information that is interpreted
and assimilated may be very different depending on experience and
cultural background.
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Each culture’s means of classifying things is different. For
example, direct cousins are considered to be brothers by the
Indians of the Alto Xingu. Therefore, if we are researching kinship,
a series of questions may arise regarding the genealogy of local
families. This variation among cultures’ classification schemes also
includes the classification of animals, plants, and soil given that the
local criteria distinguishing these can be very different from the
classifications adopted by current science.

Another issue that can interfere with the relationship is gender.
The division of knowledge, tasks, and rights between men and
women differs greatly in each community. Sometimes, no matter
how good the relationship with and acceptance of our work by a
particular group may be, there are limitations to access and infor-
mation sharing simply because the person is the opposite sex from
the one that particular aspect of culture revolves around.

For example, there are certain sacred flutes that are used by
many tribes in the Alto Xingu in both festivals and rituals and are
stored inside the men’s house in the central courtyard of the vil-
lage. Women are not allowed to see these flutes, and breaching this
rule is punishable.

Thus, no matter how good the interaction between the men of
these tribes and a woman who is working with them, she generally
cannot see or even know the details of these flutes. This applies to
many aspects of daily life in many communities, and even Western
society, which, despite the significant decrease in gender division
achieved over the years, still has cultural aspects related more to one
or the other gender.

Certain cultural peculiarities may even seem shocking at first.
For example, adult Xavante Indians are the first to be served at
mealtime, and the children eat what is left over, which is sometimes
not very much! This notion runs contrary to the general practices
of Western society.

When asked about this, the Xavante explained that, in their
view, the working and hunting adult has to be as healthy as possible
so that he is strong and prepared to bring food for the rest of the
household. If they have little food and feed the children, leaving
the adults weak, they might all soon end up dying.

This is a peculiar way of thinking moulded by years of struggle
for survival and food restrictions that cannot simply be criticized
by another society that thinks differently; it is simply the way it is!
This is an important point for socializing and learning. If we want
to know and respect another culture, we must be open to learning
other values and understanding why they do something difterently
than how we expect people to “naturally” behave.

We must simply learn that people think differently! Strange as
it may seem, and regardless of whether we agree, we must not
attempt to change other peoples’ cultures. Watch yourself.
Centuries of catechesis were imposed on these peoples through
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several conflicts with the dominant society. As beneficial as we
believe our proposed change is to their culture, why do we always
have the arrogance to think that we are right? Thousands of wars
between people with different ideas have been fought throughout
the history of our planet based exactly on the premise that what I
think is right and should therefore be imposed on others.

At the same time, the stereotype of the noble savage, whose
every deed is right and who is in harmony with nature, is also a
myth created in a time of paranoia when everything had to be
politically correct. This stereotype is not true, and many examples
can easily be enumerated, some of which will be mentioned in the
course of this work. Therefore, there must be “tweaks and adapta-
tions” for specific projects according to common sense and
accounting for the previously described arguments in relation to
respecting other cultures. It is always paramount to take extreme
care with the “cultural security” of a community with which we
will work. Having respect and humility while not thinking that we
know everything are fundamental tenets for any work we do with
other cultures.

6

Improvements in the Villages and Being Sedentary

Another aspect of behavioral change in many traditional communities
today is that improvements are being made within their territories
and villages.

For example, masonry buildings such as schools, health clinics,
and even homes as well as the construction of wells with water
tanks and plumbing systems for houses or huts (“maloca) tend to
make a village more sedentary. Communities with a history of
frequent changes in their location change much less today, and
when they do move, the shift is often to a location very close to the
one they already inhabited so they can continue to enjoy much of
the existing infrastructure.

This trend not only causes behavioral changes but may also
result in a greater impact on the environment in which they live.
The exploitation of a particular resource, be it food or an item for
everyday use such as the species used during the construction of
longhouses (“oca”), becomes greater for those communities that
remain in one place for longer periods, which exerts pressure on
certain resources. Moving to a remote area gives the environment
a better opportunity to recover.

Thus, what has begun to occur in many communities is that a
tradition/behavior that had a certain impact on the environment
that was previously less apparent because the community relocated
causes a much greater impact today to the point of creating prob-
lems in the environment and cultural balance of the community.
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One example is the Xavante Indians. This group has been
traditionally semi-nomadic, with hunting and gathering being
their primary source of food and agriculture being more incipient
and used in a complementary way.

This people farmed small fields, generally based on tubers,
which require less farming and can also be harvested at different
times (a cassava can be reaped after a year or a year and a half or
more—the difference is that it becomes more fibrous, but it can
still be used).

The Xavante Indians migrated through an extensive territory
while hunting and using different plots left at strategic points. Game
was always abundant because they did not stay long in any one place.
Today, the Xavante Indians are more sedentary and they were settled
in the poorest regions of the Cerrado (Brazilian savannah), where
the surrounding farms eliminated much of the native vegetation,
which reduced the land’s capacity to support animal species.

As they have become sedentary but continue their hunting
culture, the pressure on the various animal species has increased.
This is especially true with regard to their traditional hunting tech-
nique, known as the circle of fire.

The circle of fire, put simply, is made by first placing a fire in a
small area in the middle of vegetation. Thereafter, hunters will
place fires in the surrounding vegetation over a larger perimeter
around the previously burned area, which causes the animals to flee
and run towards the previously burned central region, where the
Indians lie in wait to kill them.

This hunting method is very efficient for attracting prey to a
particular site; however, with repeated use in a given region, the
vegetation begins to suffer, and the regeneration of animal species
in particular becomes increasingly difficult.

Thus, these people need to adapt their cultural tradition to
reflect this new sedentary lifestyle. How they should do this, and
how we can help them without substantially interfering in their
culture, presents a major challenge to our work.

7 Increasing Population, Increased Pressure on Genetic Resources
in the Territory, and Pollution

Another reality that has been emerging in recent decades and
relates to both a more sedentary lifestyle and improvements in
health and rights (especially land, minimizing conflicts) is that the
growth rate of indigenous peoples is generally increasing (today’s
growth rate of indigenous populations is around four times the
average growth rate of the national population).

This trend, coupled with a more sedentary lifestyle, impacts
the environment within the reserve. Furthermore, waste problems
have begun to develop with the acquisition of more and more
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industrial products from the city, whereas all of the previously
generated waste was organic. In addition, this “internal” generation
is augmented by pollution coming from the outside, such as pesticides
from nearby farms, the pollution of water from rivers that pass
through their territories, and deforestation among other sources.

These developments mean that these people are facing prob-
lems that were not a part of their culture; therefore, if we propose
work that affects their area, we should account for its newness, and
the manner the work is performed must be considered and dis-
cussed to involve and account for the local population.

8 Clash of Generations

Significant changes have occurred in the cultural dynamics of many
indigenous communities within only a few generations and have
created a significant difference between the older and younger
members of society.

Whereas many of the elderly in many ethnic groups do not
speak Portuguese and have never left their territories, the young all
speak fluent Portuguese and frequently visit the city or have lived
there for a long period to either study or work. Therefore, many
such younger individuals question the old traditions upon returning
to their village and tend to disregard what their elders say is the
right thing to do.

This generational clash is common in any society, and there
have been many generational rifts recorded throughout world
history. It is up to each group to ascertain what they want to
change and to what degree. However, it can be observed that the
direction and intensity of change is not only influenced from within
the indigenous community but also heavily influenced, and in
some cases imposed, by Western society.

For example, as a result of our laws, indigenous people are
forced to organize themselves into associations with a president
and treasurer to receive project support, sign work permits, and
obtain work as teachers or health workers among other requirements.
Naturally, the younger people find it easier to organize themselves
in this way and assume these posts because they have a better rela-
tionship with the city. This trend causes a power/hierarchy to
emerge parallel to that of the traditional chief. Someone who brings
money into the village may question an order from the chief.

Western society has also impacted these people through the air.
For example, in the Alto Xingu in the mid-1990s, it was very rare
to find a television in the village. There was an old one in the
FUNALI post and utmost one per village! Even these televisions
were often only connected infrequently due to a shortage of fuel
for the generator because it need to be fixed or a lack of interest.
Watching football was the primary use of these televisions.
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Within 10 years, the number of televisions has exploded, and
they have become increasingly modern. It is no exaggeration to say
that the percentage of homes with flat-screen TVs in these villages
was, at one point, greater than in the Brazilian cities.

What is striking is the degree of hypnotism that the device has
brought. As the local signal is received by satellite (dish), it is very
common that the signal disappears during the space for regional
advertisements, and a dark screen appears until the next national
advertisement or the programming returns. Amazingly, the audience
has been observed to continue to gaze at the screen even during
these image vacuums and did not look away or even talk.

This observation leads us to another point of great cultural
change. By tradition, the end of the day always signalled a time
when the men would meet in the village center and be surrounded
by youngsters and children watching and listening to the conversa-
tions of their elders. In essence, the children were learning and
integrating the functions that they might one day adopt.

What we see today, however, is that these meetings have
become increasingly short and have fewer participants, and the
youngsters and children stay in their homes to watch soap operas.
In other words, even though these people have the right to choose
whether to watch television, we are ultimately transferring to them
our own society’s concepts through what we produce and trans-
mit, which greatly influences them even in terms of their sense of
time, which had always been treated more fluidly.

Our influence even affects certain time-related traditions that
are deeply rooted in these communities. We will discuss two exam-
ples that are again from the Indians of the Alto Xingu.

The first example relates to the length of time children are
confined during puberty. There is a rite of passage from childhood
to adulthood during which the young are confined to their homes
for a given period and are unable to leave or be seen. It is during
this period that parents and grandparents teach them their main
traditions, stories, knowledge, and teachings. Rituals are carried
out and effusions are drunk to strengthen the body and spirit of
these children so that they can complete their development.

There are reports of young people being confined for over a
year, especially in the chiet’s family. Today, however, these deten-
tions are increasingly shorter. The young no longer want to stay
confined and think it is a waste of time.

Another time of confinement is when a family member dies.
The family stays in mourning for a certain time, and many activities
must be summarily suspended. However, due to general commit-
ments outside the village, there have been many cases of people
who should be in mourning travelling to meetings in the cities
and then returning. This would have been quite unthinkable
until recently.
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9 Greater Flow of Financial Resources to the Villages

One factor that has changed substantially in recent years and is
related to the previous factors is the easy access to consumer goods
in the villages. This access has several sources that vary from ethnic
group to ethnic group. In the northeast, where the indigenous
people have been integrated with Western society longer, many
have income sources from jobs in the cities and countryside, access
to both government grants and benefits (family grants, scholarships),
and pensions. The latter form of integration can also be observed
among the Xavante Indians in central Brazil.

For other ethnic groups, ecotourism has experienced rapid
growth, especially where the people still retain much of their tradi-
tional culture. Many tourists pay large sums of money to attend
traditional celebrations; others pay to spend time living in one of
these societies. There are also those who have begun to explore
tourism for specific audiences, such as fishermen, who pay to fish
the better preserved territories, which have more abundant
supplies of fish.

As this interaction grows, the concomitant cultural exchanges
affect traditions. We recently (2012) observed one such case when
travelling down the Xingu River by boat. In some sections of the
river, we observed signs that had been placed on certain beaches by
the Indians. When we inquired what they said, our boatman and
the chief of the Ilha Grande village told us they were markers showing
tourists the limit of where they could go. They were warnings that
any tourist who crossed the line would have to pay for visiting an
adjoining village’s territory.

Thus, we can observe the concept of ownership, which has
hitherto always been very fluid in indigenous cultures, beginning
to take on a capitalist character.

Another issue is the wealth of large companies and institutions
that pay to link images of Indians to their products, especially those
they want to connect to something more natural and environmen-
tally sustainable. Large domestic and foreign broadcasters have
also taken advantage of the visual and cultural beauty of indigenous
communities by making documentaries on their cultures (which,
in a way, is good because it records and encourages the preservation
of their traditions while providing resources). More recently, there
have even been “reality show” style programs with actors and
characters from Western society interacting with indigenous
people, which borders on the artificiality inherent in these programs;
however, that is a subject for another discussion.

Another source of resources is money from the so-called
compensation funds for environmental damage. For example, in
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Maranhio, various ethnic groups receive large payments in return
for their land having been “crossed” by transmission lines for the
power grid between the power plants and cities. More recently,
populations have received compensation for both the construction
of hydroelectric dams and flooding caused by dams.

The fact is that access to money has significantly increased and
is impacting indigenous cultures. For example, there is no longer a
great need to farm for food and these peoples now have access to
the city and money to buy food. This change leads not only to the
risk of cultural loss and the loss of traditional species and varieties
no longer being planted but also to the risk of increased health
problems, such as diabetes and high blood pressure, through the
excessive consumption of salt, pasta, sugar, and other substances.

For example, the Indians of the Xingu region traditionally
obtained salt by extraction from the water hyacinth plant. The salt
of this plant is composed of KCl and not NaCl as it is the sea salt.
In addition to having a different taste, the former does not increase
blood pressure, whereas the latter does.

Returning, the methodology used by a researcher has a signifi-
cant influence on achieving the research goals. We can often list
what we aim to achieve by working with these populations when
diagnosing the problems to be solved, such as improving the
conservation of a particular traditional agricultural species or
recovering another. However, there can be vast differences between
diagnosis and implementation, as people are often no longer willing
to rescue or preserve a given material or tradition that they can
replace with something they can buy, and they often have other
priorities and commitments such as those that provide them with a
source of income.

An indigenous group may be fully aware that a traditional
product is disappearing; however, there is sometimes no interest in
maintaining it. An example is the fava bean—Phaseolus lunatus—in
the Alto Xingu. This plant is very much perceived as a cultural
marker that survived only due to the customs of the older genera-
tion, who alone continue to plant it. Young people, in general, do
not appreciate this type of food and have no interest in either eat-
ing or planting it. Therefore, the fava bean is slowly disappearing.

Thus, demands can be identified in both conversations and
interviews; however, it is difficult to meet these demands effec-
tively. The population must believe their efforts to meet those
demands will be compensated, either through realizing their
importance or, in many cases, by attaching other benefits during
the execution of the work, such as payment for forestry services,
being an informant, providing equipment, or fuel they want, or
other forms of reimbursement. Unfortunately, in most cases, cultural
preservation is no longer a convincing enough argument.
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10 The Contemporary Indian and Cultural Echoes of the Past

In the daily life of an indigenous society, one lives with different
“levels” of cultural tradition, which can be roughly divided among
the contemporary, traditional or historic, and prehistoric Indian
cultures.

What we refer to here as a “contemporary” Indian is one who
adapts his or her traditional culture to a new reality that he or she
has received, often imposed from the outside. This new reality may
include legislation, limited territorial mobility, pollution problems,
discussions about the use of forest reserves for selling carbon credits,
wages and monetary benefits, and other factors.

The historical or traditional Indian is what is stereotypically
identified and is the heart of their ancient culture. This state is
often the standard envisioned for achievement through the work
place in those societies. In many cases, the approach to work is for
the preservation of or a return to traditional ways. As a brief aside,
one should be very careful not to impose a cultural “freezing”
upon these communities by thinking they must be like their
parents and grandparents and cannot evolve or change. By defini-
tion, culture is dynamic.

It is in the context of the historical Indian that the traditions,
myths, rituals, management of both plant and animal use, crafts,
construction, and other cultural attributes can be found. It is also
here that the impact of Western society and cultural dynamics has
been the greatest. Many projects, often demanded by the Indians
themselves, attempt to return some aspects of the culture of'a given
community from being contemporary to a more traditional level.

This effort reflected in projects that revalue the work of indig-
enous midwives instead of sending pregnant women to the city to
have their children, and the revaluation of a healer with his herbs
and rituals to complement modern medicine. There are also projects
attempting to recover traditionally used species and varieties of
plants that have been lost for various reasons. In general, research-
ers will find ourselves concurrently interacting with these two
antagonistic and complementary worlds during any work they do.

The final tradition, that of the prehistoric Indian, permeates
the second and is concerned with a history that may have been lost
in time. This tradition is the source of much of the ethnobiological
information permeating these traditions and entails their stories for
the origins of the world, plants, animals, and where the food that
they use comes from. In short, everything that gave rise to what
they are arrives today via oral tradition.

This tradition refers to what Indians themselves define as the
time of their ancestors. The focus is more abstract, with data that
often vary widely, and we therefore need to collect these data from
a larger number of informants to develop a better idea of the major
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traditions and their nuances. This area of study includes works
focused on archaeology and history, which are often able to rescue
some of the history of the origin and evolution of contemporary
indigenous people and their traditional materials through specific
investigations.

11

Legislation

As with the societal culture, legislation is also dynamic (unfortu-
nately, in many cases, it is less dynamic than it should be!). In recent
years, this line of work has changed considerably, which has brought
the need to increase legislative knowledge and adapt the working
environment to the limits imposed by new legal guidelines.

The most striking law in this line of work was introduced by an
interim measure in 2001 that created the Board of Genetic Heritage
(Conselho de Patrimoénio Genético). This board aims to regulate
works involving traditional peoples and check whether the rules on
accessing and using traditional knowledge associated with genetic
resources have been adhered to. This law, which was generally
welcomed in essence, the law was written in a very short time,
without discussion, to a certain extent because it scemed to be
related to the risk of biopiracy at the time. But it has been generally
difficult to implement it in practice.

What the law achieved has been to help standardize work a
little more; however, it has also made the activities of honest workers
more difficult, whereas those who are intent on biopiracy carry on
regardless of whether there is a law against it or not.

The largest observable impact for traditional populations was
that they had once again been duped. They were subjected to
several campaigns to convince them that they had a strong heritage
in both material (their genetic resources) and intangible (their
associations with these resources) terms, which made them believe
they were sitting on a fortune. For this reason, they were warned
not to provide these materials and knowledge to anyone else. In
reality, there are few resources and knowledge that have the potential
to generate substantial economic dividends.

An adverse side effect of this failure has been felt in many com-
munities, e.g., in the Xingu Indigenous Park. One example relates
to the seed exchange network. The driving force for spreading
agricultural products around the world and generating variability
was seed exchange among farmers. This diffuse agricultural system
has always served as a type of buffer against losses given that the
exchange of materials would allow a farmer to turn to a relative,
neighbour, or friend to obtain a similar seed. This is the heart of
the agriculture cultural dynamic.

However, we have observed this exchange network decrease in
recent years because the person holding the material is unwilling to
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pass it on to others in an effort to increase the benefit from the
advantage it affords him. We have observed many examples of this
among the Kayabi Indians in Xingu, where cases have been
reported of a relative only sharing a seed after roasting it, that is,
giving it to the other person for food but not planting. This trend
is worrying for its impact on species conservation and the genera-
tion of diversity, especially considering that there are very few cases
in practice where any real gain occurs from using samples collected
from these communities.

At the same time, this pattern is a new factor permeating our
working relationship with the communities.

Authorizations are an important factor, and many communi-
ties today are somewhat “allotted”. By law, the Brazilian state
regulates and oversees all work involving indigenous communities,
and, in theory, the State should authorize any work and people’s
access to the reservations. However, the situation is notably
different in practice.

The State has been both devalued and weakened, and its space
is occupied by NGOs, religious groups, businesses, and others.
Thus, depending on the area where one works, the rules and nec-
essary authorizations are not official but are imposed either overtly
or covertly by the group operating there. Thus, depending on who
is in control of a particular region, be it a group, agency, or com-
pany, you may find it either easier or harder to gain access and
develop your work.

We have primarily focused up to this point on aspects of the
culture and history of indigenous peoples and how they may influ-
ence the goals and progress of our work with them. We will now
shift our focus to issues we should observe at all times to ensure
our work is as professional, fruitful, and respectful as possible based
on the diverse aspects we might encounter.

The questions and guidelines below are those that we should
consider throughout each project, not just at the beginning.
Many of these guidelines should be revisited over the course of
our work to determine whether we are still on track or need to
correct our course.

12 Ask the Right Questions for What You Are Trying to Achieve.

Are Your Goals Clear?

The key to success for any study is to clearly determine the goals
we want to achieve.

Thereafter, we should adapt the methodology and schedule
according to the reality of where we work.

Thus, we must always take time to clearly define the objective.
We must clarify what question(s) we want answered. We must
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clearly identify what is driving the focus of the work and accordingly
define both the methodology and form of execution, as this will
lead to fewer problems during the execution of the work.

13 How Do We Choose Where and with Whom to Work?

It is common to hear someone who is looking for work say, “I
want to work with this or that ethnic group”. The reasons for this
are many and varied; however, what we often see is that the person
has no clarity about the intent of their work and just wants to be
there. It is essential to have empathy towards people with whom
we are going to work, but at the same time, we must put guidelines
in place regarding what we want to do to articulate our intentions
with the community and not appear like tourists.

In contrast, there are those who have a specific line of research
on which they want to work but still need to find the right place to
do their work. This search can sometimes be more difficult because
they must match the need/interest of the community to the work
they want to do by maintaining empathy between the parties and
accounting for the working environment, cost, availability, and
so forth.

14 How Do We Become Accepted in the Community?

An essential step for our work is to become accepted by the
community. This step is much easier when we are introduced to
the community through someone who already has a good relation-
ship with the people.

However, however easily we might be introduced into the
community, we will always be under observation, and our immersion
in the intricacies of that culture will only be expanded with the
gradual passage of time, experience, and growing confidence. Even
then, there will be limits to the aspects of the community’s culture
we have access to, and these limits should be fully respected.

15 Does the Work Focus on Continuing in the Right Direction?

Even with both personal and professional preparations for the
work being performed, it is quite common to see people getting
distracted and losing their focus. Indeed, indigenous communities
have many charms, and we must learn from them, especially in
matters of moral growth. At the same time, they make many
demands on us that we try to satisfy.

However, if we want to be good professionals, we must know
how to separate what is work from what is not. We must regularly
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monitor ourselves to see if what we are doing is within the proposed
objectives. There are activities outside the scope of our work in
which we can participate, which is important for better integrating
with the community and its culture. However, if these extracurricular
activities begin to escalate to the point that work takes a backseat,
then this is not right, at least from a professional point of view.

We find it very common that people (with the best of intentions)
end up wanting to help meet the demands of the community mem-
bers or even things that they perceive as demands as a result of these
distractions, and before they know it, they end up repeating the
mistakes of the past, such as “assistentialism” or worse, attempting to
change the habits of the community into a new form of catechism.

In this sense, there are situations that occur in the everyday life
of the community that may unfold in very distinct ways from what
we would expect based on our vision derived from Western
culture. As stated above, any given culture has values and interpre-
tations that differ from the next. Thus, we should not judge too
much or take sides on internal cultural issues. What may seem
wrong in our culture may be normal in theirs and vice versa. We are
just passing through, and there is so much we can learn, including
diversity in thought.

We have to work together and not offer assistentialism or
catechesis!!

16 What Is the Methodology to be Adopted?

Methodology selection is one of the key points for successtul field
work; however, it is perhaps also one of the most difficult to
determine. There is a wide range of methodologies available, the
choice of which depends largely on the approach we take, the
community we are working with, and especially our own profile.

We should have the sensitivity to adjust the methodology accord-
ing to these factors. Moreover, we should be aware that there may be
a need to change our methodology as the process develops; the
project unfolds; or the situation, relationships, and dynamics become
clearer. What is true at any given point may not be true later.

We must adopt more than one methodology even within a
single village based on which group of people and focus we are
working with.

17 Who Are the Informants/Key People in the Community?

Identifying the key people in the community is an important step
in the evolution of the work. There are roles within each society,
and identifying the role-players is essential to deepening the scope
of the work.



Indigenous Populations: Some Peculiarities 231

Moreover, there are people who are prominent either because
of what they know, the influence they have within the society, or
even a mutual affinity. It is essential and fruitful to identify these
individuals and foster a productive relationship with them.

At the same time, some peculiarities are interesting. One
example is the case we experienced in the village of Ilha Grande
involving the Kayabi ethnic group in Xingu. There, one focus of
the work was peanuts. Our closest relationship was always with the
chief, who was an accomplished farmer. It turns out that, for
cultural reasons, he cannot plant peanuts and must “hire” some-
one to do it. So, even with the close relationship and openness we
established with him, some answers about that crop, we only could
achieve with another farmer.

18 What Will the Work Schedule Be?

Perhaps the most difficult aspect of doing work with indigenous
populations is maintaining a schedule. There are literally a world of
factors that may affect the schedule and force us to change or adapt it.

To begin, Indian time is different from Western time.
Tomorrow might actually mean tomorrow, or it may mean the day
after tomorrow, a week from now, or never! This trait is neither
right nor wrong; it is just the way things are. The Indian puts his
commitments on a priority “list” that is very dynamic. It is not that
he has not committed, he simply found something more interesting
or important to do and left our meeting for tomorrow!

If this trend is true when we are present in the field, it is even
more so when we ask them to perform actions when we are not
present. Unless the indigenous populations are engaged in the
project, feel they are really a part of it, and believe it has important
benefits for them, we generally find that the task is unlikely to have
been conducted according to our protocol when we return.

For example, we might ask indigenous people to record what
they ate over a time period so we can analyze their diet, or to keep
the bones of the animals they hunted so that we can obtain an idea
of their hunting cycle, or to make a note of the actions they take
and on which days they undertake them, or we might request that
they perform a task necessary for our activities in advance so we can
immediately start working when we arrive. However, all of these
things are unlikely to occur, especially during the early stages of
our relationship with them.

Even when they do provide this information, scientifically
speaking, we must be careful when including it in our study because
the reliability of these data can be easily compromised unless, like any
researcher, they have received appropriate guidance for the work.

Returning to the schedule, just as unforeseen events occur
within Western society (e.g., delays in gaining authorization or the
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release of funds), so too does this occur in indigenous cultures.
It may be that a car or boat motor broke, which prevented us from
getting to the village; it may be that someone died and the village
has consequently gone into mourning and our planned activity is
suspended; maybe our resources were released later than expected
and the trip to obtain data about planting the fields can only be
taken during the harvest; or they discovered that a hydroelectric
dam is about to be built in the region and meetings, protests, and
trips have been scheduled for the same time we scheduled our field
trip, so most of the villagers would not be there; ultimately, these
are all unforeseen events.

We therefore have to be focused on our goals rather than our
schedule and try to obtain as much information as we can in every
moment—taking care to always maintain respect for the culture
that we are working with because they have their own day-to-day
dynamics and are not always available when we want them. We are
foreigners; we are authorized to experience and interact with them
within limits that have been earned and must be followed through
effort and respect.

Ultimately, when something completely ruins everything we
had planned to do, it is best to relax and try to build a better relation-
ship with the community!

19 What Is the Cost and Availability of Resources?

The cost of fieldwork, depending on where it is, can be extremely
high, especially with regard to travel, equipment, and field mainte-
nance costs. Thus, the adage on taking a step according to the size
of one’s leg is quite valid. It is of no use to have the resources to
start a project and then not be able to proceed.

It is often worse in this case than if we undertook a smaller
project because arranging to work with these communities and
then not fulfilling our commitment reinforces what they have
learned most about our society: that promises are unfulfilled.

Thus, a very useful tip for building trust with indigenous cultures
is to only promise what we are really certain of being able to accom-
plish. Making promises just to give the impression that everything
is fine only leads to a fragile relationship.

20 What Time Do We Have Available for Fieldwork?

As noted above, schedules are very changeable; thus, we usually
spend more time than originally planned completing a project. As
some projects are tied to scholarships and funding, it is always
good to try to complete the work within the scheduled time, without
relying on a renewal or extension, so as not to risk having to terminate
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the work without having accomplished what we had hoped to
achieve, which would be frustrating for both ourselves and the
community.

It is always good to set levels of goal achievement, with the first
for an ideal situation in which everything goes according to plan,
another at a medium level, and a third assuming the most pessimistic
scenario. For each level of expectations, we must focus on goals
and objectives for consistent results. Setting these goals is often not
easy in practice, but adequate preparation at this point is in the best
interest of the project and can be the difference between having a
little, good data or having a lot of incomplete data.

Perhaps it could be said that, through experience, we find that
the best approach is often to think “small” and develop parallel
actions as the work progresses to expand it while maintaining focus
to not run before we can walk. This point is extremely important
because no matter how thorough our planning process might be,
we can never predict all contingencies and thus can only actually
see how things will unfold in practice as we go along.

21 Do | Have the Skills for the Proposed Work?

Something that is likely to occur more often than we might imag-
ine is that a person wants to work with a traditional community but
does not have the skills to do so. When we watch a documentary
about working in an Indian village from the comfort of our living
room, it seems quite enchanting. Beautiful images! Background
music! An exotic, pure world to be experienced and “explored” by
our adventurous spirit. However, to live this experience, we must
be prepared to be exposed to bad weather conditions and attacked
by mosquitoes (some of which transmit diseases), which are often
present in that same beautiful landscape we observed in the docu-
mentary; and the sound in the background is no longer a nice song
but a mosquito in our ear that we cannot get rid of.

A person with fieldwork skills must be prepared to feel hot or
cold and often hunger and thirst; he or she must be flexible in
terms of diet, able to settle into often uncomfortable facilities,
make long journeys on foot or even more precarious and uncom-
fortable forms of transport, relinquish part of his or her privacy (as
there is no way of hiding what you are doing in a village), adapt his
or her hygiene habits to each local situation, both pack and unpack
baggage, carry weight, and endure physical pain; in short, he or
she must be able to adapt.

One of these adaptations is time itself. Thirty days goes by very
fast in our everyday life in the city; however, in a village, the same
length of time can drag so much it sometimes hurts. The days are
“longer” in the field, and a person who is not mentally prepared to
work with that reality and integrate with the community will tend
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to waste away and lose momentum as time passes and food is
depleted. What the person once considered exotic will now feel
like suftering (comfort, warmth, hygiene, and food).

Even the form of relationships with the research team is some-
thing that should be considered. It is often said that we only truly
get to know someone when we have gone on a trip and lived with
him or her full time for a given period. A person’s characteristics,
which we often overlook or do not notice on day-to-day basis, can
become very vexing after a long period of coexistence in the field.
The more difficult the situation becomes and the more limited the
resources, the more quickly and intensely these personal character-
istics emerge.

Thus, knowing how to address the diversity of people’s behav-
iors in the field, as well as knowing how to integrate ourselves into
a group, is an important requirement. Especially for the first trip,
therefore, it is advisable not to plan too long a period in the field,
and we should try to go with someone with whom we have a
peaceful relationship, if possible.

22 What Is the Level of Community Involvement with Our Project?

Behind a desk, it is easy to develop a series of projects, activities,
scenario projections, and solutions to problems (real or imagined).
Everything works well on paper! However, what is really achievable
(culturally and practically), and most importantly, what is required?

In many cases, the results of a plan fall far short of its targets
because it was created according to the interpretation in our minds
without regard to whether the project was really needed by the
community, or at least part of it, in the first place or whether it fits
into the cultural reality of the community.

In a simple visit to a village, we can list a multitude of activities
and projects that we want to undertake using our cosmopolitan
outlook. These activities and projects may be structural, environ-
mental, cultural, food oriented, political, economic, rescue based,
legal, ecotourism oriented, or cinematic, among many others.

However, what is really demanded? What does the population
want, and what are just actions that we ourselves think are necessary
based on our worldview?

Is introducing a more productive crop really necessary? Will
this introduction not affect other related components (soil depletion,
pest introduction, traditional management methods, traditional
preparation methods, resistance to abiotic and biotic factors—such
as pests—and drought resistance)?

For example, the Indians of the Alto Xingu always planted a type
of cassava containing high levels of hydrocyanic acid (“bitter” type),
which is extremely toxic and can cause death to those who consume
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it without proper preparation. This preparation is something that
has been traditionally incorporated into the everyday life of these
people for millennia. The stage where they withdraw the hydrocy-
anic acid is laborious but very efficient. However, in the mid-1980s,
to minimize the need for cassava processing by the Indians, well-
meaning people introduced cultivated varieties of cassava with low
acid content, so that they could consume it more easily. This new
variety was an immediate success given that it not only reduced their
workload but that they could also consume the cassava in different
ways, which diversified the food dishes available.

However, there were soon cases of people consuming the
“bitter” cassava without processing it, thinking it was the low acid
type, and becoming poisoned. In some cases, a part of the entire
household died because of this poison. Leaders quickly got together
and banned the low acid type cassava from the Xingu. Today, as a
rule, all cassava is “bitter” and should follow the traditional pro-
cessing. There may still be low acid types there, but when in doubt,
they are treated as if they are the “bitter” type. Thus, even when
we have the best of intentions, it is very easy to destabilize some
components of the cultural fabric of a community.

It is therefore necessary to know how to filter and analyze
demands from within the perspective of the cultural community.
Trying to project the consequences of our direct and indirect
actions is a practice that we must constantly undertake.

To minimize and avoid liability for any unforeseen or unin-
tended consequences, discussions regarding each action should be
widely conducted with the community, and the final decision of
whether the action is taken should come from them and not be
imposed. Furthermore, discussion with the community is a basic
premise of the success of any project. If they do not feel like a part
of the discussion, the project tends to falter and sometimes
becomes fruitless.

Conversely, if the project arises from an idea or actual demand
from the community and we are only assisting with methodologies,
technical support, and resources and some members of the com-
munity are participatory actors, the project has a much better
chance of surviving and achieving results.

However, even when the idea comes from the community,
these projects must be filtered to check what their impact will be
on that community, and we must ascertain whether the whole
community agrees with it or whether just some of the people put
the idea forward. Furthermore, even if the same projects are
endorsed by the community, they can become prejudicial if the
projects are not properly conducted.

For example, some time ago, a village on the banks of a lagoon
in Xingu managed to capture a resource to promote fish farming in
hapas nets in the lagoon. This project was demanded by them that
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they could capitalize on it; however, it was predicted to lead to the
introduction of exotic species into the environment. This approach
is environmentally risky because it can shrink the food supply rather
than expand it by destabilizing the balance of other native species.

23 The Project or the Project?

The title of this section may seem wrong, but it is correct. The
reason for this title is the fact that the concept of the project can be
interpreted very differently depending on whether we are on the
performing or receiving end of the action.

Generally, the technician has a firmly closed, bureaucratic idea
of what a project is: it has an aim, materials and methods, goals, a
schedule, a budget, and a report. Depending on the funding
source, the technician may have a little more or less freedom to
make adjustments to this, and the limitations are often greater
regarding the allocation of financial resources (rules for what we
can and cannot buy or pay for with these resources).

However, for the indigenous communities, it is very common
for a project to be interpreted as a resource umbrella under which
they can make various demands, whether they are directly linked to
the project itself or simply demands the community wants met,
which sometimes have nothing to do with the official objective of
the work.

Thus, it is essential when discussing the project with the
community to make it very clear not only what we want to accom-
plish but also how the money raised will be used (including the
compensation that the community has demanded to authorize the
implementation of various actions—for example, a boat; a generator;
fuel; use of the village’s property and equipment; and payment
amounts, if necessary, to community members who participate as
informants, woodsmen, and boatmen). It is important that we
make these points explicit to ensure that we are not charged for
them later.

24

Is This All Within Reason?

Finally, the basic guideline that is essential for anyone working with
traditional peoples is to use common sense. There will be many
situations in which the course of action at any given moment will
be guided more by common sense than any rule, instruction, or
knowledge acquired through years of education. What applies in
one case may not be true in another because of differing contexts.

Moreover, being given permission to conduct a project does
not give us the right to do whatever we want. An example of this
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restriction is when we receive authorization to photograph and
record the everyday moments of the community. Even when we
have received authorization (formal or oral) to make such records,
there are some situations that should not be recorded because they
are either embarrassing or cross boundaries of intimacy or because
we were simply asked not to record at a given time. We should not
insist—we must be respectful.
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can and cannot do. We must observe and listen more. We should
not try to impose our dynamic and not try to avidly grasp at every-
thing all the time. As an old Indian once said, “stop a little before
the end of a walk so your soul can catch up with your body. Then,
we can take the next step towards the destination”.

As we reach the end of this chapter, we can see that this line of
research has more questions, doubts, and uncertainties than
answers. Even where such answers exist, they are hardly unique
and conclusive and vary depending on each person.

Perhaps the greatest certainty we have is that we need to con-
stantly reshape and adapt to each new situation and scenario. This
ability to adapt is a significant challenge; however, if we get it right,
it is enriching not only professionally but also for our human
development.

These tips are intended to help those who wish to follow this
line of work and even those who already operate in the field, as
they are reflections gathered and accumulated with both time and
experience in what is sometimes a surreal world that helps us to
think about and rethink our own world.
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Abstract

Maps are graphical representations of a territory. Throughout history, maps have been used by diverse
groups for various purposes. Taking into account the great potential of maps for many areas of knowledge,
the use of maps in ethnobotany and ethnoecology is widespread both for collecting data and for subsidizing
extension actions. To accomplish this goal, this chapter identifies the main types of maps and the
incentives, advantages, and disadvantages of using these tools for data collect in ethnobiology and ethno-
ecology, beyond others potentialities of the use of mapping tools. As an example, this chapter will use two
case studies performed with local communities in the Brazilian Northeast.

Key words Ethnobiology, Ethnoecology, Participatory methods, Maps

1 Introduction

Maps are graphical representations of a territory [1]. Throughout
history, maps have been used by diverse groups for various purposes,
such as expanding civilizations, aiding in localization and identifying
areas with resources among other goals [2].

Taking into account the great potential of maps for many areas
of knowledge, the use of maps in ethnobiology and ethnoecology
is widespread both for collecting data and for subsidizing exten-
sion actions. However, few efforts have been made to provide eth-
nobiologists and ethnoecologists with step-by-step instructions on
the application of mapping tools. In this context, this chapter aims
to provide a general overview of the use of mapping as a method-
ological tool in the collection of ethnobiological and ethnoeco-
logical data and to discuss the role of this tool in the identification
of socio-environmental conflicts, biodiversity conservation and the
evaluation of management programs. To accomplish this goal, this
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chapter identifies the main types of maps and the incentives,
advantages and disadvantages of using these tools.

As an example, this chapter will use two case studies performed
with local communities in the Brazilian Northeast. The first study
was performed with a community located near a Cerrado (Brazilian
savanna) Protected Area, and the second study was performed with
a community located near Atlantic Forest (rain forest) fragments.

2 Mapping Without the Use of Visual Stimuli

2.1 Ephemeral
Cartography

2.2 Maps

Ephemeral cartography represents one of the simplest mapping
techniques. In ephemeral cartography, maps representing the physical
landscape and cultural ecotopes are constructed on a flat surface by
the participants, who use earth, rocks, twigs, leaves and paint [ 3, 4].
It is believed that this technique has been in use for a long time in
human history, as there are indications of ground drawings of areas
that were favorable for hunting and living [5 ] and records of the use
of ephemeral maps drawn in snow by the Inuit people of Alaska,
central and eastern Canada and Greenland [6].

The map draft may be created in a totally free manner by the
participants. Alternatively, the researcher may provide the contour
of the area in question, thereby offering some geographical infor-
mation [7]. According to [3], a map constructed with this tech-
nique is memorized by the participants and may be recalled when
needed (from memory, as the original map is usually lost). This map
may also be used in the creation of three-dimensional maps to raise
more specific questions with the participants at different times.

Using this technique, the researcher seeks to assess, at a low
cost and using few resources and materials, the participants’
perceptions of the landscape [8]. However, as this technique is
simple, it may be complemented by other techniques, such as the
use of cartographic sketches, which are differentiated below.

Paper maps are special drawings that may be made individually or
in a collaborative manner by the populations studied in ethnobio-
logical and ethnoecological research. This tool is often used in eth-
nobiological and ethnoecological research to stimulate people to
record on paper different aspects of the landscape and/or natural
resources that they perceive and use. These maps include historical
aspects of the locality and tendencies in soil occupancy, and they
can complement the information obtained in assessments of
natural resources, indicate the areas used by a given species at
different stages of its life cycle and identify priority areas for biodi-
versity conservation [9] among other uses. The drawing’s focus is
defined by the researcher according to his/her research project
(thematic map) (Box 1).
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Box 1 Recommendations for the Development of a Communitarian
Mapping Activity. Adapted from PETROBRAS (Petroleo Brasileiro
S.A.)-SE/CONATURA [14]

1. Attach to a flat surface a white paper sheet, preferably cardboard. The
sheet’s length will vary according to the amount of information that
the studies wishes to obtain

2. Invite the participants to approach the sheet with pencils and erasers
and encourage the participants to draw the first lines on the map

3. To facilitate the participants’ spatial localization, it is recommended to
encourage them to start the drawing from a reference point, such as a
main street or places of importance in the community

4. It is also recommended that the participants use colored pencils to
differentiate between the different elements of the landscape, such as
rivers, streets, and vegetation

5. Allow the people to make the map in the manner that is most convenient
to them

6. Do not show impatience, as the discussions are a notably important
part of the process

7. After the map is complete, encourage the participants to create legends
to facilitate the interpretation of the map. It is also interesting to ask
the participants to present the drawing

8. Finally, do not forget to put the participants’ names on the maps

Property maps were initially created to identify the limits of
properties [10]. Later, they also came to be used to show details
of production (e.g., agriculture and livestock) and the social infra-
structure of a property based on the owners’ representations.
These maps also show details that are not offered by natural
resources or community maps, as the latter are usually made at a
coarser resolution [11].

The same material and methodological recommendations pro-
vided in Sect. 2 in Chap. 1 may be extended to property maps. The
differences between property maps and the common maps
described above is that the former have a clear thematic delimitation
that is linked to the socio-environmental aspects of, for instance,
agricultural production and forestry, whereas the thematic delimi-
tation of the latter is defined by the researcher based on the inves-
tigation’s objectives. The construction of property maps may be
individual or participatory.

Property maps have shown themselves to be an interesting tool
to investigate, for example, backyards used for agroforestry, as
these maps allow a detailed view of the properties’ plant diversity.

A social map seeks to gather information on the living conditions
of the people in a given locality. This map may be used to
determine the way that participants perceive the social strata that
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compose the community, the distribution of wealth, people’s
well-being and access to financial and other resources, recreation
and agricultural production [12, 13].

This type of tool is quite interesting, as it allows the researcher
to identify the socio-environmental structure of a community in
addition to identifying partner organizations and possible social
and environmental conflicts. In the initial stages of the research,
the social map created by the researcher may also be important in
establishing the first contacts necessary to complete the research.

It is necessary to form a group of community members and
initiate the map with reference elements, such as the locations of
services (e.g., school, church, healthcare center, recreation area,
community center, grocery stores, warchouses, stores), locations
of dwellings (and the number of inhabitants) and the main roads
[11]. After this stage of locating the physical structures that
compose the community, such questions as the following may be
asked: how many members are there in each house? What do they
do [12]? Social maps may also be constructed by the researchers
themselves according to the socioeconomic data supplied by the
community’s institutions.

3 Maps Created from a Visual Stimulus

3.1 Mapping from
Aerial Images

The use of aerial photography in participatory mapping may be
useful to obtain diverse types of information, such as the location
of resource collection zones and the occurrence of plant and ani-
mal species that are of interest for the study. A good amplified
photographic image of the territory to be studied is needed along
with a pencil and/or pen that would be visible on the image. In
general, the printed material may be georeferenced to establish a
latitude-longitude grid.

It is important to have in mind the adequate size of the printed
map. Ideally, efforts should be made to (a) supply sufficient detail
for a good spatial identification by the participants and a good
return in terms of richness of information and (b) provide adequate
space in which the mapping is performed to allow the participants
easy access to the map (see [6]).

The imagery may be covered with transparent acetate sheets
on which the participants can make their insertions, for example,
by identifying areas with resources, the main areas where some
species may be found and the changes in the size of vegetated areas
(see, for example, [15]). The same images may be reused in succes-
sive stages if maps are constructed on different acetate sheets.

Building different parts of the maps on different sheets facil-
itates the approach, as this method does not superimpose the
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Box 2 Steps to Building Participatory Maps from Aerial Images and /or
Maps. Adapted from [6]

1. Attach the image to a table or flat surface with adhesive tape

2. Opverlay a sheet of transparent tracing paper or acetate on the image
and use adhesive tape to keep it in place. You must be able to see the
satellite image through this additional paper sheet

3. Start by drawing on the paper some visible geographical features that
will be used as reference points. Rivers, roads, or even the borders of the
territory, when present on the image, may be used for this. This stage is
notably important and must be repeated for each additional paper or
acetate sheet. These are the references that will allow you to superim-
pose the different layers in the correct position after their creation

4. Start drawing or writing on the superimposed paper the information
relevant to the involved community according to the established con-
ventions. There are many ways of inserting these data according to the
type of information that is being mapped and the material with which
you are working

5. When the paper or acetate begins to contain too much information or
when you change the subject being worked on (for example, from flora
to fauna), it is time to remove the acetate layer and replace it with
another. Repeat steps 1—4 for new information that has not yet been
recorded

subjects, identifying the desired information in a more clear and
direct manner. As the overlap between subjects is reduced, this
approach may lead to a greater detailing of the information.
Afterward, different sets of maps may be superimposed according
to the researcher’s plan in a similar manner to that used by certain
georeferencing programs that superimpose data layers to build
more detailed maps.

As for the limitations of the use of this resource, it is known
that the community or a portion of its members may occasionally
not be familiar with photographic resources. Additionally, certain
people are incapable of interpreting a map and associating it with
their spatial reality, especially when small scales (representations
of large areas) are considered, due to the differences that may
exist between mental maps, which are internal representations of
the external reality [16], and aerial photography. The incongru-
ence between the local representations of the landscape and the
formal map structure may compromise the collection of informa-
tion. Therefore, if the researcher notices that the use of aerial
photography will not be successful, its use should be
reconsidered.

Another point that deserves to be highlighted is the impor-
tance of obtaining high quality images without clouds and that
may represent the area and time of interest to the researcher
(Box 2).
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Box 3 Step-by-Step Instructions for Mapping to Complement
Geographic Information Systems. Adapted from [20]

1. When using a cartographic map as a stimulus, the researcher must be
conscious that the maps’ scales may vary. Large scales are less detailed,
consequently complicating the identification of places that would have
been visible at a finer scale. Conversely, small scales bring the image too
close, and the researcher may have difficulties in printing the image,
both for technical reasons and because the map may not be informative
for the participants

2. The map must be strategically attached to a surface that favors the
participants’ field of view

3. Finally, the participants may be questioned with regard to different
environmental aspects. The researcher may ask the informants to build,
on top of the map, a second map with the main resource areas. The
researcher may then ask the participants to build a third map showing
whether there were modifications in the size of these areas. The result
is somewhat similar to the different information layers present in GIS

software
3.2 Mapping A geographic information system (GIS) may be defined as a system
to Complement responsible for the automated treatment of georeferenced data
Geographic [17]. A GIS is a tool that has been shown to be of great impor-
Information Systems tance in diverse areas, as it allows the manipulation of spatial data

and provides tools with which to model and analyze the interrela-
tions among spatial data [18].

Communitarian mapping to complement GIS has been
used to contribute to sustainable development [19]. In this
context, GIS data projects have recently begun to take into
account the perceptions of local communities in an attempt to
generate more robust information that may contribute in a
more efficient manner to management plans aimed at conserv-
ing natural resources; this new approach is known as public
participation geographic information systems (PPGIS or
PGIS) [20, 21].

This new approach (PPGIS or PGIS) is notably interesting for
ethnobiological and ethnoecological studies, as these studies
attempt to gain understanding of the different types of perception
that people have toward the environment (Box 3).

4 Potentialities of the Use of Mapping Tools

After explaining the main types of maps used in the collection of
ethnobiological and ethnoecological data, we will now exemplify
how mapping has been used in a practical manner by different
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researchers and institutions. For example, certain researchers use
mapping to select potential biodiversity conservation areas, con-
comitantly involving the local communities in the decision-making
processes [9, 20]; to evaluate the status of a management plan to
determine whether the plan’s initial objectives are being reached
[20, 22]; and to mediate situations involving conflicts in the use of
resources [21, 23, 24]. A brief discussion of each application is
presented in the following subtopics.

Participatory mapping may provide a common language between
managers and local communities when the latter intend to take
part in management programs for biodiversity conservation, such
as when the communities depend on the biodiversity for their own
subsistence [24]. For example, the results of participatory mapping
with a GIS in local communities in the Shanxi province in China
have been approved and supported by local authorities because
information exchange between local inhabitants and managers may
be facilitated by this tool during decision-making [25].

Another good example of participatory mapping for biodiver-
sity conservation, Widayati et al. [10]. In this study, the authors
aimed to assess how much of a plant resource was being collected in
the Lambusango Forest region in Buton, Indonesia. The authors
organized a participatory mapping with the region’s collectors to
verify which areas were being used to collect this resource and to
direct questions regarding the patterns of this resource’s collection,
such as the influence of accessibility on collecting patterns [9], thus
observing the extent to which this resource was being collected.
This information is important in delimiting management plans for
collected species, as such plans consider both the plant species’ pop-
ulation and the needs of the local collectors of the resource.

The participatory mapping used in combination with GIS,
Brown and Brabyn [21] aimed to assess the value of the landscape
based on local knowledge to select areas for environmental preser-
vation. In the same way, Bernard et al. [20] used participatory
mapping combined with GIS to indicate priority areas for biodiver-
sity protection in the Maués State Forest reserve in Amazonas,
Brazil. The authors printed maps of the region obtained from sat-
ellite imagery and presented them to local residents to mark, on the
map, the locations of houses, agricultural areas, hunting and fishing
areas, the use of natural resources and areas used for livestock. All
of these areas were indicated by the residents by means of colored
markers. Complementary information was obtained for each
region by means of semi-structured interviews. This information
included the spontaneous and cultivated plant species used for dif-
ferent ends, the species of animals hunted and livestock animals.
A final stage of the study located the marked areas precisely with
the aid of a GPS and local specialists, who were invited to accom-
pany the researchers to the areas indicated on the maps. Once the
maps were finished, copies were provided to the communities
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4.2 Mapping to
Evaluate Management
Programs

4.3 Mapping
Confiicts in the Use
of Natural Resources

involved and also to local authorities for use in the management
and zoning of the protected area.

A somewhat different approach to reach the same goals of the
previous studies, i.c., the delimitation of potential conservation
areas, Fagerholm et al. [26], which was based on the landscape’s
environmental services. The evaluation of the area’s environmental
services started with a set of 19 service indicators based on the con-
text of a rural village in Zanzibar, Tanzania. In a participatory map-
ping activity that used aerial photographs of the region, residents of
14 sectors of the community were invited to identify different land-
scapes and to attribute each of the service indicators to each identi-
fied landscape with the aid of colored markers. Studies that use this
approach capture information on environmental services, as per-
ceived by the local communities, thereby facilitating the identifica-
tion of priority areas for management and conservation [26].

Participatory mapping may be used as a tool to evaluate the progress
of a management plan with regard to its objectives. For example,
Bourgoin [22] research presents the example of a Bouami commu-
nity in Laos that was placed under a policy in the 1990s that aimed
to change local farming to increase the local area covered by forest.
However, the policy was implemented without presenting an alter-
native to the local people, who were no longer able to cultivate rice
in the highlands. In this case, when performing a participatory map-
ping of the region followed by observations of satellite imagery, the
author observed that many families use a larger area for agriculture
than allowed in the local land use plan with a large difference between
what the people tell the local authorities and the portion of the land
that is actually used. In this case, applying mapping may propose
models to solve the problems in the region by permitting a dialogue
between the authorities and the community.

Cronkleton et al. [24 ] research presents an application of participa-
tory mapping in an agro-extractivist community in the Bolivian
Amazon aimed at documenting property rights, as there is a con-
flict with regard to access rights to a species that has much use in
the region: the chestnut tree. The author was invited to perform a
participatory mapping of the regions with access to the species to
mediate resource use conflicts. However, a strong internal conflict
concerning the resource’s distribution was observed during the
activities, as few families had a large numbers of chestnut trees in
their backyards, and many families had few or no chestnut trees
[24]. Many studies have shown that participatory mapping may
have a function in mediating conflicts in the use of the landscape,
and a number of these studies emphasize conflicts between local
communities and external authorities (see [21, 23]). However, as
determined in the example above, Cronkleton et al. [24] presents
an example in which mapping may provide an understanding of
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possible internal conflicts in the use of common resources. Under
this perspective, the author indicates that it is also interesting to
teach or train local residents so that the community may organize
itselt and produce its own maps in the future. These maps may aid
the community in understanding the distribution of useful
resources and of landscapes based on the community’s needs, in
mediating internal conflicts and in articulating requests for exter-
nally imposed policies.

Regarding the application of mapping to identify conflicts in
the use of resources, many authors criticize the application of this
method or even indicate some cautions that must be taken. In this
manner, Brian [27] and Reyes-Garcia et al. [28] note that maps
must be made not only to delimit areas and discriminate the
resources used by local or traditional communities but also to
observe the history of negotiations and interference from external
agents on the communities from the point of view of the people
who endure the conflicts in the region. In this case, mapping would
not serve to solve a land use conflict but to support future actions
that will lead to the solution of the problems.

Although participatory maps may present a number of positive
aspects in their applications in conflict mediation, the maps may
also have negative aspects, as they may intensify internal or external
conflicts [28]. For example, building maps that suggest the demar-
cation or protection of traditional territories may intensify the con-
flict between the community and external agents, such as
corporations with interest in the resources located within the tradi-
tional territories. Conversely, the construction of maps may also
create or intensify internal conflicts if it intensifies or creates con-
flicts of interest among the residents regarding the demarcation of
the territories within the community [28, 29].

5 Case Studies

5.1 Mapping
of Atlantic Forest
Fragments in Brazil

For the reader to understand the context in which the mapping of
Atlantic Forest fragments was performed in Brazil, it is necessary to
explain in a succinct manner the phases preceding the use of this
tool and the goals on which the project performed in the region
described below was based.

This example was part of a project named Sustainability of the
remaining fragments of the Atlantic Forest in Pernambuco and their
implications for conservation and local development, performed as a
partnership between Brazil and Germany, in which our team was
responsible for an Ethnobotany subproject. This subproject was
divided into two thematic axes: (1) local perceptions and represen-
tations and (2) use of wood and medicinal resources. The goals of
the first theme, among others, were (a) to identify possible changes
in the local landscape by means of the informants’ representations
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and (b) to perform a zoning of areas and possible resource sources
by means of communitarian mapping. To this end, after obtaining
authorization by means of a Free and Informed Consent Form (in
accordance with resolution 196/96 of the National Health
Council), 260 interviews were performed (using a representative
sample of the community). This sample was distributed propor-
tionally among the ages and genders of the local community’s resi-
dents. The community was located in an area close to Atlantic
Forest fragments inside the territory of a sugarcane processing
plant in the Igarassu-PE municipality, Northeast Brazil.

After the interviews, informants who used the forest to hunt
animals and collect wood were selected, as we understood that
these informants spent more time inside the fragments and trav-
elled longer distances and different paths. A total of 60 informants
were selected based on these criteria, 21 of which were women and
39 were men, with ages ranging from 18 to 70 years. However,
only 30 of these informants agreed to take part in the map’s con-
struction, specifically, 17 women and 13 men aged between 18 and
68 years. Three groups were formed to facilitate the control and
application of the method. The groups were asked to illustrate the
local landscape starting from the locality’s main street (Fig. 1). To
facilitate the process of map construction, the members of each
group selected two illustrators. Each group was led to name and
identify each of the represented elements. The informants were

Fig. 1 The process of communitarian map construction performed by the residents of Trés Ladeiras
in Pernambuco, Northeast Brazil
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also asked to use different colors to represent the elements, for
example, rivers-blue; forest fragments-green.

During the maps’ construction, the informants identified the
main areas in which natural resources are collected close to the
community. A total of 27 forest fragments, which may be called
cultural landscapes, were illustrated. The representations of the
fragments were often found in association with rivers, creeks, and
springs (Fig. 2). This fact is likely to be related to the frequent
incursions of the population into the forests not only to collect
wood and hunt animals but also to obtain water for domestic use,
as the water provision system in this community is precarious and
is identified as a serious problem by the population.

There were similarities among the groups with regard to the
presence of sugarcane plantations in proximity to the forest frag-
ments. With regard to the number of streets and social service
structures such as healthcare centers, schools, churches, police sta-
tion, and commercial points, the representations were notably
similar. However, one of the groups emphasized the community’s
social service structure over the forest fragments more strongly.
In addition, this group’s perception regarding the size of the frag-
ments was different from the other groups, as the latter represented
the forests as being smaller.

During the mapping, it was observed that the participants had dif-
ficulties in understanding the different scales and simplifying the infor-
mation, as at first they drew forest fragments that were too large to the
point of requiring an entire cardboard sheet for a single fragment.
However, one of the participants called attention to this fact, and they
started drawing a smaller map. Another aspect worth nothing was the
time limit for the map construction, as certain informants wanted to
draw with more detail, and such behavior required time, and the group
members realized this issue themselves and had to adjust their time
allocation to include all of the necessary information on the map.

Fig. 2 Rivers and creeks associated with the representation of forest fragments by residents of the Trés
Ladeiras District, Igarassu-Pernambuco
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5.2 Mapping a
Protected Area in the
Brazilian Cerrado

The mapping was performed in the Cacimbas community, located
in the surroundings of the National Forest of Araripe (FLONA-
Araripe) in the state of Ceara, Northeast Brazil. This community
depends directly and/or indirectly on forest resources. Taking this
into consideration, a study was planned to take into account aspects
of the relationship of the local population with their natural
resources. In the first phase of this study, Rapid Participatory
Mapping proved to be an important tool to gather important infor-
mation concerning the community’s relationship with the FLONA-
Araripe, unlike a previous study in which the mapping was performed
after the interviews. The participatory mapping enabled the identi-
fication of the forest products harvested by the local population and
the cultural ecotopes, which, according to [30], make up the small-
est component of the ecologically distinct landscape, where there is
a combination of both biotic and abiotic factors identified by those
responsible for the landscape’s management.

To perform this activity, all of the community members who were
involved in the process of collecting any resource in the FLONA-
Araripe were invited. These people were identified by the president of
the community’s residents’ association, which was our first contact.
Four informants who were recognized by the community as having
knowledge of the local landscape took part in the mapping.

Unlike the previous mapping, an amplified image of the
FLONA-Araripe mock-up was used in the Cacimbas community
to stimulate the informants to identify the locations of the main
areas where resources were collected (Fig. 3).

The results of the participatory mapping permitted the identi-
fication of the main cultural ecotopes that were recognized by the
Cacimbas community of the FLONA-Araripe, the main resources
that were collected, the routes used by the community to collect
these resources and certain elements of the landscape.

Among the cultural ecotopes, the areas that deserved emphasis
were those indicated for resource collection and those indicated

Fig. 3 Participatory mapping of the Cacimbas community, Jardim-CE municipality in Northeast Brazil
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simply as routes used to reach the areas in which resources were
collected but not as collection areas. This result allows the researcher,
for example, to make better judgements when choosing areas of
greater use pressure for future ecological studies. Regarding the
names of cultural ecotopes, another interesting finding was that
some of these names could be used as clues to assess the biotic and
abiotic components of the landscape. For example, the cultural eco-
type known by the community as Barreiro Grande (Large Mud) is a
reference to the existence of an artificial lake in the forest interior,
whereas the ecotopes known as Baixa do Urugu (Urugu Lowland) is
related to the presence of large numbers of a bee, known popularly
as the urugu bee, in the forest interior. This finding demonstrates
once more the importance of the tool for future management plans
and studies in the FLONA-Araripe, especially when these studies
intend to verify the distribution and abundance of some species.

A cultural ecotopes named “Acampamento Barreiro Novo”
(“New Mud Camp”) was represented as a highly important place
for the community, both for the collection, sale and transportation
of pequi and for social activities of the local populations, especially
during the traditional “pequi feast”, during which religious and
secular celebrations occur. This indicates the economic and cultural
relevance of the FLONA-Araripe resources, especially pequi, for
the local populations.

These findings indicate that the community establishes narrow
relationships with the FLONA-Araripe, with the natural resources
having a remarkable role in the economic and socio-environmental
dynamics of the local population. These people depend on the
resources to meet the market demand and for their subsistence.

With this study, the reader may perceive the relevance of
participatory mapping not only for the collection of ethnobiological
and ethnoecological data but also for purely ecological studies or
studies that investigate the economic, social and cultural dynamics
related to the use of natural resources. However, it is important to
clarify that in this case, the DRP was an exploratory study, and
certain aspects that were elucidated with the aid of this method
must therefore be investigated in greater detail.

Several limitations could be observed during the mapping.
Among these limitations was the difficulty of spatial recognition
and localization by the participants when they were given the map
of the FLONA-Araripe as stimulus. The arrival of a younger
(18-year-old) participant, however, allowed this difficulty to be
circumvented, as this participant helped the others to interpret the
map. Importantly, this episode demonstrated that the stimuli
offered to the community will not always be interpreted and
returned to the researchers in the way the researchers imagine.
Because of this variability, it is always worthwhile to perform pilot
workshops to “calibrate” the mapping method and to supply the
best possible stimuli.
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6 Methodological Considerations

The type of stimulus used in communitarian mapping may vary
according to the desired goals of mapping, and the choice of these
stimuli has implications that will influence the type of data that are
collected. For example, in the two case studies presented above,
the objective was to bring forth information concerning zoning
and the use of natural resources. Each of these studies chose
different stimuli for the mapping, and these differences were
reflected in the type of data that were collected.

Because of this difference, Box 4 intends to show, based on the
literature and on the experience of our research group, a number
of the main aspects that the researcher must take into consideration
when choosing participatory mapping for collecting ethnobiological
and ethnoecological data.

Box 4 Certain Aspects That Must Be Taken into Consideration at the
Moment of Choosing Mapping as a Methodological Tool for Collecting
Ethnobiological and Ethnoecological Data

® There are people who have difficulties with drawing their spatial
knowledge at a map scale. Because of this difficulty, it is always helpful
to encourage people to feel more comfortable at such a task; usually, the
most helpful individuals for this facility are the younger people

® The researcher must pay attention to the dimensions and richness of
detail of the elements represented in the map, as sometimes the partici-
pants tend to place more emphasis on the landscape elements that are
more important from the cultural and environmental points of view.
Therefore, the researcher must always attempt to transcribe what is
being discussed during the mapping

® Stimulating the map’s drawing may bring forth a great richness of
details. However, the excessive use of stimuli may become inductive. In
addition, a large quantity of time may be demanded for this activity

® It is important that the participants identify the drawn elements by
means of legends or by naming each element. Differentiation by colors
is also important for the recognition of the drawn elements

* Using images as stimuli is quite interesting from a practical point of
view. However, the researcher must not forget that the perceptions of,
for instance, spatial scale, GIS and observation of details in the images
vary among individuals and among different cultures

® Make yourself a copy of the map, as the original belongs to the people
who produced it. Additionally, do not forget to include the participants’
names on the map [31]
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Chemical Tools Applied to Ethnobotanical Studies
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Abstract

Medicinal plants are a main focus of research in the fields of ethnobiology and ethnoecology. Among the
various techniques for studying medicinal plants, the methods of extraction and the characterisation of
different classes of compounds present in these plants form the pillars of phytochemical studies. In this
chapter, you will find methods detailing how to collect, store, and stabilise herbal drugs; techniques to
determine which solvents and extraction methods are most appropriate; chemical enrichment methods;
and protocols for characterisation of compounds by thin layer chromatography.

Key words Ethnopharmacology, Medicinal plants, Phytochemical profile, Secondary metabolism,
Thin layer chromatography (TLC)

1 Introduction

The study of medicinal plants is one of the most common themes
of ethnoecology and ethnobiology studies. According to Oliveira
et al. [1], medicinal plants have been a predominant topic in the
field of ethnobotany, as calculated by the number of presentations
at the Brazilian National Congress of Botany (Congresso Nacional
de Botianica—CNB) (1985-2007) and the number of ethnobo-
tanical publications conducted in Brazil, of which 64 % of the
papers published in the period from 1990 to 2007 were focused on
the medicinal usage of plants. Moreover, the studies presented at
CNBs and informal studies by urban populations and nontradi-
tional individuals have also been investigated in terms of knowledge
about medicinal plants; for example, the studies in the backyards of
urban areas and in public markets, which add to the more formal
opportunities for study, are not only restricted to the rural com-
munities. These studies, though only a minority, address issues
explicitly formulated with well-defined hypotheses or incorporate
quantitative techniques for data analysis [1].

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_16, © Springer Science+Business Media New York 2014

255



256 Tadeu José da Silva Peixoto Sobrinho et al.

If ethnoecology and ethnobiology (in particular ethnobotany)
are considered interdisciplinary disciplines and potentially cover
diverse themes, the study of medicinal plants can consist of an
immense variety of approaches. Using medicinal plants, ethnosci-
entists propose, or revise formulas [2-8]; analyse the flow, trans-
mission, and comparison of knowledge between communities and
inter-communities [9-11]; test hypotheses [12-16]; relate how
ecological, environmental, and biometric factors interfere with the
metabolism of plants [17-20]; study conservation strategies
[21-24]; and examine the dynamics of traditional markets and
production chains [25-28], among several other approaches that
can be undertaken.

Without a doubt, the knowledge of multiple approaches when
studying medicinal plants is useful for bioprospecting that is aimed
at finding new drugs. This type of approach is of great interest to
the pharmaceutical industry because the sale of herbal products
over the world generates billions of dollars in sales per year.
Substances such as aspirin, atropine, pilocarpine, paclitaxel, vincris-
tine, and vinblastine are examples of drugs developed from ethno-
botanicals [29].

The search for new molecules and /or the development of new
products using the traditional knowledge of medicinal plants
involves the knowledge of various subjects, particularly phyto-
chemistry and pharmacology, which are responsible for identifying
the mechanism of action and biological properties of the substances
obtained from the plants using both in vitro and in vivo models
(animals and /or humans) [30].

The structural elucidation of the active ingredient of a medici-
nal plant is an essential step for understanding its mechanism of
action [31]; in addition, it helps to improve the identification of
other approaches to study medicinal plants. In seeking to collabo-
rate with ethnobotanical studies, this chapter provides instructions
on the collection, stabilisation, and storage of plant samples, as
well as on the appropriate solvents, extraction methods, and meth-
ods of enrichment. In addition, this chapter provides information
on how to characterise the major classes of compounds of plant
metabolites by thin layer chromatography (TLC): alkaloids, terpe-
noids, steroids, saponins, coumarins, flavonoids, tannins, and
quinones.

2 Selection of Material to be Processed

2.1 Collection
of Plant Material

Sample collection is a crucial phase in the study of medicinal plant
compounds. Errors in this step compromise all subsequent phases,
causing lost time and money, and depending on the part of the
plant, the possibility that the researcher is unable to obtain a new
specimen in a short period of time.
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To minimise or prevent this obstacle, the correct identification
of the medicinal species indicated by popular use is the first step in
the process of obtaining potential therapeutic phytochemicals.
When necessary, it is important to have the consent of the owner
of the studied area and the proper authority over the collection to
be performed. The period of maturation or development of the
species to be collected should be a controlled variable because
depending on the ontogenic stage, quantitative differences can be
observed [32, 33].

It is important to choose individuals and healthy organs at the
time of collection; furthermore, it is imperative to obtain samples
from places that do not compromise the quality of the sample,
such as near farms that use pesticides or near polluted rivers and
streams [33].

Another factor to be considered relates to the intraspecific
genetic differences that may alter the phytochemical characteristics
of the sample collected; however, the collection of a variety of sam-
ples can minimise this effect by preventing results that are random
or skewed toward some plant’s individual characteristics. Some
studies take into account the collection of at least three individuals
(see [8]). Moreover, because a large amount of material is needed
in many cases, the collection of different individuals minimises the
damage to plant populations.

An important step that precedes quantitative analysis is the process
of drying the sample; i.e. after collection of the plant material, the
sample should be treated to evaporate the water and to prevent
enzymatic action while avoiding structural modification of sub-
stances originally present in the plant. The heat stabilisation of the
material is the most suitable method for further analysis because in
addition to dehydrating and blocking the hydrolysis reactions and
microbial growth, this method allows for storage for long periods
of time, with the constituents of the sample remaining unchanged
[34]. The use of dehydrating solvents for boiling (e.g. ethanol and
methanol) is effective for the immediate stabilisation of the sample;
however, these chemicals might deprive the sample of some of the
compounds originally present [34].

Air drying is more economical, but it is necessary to take
greater precautionary measures when air drying to ensure that the
dehydration is homogeneous. Leaves and flowers can be placed
under ventilation and protection from the sun to prevent loss of
plant metabolites due to photodecomposition. Roots and bark,
after removal, may be exposed to direct sunlight [33]. The use of
greenhouses is more costly but beneficial for both efficiency and
process control, especially in wetter areas or periods, and it is more
suitable for the temperature to not exceed 50 °C. Desiccators are
also viable alternatives for reducing humidity [33].
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Observing whether the material is crumbly (fragile such that it
breaks easily with touch) may serve as a parameter of drying.
Subsequent measurements with intervals of 1 h without observing
a change of at most 1 % weight loss by dehydration should be
calculated according to the equation D (%)=[(weight of fresh
sample —weight of dry sample)/weight of fresh sample]x100,
where D (%) is the percentage loss by dehydration [35]. Then, the
material should be stored in the appropriate packaging (amber
containers or dark plastic bags) that shields the material from pests,
light, and humidity and contains a label with the species name,
date, place of collection, part processed, and weight [33].

When the researchers choose to use fresh materials for the
preparation of extracts, they may resort to the use of refrigerators,
freezers, or dry ice as alternatives to minimise enzymatic reactions
and interactions with microorganisms.

3 Extraction of Compounds and Sample Preparation

3.1 Methods of
Extraction: Solvents
and Extraction Forms

Certain factors must be carefully considered before performing
this step, such as the particle size, the standardisation sample, the
part of the plant collected, the methods to be employed, and the
solvents to be used for extraction. The smaller the particle diame-
ter of the sample is, the greater the efficiency of the extraction due
to the increased area of contact between the solvent and the
particle. The various organs of plants have very different anatomi-
cal structures, mainly with respect to the degree of cellular organ-
isation. In stems and roots that have lignified tissues, the extraction
process is more difficult than in leaves and flowers that do not
have lignin [34].

Perhaps the main dilemma of the extraction process is choos-
ing the most appropriate solvent or system for the extraction of a
particular target group involved in metabolism (Table 1). Generally,
phenolic compounds are employed for the extraction of polar
organic solvents (methanol, ethanol, or acetone) or a mixture of
these solvents with water is utilised to optimise the process and to
increase the yield [36]. However, there is great difficulty in estab-
lishing an extraction system or in obtaining a more efficient solvent
extraction because many factors are involved, such as species varia-
tions, the physic-chemical properties of the substances, the time
and temperature of the extraction, and the toxicity, availability, and
cost of the solvent [ 34, 37].

According to Cechinel Filho and Yunes [38], one of the most
suitable methods for chemical analysis is the pharmacological prep-
aration of a hydroalcoholic solution (ethanol-water 50,/50,v/v) to
mimic the extractions performed popularly. Yet, according to these
authors, the extract elicits interesting biological effects and one
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Table 1

Solvents types and groups of metabolites extracted [34]

Solvent or system Metabolites

Alkaline water Saponins

Acidified water Alkaloids

Alcohol mixtures Saponins and tannins
Ethanol, methanol Heterosides

Ethyl acetate, butanol

Flavonoids and simple coumarins

Toluene, dichloromethane, Amines, anthraquinones, volatile oils,
chloroform glycosides cardiotonic
Petroleum cther, hexane Lipids, waxes, pigments, furanocoumarins
Table 2

Polarity indexes, densities, and boiling points of the solvents used

in most plant extractions

Density Boiling
Solvent Polarity (9/mL) point (°C)
n-Hexane 0 0.65 69
Toluene 2.3 0.87 110.6
Dichloromethane 3.4 1.33 40
Butanol 3.9 0.81 118
Ethyl acetate 4.3 0.897 77.1
Chloroform 4.4 1.48 61.2
Ethanol 5.2 0.789 78.4
Acetone 5.4 0.79 56
Methanol 6.6 0.79 65
Water 9 1 100

should proceed using a systematic study in which the most suitable
solvent to obtain the crude extract is methanol because it enables

the extraction of a greater number of compounds.

When the nature of the chemical species studied is unclear, one
method to identify the phytochemical samples is the separation of
the crude extract in solvents of increasing polarity; thus, the sample
is semi-purified in different partitions (Table 2; Fig. 1). After this
process, the samples must be submitted to chromatographic proce-
dures for the isolation and spectroscopic identification of the pure

compounds [38].
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Maceration with methanol (about 10 days)
Evaporation of the solvent

H = Hexane

DCM = Dichloromethane
Crude methanol extract | gx- eyl acetate

B = Butanol

Suspension in water
Partition successive

Hexane Butanol
extract extract
Dichloromethane Ethyl acetate
extract extract

Flavonoids
glycosylated

Steroids Tannins

Saponins
Carbohydrates

Terpenes
Acetophenone

A

Lignans Flavonoids
Flavonoids Tannins
methoxylated Xanthones
Sesquiterpenes Triterpenes acid
Lactones Saponins
Trnterper_ues Phenolic in general
Coumarins
" R

Fig. 1 General scheme partition and semi-purification through polarity of the
main secondary metabolites in plants [38]

In addition to this method of separation, another alternative
method for obtaining semi-purified extracts by polarity is to macer-
ate the same plant sample for many days directly with solvents of
increasing polarity, as shown in the example in Fig. 2.

Certain caveats for the extraction methods must first be con-
sidered; for example, excess spraying of the samples can interfere
with the percolation process and soaking in the same way that
debris with a large particle diameter requires greater extraction
time. It is important to obtain standardisation of particle size,
which can be achieved by sieving (sieve).



3.1.1 Infusion

3.1.2 Decoction

3.1.3  Maceration
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Plant
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Maceration

Evaporation,

Hexane Extract

| Plant material

Dichloromethane | _Evssoration Extract

Plant material Biological
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Ethyl acetate | zuponion, Extract
R

Plant material

\\V//
i

Methanol [ evporation Extract

Fig. 2 General scheme for obtaining plant extracts [38]

With respect to the selection of the most suitable solvent for
direct extraction according to the group of metabolites, one must
also consider the solvent’s inherent toxicity. With regard to tem-
perature, one must be very careful because while heat accelerates
the extraction process, it may also cause decomposition of sensitive
compounds, as well as volatile compounds. We present below the
main extraction processes proposed by Marques and Vigo [39].

During infusion, boiling solvent is poured onto the plant material
in a process similar to the home preparation of tea. The medicinal
plant material is in contact with the solvent for 5-10 min before
the filtration process is initiated. The weight of the plant material
and solvent volume varies according to the species, with a typical
ratio of 1:20 w/v. This method is suitable for the extraction of the
weakest parts of the plant, such as the leaves and flowers.

In this extraction process, typically the fresh plant or plant drug is
placed in the solvent to heat until boiling in a closed container.
Decoction is widely used to extract the compounds of the woody
parts of plants, such as the bark and roots.

Maceration is a longer process in which the pulverised plant
material is immersed in the solvent for a suitable period of time,
according to the methodology employed by the researcher. After
this period, the material is filtered, the solid residue pressed, and
the liquid resulting from pressing to extract the filtrate is collected.
Maceration can be static, with only occasional stirring, or dynamic,
with the system in constant motion.



262 Tadeu José da Silva Peixoto Sobrinho et al.

3.1.4  Turbo Extraction

3.1.5 Percolation

3.2 Preparation
of Extracts for
Characterisation

3.2.1 Rotary Evaporation

3.2.2 Lyophilisation

In addition to its slow speed, this process does not lead to
depletion of the plant material due to saturation of the liquid
extractor and/or equilibrium between the solvent and the cell
interior. All plant organs can be extracted by maceration; however,
the selectivity and concentration of the solvent, the particle
diameter, and cell swelling can affect the yield of the extract.

This process requires a turbuliser. The plant material is extracted
by the equipment after the addition of solvent, which is milled
together with the plant material, by dissolving the cellular con-
tent. The yields obtained by this process are high because of the
constant agitation and trituration of the system, which leads to
faster extract preparation and the near exhaustion of the vegetable
material.

Nevertheless, greater temperature control is required because
the constant agitation may produce heat in the system, causing
evaporation of volatile or degradation-sensitive compounds.
Furthermore, the filtration extractive solution becomes harder,
and harder parts such as stems and roots cannot be processed.

This process requires a device called a percolator, which is a conical
container made of steel, glass, or PVC with a cock or valve to
control the output of the extract. Because the percolated plant
material is in a powdered form prior to maceration, swelling and
increased porosity of the cell wall will facilitate the diffusion of
compounds.

The drug is deposited in a moist percolator with enough solvent
to cover it. A container of solvent for the system is placed over the
system to supply it continuously. When the faucet of the equipment
is opened, the extractive process occurs by the force of gravity until
the exhaustion of active drug from the plant. The residual extraction
can be pressed, and the resulting liquid joins the leachate.

Evaporation is used to remove solvents from the extracted samples,
thus resulting in more concentrated extracts. The rotary evapora-
tor, consisting of a chamber containing a coil that condenses the
solvent vapours, allows the elimination of the liquid extractant
under controlled temperature at reduced pressure. Rotary evapo-
rators are most commonly used in laboratories that perform phyto-
chemical analysis [40].

Freeze drying is a dehydration process in which water is removed
through direct passage from the solid state to a gas by sublima-
tion [41]. The extremely low water content results in inhibition
of the action of microorganisms and enzymes that normally
degrade substances. According to Tattini Junior et al. [42],
lyophilisation is divided into three steps: freezing, primary drying,
and secondary drying.



3.2.3 Spray Drying

3.3 Methods
of Enrichment

3.3.1

Amine Compounds

Chemical Tools Applied to Ethnobotanical Studies 263

Freezing. The preparation of the sample to be processed, wherein
the sample is frozen at temperatures slightly below 0 °C. This step
consists of immobilising the product to be lyophilised and disrupting
the chemical and enzymatic reactions in the material.

Primary drying. Occurs at a melting temperature obtained by
subliming ice. This process eliminates 85-90 % of the water in the
sample (sample is up to 15 % humidity).

Secondary drying. Carried out at temperatures below the degrada-
tion of the product for the purpose of eliminating the last traces of
residual water from the sample (up to 2 % moisture).

This method applies the principle of increasing the specific surface of
the solution, suspension, or emulsion to dry, through its spray,
increasing the contact area with the fluid drying. The drying process
involves spraying the product into a chamber, where it is subjected to
a controlled stream of hot air, and thus, the solvents evaporate, result-
ing in ultra-fast separation of the solid and soluble materials with
minimal degradation of the constituents of the sample. The process is
completed by the recovery of the powdered product [43].

The goal of extraction is to remove, as completely as possible, the
most active fractions or substances contained in the plant sample
using solvents or mixtures of solvents [40]. However, sometimes
the extractions are not selective and require partition/fraction-
ation procedures to pinpoint the metabolites of interest and to
confirm their presence.

To minimise this obstacle, Wagner and Bladt [44] described
enrichment methods aimed at more selective extractions that elicit
the substances of interest, as described below.

Alkaloids and xanthines. A pulverised sample (1 g) is thoroughly
mixed with 1 mL of 10 % ammonia solution or 10 % sodium
carbonate solution and subsequently extracted for 10 min with
5 mL of methanol under reflux. The filtrate is concentrated, and
50-100 pL of the total alkaloids is applied to the chromatographic
plate to develop the chromatogram.

Another method to enrich the extract is to vigorously shake the
pulverised sample (0.4-2 g) for 15 min in 15 mL of 0.1 N sulph-
uric acid, followed by filtration. The filter paper is washed with
5 mL of the same acid. Then, 1 mL of concentrated ammonia is
added to the filtrate. In a separatory funnel, the mixture is extracted
by stirring vigorously twice with 10 mL of ethyl ether. After separa-
tion, the two extractions are combined, and the organic phases
(ethyl ether) are concentrated over anhydrous sodium sulphate,
followed by filtration and evaporation of the solvent. The evapo-
rated residue is dissolved in 0.5 mL of methanol, and 20 pL of this
solution is applied to the chromatographic plate. This method is
preferred for leaf samples.
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3.3.2 Compounds
Derived from Isoprene

3.3.3 Phenolic
Compounds

Mono-, sesqui-, and diterpenes. The powdered plant sample (1 g) is
extracted by constant stirring for 15 min with 10 mL of dichloro-
methane. The suspension is filtered and the filtrate is evaporated to
dryness. The residue is dissolved in 1 mL of toluene, and 30-100 pL
is used for TLC.

Triterpenes and steroids. The pulverised sample (1 g) is extracted in
10 mL of methanol for 15 min in a water bath, and 30 pL of the
filtrate is used for TLC. Another method is to extract the pow-
dered sample (1 g) with chloroform for 60 min under reflux. Then,
20 pL of the filtrate is applied to the chromatographic plate.

Saponins. Pulverise 2 g of the sample, and then extract the sample
under reflux for 10 min with 10 mL of 70 % ethanol. (1) The filtrate
is evaporated to approximately 5 mL, and 20—40 pL of this solu-
tion is applied to the chromatographic plate. (2) Three millilitres
of the ethanol extract is agitated several times with 5 mL of butanol
saturated with water (3 mL vigorously stirring distilled water and
10 mL of butanol in a separatory funnel, discarding the aqueous
phase). The butanol phase is separated and concentrated to approx-
imately 1 mL, with 20 pL used for this TLC.

The saponins may also be hydrolysed, with the pulverised sam-
ple (2 g) extracted under reflux for 60 min with 30 mL of 0.5 M
sulphuric acid. The solution is filtered and stirred twice vigorously
in a separatory funnel with 20 mL of chloroform. The chloroform
extracts are dried and gathered under anhydrous sodium sulphate,
followed by filtration and evaporation of the solvent. The residue
is dissolved in 2 mL of chloroform-methanol (1:1), and 10 pL of
this solution is applied to TLC.

Coumarins. The pulverised sample (1 g) is extracted in 10 mL of
methanol under reflux for 30 min in a water bath. The filtrate
is evaporated to approximately 1 mL, and 20 pL of this solution is
used for chromatography.

Cinnamic derivatives, flavonoids and tannins. The most common
procedure is to extract 1 g of the enriched sample pulverised with
10 mL of methanol for 15 min in a water bath at approximately
60 °C. The methanol extract is filtered and evaporated to 2 mL.
The filtrate is mixed with 1 mL of water and 10 mL of ethyl acetate
and shaken vigorously several times in a separatory funnel. The
ethyl acetate phase is recovered and evaporated to 1 mL, with
10 pL applied to the plate.

Lignans. The sample (1 g) is extracted under reflux with 10 mL of
50 % methanol for 15 min. Then, 15 mL of butanol saturated with
water is added to the sample (mix 3 mL distilled water and 10 mL
of butanol in a separatory funnel, discarding the aqueous phase).
The mixture is stirred for 5 min, followed by separation and evapo-
ration of the butanol phase to 1 mL. Twenty to 40 pL of the samples
is used for the chromatography.



3.4 Pre-purification
of Bioactive
Gompounds

3.4.1 Planar
Chromatography
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Anthragquinones aglycones. To hydrolyse the carbohydrates of qui-
nones, 0.5 g of the pulverised sample is extracted under reflux with
25 mL of 7.5 % hydrochloric acid for 15 min. After cooling, the
filtrate is extracted by shaking vigorously with 20 mL of ethyl ether.
The ether phase is concentrated to approximately 1 mL, and 10 pL
is applied to the chromatographic plate.

Anthracenics glycosidic derivatives. In a water bath, extract the
pulverised sample (0.5 g) for 5 min with 5 mL methanol. Use 20 uL
of the filtrate directly on the chromatographic plate.

Naphthoquinones glycosidic. Extract 1 g of the sample for 15 min
with 10 mL of methanol in a water bath. Use 30 pL of filtrate on
the plate.

This section will focus on the use of chromatography for pre-
purification of active substances using a simple method of separat-
ing the components of complex mixtures, performed by distributing
these closely related compounds into two phases—a stationary
phase, which may be a solid or liquid supported on a solid, and a
mobile phase consisting of a gas or liquid that flows continuously
through the stationary phase [45].

Chromatography is a method of physic-chemical separation
that is based on the differential migration of the components of a
mixture during passage of the mobile phase on a stationary phase,
such that the components will be selectively retained by the station-
ary phase due to various interactions, such as absorption, solubility,
molecular weight, ionic charge, etc. [45, 46].

Because there are a wide variety of combinations of mobile and
stationary phases in chromatography, it is an extremely versatile
and widely applied technique [46] that is highly useful in numer-
ous fields of science [47]. For example, chromatography can be
used to identify compounds by comparing them with previously
existing standards for purifying and separating the compounds
from undesirable substances in a mixture.

The various forms of chromatography may be classified according
to several criteria, some of which are listed by Degani et al. [46]:
physical form of the chromatographic system, mobile or stationary
phase employed, and the separation mode.

Figure 3 depicts the different types of chromatography according
to the stationary phase used: planar or column chromatography, in
which the stationary phase is arranged on a flat surface or placed on
the cylindrical tube, respectively [46].

In planar chromatography, the stationary phase is deposited on a
support plane, which can be paper, glass, or aluminium. In any
case, the mobile phase moves through the stationary phase by cap-
illary action. This technique is widespread due to its experimental
ease and low cost.
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3.4.2 Analytical and
Preparative Thin Layer
Chromatography

Chromatography

Planar Column

| | 1
Centrifuge TLC PC Liquid SCC GAS

Classical HPLC GC HRGC

Fig. 3 Schematic representation of the different types of chromatography [46].
TLC thin layer chromatography, PC paper chromatography, HPLC high perfor-
mance liquid chromatography, SCC supercritical chromatography, GC gas chro-
matography, HRCG high resolution gas chromatography

One important parameter of planar chromatography is the
retention factor (Rf). The Rfis the ratio of the distance travelled by
the components of the sample (ds) and the distance travelled by
the mobile phase (dm) (Fig. 4).

In this section, we will discuss TLC in detail because the cen-
trifugal chromatography paper has high specificity and is not useful
for all classes of secondary metabolites.

For this procedure, the most frequently used stationary phase is
silica gel. Other chromatograph plate scan can also be produced or
acquired with alumina, diatomaceous earth, or cellulose as the sta-
tionary phase. Although the technique is widely accessible, pre-
parative TLC has some disadvantages, such as elimination of the
purified substance plate, the long time required for the separation
and the introduction of impurities, and residues derived from the
support itself [31].

For the preparation of chromatographic plates containing silica
gel, use a layer of 0.25 mm for analytical plates and 1 mm plaques
for preparative plates. There are plates deposited onto aluminium
foil with high efficiency that are available for purchase [46].
Samples to be analysed by TLC should be applied 1 cm from the
bottom of the base plate using micro-pipettes, micro-needles, or
capillary tubes with thin ends [46]. After sample application, the
plate must be inserted into a chromatography tank containing the
appropriate mobile phase.

There are certain items to consider when performing TLC: (1)
The presence of water can significantly influence the chromato-
graphic separations, (2) the acetone must be used with caution
because it can react with some compounds containing amino
groups, and (3) the presence of a constituent can mask the colou-
ration indicative of another compound, which is a disadvantage
that may lead to erroneous conclusions [48].
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<= Finish line of the
mobile phase

Point of application
""""""" P " """ ™ of the extract

Maximum level mobile phase

Fig. 4 Schematic representation of the calculation of retention factor (Rf) in
planar chromatography [46]. Rf retention factor, dm distance travelled by the
mobile phase, ds7 distance travelled by substance 1, ds2 distance travelled by
substance 2

According to the internal diameter of the column tube, column
chromatography is subdivided into preparative (6-50 mm),
analytical (2-6 mm), and microdiameter (<2 mm) chromatogra-
phy. Considering the physical state of the mobile phase, liquid,
supercritical, or gas chromatography is used. Liquid chromatogra-
phy is also divided into classical liquid chromatography and high
performance liquid chromatography [45].

In this chapter, we chose to detail classical liquid chromatogra-
phy, as other types of chromatography (HPLC, SCC, GC, and
HPGC) require the use of expensive equipment and trained per-
sonnel to operate the equipment, in addition to a laboratory with
the proper environment for installation.

During the pre-purification step, a preparative liquid chromatogra-
phy column (Fig. 5) is typically used. This technique is also called
adsorption chromatography and is a technique known for being
simple and low cost.

Generally, the chromatographic column is a cylindrical tube
with an open upper end and a lower end that terminates in a tap
that is used to control the flow of the solvent. The adsorbent (alu-
mina, silica gel, magnesium silicate, activated carbon), which will
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3.4.5 Open or Gravity
Column Chromatography

3.4.6 Column
Chromatography Under
Pressure

<— Solvent

<— Stationary phase

<— Cotton

Fig. 5 Schematic representation of the liquid chromatography column for
pre-purification of compounds [46]

fill the interior of the column and will become activated, must be
previously determined in accordance with the chemical group of
interest and characteristics of the adsorbent, respectively. The col-
umn packing material must be uniform such that air cannot become
trapped between the particles and form channels that could affect
the separation [49].

Monitor the TLC to determine the choice of adsorbent and
solvents to be used for elution of the column. The eluents should
be chosen according to their ability to elute the substances through
the adsorbent. Generally, the displacement of the substances of
interest becomes faster when using a range of solvents in order
of increasing polarity (Table 2). As the sample travels to the lower
end of the column, it should be collected in already labelled
containers.

This type of chromatography is universally used because it involves
a simplified procedure, but it can only be used for separating sub-
stances based on the difference in polarity [31]. It utilises gravity
to elute compounds by column chromatography. Despite being a
widely used technique, it has some limitations: separation is slow,
adsorption of some compounds is irreversible, and it is incompatible
with small diameter particles [31].

This type of chromatography involves applying pressure to a chro-
matographic column and can be used to separate more difficult
compounds using a high precision stationary phase with particles
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of small diameters [31]. This technique can vary depending on
column size and pressure for separation: flash chromatography
(approximately 2 bar or 30 psi), low pressure (<75 bar or 5 psi),
medium pressure (5-20 bar or 75-300 psi), or high pressure
(>20 bar or 300 psi).

4 Characterisation of Secondary Compounds

4.1 Amine
Compounds

4.1.1  Alkaloids

4.1.2 Xanthines

4.2 Gompounds
Derived from Isoprene

4.2.1 Terpenoids

4.2.2 Triterpenos
and Steroids

4.2.3 Saponins

4.3 Phenolic
Gompounds

4.3.1  Cumarins

Among the various types of chromatography, this chapter empha-
sises TLC as a technique that is rapid, less expensive, and easy to
standardise. Therefore, we present the method of detecting phyto-
compounds according to Wagner and Bladt [44 ]. Phytocompounds
was selected because it is the most frequently investigated
material.

Elution system: toluene-ethyl acetate-diethylamine (70:20:10)

Standard: Atropine (Tropanic), Yohimbine (indole), Pilocarpine
(imidazole), or quinine (quinoline)

Revelation: Developer # 1—Visible: brown or orange-brown

Elution system: ethyl acetate-methanol-water (100:13, 5:10)

Standard: Catfeine, Theobromine, or Theophylline
Revelation: Developer # 2—Visible: brown

Mono-, sesqui-, and diterpenes
Elution system: toluene-ethyl acetate (97:3)

Standard: Thymol or Carvacrol

Revelation: Developer # 3—Visible: blue, violet, red, and brown

Elution system: toluene-chloroform-ethanol (40:40:10) for aglycones
or chloroform-methanol-water (65:25:4) for glycosides

Standard: Lupeol (Triterpenes) and Sitosterol (Steroids)
Revelation: Developer # 4—UV 365: violet and blue

Elution system: chloroform-glacial acetic acid-methanol-water
(64:32:12:8)
Standard: Aescin or Glycyrrhizin

Revelation: Developer # 5—Visible: green, blue, violet, and red-brown,
UV-365: dark green, blue, and violet

Elution system: ethyl acetate-glacial acetic acid-formic acid-water
(100:11:11:26)

Standard: Esculetin, umbelliferone, or scopoletin

Revelation: Developer # 6—UV 365: blue and green-blue (coumarin
simple) yellow and brown (coumarin derivatives)
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4.3.2 Flavonoids

4.3.3 Lignans

4.3.4 Quinones

Anthraquinones Aglycones

Anthracenics Glycosidic
Derivatives

Naphthoquinones
Glycosidic

4.3.5 Tannins

4.4 Developers

# 1. Dragendorff Reagent

# 2: lodine-Hydrochloric
Acid Reagent

Elution system: ethyl acetate-glacial acetic acid-formic acid-water
(100:11:11:26)

Standard: Rutin or Quercetin

Revelation: Developer # 7—365 and UV Visible: yellow-orange

Elution system: chloroform-methanol-water (70:30:4)
Standard: Podophyllotoxin or Eleutheroside
Revelation: Developer # 8—UV 365: blue

Elution system: petroleum ether-ethyl acetate-formic acid (75:25:1)
Standard: Emodin or Frangulin

Revelation: Developer # 9—Visible: yellow; UV 365: yellow and
orange-brown

Elution system: ethyl acetate-methanol-water (100:13, 5:10)
Standard: Aloin or Glucofrangulin

Revelation: Developer # 6—365 and UV Visible: red (anthraqui-
nones) and yellow (anthrone and antranol)

Elution system: toluene-formic acid (99:1)
Standard: Plumbagin or Juglone

Revelation: Developer # 6—Visible: violet to brown, UV 365: yellow
to brown

Elution system: ethyl acetate-glacial acetic acid-formic acid-water
(100:11:11:26)

Standard: Catechin (condensed tannins), gallic acid, or tannic acid
(hydrolysable tannins)

Revelation: Developer # 10a—(Condensed tannins)—Visible: red;
Developer # 10b—(hydrolysable tannins)—UV 365: blue or violet

Solution A: Dissolve 0.85 g of nitrate (or subnitrate) bismuth
in 10 mL of glacial acetic acid and 40 mL of water under reflux
(filtered if necessary).

Solution B: Dissolve 8 g of potassium iodide in 30 mL of water.
Stock solution: Mix solutions A+B (1:1).

Reagent: Mix 1 mL of the stock solution with 2 mL of glacial acetic
acid and 10 mL of water.

Note: The colour can be intensified or stabilised by spraying an etha-
nolic solution of 10 % sodium nitrite in sulphuric acid or ethanol.

Solution A: Dissolve 1 g of potassium iodide and 1 g of iodine in
100 mL of ethanol.

Solution B: Mix 25 mL of 25 % HCl in 25 mL of ethanol.
Reagent: Spray with solution A and then with solution B.



# 3: Vanillin Sulphuric
Reagent

# 4: Lieberman-Burchard
Reagent

# 5: Sulphuric
Anisaldehyde Reagent

# 6: Potassium Hydroxide
Reagent

# 7: NEU Reagent

# 8: Vanillin Phosphoric
Acid Reagent

# 9: Phosphomolybdic Acid

Reagent

# 10a: Vanillin Hydrochloric
Reagent

# 10b: Ammonium Ferrous
Sulphate Reagent
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Solution A: Prepare a solution of 1 % vanillin in ethanol.
Solution B: Prepare a solution of 10 % ethanolic sulphuric acid.

Reagent: Spray the plates with solution A and then with solution
B. The plate must be heated in an oven at 110 °C for 5-10 min.

Prepare a solution with 5 mL of acetic anhydride, 5 mL of concen-
trated sulphuric acid, and 50 mL of ethanol. Sprinkle the plate with
the solution and heat in oven at 100 °C for 5-10 min.

Mix 0.5 mL of anisaldehyde, 10 mL of glacial acetic acid, 85 mL
of methanol, and 5 mL of concentrated sulphuric acid. Sprinkle
the plates with 10 mL of the solution and heat in an oven at 100 °C
for 5-10 min.

Prepare a solution of 5 % potassium hydroxide in ethanol. Sprinkle
the board with 10 mL of the reagent.

Solution A: Prepare a solution of 1 % 2-Aminoethyl diphenylbori-
nate in methanol.

Solution B: Prepare a methanolic solution of 5 % polyethylene gly-
col in ethanol.

Reagent: Mix 10 mL of Solution A with 8 mL of Solution B.

Dissolve 1 g vanillin in 100 mL of 50 % phosphoric acid in ethanol.
Spray the solution on the plate and heat for 10 min at 100 °C.

Prepare an ethanolic solution containing 20 % phosphomolybdic
acid. Sprinkle the plates with 10 mL of the reagent and heat to
100 °C for 5 min.

Prepare an ethanolic solution of 1 % vanillin. Spray the plate with
5 mL of this solution followed immediately by 3 mL of concen-

trated hydrochloric acid. Heat to 100 °C for 5 min.

Dissolve 1 g of ammonium ferrous sulphate in 100 mL of ethanol.

5 Notes

1. Mixtures of reagents must follow the order mentioned in the
text.

2. The plates must be sprayed with the developers in the order
mentioned.

3. All reagents containing acids must be added carefully into bea-
kers cooled in ice baths because these reactions are exothermic.
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6

Conclusions

The study of the chemistry of natural products, especially medici-
nal plants, has always attracted the interest of various sectors such
as pharmaceutical, chemical, cosmetic and food. However, many
researched believe that there is a dichotomization between obtain-
ing data ethnodirected and their phytochemical analysis, motivated
mainly by constant technical developments.

In this chapter, we presented the main tools phytochemical,
accessible and easily performed, used in bioprospecting of active
substances. Thus, the union of ethnobotanical methodologies and
chemical analysis allow a reduction in the time of discovery of new
biotechnology products.
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Chapter 17

In Vitro and In Vivo Antibacterial and Antifungal Screening
of Natural Plant Products: Prospective Standardization
of Basic Methods

José Vitor Lima-Filho and Rossana de Aguiar Cordeiro

Abstract

Researchers have conducted tests for antimicrobial activity of natural products by several methods, and a
huge collection of results has been generated. However, the lack of standardization of basic methods of
investigation has led to accumulation of non-useful data. The diversity of protocols has created divergences
among specialists, and often different results are obtained with the same plant extract. Although antimi-
crobial tests for natural products have not been standardized by regulatory agencies, in this chapter, we
recommend the use of some technical parameters for susceptibility testing reviewed by the Clinical and
Laboratories Standards Institute.

Key words Agar-diffusion assay, Microdilution assay, Essential oil, Plant extract

1 Introduction

In the broad sense natural products can be defined as chemical
compounds produced by living organisms with pharmacological or
biological activity. In particular, the screening of natural plant
products to isolate new compounds with antimicrobial activity has
increased in recent years, based on three main aspects: (a) microor-
ganisms are responsible for significant morbidity and mortality,
and vaccines are available to prevent only a small percentage of
infectious diseases; (b) microorganisms cause plant diseases and
food spoilage; and (c¢) microorganisms develop resistance mecha-
nisms to antimicrobials faster than the speed of drug discovery.
According to the World Health Organization, 7.6 million
deaths occurred among children under 5 years in 2010, and of this
total 2.89 million (38 %) were caused by infectious diseases [1].
Considering the youth and adult population, six diseases stand out
in order of importance: acute respiratory infections (including
pneumonia and influenza), HIV/AIDS, diarrheal diseases,
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tuberculosis, malaria, and measles. The prevalence of each of these
varies with the geographic region, but African countries and those
located in southwest Asia and the eastern Mediterranean are the
most affected [1]. Therefore, it is reasonable that microorganisms
eligible for priority antimicrobial assays with natural products
should be selected among ectiologic agents whose diseases have
higher incidence.

A series of emerging and reemerging pathogens has also
received attention from health authorities (Table 1). The estimated
economic losses from illness and quality-adjusted life caused by
food-borne pathogens in the United States reach $14.0 billion a
year [2]. Furthermore, the indiscriminate use of antimicrobials in
human and veterinary medicine selects resistant strains, reducing
the treatment options against infections [3, 4]. This problem is
greatest for species of bacteria that multiply rapidly, have high
mutation rates, and have developed mechanisms for transfer of
genes conferring resistance to antibiotics [5, 6].

Among the sources of new antimicrobial compounds, plants
have routinely been investigated because of the information accu-
mulated over the years with their traditional use in folk medicine.
A search conducted in November 2012 on the website of the US
National Library of Medicine of the National Institute of Health
(Pubmed), using the key words “plant” and “antimicrobial activ-
ity,” produced 18,906 scientific articles on the theme. The
researches have been carried out at different levels, usually through
preliminary tests in silico or in vitro and preclinical studies with
laboratory animals. On the other hand, only a small number are
selected for clinical trials with humans, and even smaller numbers
become commercial products. Particularly, the filing of patent
applications relating to herbal medicines has increased proportion-
ately to the development of new drugs. But the number of patents
is still small especially in developing countries. For instance,
although Brazil contains 22 % of the world’s flora, only 437 docu-
ments related to patents of phytotherapics were filed by Brazilian
researchers from 1995 to 2010 [7].

Many researchers have conducted tests for antimicrobial activ-
ity of natural products by several methods, and a huge collection of
results has been generated. However, the lack of standardization of
basic methods to assess the potential of plant species as sources of
antimicrobials has led to accumulation of non-useful data. The
diversity of protocols has created divergences among specialists,
and often different results are obtained with the same plant extract.
Although antimicrobial tests for natural products have not been
standardized by regulatory agencies, we recommend following the
guidelines already approved by international committees, such as
the Clinical and Laboratories Standards Institute (CLSI) or the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST).
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Table 1

Emerging or reemerging bacterial and fungal pathogens of great importance for human public health

Microorganism

Diseases

Methicillin-resistant
Staphylococcus aurens (MRSA)

Vancomycin-resistant
Staphylococcus aurens (VRSA)

Penicillin-resistant Streptococcus
pnenmonin

Macrolide-resistant Streptococcus
pneumonin

Vancomycin-resistant Enterococcus
foecalisand E. faecium

Penicillin-resistant Neisseria
meningitidis

Fluoroquinolone-resistant
Neisseria gonorvhoene

Enterobacter cloacae, E. nerogenes,
and other Enterobacteriaceae
with chromosomal f-lactamases

Multidrug-resistant Psendomonas
AETUGINOS

Multidrug-resistant
Stenotrophomonas maltophiln

Multidrug-resistant Acinetobacter
bauwmannii

Enterobacteriaceae with
extended-spectrum
B-lactamases

Multidrug-resistant
Mycobacterinm tuberculosis

Multidrug-resistant
Mycobacterium avinm complex

Candida albicans

Non-albicans Candidn species
(C. tropicalis, C. krusei
and C. parapsilosis complex)

Cryptococcus neoformans complex
Aspergillus fumigatus

Pneumocystis jirovecii

Skin and soft-tissue infections; severe life-threatening infections
(bacteremia, surgical site infections, pneumonia)

Pneumonia, bacteremia, otitis media, meningitis, sinusitis

Urinary tract infections, endocarditis, bacteremia, meningitis,
catheter-related infections, surgical wound infection, skin and
soft-tissue infection

Meningococcal meningitis

Gonorvhen

Nosocomial infections (bacteremia, pneumonia, urinary tract
infection, endocarditis, intra-abdominal infection, septic
arthritis, osteomyelitis, meningitis) and community-acquired
infections (skin and soft-tissue infection, urinary tract infection)

Nosocomial infections (pneumonia, urinary tract infection, and
bacteremia)

Bacteremia, pneumonia, urinary tract infection, skin and soft-tissue
infection, ocular infection, endocarditis, meningitis

Bacteremia, pneumonia, meningitis, urinary tract infection, wound
infection

Community- and hospital-acquired infections (cystitis and
pyelonephritis with fever, septicemia, pneumonia, peritonitis,
meningitis, and device-associated infections)

Tuberculosis

Mucocutaneous discases, invasive diseases

Meningitis
Pneumonia, meningitis

Pneumonia
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In this chapter, we recommend the use of some technical
parameters for susceptibility testing reviewed by the CLSI to
guarantee the reproducibility and reliability of results.

2 Materials and Methods

2.1 Preparation
of Stock Solutions

Typical approaches to the choice of plant species used in antimicro-
bial assays include the following [8, 9]: (a) selection processes
based on traditional use of the plant in folk medicine or validated
reports of other relevant biological activities, confirmed by differ-
ent experimental models, and (b) random selection processes,
based on the chemical composition or response to preliminary in
vitro antimicrobial assays. Crude plant extracts are obtained through
the use of water or chemical reagents used as solvents for specific
groups of chemical compounds. Therefore, the preparation of stock
solutions is critical before running preliminary antimicrobial assays,
since the active ingredients may be lost or changed during the solvent
extraction procedure.

After evaporation of solvents used in the extraction process,
several studies indicate suspending the pellet with dimethyl sulfoxide
(DMSO), a dispersing solvent [10, 11]. Solutions using 100 %
DMSO stocks have the advantage of inhibiting proliferation of con-
taminating microorganisms and do not evaporate as do other organic
solvents such as ethanol. However, the solvent can damage some
microbial species or decrease the antimicrobial activity of essential oils
[12, 13]. Thus, the final DMSO concentration in-test should not
exceed 1 % [11]. In addition, due to the variety and nature of the
chemical compounds present in plant extracts or essential oils,
active principles responsible for the antimicrobial action can change
or be lost. To reduce this probability over time, storing plant extracts
in 100 % DMSO in amber glass tubes at -20 °C is recommended.

Natural plant products for use as phytotherapics should prefer-
entially be water soluble and homogeneous in solution, with selec-
tive toxicity against microbial cells and activity at low concentrations
at room or body temperature as well as having stability over time.
However, even when a plant extract is highly active at low concen-
trations against given microbial species, it can be highly toxic to
eukaryotic cell cultures or animal models [14]. Thus, minimum
and maximum values for each sample type should be implemented
during antimicrobial assays. These are usually based on results of
toxicity tests, which allow calculation of the lethal concentration to
50 % of the cells or the laboratory animals (LCs), so that a dosage
about 10-100 times lower than the LC;, is virtually nontoxic [15,
16]. A possible scheme for preparation of dilutions from the stock
solution in 100 % DMSO is given in Fig. 1.

In such example, 0.5 mL of the initial stock solution whose
concentration is 100 mg/mL in 100 % DMSO is transferred
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1ml in 0.5 mL DMSO
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carrying out antimicrobial tests in vitro

Fig. 1 Dilutions from stock solutions of plant extracts, essential oils, or pure compounds in 100 % DMSO

2.2 Test
Microorganisms

into 0.5 mL microtubes containing 100 % DMSO. Then 0.5 mL
aliquots are transferred from tube to tube, proportionally decreas-
ing the concentrations of test substances and DMSO. The final
in-test concentration is produced after serial dilutions of each new
tube in the culture medium, as described later.

The choice of test microorganisms depends on the laboratory
facilities available and the technical ability of the scientific team.
Handling of microorganisms demands laboratories with appropri-
ate biosafety level and proper training in the use of aseptic tech-
niques. Poorly trained professionals incur serious health risks.
According to the degree of pathogenicity and virulence of the
microorganism, proper protection equipment must also be pro-
vided. In addition, researchers must be aware of the laws regarding
biosafety (including storage and transportation) of select agents, such
as Mycobacterium tuberculosis, Burkholdervia pseudomallei, Coccidioides
spp., Histoplasma capsulatum, and rabies virus. Further information
regarding biosafety of pathogenic microorganisms can be found at
the following websites: http: / /www.cdc.gov/biosafety / and http://
www.osha.gov,/index.html.

Samples from bacterial and fungal strains can be obtained
commercially from international culture collections such as the
American Type Culture Collection (ATCC) or Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ). The collections
of cultures of microorganisms recorded on all continents can be
identified through a search at the website of the World Data Centre
for  Microorganisms  (http://www.wfcc.info/ccinfo/home).
Obtaining samples of collection cultures assures the researcher
reliable information on the origin and identity of the microorganism
at the species level.
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2.2.1 Preparation
of Inocula

Due to the tests involving bacteria, a panel of species should
include gram positive and gram negative, but the number of
isolates may vary. Preliminary assays should focus on determining
whether or not the plant extract or essential oil possesses antimi-
crobial action to enable disregarding plants with poor prospects.
Basic information about the range of antimicrobial activity of
bioactive compounds can also be obtained. For example, plant
extracts with broad-range antibacterial activity inhibit the growth
of gram-positive and gram-negative bacteria of different species.

Due to distinct cell morphophysiological characteristics, we
recommend the following species as test organisms in preliminary
assays: Staphylococcus aurens (facultative anaerobe, gram positive,
nonspore forming); Clostridium spp. (anaerobe, gram positive,
spore forming); Pseudomonas aeruginosa (acrobe, gram negative,
non-Enterobacteriaceae); Escherichin coli (facultative anaerobe,
gram negative, non-encapsulated, Enterobacteriaceae); and
Klebsielln pneumonine (facultative anaerobe, gram negative, encap-
sulated, Enterobacteriaceac). Among fungal species that could be
used in preliminary tests, we suggest Candida albicans, Cryptococcus
neoformans species complex, dermatophytes (Microsporum,
Trichophyton, Epidermophyton), and invasive filamentous fungi
with rapid conidiogenesis, such as Fusarium spp., Aspergillus spp.,
Rbizopus avvlizus, Pseudallescheria boydii (Scedosporium apiosper-
mum), and Sporothrix schenckii.

For subsequent tests, other examples of clinical isolates and /or
microbial strains resistant to antibiotics are indicated in Table 1.

Preparation of bacterial inocula is usually performed following sev-
eral steps. Initially the samples kept frozen or refrigerated must be
activated in liquid culture medium, e.g., brain-heart infusion
(BHI) broth. After 6-8 h at 35 °C, an aliquot can be transferred to
a nonselective solid culture medium that is rich in nutrients, such
as BHI agar or blood agar (5 % sheep blood). After 18-24 h at
35 °C, colonies of the axenic culture may be suspended in 3-5 mL
of sterile saline (8.5 g/L NaCl, 0.85 % saline) and compared with
the pattern 0.5 of McFarland standard (corresponding to
1-2x10® CFU/mL) [17]. Note that some fastidious bacteria spe-
cies may require culture media with additional nutrients and better
growing conditions.

The pattern 0.5 of McFarland standard, consisting of BaSOy,
can be prepared as follows [17] (Box 1):

The optical density of the tube containing the bacterial suspen-
sion is compared to the McFarland standard using a white card
with contrasting black lines at the bottom. This procedure opti-
mizes time and is indicated in the case of inocula of bacteria and
yeasts. For antifungal susceptibility testing, the inoculum is pre-
pared from cultures previously grown in potato dextrose agar
(PDA), at the following conditions [18, 19] (Box 2):
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Box 1 Preparation of the pattern 0.5 of McFarland standard

1. Add 0.5 mL aliquot of 1% BaCl, (wt/ vol) to 99.5 mL of 1% H,SO,
(vol/vol).

2. Check the turbidity with a spectrophotometer at a wavelength of
625 nm (absorbance should vary from 0.08 to 0.10).

3. Keep aliquots of 4-6 mL in tubes with screw caps of the same types used
for diluting the bacterial inoculums, and store them in a dark place at
room temperature.

4. Before use, shake them vigorously in a vortex agitator, making sure that
it is evenly turbid.

5. Replace the tubes of 0.5 McFarland standard or check their densities
every month.

Box 2 Conditions of incubation for fungal strains

Microorganism Duration (days) Temperature (°C)
Candida spp. 1 35
Cryptococcus spp. 2 35
Aspergillus spp., P. boydii, 5-7 35
R. arvhizus, and S. schenckii
Fusarinm spp. 2-3, followed by 4 35
25-28
Dermatophytes Up to 15 28-30

Sterile saline solution (0.9 %) must be added to the agar slant,
and the cultures are gently swabbed to dislodge the conidia or
spores from the hyphal mat. Tween 20 (0.01 mL) should be added
for better suspension of Aspergillus conidia. The resulting suspen-
sions are allowed to settle for 5 min at 28 °C, then transferred to
sterile tubes, and vortexed for 15 s, and their volumes adjusted to
4 mL with sterile saline. Optical density of yeast suspensions are
compared to the 0.5 McFarland standard [18]. For filamentous
fungi, the optical density of each suspension is read at 530 nm and
adjusted to 95 % transmittance (dermatophytes), 80-82 % for
Aspergillus and 8. schenckii, and 68-70 % for Fusarium spp.,
P. boydii, and R. arrbizus[19]. These procedures produce suspen-
sions containing approximately 1x10° to 5x10°® CFU/mL for
yeasts and 1x10° to 5x10° CFU/mL for invasive fungal species.

The number of cells of bacteria, yeasts, and filamentous fungi
spores desirable in each test varies according to the experimental
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2.3 InVitro

Antimicrobial Activity

2.3.1
Assay

Agar-Diffusion

model adopted. Thus, performing dilutions in sterile saline with
further counting of colony-forming units may be necessary to
adjust the number of cells in the inoculum.

Dilution of extracts rich in lipid compounds and essential oils may
produce nonhomogeneous and turbid solutions. This usually
occurs due to decreased relative concentration of DMSO in liquid
culture media, which must be kept below 1 %, as discussed above.
This problem can be minimized by adding 0.5-2 % Tween 20
(v/V), a nonionic emulsifier, which has also been used to formulate
microemulsion systems [20, 21]. In all cases, the introduction of
positive and negative controls diminishes the chance of error in the
interpretation of test results, particularly in determination of the
inhibitory concentration of the extracts.

The standardization for determination of bacterial susceptibility
of antimicrobials was revised in the 1960s by WM Kirby and col-
leagues at the University of Washington School of Medicine and
King County Hospital. The resulting Kirby—Bauer disk diffusion
test uses filter paper disks impregnated with antimicrobial agents,
which are added to plates with a solid culture medium seeded with
microorganisms [22]. After an incubation period, the diameter of
the inhibition halo formed around the disks is measured with a ruler
or a caliper. This test is indicated for detection of sensitivity or resis-
tance of pathogenic aerobic and facultative anaerobic bacteria to
antimicrobials in order to support the physician in selecting treat-
ment options. An update of this method by the CLSI is produced
from time to time through a global consensus process. Therefore,
there is an evident concern with the uniformity of the method,
which is crucial for reproducibility of results.

Preliminary tests to evaluate the antimicrobial potential of natu-
ral products from plants have adapted the method of Kirby—Bauer.
In this case, plant extracts are added to disks of filter paper or wells
punched in the solid medium seeded with microorganisms [23]
(Fig. 2). Recently the knowledge generated from the consensus
indicated by CLSI has been applied by some researchers in the field
of natural products. For instance, we advise the use of the Mueller—
Hinton (MH) culture medium for antimicrobial assays with plant
extracts, essential oils, and pure compounds. However, in spite of the
guarantee of uniformity during antimicrobial assays, the following
steps deserve attention on preparation of the culture medium [17]:
(a) let the MH agar cool in a bath with temperature between 45
and 50 °C after autoclaving; (b) add the freshly prepared medium
in Petri dishes with flat bottoms with uniform depth of approxi-
mately 4 mm (corresponding to 60-70 mL on plates with 150 mm
diameter and 25-30 mL for plates with a diameter of 100 mm);
(c) let the medium cool at room temperature, and store it in a
refrigerator (2-8 °C), except when the plate is used on the same
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Fig. 2 Agar diffusion methods

day; (d) use the plates within 7 days after preparation; (e) confirm
the sterility of the plates prior to the test by incubating them at
30-35 °C for 24 h or more; (f) check the pH of a sample of the
batch of plates, which should be between 7.2 and 7.4; and (g) if
necessary, avoid excessive moisture prior to the tests in plates by
leaving them in the incubator at 35 °C for 10-30 min.

The inoculums of the bacterium of interest in the culture
medium should be prepared from a solution whose turbidity is
equivalent to the 0.5 McFarland standard. We recommend the fol-
lowing steps [17]: (a) 15 min after adjusting the turbidity of the
inoculum suspension, dip a cotton swab in sterile microbial sus-
pension; (b) rotate the swab and press it against the inner wall of
the pipe, above the liquid, to remove excess inoculum; (c) pass the
swab 2-3 times over the entire plate surface of Mueller-Hinton
agar in order to produce a uniform distribution of the inoculum;
and (d) leave the cover partially oft for 3-5 min (maximum 15 min)
to remove excess moisture. The literature reports several method-
ological variations for antimicrobial assays with plant extracts, essen-
tial oils, or isolated compounds [15, 24-29]. Thus, the following
procedures reflect a general standard, which can be adopted.

For tests with bacteria, sterile filter paper disks 6 mm in diam-
eter should be impregnated with a fixed volume (e.g., 20 pL)
immediately before transfer to the plates. Alternatively, wells 6 mm
in diameter can be punched in the agar with a bacteriological
loop or sterile glass pipette (sufficient for 20-50 pL of the extracts).
The disks or the wells should be spaced at least 2 cm apart
(measured from the center of the disk or well). Leaving the plates
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2.3.2 Determination
of the MIC

at room temperature for 30—60 min is usually sufficient for diffusion
of extracts around disks or wells. Essential oils can be mixed to
mineral oil to facilitate diffusion. Then incubate cultured Petri
dishes for 24 h at 35 °C. After this time, measure the inhibition
zone around the disks or the wells with a ruler or a caliper. Use a
broad-range antibiotic as positive control (e.g., oxytetracycline or
nalidixic acid) and the solvent used to suspend the sample as negative
control (e.g., DMSO).

For antifungal tests, a fungal suspension is inoculated onto
the surface of the medium in Petri dishes containing PDA. The
inoculum should be previously adjusted by turbidimetry to obtain
approximately 10¢ or 10> CFU/mL, for Candida spp. or dermato-
phytes, respectively. Wells 6 mm in diameter are punched in the
agar and the test solution is delivered to them. Griseofulvin (1 mg/
mL) or amphotericin B (5 mg/L) may be used as control drugs of
dermatophytes or other fungal species, respectively. After incuba-
tion for 3-5 days for Candida spp. and 5-8 days for dermato-
phytes, at 28-35 °C, the dishes are examined for zones of growth
inhibition and the diameters of these zones are measured in milli-
meters [30]. For Aspergillus spp. and other fast-growing fungi, a
sterile cotton swab is inoculated by dipping it into the suspension
previously adjusted to approximately 10° CFU/mL. The swab is
streaked across the surface of the agar in three directions. The plate
is dried at 28 °C for 15 min before applying the paper disks (6 mm)
soaked with the test solution [31].

Although some researchers conduct tests with independent
replicates or implement some type of statistical analysis of the
results, the interpretation of data from agar diffusion assays often
only allows conclusions about the presence /absence of antimicro-
bial compounds in the plant extracts. Previous data have shown
that comparison between results of agar diffusion and dilution tests
is feasible only for some gram-positive bacteria [32]. Therefore,
subsequent quantitative analyses will be necessary to determine the
minimum inhibitory concentration (MIC).

Prospective plant extracts have MIC values lower than 150 pg/mL
(MICs higher than 150 pg/mL increase the incidence of false-
positive results) [11]. The MIC of natural plant products gives
quantitative results on the potency of plant extracts to control
microbial growth. Before running the tests, it is advisable to
prepare a series of dilutions of the stock solution. From a series
of ten concentrations from 100,000 to 195.3 pg/mL in 100 %
DMSO (see Fig. 1), dilute each solution 10x in liquid culture
medium (Mueller—-Hinton for bacteria, RPMI 1640 for yeasts) to
produce working solutions from 10,000 to 19.5 pg/mL, for
example (Box 3):

The volumes above can be adjusted, if necessary, depending on
the total number of tests to be performed.
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Box 3 Preparation of working solutions for determination of the
minimum inhibitory concentration

(a) For volumes of 1 mL of the natural product diluted (sufficient for ten
tests), pipette up the first volume of 0.9 mL of culture medium in each
sterile test tube.

(b) Pipette 0.1 mL of the lower concentration (195.3 pg/mL) of the nat-
ural product diluted in DMSO to another tube with 0.9 mL of culture
medium.

(c) Pipette 0.1 mL of a concentration 390 pg/mL and so on, throughout
the range of concentrations, each time adding 0.1-0.9 mL volumes of
the medium.

(d) With another pipette add 0.1 mL of 100 % DMSO in a new tube con-
taining 0.9 mL culture medium (negative control).

Microdilution method. The microdilution technique is advanta-
geous over the macrodilution method, considering the economy
of material and the similar results. The technique is usually car-
ried out in U-shaped plates with 96 wells and has variations from
the original method described by Eloff [33]. For instance, in
working solutions of plant extracts ranging from 10,000 to 19.5 pg/
mL, the addition of 100 pL to wells containing 100 pL. of Mueller—
Hinton broth plus 5 pL of a bacterial suspension of 3.5 x 107 CFU/
mL (1:10, v/v; pattern 0.5 of McFarland standard) yields final con-
centrations in wells of 5,000-9.75 pg/mL and approximately
5x10° CFU/mL. The results are usually read after an incubation
period of 24-48 h /35 °C. The MIC value is the lowest concentra-
tion of the natural product that inhibited microbial growth
visually.

From the tubes without visible growth, 10 pL of solution is
removed and spread on Mueller—Hinton agar and incubated for
another 24-48 h/35 °C to determine the minimum bactericidal
concentration (MBC). The lack of colony-forming units (or
growth less than 0.1 % of the initial inoculum) indicates that natu-
ral products were bactericidal. The percentage of bacterial growth
inhibition by plant extracts can alternatively be calculated with the
use of a spectrophotometer in comparison with positive control
wells (medium plus microorganism devoid of extracts) and nega-
tive control wells (antibiotic plus microorganism) (Fig. 3).

Antifungal testing is conducted with RPMI 1640 medium
buffered with 0.165 M morpholinepropanesulfunic acid (MOPS,
34.54 g/L) at pH 7.0, which is the standard medium for inoculum
preparation and final dilution of test substances/control drugs.
Wells are filled with 100 pL. of RPMI medium and then 100 pL of
a test substance. Finally, fungal suspensions are inoculated in each
well, and plates are incubated at 35 °C for 48 h for Candida spp.
or 72 h for Cryptococcus spp. For fast-growing fungi, the following
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Fig. 3 Microdilution assay

incubation periods are recommended: 21-26 h for Rhizopus spp.;
46 hours for Fusarium spp., Aspergillus spp., and 8. schenkii; and
70-74 h for P. boydii [18, 19]. Susceptibility of dermatophytes can
be evaluated after incubation at 35 °C for 5 days [30]. The inocu-
lum preparation uses stock suspensions based in the 0.5 McFarland
standard diluted in RPMI medium at 1:100 and then 1:20 for
yeasts and 1:50 for invasive fungal species. These procedures pro-
vide suspensions containing 5x10? to 2.5x10° CFU/mL for
yeasts and 0.4x10* to 5x10* CFU/mL for filamentous fungi.
Readings are performed visually, comparing the intensity of growth
with control wells with RPMI medium (growth control) and wells
with antifungals (negative control).

Alternatively, quantitative fungal growth may be evaluated by
metabolic dyes, such as XTT and resazurin. The XTT method is
based on the conversion of the dye 2,3-bis(2-methoxy-4-nitro-5-
sulfophenyl)-5-[ (phenylamino)carbonyl ]-2H-tetrazolium hydrox-
ide (XTT) by mitochondrial dehydrogenase into a water-soluble
formazan product that is measured spectrophotometrically. The
resazurin method is based on the reduction of this compound to
resorufin, producing a very bright red fluorescence only by viable
cells.
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2.4 InVivo
Antimicrobial Activity

2.4.1  Salmonella
enterica Subsp. enterica
Typhimurium

2.4.2 Listeria
monocytogenes

Researchers should choose how MICs for natural products are
defined in the study. We recommend comparisons with standard
antibacterials and antifungals such as nalidixic acid or amphotericin
B, respectively. Besides MIC values, researchers can also calculate
MICs5y and MICy, when multiple isolates of a given species are
tested (at least ten isolates). MIC;, is defined as the MIC value at
which >50 % of the strains within a test population are inhibited.
It is equivalent to the median MIC value. Analogously, MICy,
corresponds to the MIC value at which >90 % of the strains are
inhibited [34].

Studies reporting preclinical evaluation of plant natural products
on control of infections are rare [35-37]. Morecover, treatments
of experimentally infected hosts with natural plant products can
produce unanticipated interactions among plant compounds,
microorganisms, and the host. Therefore, procedures using labora-
tory animals should be subject to evaluation and approval by the
institutional ethics committee to ensure that animals are not sub-
jected to unnecessary suffering. Additionally, the determination of
nontoxic concentrations of the test compounds or extracts using
cultured eukaryotic cells or laboratory animals is crucial. Although
there are several types of infection models described in the literature,
those of Salmonelln enterica Ser. Typhimurium (gram-negative
bacteria), Listeria monocytogenes (gram positive), and Cryptococcus
neoformans (a yeast) can be easily reproduced in Swiss mice to cause
systemic lethal or sublethal infections.

Salmonelln spp. are facultative anaerobes and gram-negative bacteria
associated with outbreaks causing diarrheal disease in humans and
various animal groups [38]. The genus Salmonella comprises two
species that cause disease in humans: S. enterica and S. bongori
[39]. The first has greater relevance for humans and warm-blooded
animals and is subdivided into six subspecies, differentiated by
biochemical, antigenic, and phylogenetic characteristics. The sub-
species I category includes S. enterica serotypes, which encompasses
most pathogens for humans. . enterica serotype Typhimurium has
been used to reproduce the symptoms of human typhoid fever
(caused by serotype Typhi) in mice and thus investigate strategies to
combat human infections [40].

The genus Listerin includes six species: L. monocytogenes, L. ivano-
vii, L. seeligers, L. innocun, L. welshimers, and L. grayi. The first
two are important as human pathogens. It is a gram-positive and
facultative intracellular pathogen, being able to invade, survive,
and proliferate in various cell types such as enterocytes, fibroblasts,
hepatocytes, and professional phagocytes [41]. Although L. mono-
cytogenes is infective for all human populations, more serious
problems are reported in pregnant women, newborns, the elderly,
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2.4.3 Cryptococcus
neoformans

2.4.4 General Aspects
of In Vivo Treatments with
Natural Plant Products

and immunosuppressed individuals [42]. The bacterium is also
responsible for most opportunistic infections that cause meningitis,
encephalitis, and septicemia in humans and animals [43].

The encapsulated yeast C. neoformans is the most frequent etio-
logic agent of cryptococcosis, which has a remarkable ability to
infect and cause disease in various hosts [44 |. However, C. albidus,
C. laurentii, and C. uniguttulatus have also been isolated as the
causative agents of this mycosis [45]. C. neoformans var. neofor-
mans harbors several virulence factors related to survival of the
yeast in the host, facilitating the onset and persistence of the
disease [46]. The disease is usually of pulmonary origin and tends
to spread to central nervous system, causing meningitis and menin-
goencephalitis [46].

The development of symptoms in susceptible laboratory animals
depends on virulence of the microorganism and the number of
colony-forming units in inocula. The calculation of the LDs, (lethal
dosage of microorganisms to 50 % of animals) may be necessary so
that inocula lower than the LDj, produce sublethal infections
whereas those higher than LDs, produce lethal infections. However,
the LDs, can vary with the route of inoculation (e.g., oral, endove-
nous, intraperitoneal), and therefore treatments can be started
before or after the onset of the infection. However, curative
approaches are more important considering prospective clinical
trials with humans.

Although Swiss mice are susceptible to L. monocytogenes S.
Typhimurium, before running tests with C. neoformans the animals
should be immunosuppressed. A simple protocol can be achieved
with daily administration of dexamethasone (0.4 mg/animal by
1.p. route) for 3 days consecutively and then, after 4 days intervals
[47]. Treatment of the experimental infections should involve at
least a daily dosage of the natural product using a fixed volume
(e.g., 0.2 mL), whereas the control group receives only the sol-
vents lacking plant extracts. Pure compounds should preferably
have been evaluated for their bioavailability in the blood after
administration, e.g., by HPLC, before determining a dosage.

After infection, the animals should be euthanized at different
time points, but the treatment time depends on the host response.
Samples of the target organs of infection must be removed
aseptically to count the number of colony-forming units in the
organs and for histopathological analysis, for example, the spleen
and the liver in S. enterica Ser. Typhimurium infections; spleen,
liver, and the brain in L. monocytogenes infections; and lungs and
the brain in C. neoformans infections. Other samples should also
be obtained (e.g., blood, serum, DNA) to obtain the maximum
information from the animal model. Survival curve evaluation
can also be carried out after infection, but the animals should be
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euthanatized after the differences between the control and experi-
mental groups become clear.

The protection exerted by administering a natural product
against a systemic infection caused by Salmonelln, Listeria, or
Cryptococcus can be readily determined by assessing the levels of
survival and histological damage in target organs for infection and
spread in the host organism. However, in vivo antimicrobial activ-
ity of a plant extract only will be confirmed after ruling out any
influence on the host immune response. Accordingly, the total and
differential leukocyte cell counts in the bloodstreams (or specific
T cell activation), antibody production in serum, and synthesis of
inflammatory mediators (e.g., cytokines) should be investigated.

3 Perspectives
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Chapter 18

Urban Ethnobhotany: Theoretical and Methodological
Contributions

Julio Alberto Hurrell and Maria Lelia Pochettino

Abstract

Urban Ethnobotany studies, among other issues, the botanical knowledge characteristic of those pluricultural
contexts that are the urban agglomerations. The botanical knowledge and beliefs guide the strategies of
selection and consumption of plants, parts thereof, and plant products. The development of a research in
the conurbation Buenos Aires-La Plata (Argentina) enables the characterization of the urban botanical
knowledge as a dynamic and complex corpus which includes nontraditional elements and others linked to
local family traditions as well as to traditions concerning different groups of immigrants. From this starting
point, this chapter includes some theoretical reflections and innovative methodological tools to understand
the composition and dynamic of urban botanical knowledge, based on the evaluation of the diversity of
plant elements present in the studied area and their circulation. This is performed both in the restricted
context of immigrant groups (Bolivian, Chinese) and the general commercial circuit.

Key words Urban ethnobotany, Botanical knowledge, Theoretical framework, Methodological
tools, Conurbation Buenos Aires-La Plata, Argentina, Immigrants

1 Introduction

This chapter includes some theoretical and methodological contri-
butions emerging from different studies in Urban Ethnobotany,
carried out at the Laboratorio de Etnobotéanica y Botdnica Aplicada
(LEBA), Facultad de Ciencias Naturales y Museo (FCNyM),
Universidad Nacional de La Plata (UNLP), Argentina. The approach
focuses on the study of botanical knowledge in urban areas, which
guides the selection of different vegetal elements such as plants,
parts thereof, and products derived from them. The study area cor-
responds to the Buenos Aires-La Plata conurbation, the largest met-
ropolitan area in Argentina both in population and size. It comprises
two contiguous urban agglomerations that emerged around the
cities of Buenos Aires, capital of the country, and La Plata, capital of
the Province of Buenos Aires.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOI 10.1007/978-1-4614-8636-7_18, © Springer Science+Business Media New York 2014
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1.1 Urban Botanical
Knowledge

In a broad sense, the Ethnobotany studies the complex
relationships between people and plants [ 1-3]. Within this frame-
work, Urban Ethnobotany is a particular chapter of recent devel-
opment [4-7]. Among other issues, Urban Ethnobotany deals
with the study of the peculiar characteristics of urban botanical
knowledge (UBK) [8, 9]. During the course of different research
in the study area, the need to consider the theoretical framework
became evident, in particular to deal with the intrinsic complexity of
the botanical knowledge, as well as with its particular composition
and dynamic in a pluricultural context. Novel methodological tools
emerged as a result of this reflection. Then, the aim of these pages
is to present those contributions and to promote studies in Urban
Ethnobotany from different perspectives, in order to expand their
theoretical and methodological basis.

In general terms, the botanical knowledge (BK) is a set of knowl-
edge and beliefs that people have about the vegetal elements of
their environment. The BK emerges from the relationships between
people and plants, guides their criteria of selecting, and uses those
resources, as well as their strategies of obtaining and processing
plants, and their consumption patterns. This definition includes
either the BK of the traditional societies such as the nontraditional
societies. For those called traditional societies there are many con-
tributions related to various aspects of the expressions of BK, as
ethnoclassifications [10, 11], traditional medicinal uses that are
relevant for the search of new active chemical principles [12, 13],
or the rescue of traditional knowledge related to the conservation
of resources, especially in areas affected by processes of environ-
mental and cultural changes [14-18].

In the last decades, studies on the traditional BK (TBK) have
proliferated because it is often close to extinction and therefore its
recovery is urgent [19-22]. In contrast, studies on BK in nontra-
ditional societies have been less frequent. The nontraditional BK is
associated with Western scientific knowledge—beyond the diverse
connotations of the term Western [23]—and it is also linked to the
diffusion of that knowledge through different mass media [24],
and the contents of education programs [25].

Some authors have used the expression ethnobotanical knowledge
to refer exclusively to TBK [26-28], but Ethnobotany is a scientific
discipline and, therefore, ethnobotanical knowledge can be referred to
the scientific knowledge it produces (i.e., nontraditional)), and not to
TBK. This discussion arises from the meaning given to prefix ethno-,
often referred to the knowledge system of a given culture [29].
To avoid confusion, it is preferable to talk about TBK for the heritage
of traditional societies and to limit the use of the expression ethnobo-
tanical knowledge to the one produced by Ethnobotany. Of course,
this decision does not prevent the possibility of dialogue between the
TBK and the scientific BK [3, 30, 31].
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Differences between traditional and nontraditional botanical knowledge

Traditional botanical knowledge Nontraditional botanical knowledge

Knowledge belongs to culturally homogeneous Knowledge belongs to culturally heterogeneous

contexts

contexts (pluricultural)

It is the result of long experience of the human It is not the result of long experience of the human
group in its environment group in its environment (variable residence time)

It is transmitted from generation to generation, It is transmitted through different mass media
orally and in shared practices

The relationship between production and The relationship between production and
consumption is dzrect (those who consume, consumption is zdirect (those who consume, not
produce) produce)

Production practices are known and linked to ~ Production practices are little known or unknown,
the conservation of plant resources not linked to the conservation of plant resources

The concept of TBK is linked to that of traditional ecological
knowledge (TEK), which is a contribution to the conservation of
biocultural diversity, from an integrative perspective [20, 32-36].
The term traditional is not free of debate [23], however, it is
usually assumed that the TBK regards to culturally homogeneous
contexts, with a long experience of the human group in its envi-
ronment, where knowledge and beliefs transmitted from genera-
tion to generation, orally and in shared practices. In traditional
societies, the people who consume, produce, theretore, the relation-
ship between production and consumption is a direct link. Also,
the TBK is adaptative, because it allows different adjustments of
the human group to changes in their surroundings, consequently
TBK s neither conservative nor static but dynamic and innovative,
that is, it evolves [9, 19, 37]. In contrast, the BK in large urban
areas was considered nontraditional, as opposed to traditional
knowledge: it is characteristic of pluricultural contexts, without a
long experience of the human group in its environment, and is
transmitted through the mass media. The link between production
and consumption is indirect: those who consume do not produce.
Therefore, the majority of the urban population knows little about
the properties of the vegetal elements; less about their components
or their origin, and the ways of obtaining and processing them are
even lesser known [38]. However, this nontraditional BK is also
adaptative, because it mediates between consumers and the supply
of products of vegetal origin, guiding the choice of any of them,
while others are discarded [8, 9, 39, 40]. Table 1 summarizes the
main differences between TBK and nontraditional BK.

It is a common tendency to think that in urban areas nontra-
ditional BK predominates. However, a conurbation is a
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pluricultural context, so its BK is heterogeneous. This is due in
great part to the presence of immigrant groups of different origin
and residence time, cohabiting with the local inhabitants. From the
study of the BK of immigrant groups in urban areas different stud-
ies from the urban Ethnobotanical approach have been developed
in many countries [5, 41-50]. In Argentina urban ethnobotanical
studies on immigrants BK have also been conducted (8, 9, 511, as
well as on nontraditional urban BK [39, 40, 52-60].

The segments of immigrants in metropolitan areas retain a BK
relative to their areas of origin. Strictly speaking, it is not a TBK,
but we consider that it is /znked to traditions and recreated in a new
cultural context. In urban areas there also coexist BK linked to
other traditions, such as those for the internal migrants coming
from other urban and rural areas, and those related to family tradi-
tions, such as those associated with culinary knowledge and home
therapeutic practices [61-64].

From the previous statement it is concluded that there is the
need to assume the complexity of BK in urban agglomerations, so as
not to identify it only with the nontraditional BK. Thus, we propose
to conceptualize the UBK as a complex, dynamic, and adaptative
corpus, consisting of different types of knowledge and beliefs that
guide selective actions on the use of plants, their parts, and products
deriving from them. Thereby, UBK includes nontraditional compo-
nents and others linked to traditions (family traditions, traditions of
the origin areas in the case of immigrant groups), which coexist and
interact in the same pluricultural context.

For the understanding of UBK it is important to evaluate not
only its composition but also its dynamic that expressed in the
movement of vegetal elements and their uses inside the pluricultural
context. Many of these elements are within the general commercial
circuit, and their characteristics, uses, and properties are dissemi-
nated through the mass media. For most urban inhabitants these
elements are well known or vissble. In contrast, other vegetal ele-
ments are restricted to the scope of the segments of immigrants, or
family traditions, and are unknown or invisible to the rest of the
population. For example, pears, apples, oranges, bananas, and many
other fruits are common in every supermarket (viszble), but Syzyginm
samarangense (Blume) Merr. & L.M. Perry (Myrtaceae), “Java
apple,” “pu tao yang” is a fruit that is sold only in certain shops in
the Chinese community in Buenos Aires city, then, it is invisible.
The distinction visible /invisible is not a definitive or invariable
categorization: there are several cases between the extremes, as
Pyrus pyrifolia (Burm. f7) Nakai (Rosaceae), “li shan,” fruit sold in
the Chinese shops and sometimes in stores of the general commer-
cial circuit [57].

Mobility in the circulation of vegetal elements expresses the
dynamic of the UBK: some of them become visible when entering
the general commercial circuit. Thus, the knowledge associated
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Fig. 1 UBK composition (nontraditional BK and BK linked to traditions, interact-
ing) and UBK dynamic (visualization process)

with traditions, limited to immigrant groups, expands and becomes
generalized. In this visualization process (Fig. 1), the mass media
play a significant role to disseminate and promote the use of circu-
lating plant elements. In this context, the example of Pyrus pyrifo-
lin shows that knowledge of this species is in an expansion process
(visualization). Actinidia chinensis Planch. var. deliciosa (A. Chev.)
A. Chev (Actinidiaceae), “Kiwi,” on the other hand, is already vis-
ible: it was almost unknown a few decades ago, but today their
presence is common in greengrocers and supermarkets.

An urban agglomeration is an urbanized region extended continu-
ously through different administrative districts, which includes a
central city and various adjacent urbanizations that will be absorbed
from their own growing rate. However, a conurbation does not
emerge around a city, but that brings together different urban nuclei
initially separated but contiguous. Conurbations do not require the
continuity of the urbanized space: the central cities are connected by
paths, roads, highways, railways that cross not urban areas and make
it possible the permanent transfer of people and products.

The study area is the conurbation Buenos Aires-La Plata,
including the Greater Buenos Aires, an urban agglomeration
including Buenos Aires city (Federal District) and the Greater La
Plata, the adjacent agglomeration comprising La Plata city (Fig. 2).
Greater Buenos Aires is composed of the Federal District and 24
districts from the Province of Buenos Aires. Its total area is
3,833 km?. Sometimes other six districts are considered as partially
integrating the agglomeration [65, 66]. Buenos Aires city, with
202 km?, has a population of 2,891,082 inhabitants, while in the
24 districts of Province of Buenos Aires overall amount is of
9,910,282 inhabitants [67]. In population, Greater Buenos Aires
is the largest agglomeration in Argentina, the second in South
America (after the metropolitan area of Sio Paulo, Brazil), the
third in Latin America (after Sao Paulo and Mexico D.F.), the fifth
of America, and the seventeenth worldwide [68]. The Greater La
Plata is constituted by three districts of the Province of Buenos
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Fig. 2 Satellite image corresponding to the Rio de la Plata region (NASA, April 2007), where noted the location
of Greater Buenos Aires and Greater La Plata, which form a large conurbation

Aires: La Plata, Berisso, and Ensenada, its total surface is of
1,162 km?, and its population of 793,365 inhabitants [67].

Buenos Aires-La Plata conurbation is heterogeneous, and
comprises three types of spaces: (a) urbanized areas themselves,
(b) nonurbanized areas with native vegetation (some of which cor-
respond to natural protected areas), (c) periurban aveas or transi-
tion zones between urban and nonurbanized areas (including rural
zones). These latter are characterized by moving boundaries, which
fluctuate according to the rhythms of urbanization [69].

In periurban sectors various horticultural undertakings are
located, which are known all together as green belt or horticultural
belt. Tt supplies fresh vegetables and fresh fruits to the urban sec-
tors themselves and also to other provinces. The horticultural belt
includes some 1,270 farms, in 8,160 ha, according to the 1998
Horticultural Census [70-72]. Local horticulture includes business
ventures (which generally occupy large areas) and also different
homegardens, that are low surface areas, near houses, where veg-
etables and fruit trees are cultivated, and that provide raw material
for handmade vegetal products that are elaborated for family
consumption and also for occasional sale on a reduced scale as a
supplement to the domestic economy [64, 73]. Likewise, outside
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the horticultural belt, there are homegardens and vineyards in
periurban areas, located next to native vegetation areas in the
coasts of the Rio de la Plata [37, 74-76].

Argentina has received massive waves of immigration from the
mid-nineteenth century and first half of the twentieth century.
Most of these immigrants were of European origin: 44.9 % Italian
and 31.5 % Spaniards on the total number of immigrants registered
until 1940. These migration flows have helped to shape the country’s
cultural heritage, and many current “family traditions” have their
roots in that early immigration. The waves of immigration from
neighboring countries have been more or less constant in that period,
but with greater presence in the borderline provinces.

In the second half of the twentieth century, a new kind of recent
immigration occurred, not massive, especially from neighboring
countries, whose destiny focused in Buenos Aires metropolitan area.
These immigrants were oriented towards horticultural activity in
periurban areas, as well as towards manufacturing industry, con-
struction, and commerce in strictly urban areas. Most neighboring
immigration comes from Paraguay and Bolivia (21.22 % and
15.24 %, respectively, of all foreigners in 2001).

The preference for the metropolitan area is expressed in some
numbers: Bolivian immigrants living in Jujuy and Salta provinces
represented 22 % of the total ones in the country in 2001, whereas
those living in Buenos Aires city and the Province of Buenos Aires,
together, accounted for 60 %. In Buenos Aires city, the total of
immigrants from Bolivia, Paraguay, and Peru represented about
5 % of the total local population; for all the country, just under 2 %
[77-80]. In the horticultural belt of Florencio Varela, Berazategui,
and La Plata districts, 39.2 % of producers have of Bolivian origin
in 2001: 75 % as renters and 25 % of owners who used only work
force proceeding from Bolivia [64, 70, 81, 82].

Bolivian immigrants are an example of the pattern that con-
nects the periurban areas (production) with the strictly urban areas
(consumption). Immigrants dedicated to horticultural production
provide food for the urban sector, where other Bolivian immigrants
commercialize those products: e.g., at Bolivian traditional market
of neighborhood of Liniers, placed in the west of the Buenos Aires
city [9, 83, 84].

Another recent immigration in the conurbation corresponds
to Far Eastern countries such as China, Korea, and Japan. Asian
immigration in 2001 represented almost 2 % of all foreigners in the
country, meager value compared to 67.96 % coming from American
countries and 28.22 % from European countries [77]. However,
immigrants concentrated in Buenos Aires city have a conspicuous
presence and are engaged in the manufacture of clothing and
commerce (in the categories of clothing and food). Chinese immi-
gration in the first half of the twentieth century was low and settled
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in periurban areas, dedicated to horticultural practices. In the late
twentieth century, Chinese immigrants exceeded in number of the
Japanese and Koreans, who previously dominated [85-88].

At present, the Chinese community in Buenos Aires city has
several restaurants, shops, and supermarkets concentrated in one
area of the neighborhood of Belgrano, called Chinatown.
Supermarkets offer products that satisty the demands of the com-
munity itself, other communities (Japanese, Korean, Arabic), and
local residents looking for new products. In many establishments
the Chinese owners give employment to Bolivian immigrants. It is
estimated that Chinatown receives some 15,000 visitors every
weekend. For the Chinese community it embodies a space for local
tourism: restaurants offering Chinese food oriented to the
“Argentine taste.” Restaurants that offer dishes preferred by
Chinese immigrants, however, are not located in Chinatown.
Nevertheless, its markets introduce a wide variety of novel plant
products and are a center for disseminating those products to the
local urban residents [89].

2 Methodological Inputs

2.1 General
Considerations

The studies on the UBK composition were oriented to evaluate the
components linked to traditions in two reference groups of immi-
grants: the Bolivians (at traditional market of Liniers neighbor-
hood), and the Chinese (at supermarkets in Chinatown of Belgrano
neighborhood). For their traditions of origin, they represent cen-
ters of conservation of knowledge and beliefs about plants and their
uses. Thus, the UBK linked to its traditions can be extrapolated
from the analysis of the vegetal products in circulation. To assess the
UBK dynamic, the vegetal elements restricted to the groups of
immigrants were analyzed that are in process of visualization.
For this, the routes of entering the general commercial circuit were
inquired.

For Bolivian immigrants segment, the traditional market of
Liniers, like other traditional markets, is considered as a dynamic
system whose components (actors and social networks, exchange
and distribution of products, their origin and destination), beyond
the geographical and anthropological approaches, need to be
explored from an ethnobotanical perspective [90]. Latin American
traditional markets are valuable sources of information for the
study of the BK and also germplasm banks that help to preserve
plant diversity, through the use of different species [91-98].
However, in Argentina there are not many precedents about
researches in traditional markets placed in a strictly urban area as
the one here studied. In that sense, this work is a contribution
from Urban Ethnobotany. In contrast, Chinatown is not a tradi-
tional market, because of the generalist commercial feature of their
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premises, although they also sell products linked to their own
traditions.

The ethnobotanical data collection followed the usual qualita-
tive techniques and methods [99-102], such as participant
observation, free listings, open-ended, and semi-structured inter-
views, focused according to specific criteria for traditional markets
[90]. In all the cases samples of plants and their products were
collected, which were deposited in the LEBA. The available litera-
ture relevant to the observed species and their uses was revised.
The information from labels, leaflets, and advertisements of many
products, both printed and available in electronic media, was eval-
uated because this information guides the general public in the
selection of products to be consumed.

Salesmen have been considered as gualified informants, people
of both sexes and different ages that demonstrate their knowledge
about the properties of the vegetal products they sell. In Chinatown,
the study is still under development in three major supermarkets,
with 10 qualified informants interviewed. In traditional market of
Liniers, 30 outlets (street stalls and premises) have been relieved,
and 50 informants have been interviewed (from a total of 95
salesmen).

Plants, parts thereof, and products of plant origin circulating
within the restricted scope of the immigrant groups provide infor-
mation about the UBK linked to their traditions of origin. The
work focused on those vegetal elements that are marketed both for
food and therapeutic purposes. This decision is based on the fact
that these elements are the core of attention of both the Bolivian
traditional market of Liniers and Chinatown of Belgrano, but also
it has been assumed that the boundary line between these catego-
ries is not always clear and precise and many plants serve to eat
while they are used to heal [62, 103, 104 ]. This argument is in line
with the broad concept of health as a state of complete physical,
mental, and social welfare, not just the absence of disease [105].
Among immigrants, the integrative notion of plants to eat and heal
is related to their own traditions. For the rest of the inhabitants of
the conurbation, that notion is mediated by the communication
systems that help to spread the idea of healthy foods.

The analysis of the plant elements useful to eat and heal at
Liniers Bolivian market shows that from a total of 160 recorded
plant species that are sold as food, 54 are valued as food plants and
at the same time as medicinal plants. Of these, vegetal products for
20 species are marketed that are found only in this market, that is,
they are exclusive elements (Table 2). It is noteworthy that exclu-
sivity refers to products and not to species. For example, for
Phaseolus vulgaris, cultivars called “panamito” and “canario” are
exclusive to Liniers market, but other cultivars of beans are sold as

well (“alubia,” “colorado,” “negro,” “regina,” among others),
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Table 2

Parts of plants and plant products belonging to 20 species from ten botanical families, exclusively
commercialized in the Bolivian market of Liniers, Buenos Aires city

Families Scientific names Locales names Part/products
Asteraceae Porophyllum ruderale (Jacq.) Quirquina Fresh aerial parts
Cass.
Smallanthus sonchifolius (Poepp. Yacén Fresh roots and jam
& Endl.) H.Rob.
Togetes minuta L. Huacatay Fresh aerial parts
Basellaceae Ullucus tuberosus Caldas Ulluco/papa lisa Fresh tubers
Brassicaceae Lepidinm meyenii Walp. Maca Roots in powder or
as flour
Cucurbitaceae  Cucurbita ficifolin Bouché Cayote /alcayota Fresh fruits
Cyclanthera pedata (L.) Caiwa/achojcha Fresh fruits
Schrader
Sechinm edule (Jacq.) Sw Papa del aire /chayote Fresh fruits
Euphorbiaceae Plukenetia volubilis L. Sacha inchi Seeds in snacks,
liquid, ointment,
and powder
Leguminosae  Arachis hypogaea L. cvs. Mani boliviano Dry seeds
Labiab purpurens (L.) Sweet Poroto japonés Fresh fruits
Lupinus mutabilis Sweet Tauri/tarwi Dry seeds
Pachyrbizus abipa (Wedd.) Parodi  Ajipa Fresh roots
Phaseolus vulgaris L. cvs. Porotos canarioy panamito Dry seeds
Oxalidaceae Owxalis tuberosa Molina Oca Fresh tubers
Poaceae Zea mays L. cvs. Maiz morado Whole dry spikes or
powder
Maiz pelado o mote Dry or cooked grains
Maices blanco, colorado, Dry or cooked grains
chuspilloy huillcaparn Dry grains
Rubiaceae Coffea arabica L. Sultana Seeds (seed coat)
Solanaceae Capsicum annuum L. cvs. Ajies picante, escabeche, Fresh and dry fruits
amarilloy campanito
Capsicum pubescens Ruiz & Pav.  Locoto/rocoto Fresh fruits and
powder
Solanum tuberosum L. cvs. Chunoy papines Dried and fresh tubers

which are also usually expended in the general commercial circuit
shops. These plant elements, as opposed to exclusive, have been
named generalized [8].

The same situation occurs with cultivars of Capsicum annuum
and Zea mays cited as exclusive, while other products (peppers,
corn) are generalized. The cultivar of Arachis bypogaea called
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“mani boliviano” (“Bolivian peanut”) is exclusive of the Liniers
Bolivian market, while others peanuts are widespread. The fresh
fruits of Cucurbita ficifolin are also exclusive, but alcayota jam is
sold in several supermarkets (generalized). These cases express that
one species can be represented by exclusive and generalized ele-
ments in the same area of study, even in the same market [8, 9].

The distinction exclusive/generalized is a methodological tool,
because that categorization of plant elements enables to express
the underlying BK: generalized elements are visible to the popula-
tion and linked to nontraditional component of the UBK, the
exclusive ones are invisible and refers to the component linked to
traditions. Regarding Liniers Bolivian market, the species listed
in Table 2 correspond to Andean crops, excluding the cases of
Sechium edule, of Mesoamerican origin, and Lablab purpurens and
Coffea arabica, both from Africa; however, they are plants and
products commonly used in Andean countries. Bolivian immi-
grants enter their Andean elements that satisfy the demands of
their own community and also open up possibilities for local inhab-
itants to increase urban plant diversity with plants with therapeutic
and alimentary value, such as Lupinus mutabilis, relevant source of
protein, and some microthermic tubers with antioxidant properties
[106-108]. In addition, biocultural diversity is incremented with
the incorporation of knowledge and beliefs linked to traditions in
the local UBK domain.

The study of the UBK dynamics involves a look on the movement of
vegetal elements, especially the passage of such elements from a
restricted context (such as immigrants segments) into the broader
general commercial circuit. From the distinction exclusive /general-
ized or, if it is preferred, invisible/ visible, it is possible to identify many
different plant elements located between the extreme cases, more or
less common in immigrant outlets and also in the general commercial
circuit, therefore, with varying degrees of visualization. In evaluating
the visualization process it has been particularly useful to consider the
vegetal elements that serve to eat and heal. In the metropolitan area of
Buenos Aires, as elsewhere in the world, the general commercial cir-
cuit shops called dietéticas or health-food stoves [ 109] are the focus that
concentrates the interest on plants that contribute to health, and are
privileged sites chosen by the people for the supply of healthy foods,
dietary supplements, and materials for infusions—in general for thera-
peutic purposes. Urban residents value these shops as a place where
they can obtain safe products, and in the discourse of sellers and con-
sumers there are no defined limits in its dual character of food sale and
therapeutic elements dispensing [9, 39].

Decades ago, the sale of plant material for medicinal pur-
poses was the patrimony of herbal shops or herboristerias, but at
present, these places are almost gone, and herbal products are
sold routinely in the health-food stores or dietéticas [58, 109].
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These shops are furthermore true dispersal centers for plant
products, enhanced by the mass media. It has been confirmed in
the health-food stores the presence of different products coming
from the restricted contexts of immigrant groups, both the
Bolivian and Chinese ones. Once in the health-food stores, those
invisible products gain the general commercial circuit and
become visible. In this sense, those stores are visualization
agents. As a contribution to the study of the UBK dynamics, the
exploration of these shops is an adequate methodological tool.
Table 2 includes two species whose products are exclusive in
Liniers Bolivian market, Lepidium meyenii, “maca” and Plukenetin
volubilis, “sacha inchi.” Both of them originate from Peru, where
their properties are known from pre-hispanic times [54] and enter
directly to Buenos Aires from Bolivia. Recently, health-food stores
expend other products of these species (usually tablets); therefore,
they are immersed in the visualization process. This is amplified by
the diffusion of its therapeutic properties, especially on the Internet.
A similar case, even more widespread, is Morinda citrifolin L.
(Rubiaceae), “noni,” a Polynesian plant, which is sold in health-food
stores, in powder or liquid; sometimes it is sold in the Liniers Bolivian
market as well, where it enters from Peru through Bolivia. In a short
time this species has become popular worldwide due to the wide
spectrum of therapeutic effects that are attributed to it [54, 110].
Another example, but in this case related to the segment of Chinese
immigrants, is Lycium barbarum L. (Solanaceae), “goji,” whose dry
fruits are sold for its therapeutic effects at Chinatown, in Belgrano
neighborhood [57]; it is now sold in certain health-food stores, so
its visualization is recent in Argentina (in other countries has already

achieved wide diftusion).

3 Final Remarks

Relationships between people and plants are intrinsically complex
and Ethnobotany must reflect this complexity. In the same sense,
Urban Ethnobotany must reflect the complexity of the UBK, in
order to understand how this knowledge is embodied in specific
human actions such as strategies of selection and consumption of
plant origin products.

As a result of researches on UBK complexity in vogue in the
pluricultural context of a conurbation, there are two methodological
tools considered relevant for the comprehension of the UBK compo-
sition and dynamic. Its relevance lies in assuming the complexity of
the phenomena and that our explanation result consequent.

Thereby, this contribution gives a theoretical reflection and
some methodological inputs to Urban Ethnobotany, a recently
installed field, especially in Argentina, that becomes a fertile ground
to develop new perspectives.
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Chapter 19

The Dynamics of Use of Nontraditional Ethnobiological
Products: Some Aspects of Study

Ana H. Ladio and Soledad Molares

Abstract

Up to the present time, the use of ethnobiological resources that do not belong to a certain culture or
environment has been little studied. This situation is found especially in urban and semi-urban areas, where
dwellers are greatly influenced by globalization processes. Moreover, due to the phenomenon of immigra-
tion, cities are often transformed into multicultural societies where interaction occurs between different
traditions relating to the use of plants and animals. As well as this, the ecological process of species invasion
of new territories, or “species contamination,” brings new, useful resources into contact with cultures that
are not familiar with them. In this chapter, theoretical and methodological aspects of the study of the use
of nontraditional resources will be analyzed. The complexity involved requires a multidisciplinary approach
that integrates cultural, historical, and social factors, as well as particular components related to biology
and psychology.

Key words Nontraditional resources, Traditions, Cities, Change, Invasions, Immigration

1 Introduction

Nontraditional ethnobiological resources can be defined as useful
resources of plant origin that do not belong to a certain culture or
environment at the time of study, although in the future they may
become part of the cultural background of the community [1].
These are distinguished from traditional resources in that their
relation with members of a culture is minimal and/or of short
duration. The knowledge used in their recognition, naming and
use has not been generated locally; it has not been passed on by
cultural transmission from generation to generation, nor from
shared experience; in its construction, it is possible that no age-old
adaptive processes have been involved. These resources make their
way to the heart of local cultures through introduction, intentional
or otherwise, from other cultures or cultural tendencies, or are
promoted by recent ecological-environmental changes in the land-
scape, whether of anthropomorphic origin or otherwise.
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Human beings, distinguished by their capacity to learn and
innovate, have, throughout history, incorporated new ethnobio-
logical elements into their daily lives as they widen their distribution
ranges and come into contact with new cultures and environments
[2]. For this reason these nontraditional resources cannot be
included in a static definition, but rather form part of a process,
since some of them may, over a period of time, be incorporated into
other cultural contexts. Gradually, with continuous use, they may
receive names in local dialects, be managed in a traditional way or
be included in spiritual or symbolic practices.

Many examples can be taken from the European colonization in
America to demonstrate the acquisition of new resources by different
cultures. Such is the case of the introduction (or rather, imposition)
of the use of wheat, the sheep, and the cow, elements that were
rapidly assimilated throughout the entire American continent, but
whose presence brought about drastic changes in local habits and
landscapes [ 3]. This process has been interpreted by Rapoport [4] as
real “gastronomic imperialism,” which led to the substitution of
American foods such as the viscacha ( Lagostormus maximus), huau-
zontle (Chenopodinm nuttalline), la alegria (Amaranthus lencocar-
pus), quinoa (Chenopodinm quinoa), and Chilean tarweed (Madia
sativa) for foods of Eurasian origin. Many of these cultivars were
even sought out by colonizers, who catalogued them as Devil’s
food, and their cultivation was prohibited. In fact, America offered
the world over 88 species of edible plants [5], including maize and
potatoes, with significant social and economic consequences that
led to the advent of the European Industrial Era, following almost
two centuries during which resources such as the potato had
not been accepted by Europeans because they were thought to be
poisonous [4].

Up to the present time, the use made by human populations
of ethnobiological resources which are not part of their culture
and/or environment has been little studied (e.g., [6, 7]).
Nevertheless, to ethnobiologists these topics can be of great inter-
est, not only in scientific terms, since they enable us to understand
the dynamics of novel processes but also in practical terms, since
these cases of new plants or animals that take on importance gener-
ally have direct implications for the receiving society from a sani-
tary, bromatological, and /or environmental perspective.

Questions on the use of resources that lack real historical and
cultural continuity of use in a community could begin with the
aspects detailed in Table 1. Assuming that the approach can vary in
depth, a gradient for complexity of study can also be established, as
can be seen in the same table.
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Table 1
Guidelines and study topics relating to nontraditional ethnobiological
products

Complexity Guidelines and topics

e The identification of a recently arrived ethnobiological
resource and the possible ways and dates it was
introduced into the new socio-environmental context

e History of usage in place of origin. Sociocultural and
environmental aspects of place of origin

e Evaluation of local methods of usage, forms of cultural
transmission, and new cultural interpretations

e If dealing with a new wild resource, determine local
abundance, level of invasibility, and ecological impact

e Follow up over time of changes in cultural use consensus
and study of social, economic, cultural, and ecological
factors involved

2 Cultural Contexts of Interest in the Study of Nontraditional Ethnobiological
Resources

It is widely known that the majority of ethnobiological studies
have focused on rural and/or indigenous communities [2, 8, 9].
Little attention has been paid to urban contexts, despite the fact
that many ethnobiological resources play a significant role in the
lives of their inhabitants [1, 10-12].

However, it is in urban regions that the incorporation of the
use of new items of plant or animal origin coming from totally dif-
ferent cultural contexts arises. It has been widely suggested that
people in urban centers are greatly influenced by processes of glo-
balization and market economy, which has a direct influence on the
use of ethnobiological products [13, 14].

For example, this is the case of the phenomenon of the resur-
gence and diffusion of alternative and natural medicines and food
items that use both animal and plant resources, [e.g., algae (Fucus
vesiculosus, Spirulina, etc.), Andean cereals (Chenopodium quinoa,
quinoa; Salvia hispanica, chia, etc.), infusions and oriental spices
(Centella asidtica, centella; Ginkgo biloba, ginko, Panax ginsenyg,
ginseng etc.)] in combination with philosophies related to greater
holistic care [1, 15, 16]. Ethnobotanical studies carried out by
Arenas and collaborators [7, 17, 18] on the use of algae as a slim-
ming aid in Argentina show that a lack of tradition on the part of the
population in the use of these resources leads to usage that is lacking
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in shared experience, and is principally based on the nonspecialized
instructions given by the sales company or person. According to
this author, this means they are called by the all-encompassing
name “algae” without reference to any taxonomical characteristics
or even to whether they are of marine or freshwater origin.

It is also the cities that, due to immigration, are often trans-
formed into multiethnic communities where different traditions
interact in terms of the use of plants and animals. Different ethno-
botanical studies involving populations that have immigrated or
have been forced to live in new environments have revealed, for
example, that dwellers try to maintain their medical traditions, and
so they obtain their medicinal plants from their home countries by
importation or by cultivation in their gardens. Slowly, however,
they incorporate phytotherapeutic elements from the receiving
society [ 19-22]. In this sense, Medeiros et al. [22] have suggested
that depending on the specific context and conditions of migra-
tions, different processes, such as adaptation, maintenance, and /or
replacement, that determine the selection of resources may become
predominant in each case.

It is also worthy of note that, due to the social transformation
our societies are going through at the moment, rural populations
are also exposed to new ethnobiological resources, and could
therefore be contexts suitable for the study of these topics. At the
present time, it is not uncommon for country people to live in an
urban center while also maintaining a dwelling in the countryside,
and the use of plants and animals no longer depends solely, or
principally, on local conditions. This can be attributed to the con-
cept of post-communality or trans-community [23]. This concept
asserts that rural populations are experiencing a widening of their
social arena, promoted mainly by greater mobility due to improved
access to means of transport and communication, as well as migra-
tion (temporary or permanent) to cities. As a result, rural and
urban zones interact continuously, and bidirectionally, generating
the incorporation of nontraditional resources in a new context.
Sears et al. [24] showed how Amazonian farmers who work tem-
porarily in the lumber industry have enriched their management
practices, incorporating useful new species and technologies, as
well as new conservation strategies and commercialization.

Another scenario to be studied here is when, due to the eco-
logical invasion processes of species moving into new territories or
“species contamination,” useful new resources come into contact
with cultures that are not familiar with them [25]. Such is the case
when a foreign plant or animal seeds naturally in natural or
anthropic environments, producing an important change in the
composition, structure, and processes of the ecosystem it enters
[26]. By way of illustration we can mention the case of the sweet
briar (Rosa rubiginosa), a species that has invaded much of the
northwest of Argentinean-Chilean Patagonia. Introduced by
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European colonists at the beginning of the twentieth century, this
species spread rapidly, occupying roadsides, steppe, and artificial
clearings in the forests [27]. Ethnobotanical studies in areas with a
high abundance of this species show that in less than 100 years it
has become one of the most important ethnobotanical resources
for the population, who use its fruit as a food and a medicinal and
cosmetic resource. In addition, the harvesting of this fruit is not
only relevant for domestic consumption but it also constitutes a
significant source of earnings for low income families, both urban
and rural. Despite its cultural importance, the harvesting of the
sweet briar is little documented, but it is known that the fruit is
picked principally by women and children, in autumn, and that
approximately 50 g/day of fruit can be collected for commercial
purposes [28-30].

3 Some Theoretical Concepts of Interest in the Study of Nontraditional
Ethnobiological Resources

The complexity of the study of the use of nontraditional resources
requires a multidisciplinary approach that integrates cultural, his-
torical, and social aspects, and also particular characteristics related
to biological and psychological factors. Models or theoretical
approximations are needed which can describe the nonlinear,
highly unpredictable trajectory of a new resource that begins to be
used by more and more individuals within a population.

In Table 2 below, some brief, non-exhaustive concepts are pre-
sented which can be used as starting points in these studies: cul-
tural adaptation, cultural transmission, resilience, syncretism,
hybridization, acculturation, and transculturation. Although the
theoretical development of these topics is under permanent discus-
sion and also, strictly speaking, lies outside the scope of this book,
they have been chosen because up to the present time they have
dominated most of the reference literature.

4 Methods and Approaches

These studies can be carried out using the different methodologi-
cal tools presented in other chapters of this book, particularly those
related to research done in markets and fairs (Chap. 2), and the
micrographic studies applied in ethnobotany (Chap. 17), since
plant or animal material is generally found in powder form, some-
times with some larger fragments present. Basically, what is neces-
sary is identification and ethnographic work with the consumers,
suppliers, intermediaries or, if they exist, those responsible for sell-
ing the nontraditional resource (see Chap. 2). If, on the other
hand, new wild resources are being dealt with, then plant surveys
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Table 2

Some theoretical concepts applicable to the study of the use of ethnobiological resources

Some
Concept Definition references
Cultural The process of adjustment of a population to new conditions in [32-35]
adaptation which individuals’ genetic and ontogenetic information does have a
role to play, but most important is the socially transmitted
information, which forms part of the group’s cultural inheritance.
Thus, learning and social transmission are fundamental elements
that enable cultural change
Cultural The process that allows information to be acquired and shared socially.  [32, 33,
transmission It depends on different means of transmission: (a) vertical (parents to 36, 37]
children), (b) horizontal (between peers), (c) oblique (unrelated adult
individuals), (d) indirect (from a key individual), and (e) is dependent
on the frequency of opinions (majority opinion)
Resilience The ability or capacity of a system to absorb disturbance, assimilate it [38—43]
and reorganize itself after the change, maintaining essential functions,
Cultural . . .
structure, and identity. Depends on the level of self-organization
and the ability to learn from new experiences and adapt
Cultural A process that unites two doctrines or different elements. This [44, 45]
synchretism assimilation is generally spontaneous, a consequence of exchanges
between different cultures
Cultural The ability of local populations to effectively integrate traditional [24, 46,
hybridization or local knowledge with scientific or modern knowledge 47]
Acculturation A process that leads to a group acquiring aspects of a new culture, [42, 48]
in general at the expense of their own culture
Transculturation The gradual process by which a group gradually adopts cultural traits [48]

from another cultural system

should be carried out in order to estimate how the abundance of
these resources influences their level of use (see Chaps. 8 and 9).

For example, Diaz-Betancourt and collaborators [31] have
estimated the edible biomass (kg,/ha) of weeds growing in natural,
anthropic and kitchen garden environments, so as to estimate the
amount of food resources which are little used by the population
due to lack of knowledge about their usefulness.

It should be pointed out that for a great many studies on the
use of nontraditional resources, it is necessary to work with the
sales points that are common in market societies: pharmacies,
herbalists, whole food stores and even supermarkets. These sales
points have distinctive characteristics that lead to a different rap-
port (sometimes difficult) between researcher and informants.
Faced with the tremendous whirlwind of commercial activity at
these sites, it is necessary to arrange interviews outside commercial
hours and obtain signed authorization to go round the shops and
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interview their staff [ 16]. It is essential to pay attention here to the
enormous number of identifying factors that refer to the culture of
origin, and also to the advertising material referring to the prod-
ucts [1]. As well as this, it is possible that these stores are not
attended to by specialists, and often the sales people know very
little about the resources they oftfer [15, 16].

Since most of these studies are carried out in cities, sampling
will involve a lot of work if the data are to be representative and
reflect the heterogeneity of the population being studied, and so
random selection of informants is recommended, following the
guidelines in Chap. 1. In the case of studies in immigrant popula-
tions, these families, stores, markets or street vendors are often
found in neighborhoods that are very clearly delimited, and in gen-
eral are more homogenous, with a higher level of cultural cohe-
sion, so there is a greater likelihood of finding specialists and more
willingness to speak of traditions.

Finally, the ethnographic information obtained and the plant
survey must be complemented with an exhaustive bibliographical
review that will provide information on the usage of the resources
in question in their place of origin.
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Chapter 20

Plant Anatomy in Ethnobotanical Research: Micrographic
Techniques and Applications

Soledad Molares and Ana H. Ladio

Abstract

In this chapter you will find a general discussion on the significance of plant anatomy in ethnobotanical
research: its scope and limitations. Some detailed examples have been given of the usefulness of micro-
graphic methodology for clarifying doubts on the use of plants in different cultural and temporal contexts,
and in different use categories. Finally, the most commonly used applied plant anatomy techniques will be
described.

Key words Plant anatomy ® Ethnobotany e Taxonomic identification ® Quality control @ Selection
and use patterns ® Paleoethnobotany

1 Introduction

Ethnobotany, a science nourished by contributions from several
different disciplines and methods, involves the collection and anal-
ysis of data related to interrelationships between plants and human
beings. Plant micrographics in particular is one of the disciplinary
areas of considerable importance in ethnobotanical studies.
It brings together a series of laboratory techniques, which, by
means of microscope observations, facilitate the finding and
description of elements and structures that characterize plant sam-
ples. Using this method, along with histochemical tests, a great
variety of components of the primary and secondary metabolism of
plants can also be detected.

The detection of these substances and structures is important
because they contain elements of high value to human populations
in terms of usefulness and symbolism, and which have been taken
advantage of since ancient times for different uses. Through both
individual and social learning processes over many generations,
humans have, directly or indirectly, explored the plant resources in
their natural surroundings. The search for essential nutrients (car-
bohydrates, proteins, lipids, vitamins, etc.), metabolites with
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1.1 The Use of
Micrographics in the
Taxonomic
Identification of Plant
Samples

effective medicinal effects (e.g., essential oils, alkaloids, tannins)
and plant fibers for the working of handcrafts and dyes (tannins,
chlorophyll, etc.), among other plant components, would there-
fore constitute a complex evolutionary strategy influenced as much
by sociocultural and ecological factors as by botanical and anatomi-
cal ones, and would have resolved problems in people’s everyday
lives and so improved their quality of life [1, 2].

The information obtained from micrographic study can be of
considerable relevance to diagnostic work, such as the taxonomic
identification of species and plant complexes (mixtures of two or
more species which share the same common name and /or organo-
leptic qualities) when this cannot be determined botanically with
conventional macroscopic techniques.

From the point of view of economic botany, finding and char-
acterizing structures in the organs where phytochemicals of inter-
est to us are located would enable us to determine the best method
for their extraction, avoiding the inclusion of unwanted material
and thus reducing the time and cost of production [3].

At this point the feasibility of applying basic micrographic
techniques to ethnobotanical studies should be highlighted.
Although certain materials and equipment are required, as well as
dedication and training in their use, micrographics can be valuable
in the resolution of certain hypotheses and questions that arise in
the field and laboratory, while at the same time providing a wider
and more integrated look at human and his environment.

Below, you will find a brief description of some uses of micro-
graphics in everyday ethnobotany, along with the most general and
specific micrographic techniques for the study of ethnobotanical
material.

The collection and identification of voucher specimens is a routine,
necessary practice in ethnobotanical work. On the one hand,
correct taxonomical identification of plant material is essential for
the qualitative and quantitative analysis of data obtained in field-
work, for the drawing up of the species list, and for the estimation
of plant richness and diversity. On the other hand, it is a necessary
requirement for the placing of ethnobotanical collections in official
herbaria, and for the publication of results in prestigious scientific
journals [4]. On many occasions, the ethnobotanical material
collected consists of complete samples of plant species, that is, it
includes leaves, flowers, and fruits that facilitate easy identification
using keys and herbaria for reference. However, on some occasions
samples consist of the incomplete organs of a species, which may
form part of play items, baskets, musical instruments, etc., or they
may be plant products of medicinal and/or nutritional value that
come from markets, herbalists, etc., which include only small pieces
of wood, parts of the root, leaves or petals, etc. Many of these



1.2 Micrographics
Applied to the Quality
and Safety Control of
Medicinal and Edible
Species

Plant Anatomy in Ethnobotanical Research... 323

samples tend to be in powder form or partially decomposed, mak-
ing botanical identification extremely difficult by mere observation
of external morphological characteristics (Sects. 2.3-2.6). In these
cases, the detection of diagnostic microscopic elements becomes
indispensable for the taxonomic identification of the samples.

Of these diagnostic characteristics the most important are the
epidermal cells of the leaves and primary stems, the medullary rays
of stems, the elements of the vascular system, the secondary cortex,
the crystals, the secretory structures (cavities, ducts, glandular tri-
chomes, nectaries, and idioblasts), the stomata, and the hairs,
among others [2, 5-9]. The study of these characteristics includes
analysis of their position, frequency, shape, and size [10, 11]. At the
same time as the anatomy is being described, histochemical tech-
niques are frequently used for the detection of cell wall compo-
nents (Sect. 2.2) that can be associated with structures and taxa.
An example of this is shown in Table 1, where some of the princi-
pal diagnostic features of various economically important families
are described.

Recognition of these elements can lead to identification of
the unknown species through comparison with published data in
reference catalogues, scientific journals, and official pharmacopeia,
or at least, an approximation can be made to identifying the perti-
nent genus or family [12].

Control of the quality and safety of commercial food and medicinal
plants is particularly useful in large urban centers where products
of plant origin can commonly be found on sale in small pieces or
processed, with no official quality control [13-15].

Micrographics, together with macroscopic, organoleptic
inspection, and in some cases physicochemical testing, makes it
possible to identify the plant species used in the elaboration of
these products, and to detect contaminants, substitutes, and adul-
teration which may have taken place during the production process
[14, 16, 17].

The adulteration of a plant drug or natural food refers to the
partial or total elimination of the valuable component of the sub-
stance, replacing it with another of inferior quality or different ori-
gin. This adulteration may be accidental, that is, a consequence of
carelessness during processing or storage, or it may be intentional.
In most cases replacement is partial, and involves a substance of
inferior quality, but in some cases the original product may be
completely replaced by a substance of no medicinal or nutritional
value, or which may even be toxic [ 14].

Microscopic methods include observation and characteriza-
tion of diagnostic features through the use of an optical micro-
scope (Sect. 2). Macroscopic methods are carried out with the
naked eye or a magnifying glass, and consist of observation and
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Table 1

Microscopic diagnostic features of leaves and shoots of some of the main economically

important families

Diagnostic structure

Botanical family

Leaves
Laticiferous cells

Mucilaginous epidermis

Scales

Sclereids

Anisocytic stomata
Anomocytic stomata
Diacytic stomata
Paracytic stomata
Salt glands
Hypodermis
Capitate trichomes
Dendritic trichomes
Silicified trichomes
Urticating trichomes

Stems

Cystoliths

Druses

Multiple cambia
Intraxylary phloem
Medullary bundles
Raphides

Deep cork layer
Surface cork layer

Apocynaceae, Papaveraceae, Convolvulaceae
Malvaceae, Salicaceae

Bromeliaceae

Oleaceae, Theaceae

Brassicaceae, Plumbaginaceae
Berberidaceae, Liliaceae, Ranunculaceae
Caryophyllaceae

Poaceae, Juncaceae, Rubiaceae, Magnoliaceae
Frankeniaceae

Lauraceae, Piperacecae

Lamiaceae, Sapindaceae

Melastomataceae, Solanaceae

Poaceae

Urticaceae, Loasaceae, Euphorbiaceae

Moraceae, Urticaceae, Cannabinaceae

Cactaceae, Chenopodiaceae, Malvaceae, Rutaceae, Tiliaceae, Urticaceae
Amaranthaceae, Chenopodiaceae, Nyctaginaceae

Apocynaceae, Convolvulaceae, Cucurbitaceae, Lythraceae

Begoniaceae, Asteraceae, Piperaceae, Saxifragaceae, Brassicaceae
Liliaceae, Rubiaceae

Bignoniaceae, Hypericaceae, Rosaceae, Casuarinaceae

Asteraceae, Lamiaceae, Brassicaceae

Taken in part from Cutler [7]

description of the shape, size, and color of the samples, in addition
to an organoleptic analysis of consistency, texture, and in some
cases, flavor and odor. Physicochemical tests, on the other hand,
are based on the extraction of chemical components and the carry-
ing out of a series of experiments to identify the main substances of
interest, which are then analyzed further to obtain values for
specific physical indices, such as optical rotation, refractive index,
and relative density. [16]. In addition to this, the moisture content
of plant samples is also measured, since moisture content values
higher than those registered in the official pharmacopeias may
favor enzyme activity and the proliferation of decomposing micro-
organisms, which would have a negative effect on the quality and
safety of the product [13, 16].



1.3 Micrographics in
the Analysis of Plant
Selection and Use
Patterns

1.4 Micrographics in
Archaeobotanical and
Paleobotanical
Research
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For example, the organoleptic and chemical analysis of a
powdered food item may indicate a high level of starch, suggesting
the presence of flour; the micrographic study of the starch grains
would then complement this, determining whether the flour is
from wheat, rice, potato, or maize [18] (Sects. 2.3 and 2.6).

These techniques can also identify and quantify non-plant
foreign matter, such as insect eggs or larva, sand, soil, rodent
excrement, or live insects [19].

In the case of products that are more or less mass-produced,
there are quality standards set to mark the tolerance limits for the
presence of foreign matter not declared on the labels, as well as lists
of the main contaminants that may be found. These values are use-
ful as a guide to their identification, control, and safety.

Micrographics can contribute information that is useful in resolv-
ing questions regarding the selection of species, plant organs,
methods of preparation and associated cultural practices, both in
present and past contexts [20-25]. For example, Baccharis obovata
(Asteraceae) is an aromatic species belonging to the traditional
pharmacopeia of the Mapuche of Patagonia, Argentina. According
to Molares et al. [26] the anatomy of this species reveals that the
leaves and the stem present cavities that secrete essential oils. By
means of an ethnobotanical study, these authors noted that a
decoction of the branches is for topical use, for the treatment of
alopecia, dandruff, diverse forms of dermatitis and headaches. It
was also observed that during the process of preparing the medi-
cine, the intensity of the aroma emanating from the plant as it
boiled, along with the color taken on by the water, are important
indicators as to the state of progress of the recipe. A penetrating
aroma and a yellow-green color mark the point when the prepara-
tion is ready. These results allowed the authors to infer that the
interviewees can detect and evaluate different aromatic and volatile
components during the boiling process, through sensory mecha-
nisms. The gradual liberation of aromatic vapors is a consequence
of the particular anatomy of the plant, which “encloses” essential
oils in cavities, isolating them from the external environment and
freeing them progressively as these secretory structures are broken
up by the boiling process [26].

Worthy of particular note is the importance of micrographics in
archaeobotanical and paleobotanical research for the identification
of artifacts and products made from plants (baskets, weapons,
musical instruments, foods, etc.), and also in the interpretation of
their use in the past. The anatomic study of mummified coprolites
has also allowed the identification of many components of the diet
of prehistoric man.



326

Soledad Molares and Ana H. Ladio

These remains have often suffered destructive processes,
whether mechanical, chemical, or biological, through direct human
action (cooking, soaking, carbonization, etc.), and also due to the
effects of the long years themselves, and are frequently found bro-
ken into pieces, dehydrated, oxidized, salinized, or even reduced
to powder [27]. In this state, the remains tend to lack most of the
diagnostic morphological features, and their recognition by direct
comparison with modern herbarium samples is extremely compli-
cated. In these cases, modern plant material such as seeds and pieces
of wood are often submitted to processes similar to those which the
unknown material may have gone through, and the structural
changes produced in them are documented, so as to compare them
with their archaeological counterparts, thus improving their inter-
pretation and identification [22]. This technique makes possible the
revision of certain resistant microscopic characteristics present in the
epidermis, starch grains, phytoliths (formed by the mineral precipi-
tation of substances from plant metabolism, in general silicious or
calcareous), pollen grains, etc. [27].

The epidermis is a structure of great importance in this kind of
study, since it is a tissue with high structural resistance over time,
due to the presence of a continuous, waxy, protective film called
the cuticle, which is inseparable from the epidermal cells and
enables them to stay together [28]. The study of the epidermal
cells themselves, the cuticular designs, cell contents, and associated
structures such as the stomata and trichomes, has been pointed out
by many authors as having important diagnostic value (Sects. 2.4
and 2.5) [24, 28-30].

In many cases, starch grains are also preserved in archacobo-
tanical samples and their identification has been of particular
importance in elucidating paleohorticultural patterns [22]
(Sect. 2.6). Their micrographical importance lies in the specificity
of their location at species level, their morphological diversity, size,
and birefringence, i.e., their capacity to split a ray of incident light
into two perpendicularly polarized rays [31-33].

Other plant structures of high diagnostic value for this kind of
study are spores and pollen grains. They present characteristic
structure and ornamentation at species level that allow their iden-
tification by comparison with pollen keys [34]. On occasions these
studies are complemented with the analysis of phytoliths, especially
the silicaphytoliths, which are hydrated silica crystals made by
plants from the silicates absorbed from groundwater. Deposited
in areas of major evapotranspiration in the plants, they take on
distinctive shapes which are preserved in the soil when the organic
material has disappeared. When the phytoliths, spores, and the pollen
grains are recovered from the soil, or rather, from soil attached to
instruments, containers, etc., we can make an approximate identifica-
tion of the species [35].
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2 Materials and Methods

2.1 Methodology
for the Observation
of Tissues in
Longitudinal and
Transverse Sections

2.1.1 The Selection
and Fixation of Organs

2.1.2  Sections

2.1.3 Clarification and
Direct, Fast, and Simple
Staining for the
Observation of Plant
Structures

Plant organ samples should be selected whose development is
representative of the species, that is, of average size, healthy, of
characteristic color, etc.

The plant material collected that is not for immediate use can
be preserved in 70 % ethyl alcohol. Although it is important to
take into account that ethanol tends to dehydrate and shrink the
tissue, this can be controlled by adding a small amount of glacial
acetic acid (approximately 5 % of the total volume). Percentages of
ethanol above 75 % make the tissue rubbery, and it becomes difficult
to cut.

Another option for fixation is the FAA fixative (formaldehyde
10 %: alcohol 50 %: acetic acid 5 %: water 35 %). The advantages of
this include rapid, complete penetration of the tissue by the form-
aldehyde, the possibility of more prolonged storage of the material
and a balance in the contraction—expansion produced by the alco-
hol and acetic acid. Disadvantages include the toxicity of formalde-
hyde [36, 37].

Fresh material is cut directly, while that preserved in 70 % ethyl
alcohol is washed in water several times before being cut. In the
case of dried samples, the material must be hydrated in hot water
to make it easier to cut, and when it is very hard and woody, it
should be boiled for a few minutes or up to some hours, until soft.
Depending on the consistency of the material, the sections may be
cut freechand with a razor blade, or with a sliding or freezing micro-
tome. The stem and root can be cut without the support necessary
for cutting leaves and petioles. For these we suggest placing the
material between two semicylinders of polystyrene or high-density
Styrofoam, then cutting them together. The cut material is picked
up with a brush and preserved in water to prevent drying out and
damage. It is very important that the cutting tool has a sharp
enough blade, otherwise excessive pressure may be put on the
segment, or a saw-like movement may be generated, which would
deform or crush it. Following this, the thinnest and most uniform
sections are selected using a magnifying glass. These should always
be kept in water until they are stained.

The sections are placed in a beaker with 50 % sodium hypochlorite
for clarification. When they turn white, wash them well several
times with water. Put them in 50° ethanol, then 70° ethanol. Pick
the sections up with a brush and transfer them to a watch glass or
beaker with safranin diluted in 80 % alcohol and leave them
for 2-5 min, or the time needed for them to take up the color.
Wash with water.
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2.1.4 Mounting

2.1.5 Observation with
Optical Microscope

2.1.6 Labeling

2.2 Methodology for
the Identification of
Cell Contents [36]

2.3 Methodology for
the Observation of
Powdered Samples

Temporary preparations (to be observed immediately) can be
mounted in water-glycerin 50:50 %. Put one or more drops of
this liquid on a slide and with a brush pick the selected section up
and place it on the slide, then cover it with the coverslip.
Permanent mounting media include Canada balsam and synthetic
resins [36].

Observations and descriptions of the stained material should
be made, as well as measurements of the diagnostic structures.
The lignified walls and the cuticle will be seen in an intense pink
color and the parenchyma cells a soft pink color.

If the specimen is to be preserved, a label is placed on one side of
the slide, with the name of the species, the technique applied, and
the date of preparation.

For the detection of the principal cell contents and components of
the cell wall, the untreated section is placed on the slide, and
according to the test to be carried out, one or more drops is

added of:

1. Sudan IIT in 90° ethanol to detect lipids and essential oils.
A positive reaction gives a strong orange color.

2. Lugol’s reagent to detect starch. The starch will take on an
intense blue color.

3. 1 % Phloroglucinol in 96° ethanol-HCL to detect lignin.
The lignin will stain a violet-red color.

4.5 % Ferric trichloride to identify tannins. A positive reaction
gives a blue-green color.

5. Concentrated sulphuric acid for saponins. If the tissue sample
contains saponins, it will first take on a yellow color, which will
change to red after 30 min and finally, it will turn violet or
blue-green.

6. A 1 % solution of picric acid for aleurones. The aleurones will
stain yellow.

7. Cupric acetate for calcium oxalate. If there are calcium oxalate
crystals present, they will dissolve and the oxalic acid will spread
throughout the intercellular spaces, where they will form crys-
tals of cupric oxalate.

The powder is taken on the tip of a spatula and placed between the
slide and coverslip with a drop or two of water. Instead of water,
water-glycerine 50:50 % can be used, which will keep the section
hydrated for longer [38].

In this case, the previously described histochemical techniques
for detection of cell and cell wall components can be used.



2.4 Methodology for
the Study of the
Epidermis

2.4.1 The Dizeo de
Strittmater Technique [40]

2.4.2 Determination
of Quantitative Parameters
in Leaves

2.5 Maceration
and Dissociation
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Important diagnostic features are found in the epidermis [39].
Techniques for surface observation of this tissue are varied, the
simplest consisting in separating the epidermis from the rest of
the organ with forceps. Since in many cases this is particularly com-
plicated, other techniques are also employed, based on cutting a
section of the plant material and rendering the mesophyll transparent,
or diaphanous.

Two of the most frequently used techniques for diaphaniza-
tion are:

Boil the material in 96° ethanol for 10 min, then place it in a solu-
tion of equal parts of 96° ethanol and 5 % sodium hydroxide, and
boil for 5 min. Rinse with water several times. Next, put the mate-
rial in a solution of 50 % sodium hypochlorite and leave it there
until it becomes transparent. Rinse with water. Place pieces of the
material in a solution prepared with 5 g chloral hydrate in 20 mL
of water so that it loses its opacity. Finally, rinse in water and stain
with diluted safranin, mount in water-glycerin 50:50 % and observe.

Clarify pieces of the material in 50% Sodium Hypochlorite, rinse in
water, and observe without further treatment. The diaphanization
of the material will allow the determination of quantitative param-
eters in leaves, such as the palisade index, the stomatal index, and
vein-islet index. These indices are often used in the comparison of
similar species belonging to the same genus, ecotypes, and speci-
mens in a fragmented state [41]. The following formulae are used
for their calculation:

— Dalisade index: the number of palisade parenchyma cells covered
by one single epidermal cell.

PI =no. of palisade pavenchyma cells / 4 epidermal cells
— The stomatal index: the number of stomata per 100 epidermal

cells measured in an area of 1 mm?, marked out with a microm-
eter lens.

EI =no. of epidermal cells +no. of stomata /100 X no. of stomata

—  The vein-islet index: the area of photosynthetic tissue surrounded
by the ultimate terminations of the leaf vein-islet in 1 mm?.

VII = no. of vein islets / mm’

In all cases the data should be taken from the mid part of the adult
leaf surface, and at least 30 repetitions should be made of the
estimation of the average values and their standard deviations.

In order to study complete, individual cells, methods of maceration
or dissociation techniques are used to dissolve the middle laminas
that keep the cells together [42].
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2.5.1 Gentle Dissociation
Is Used for Leaves, Stems,
and the Cortex

2.5.2 Strong
Dissociation Is Used to
Separate Wood or Hard
Seed Cells

2.6 Methodology for
the Analysis of Starch
Grains

There are two main types of dissociation, a gentle one and a
strong one:

This technique involves boiling a piece of material in a 5 % NAOH
solution for 5 min. It is then cooled and passed through filter
paper. A portion of the retained material is picked up with a spatula
and placed on a slide with a drop of water. The coverslip is put in
place and the sample gently flattened. This technique preserves the
crystals, but not the starches.

This technique involves boiling a piece of material in a 10 % KOH
solution for 10-15 min. It is then cooled and passed through filter
paper. Following this, it is rinsed with water and put in another glass
beaker with a 25 % chromic acid solution for 30 min. It is again rinsed
with water and passed through filter paper. A portion of the retained
material is picked up with a spatula and placed on a slide with a drop
of water. The coverslip is put in place and the sample flattened gently.
This technique does not preserve starch or crystals.

A technique used for the identification of cereal flours (wheat, rice,
maize, etc.) fruit and underground storage organs (roots, tubers,
bulbs, etc.) [31, 43].

It is worthy of note that starch grains may be of two types:
transitory or storage. The former are produced in green leaves and
stems and used quickly in plant catabolism. The latter are found
completely developed and fulfill the function of long-term storage.
The storage starch grains are therefore the most reliable as diagnostic
features [44].

The storage organs are scraped with a razor blade or scalpel.
With the material thus obtained, semipermanent preparations are
assembled in water-glycerin, which allows rotation of the grains.
They can be stained with Lugol for difterential coloration.
Observations are made with an optical microscope at maximum
magnification, with both normal and polarized light.

The flours are treated as specified in the item “samples in powder
form” (Sect. 2.3).

The qualitative and quantitative attributes commonly observed
in starch grains are: length and width (pm); relationship length/
width; multiplicity: simple or compound grain (formed by two,
three, or more granules); relationship between number of simple
grains/number of multiple grains; shape (oval, triangular, reniform,
irregular, pyriform, etc.); the hilum of the grain (the point where the
layers of starch begin to be deposited): presence or absence, visibility
and shape; growth rings: presence or absence; and extinction cross
(presence indicates a higher level of organization of amylose and
amylopectin chains): shape and number of arms.

In all cases repetitions of the observations should be carried
out in order to calculate the averages and standard deviations.
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3 Final Remarks

Other micrographic techniques not considered in this chapter may
also be used in the study of ethnobotanical material. For example,
environmental scanning electron microscopes are useful in situations
where taxonomic definition is difficult, for the analysis of adaptations
and particular shapes, etc. It should be noted, however, that its use
requires sophisticated equipment and the costs are high.

Optical micrographics, on the other hand, is a fast, low-cost
method, relatively easy to carry out, which allows the proportion
of a component in a mixture to be asserted (a common situation
when studying medicinal uses of plants), the origin of the material
to be identified, etc.

However, a problem frequently faced by an ethnobotanist
when trying to identify a modern, fragmented specimen using the
micrographic method, is a lack of reference catalogues with ana-
tomical descriptions. Because of this situation in many parts of the
world, it is necessary to promote and develop keys of micrographic
characteristics which will make possible the identification of species
even when samples are incomplete or in bad condition. It is also
necessary to develop human resources in this field and encourage
interdisciplinary work between botanists who are plant anatomy
experts.
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Chapter 21

Methods and Techniques for Research on the Supply
Chains of Biodiversity Products
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Abstract

A “supply chain” comprises the set of transactions needed to produce a good or service, including the path
from production to the end user. In ethnoecological and ethnobiological studies, the focus on supply
chains allows a wider contextualization of the socioeconomic importance of biodiversity products. This
wider context includes the agents outside the local communities and allows a more thorough analysis of
the factors that influence the commercial use of native species by local populations. In this chapter, we
discuss the primary methods and techniques used to study the supply chains of biodiversity products.
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1 Introduction

The notion of a supply chain, as formulated by Goldberg in 1967
[1], represents an approach to studying the flow of products based
on the analysis of the agents that constitute the links of the chain,
which ends with the end user. In this sense, we consider a “supply
chain” to be a set of transactions leading to the production of a
good or service, including the path from production to end user,
as well as the institutional and organizational influences along the
production steps® (Fig. 1).

A large fraction of the biodiversity products are obtained in an
extractivist manner [2, 3]. An analysis using the supply chain per-
spective indicates that under these conditions, the extractivist prod-
ucts of biodiversity might be associated with remarkable
environmental, economic, and social fragility that is even greater
when strategies and public policies to promote the sustainable use

We refer to the different stages involved in the transformation of a raw material into the final product as
the “production steps,” i.e., the various phases of production from harvest to end user.
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Fig. 1 Overall model of the supply chain. Adapted from [14]

of these products are not available [4]. In Brazil, for instance, the
federal government began to approach this topic as a matter of pub-
lic policy only in 2009, when the National Socio-Biodiversity Plan
was instituted to promote an environment favorable to the develop-
ment of specific work plans and to formulate a strategic view that
supports and stimulates the local and regional productive arrange-
ments based on the idea of socio-biodiversity product chains. Only
through these means could the extractivists gain strength [5].

The number of studies focusing on supply chains has increased,
resulting in attempts to approach this subject from an interdisci-
plinary perspective, particularly as it concerns the interface between
economics, government, and the social sciences. In the fields of
ethnoecology and ethnobiology, for instance, the analysis of the
factors influencing the extractivism of native species for commer-
cial purposes [6] might be placed into context by focusing on the
supply chains. These types of studies might eventually also contrib-
ute to the elaboration of strategies for the management of these
species [7].

The current chapter discusses the primary methods and tech-
niques used to study the supply chains of biodiversity products and
how these chains might contribute to a better understanding of the
complex relationship between nature and culture.

2 Methods and Techniques

2.1 Sampling

The supply chains related to biodiversity usually exhibit wide
variability in terms of their socioeconomic profile and the number
of the agents involved in the various steps from harvest to
commercialization. Therefore, a systemic view of the supply chain
of interest must be developed to define the type of approach to use
for the study of each of these steps.

An indispensable step in the preliminary characterization of
the investigated supply chain is a survey of the information
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available in the literature, reports, and databases of official agencies
among other sources of secondary data. In addition, and whenever
possible, initial interviews must be conducted with the representa-
tives of the extractivist communities and the institutions involved
in the exploitation of the species under study. At this step, priority
must be given to the informants who are identified as being well-
acquainted with the chain.

In this preliminary characterization, a collection of data regard-
ing the approximate number of people or families involved in the
various production steps; the times and sites of harvesting; the
methods for storage, improvement, and commercialization; the
existence of extractivist associations or cooperatives; and the iden-
tity of the buyer companies is important among other data that are
considered relevant for the definition of the sample, the selection
of'informants, and the study planning. One must keep in mind that
this information is used to define a sample that must include the
various agents involved in each link of the chain, e.g., extractivists,
middlemen, transporters, processors, members of associations or
cooperatives, retailers, end users, entrepreneurs, landowners, pub-
lic managers, and representatives of the involved institutions (e.g.,
non-governmental institutions—NGOs, research agencies).

Based on the collected information, one might choose to
perform a “probabilistic” or “non-probabilistic” sampling at each
production step [8]; the latter is commonly used in studies con-
cerning the supply chains of biodiversity products.

Probabilistic sampling should be applied when the number of
agents involved in the investigated production step is quite large
and exhibits wide variability, as is often the case with extractivist
communities. This type of sampling is advantageous because it
grants each element the same probability of participating in the
sample, and thus the results represent the entire population.

However, when the subject matter is extractivism, a probabilistic
sampling does not always yield satisfactory results. In the cases
where a given species or the extractivist practice is subjected to
legal constraints, the informants tend to feel inhibited and unwilling
to provide information, even when they are aware that their ano-
nymity will be protected. In these situations, it is advisable to per-
form non-probabilistic intentional sampling because it allows the
informants who are involved in the extractivism and commercial-
ization of the species and who are able to convey information more
easily to be selected.

“Non-probabilistic” sampling must also be used for the pro-
duction steps that involve a relatively low number of informants
and little variability in regard to the desired information (variables
of interest). That type of sampling allows the informants to be
selected in an intentional manner when probabilistic sampling is
impossible or inappropriate. In these cases, the “snowball tech-
nique” is recommended, whereby an informant is first inter-
viewed, and later, at the end of interview, he or she is asked to
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2.2 Data Collection

indicate other possible informant(s) involved in the various
production steps (e.g., extractivism, transportation, processing, or
commercialization).

The main tools for data collection in the field are structured and
semi-structured interviews [9]. The forms used in the interviews
must be adjusted and applied to the various agents involved in the
chain from the extractivist to the end user and must include repre-
sentatives from the different institutions that influence the chain.

Structured interviews are conducted using forms that contain
basic exploratory questions (e.g., the interviewees’ socioeconomic
data). This type of interview is reccommended for the initial contact
with the informants because it will provide information on their
profile and help draft the forms for the semi-structured interviews.
The latter, in turn, include questions that seck to dig deeper into the
most relevant subjects. In both cases, the questions must be drafted
based on the information expected from each link of the chain. In
addition, each interview should be planned based on previous inter-
views, observations, statements, the reports of events, the analysis of
documents, minutes from meetings, reports, and contracts [10].
Box 1 illustrates several examples of the basic questions that could
be answered by the various links in a supply chain.

Box 1 Examples of Interview Questions for Studies on the Supply Chains of Biodiversity Products

GENERAL FORM FOR INFORMANT IDENTIFICATION

No.° of questionnaire:

Informant’s name:
Surname:

Marital status:
Educational level:
Occupation:

Address:

Municipality: District: Community:

Age: Birthplace:

Complementary information:

Telephone or other contact means:

Residents at the same household:
() Father () Mother () Children (how many?): Age of children:

() Other (how many?):

Name of spouse:

Spouse’s age:

Spouse’s educational level:

Spouse’s occupation:

Complementary information:

(continued)
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Box 1 (continued)

GENERAL SCRIPT FOR INTERVIEWS WITH EXTRACTIVISTS

1. Extractivism history: When did the harvesting start (month/year)? What products do you
harvest? Reason (e.g., market value)? How long have you been familiar with the extracted species?
How and from whom did you learn this activity?

2. Access, handling, and knowledge: Where do you harvest? Do you harvest from private properties
(identity them)? Do you pay a fee for the right to harvest (how much)? What do you do with the
harvested products? What is the use of each product? What is the harvesting season of each product?
During what month of the year does each species exhibit the greatest yield? What is the harvesting
frequency (how many days per week)? How many hours do you work per harvesting day? What is the
ideal site from which to harvest the product? Do you select or choose the trees for harvesting? What
criteria do you apply? How is harvesting performed (tools used)? How much do you harvest per day?
How do you measure the harvested product (measure used)? Does harvesting differ when performed
closer or farther from the original harvesting site (how)? What is the destination of the harvested
product? How do you transport the harvested product? Do you store the harvested products? How
and where? Do you treat the products before selling them? What do you treat them with? Is production
increasing or decreasing? Why? Can something be done to increase or maintain the level of production?
On a regular harvesting day, can something be done to ensure a satisfactory return?

3. Income: What are your family’s income sources? What is your family’s main income source? How
much is your family’s monthly income? How many members contribute to your family’s income?
What is the price of the product per kilo (or other measure)? How is the product paid for? How
much does the sale of each harvested product contribute to the family’s income?

4. Interactions among extractivists: Is harvesting performed in groups or individually? Who
participates in harvesting (relatives, friends, and/or neighbors)? What can and cannot be done
while harvesting? Is there conflict among extractivists (which ones?) What do you do when conflicts
arise while harvesting? Is there conflict between the extractivists and other people? Do people help
cach other while harvesting? What do you do when you are not harvesting (other activities)? At
what time of the year (months)? Do you participate in groups or associations (which ones)? Are
there other activities performed in groups in addition to harvesting?

5. Social organization of extractivism: Who organizes the harvesting (leader)? What is done to
begin harvesting (how do you organize yourselves)? What does one need to do to be an extractivist
(who does one contact?) Are there people who cannot be extractivists (why)? Are there specific
functions in harvesting (things only some people may do)? Do extractivists divide into groups? Do
longer-term and more recent extractivists hold the same rights? Who are the people who buy the
harvested products? Who pays for the activity of harvesting? How is payment calculated (per kg,
per day)? Who earns more from harvesting and why (name them)? Are other people from the
community aside from the extractivists involved in extractivist activities? What do you know about
the person or company that buys the harvested product? Does someone hinder the harvesting of
products at ... (who and why)? What are the extractivists’ opinions on harvesting? What is your
opinion regarding the requirement of a permit for harvesting?

6. Conflict: Are there hindrances at the time of harvesting (causes, which products, how, where)? Have
you ever been detained due to harvesting? By whom (where, when, cause)? Have you ever faced a
difficult situation while harvesting? Are there problems due to the money paid to the extractivists?

7. Community: What does the community do to make a living? Who are the oldest members in the
community (name them)? Who are the large landowners in the community or in the surrounding area?
What are the productive activities performed by the community (agriculture, trade, extractivism, fishing,
apiculture)? Are extractivists landowners? In your opinion, has the community changed since extractivism
began? What do you like in your community? What you do not like in your community? What are the
community’s problems? What is the future that you imagine and plan for your community? In your
opinion, what does your community need? Which people do you consider to be community leaders?

8. Environment: What does the environment mean to you? What is damaging for the environment? How
is the environment in your community? Tell what the harvesting environment was like in the past and
now? What changes occurred (damages)? What is the effect of extractivism on the environment? What is
done to keep from destroying the environment? Who cares for the environment in your community?

(continued)
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Box 1 (continued)

GENERAL SCRIPT FOR INTERVIEWS WITH MIDDLEMEN, PROCESSORS, AND
TRADERS (MARKETS OR COMPANIES)

How did you come to work in this job? How long ago? What do you buy? From whom do you buy
it (names, institutions, sites)? How much do you pay? To whom do you sell (names, institutions,
sites)? For how much do you sell? What are the products’ uses (medicinal, food, seasoning, oil, etc.)?
Where are the processing plants located? How was the potential of this species discovered? Where are
the products processed and traded? What criteria define the selection of the buying sites? From how
many communities do you buy? How much of the processed product is exported? Who are the main
consumers? Are there competitors in other countries> Which ones? What proportion of the supply
comes from cropping and what from extractivism? Are there quality standards for the products (size,
color, format)? What tests are performed to assess the quality or standards of the products? Are there
differences in the active principles content per area of occurrence? What tests demonstrate these
differences? What are the supplier states and what amounts do they produce? Is the processing waste
used for some purpose (animal feed, fertilizers, fuel)? What is the proportion of product lost and /or
that does not meet the buyers’ standards? What amount must the company buy to meet the demand?
How much do you pay for the product occurrence sites to be permitted to harvest in the states? Do
you have difficulties in harvesting in the states? Which states? Has the company ever been penalized
by environmental agencies in the states where it buys its products? Which agencies?

GENERAL SCRIPT FOR INTERVIEW WITH PUBLIC MANAGERS

Are you acquainted with extractivism? Are there policy guidelines for that activity? What products are
authorized for harvesting and trading? Are permits needed to use the existing species? Are there
cession agreements? What is the environmental situation, and what is the policy for the area? Which
companies perform harvesting? What is the procedure adopted by the agency that authorizes
harvesting? What are the standards (technical, inspection, period, amount, licensing, and/or permit
fees)? How much product comes from extractivism (kg/ton)? What are the regional exports? Do you
know the product’s destination (state /country): Is there a register /records of the people who practice
extractivism? What is the economic market value of extractivist products: How much (in BRL) does
extractivism contribute in taxes to the area? What is the agency’s position in regard to extractivism?

Adapted from [20] and [21]

The data collected might be subjected to qualitative and/or
quantitative analysis. The aim of a qualitative approach would be
to collect subjective and detailed information on the socio-
environmental relationships of the extractivist activity, and it is
widely used in research on the supply chain for biodiversity prod-
ucts. The quantitative approach allows the data collected to be
quantified for subsequent statistical treatment, and it is equally
important for the data analysis in studies on the supply chain. It is
worth noting that there is complementarity, not contradiction,

between the quantitative and qualitative approaches [11].
Depending on the study, data collection might

complemented by other research tools (Box 2), such as the so-
called participatory methods [12, 13], which have been applied to
studies on supply chains. These tools allow detailed information to
be collected in a shorter period of time and permit a more informal

relationship between the investigator and the informant.
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2.3 Analysis and
Interpretation of Data

Methods and Techniques for Research on the Supply Chains... 343

Another important step in the studies on supply chains is visits
to the companies and processing units involved in the investigated
activity and employee interviews. Observations and interviews 7
loco offer the investigator a detailed image of the important pro-
duction steps, which, in many cases, summarize and consolidate
the process of transforming a component of biodiversity into an
economic resource.

It is worth noting that the data collection in studies on the
biodiversity chain must also include information on the product
supply and demand, production costs, selling prices, profit margin,
the localization and socioeconomic characteristics of the extractiv-
ist communities, the product’s overall characteristics, its impor-
tance for its industrial uses (including cosmetics, pharmacological,
and nutrition), and its importance in the lifestyles of the extractivist
communities [14].

In addition, the ecological information related to the popula-
tions of native species used in an extractivist manner ought to be
sought whenever possible. The data on the density, abundance,
frequency, and reproductive processes of these species, among
other characteristics, will allow inferences to be made on the pos-
sible impact of the supply chain on the conservation of the investi-
gated native species [15].

The analysis and interpretation of data must be performed accord-
ing to the study aims and hypotheses. In ethnobiology and ethno-
ecology, special attention must be paid to the relationship between
the extractivist human population and biodiversity. Accumulating
theories aimed at the identification and understanding of human
behavioral patterns in situations that are characterized by interaction
in the search for resources can create a background for hypotheses
that might reveal interesting information (see Box 3).

In addition, a focus on the supply chain allows for a more thor-
ough analysis of the socioeconomic importance of the extractivist
products for the agents who are outside of the local communities
[16]. In this regard, the “progressive contextualization” technique
[17] might provide important contributions to the data analysis.
According to [11], that technique allows for a broader scope beyond
the local level, including the regional, national, and even the global
levels. These authors emphasize the importance of different scales of
analysis because a large part of the human local population is sub-
jected to external influences that might play a defining role in their
approach to the handling and use of native species.

It is worth noting that the product’s trajectory from harvest to
production and market distribution, including the various phases
of processing, must be described and analyzed in a clear and objec-
tive manner. In this regard, quantitative data analysis procedures
are widely used in the studies examining biodiversity product
supply chains.
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Box 3 Theories with Possible Applications to Ethnoecological and Ethnobiological Studies Involving
the Supply Chains of Biodiversity Products

The data originating from the studies on supply chains are usually interpreted to elucidate the positive
or negative influence that the supply chains exert on the life of the native species and on the people
involved in the various production steps. Based on these diagnostics, the aim of these studies is to
indicate possible paths to strengthen the chains by reducing the asymmetries found along them and by
implementing management and trade techniques that contribute to the maintenance of the investigated
activity. Little attention has been paid to the behaviors and decisions made by the agents involved in the
investigated activity.

Within that context, we highlight the following theories because they might contribute to the for-
mulation and testing of hypotheses on the influence that a given supply chain might exert on the rela-
tionship between a human extractivist population and biodiversity.

Game theory: provides models that are useful for the description and analysis of situations characterized
by interactions among people (or organizations) who recognize the mutual interdependence of their
individual decisions and act in a rational and strategic manner, always aiming at achieving the best
results (profit maximization) [22, 23]. This theory might contribute to the analysis of situations where
the rational decision of each individual ends in a negative (irrational) result for the group [24], which
can establish the dilemma presented by the “tragedy of the commons” hypothesis. According to that
hypothesis, formulated by [25], when a natural resource is shared by many, competition and the result-
ing pressure tend to exhaust it.

Optimal foraging theory: suggests that the problem posed by the distribution and optimization of
energy is analogous to a cost-benefit analysis performed in the field of economics. In studies on supply
chains performed with extractivist communities, the benefit corresponds to the profit generated by the
extractivist activity and cost corresponds to the time (or money) required to ensure returns. An applica-
tion of this theory might allow for an evaluation of the assumption that several features of human
behavior are selected by evolution and adaptation in regard to plants [26]. In this regard, Begossi [27]
observes that optimal foraging theory might be a useful tool to understand the decisions made regarding
the interaction between individuals and resources in an area under collective management.

Box 4 An Example of a Flowchart for Studies on the Supply Chains of Biodiversity Products

Flowcharts are important tools to organize and present data. This technique generates graphical repre-
sentations that allow for the schematization and visualization of all of the processes included in a supply
chain in an objective, clear, and summarized manner, and thus facilitate understanding.

Below is an example (Fig. 2) of a flowchart that was drafted by [28] in a study of the supply chain of
Brazilian pepper, i.c., the fruit of Schinus terebenthifolius Raddi, a tree species native to Brazil, the
extractivist production of which meets the market demand.

In qualitative studies, data collection and analysis usually occur
in an integrated manner. For the final presentation of the data,
summaries, network diagrams, and flowcharts are drafted (Box 4),
as well as matrices with accompanying text [11]. After the system-
atization and organization of the data set, inferences and appropri-
ate discussions of the data become possible.

It is advisable that the data analysis be based on at least three
different sources of information whenever possible, as recom-
mended by the so-called triangulation technique [18]. The trian-
gulation technique consists of using multiple methodological and
theoretical perspectives, data, and investigators to attain the widest
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Fig. 2 Flowchart of the Brazilian pepper supply chain (production, partners, exportation, commercialization).
Source: [28]

possible amplitude in the description, explanation, and under-
standing of the topic under study [16, 19]. Thus, the collected
data can be analyzed more thoroughly and with greater precision
by cross-referencing the information obtained from secondary
sources, semi-structured interviews, and the various tools for quick
participatory diagnosis, for example.

3 Final Considerations

The studies related to the supply chains of biodiversity products in
ethnobiological and ethnoecological research allow a wider con-
textualization of the factors that influence the relationships between
the human extractivist population and biodiversity. In addition,
these studies provide a context for the socioeconomic importance
of these products for the agents who participate in the supply chain
and are outside the extractivist community. This analytic perspec-
tive transcends the boundaries of the production environment
and the local human population as isolated elements, while seek-
ing to establish the influence that the market exerts on the behav-
ior of a human extractivist population.

Thus, these studies might make important contributions to
the management strategies for the supply chains of biodiversity
products. As a possible offshoot, not only is the conservation
of the involved native species expected but also an enhancement
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of the extractivist populations’ lifestyle and, consequently, also an
enhancement of the processes through which those human popu-
lations acquire and perpetuate their knowledge regarding the

environment.
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Chapter 22

Methods and Techniques Applied to Ethnohotanical
Studies of Timber Resources

Marcelo Alves Ramos, Patricia Muniz de Medeiros,
and Ulysses Paulino Albuquerque

Abstract

In this chapter, we discuss a number of steps that are relevant to the planning and execution of an ethnobotanical
study of the domestic use of timber. We introduce the main methods used in this type of study, including their
applications and limitations, allowing the reader to identify the techniques that should be implemented in your

studies.

Key words Wood resources, Firewood, Ethnobotany, Traditional knowledge, Categories of use,
Domestic use of timber

1 Introduction

Forest ecosystems provide a large amount of goods and services for
humanity; trees are the most exploited of these products because
they form the major structural component of forests. Timber is the
main product obtained from woody plants, and the extraction of
timber from forests is harmful to plant populations. Beyond of
the large-scale commercial uses, timber can be used to supply the
different needs of local populations, including the construction of
houses, boats, and fences for land delimitation, the manufacture of
working tools, and the use of firewood as fuel and for charcoal
production.

However, despite the importance of timber resources for the
subsistence of local populations and for biodiversity conservation,
there is a notorious lack of ethnobotanical studies specifically address-
ing this subject. Most ethnobotanical studies, even those focusing on
conservation, continue to address questions regarding the use of
medicinal plants or plant resources in general. In the studies of general
plant resources, the categories of use that include timber products are
diluted and lack a more comprehensive approach.

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
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1.1 Identifying
the Timber Uses
in a Region

As the subject of timber use has been largely neglected in the
ethnobotanical studies, there is an lack standardization and meth-
odological consistency. Therefore, in this chapter, we introduce
the main topics that are important for the ethnobotanical study of
the domestic use of timber. This information will enable the reader
to (a) distinguish the main methods/techniques that are being
reported in the literature, (b) know the types of data that can be
acquired from each of the methods, and (c¢) identify the limitations
of each of these tools.

An initial challenge for the investigation of the domestic use of
timber is register the diverse uses that encompass the collection of
this resource. As researchers, we commonly use the term “timber”
because our training typically includes the conceptual distinction
between timber products and non-timber products. However,
these terms are not always part of the cultural universe of the stud-
ied population.

Given this scenario, imagine the following situation: a particu-
lar researcher decides to use the interview technique to determine
the diversity of timber uses in a given region and asks his/her
informers “what timber uses are known?” or “which uses require
timber extraction?” Will the choice of words affect the research in
some way? In our experience, the choice of words is mostly likely to
contribute to the collection of underestimated data, which would
not faithfully represent the uses that actually utilize timber in the
study area.

Therefore, we emphasize the necessity of avoiding communi-
cation problems by eliminating any questions that are not fully
understood by the studied population. Because a limited number
of uses are commonly reported in studies that record the diversity
of timber uses, investigators should be aware of this issue. An
interesting alternative is to perform pretests, incorporating ques-
tions such as “what are the uses of tree branches and trunks in this
community?” Another option is to conduct guided tours of
houses, noting the uses of timber and questioning the informers
about the names of these uses. From these preliminary analyses,
the researcher can get an idea of the common uses of timber in the
community and thus may conduct interviews about each use.

Another relevant point for the study of timber products is the
lack of standardization of what actually constitutes timber use. For
example, some studies may consider products, such as chairs,
tables, and house roofs, as timber use, whereas other studies may
consider the chair legs, chair seat, table legs, house beams, house
lines, slats, etc., and not the chair, the table, or the house itself.
These differences in the perception of what constitutes timber use
may produce different results when, for example, calculating the
use value of timber species. Therefore, we suggest that the classifi-
cation of timber uses be performed according to the second
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example in which each part of a wooden structure is considered a
separate use. Different tree species can be used for each different
wooden part of a structure, even within a single structure (e.g., a
house); therefore, these parts should be considered individually.
Using the construction of a house as an example, it is possible that
different species are suitable for the construction of each part of a
house, such as the roof, the walls, and the structural support ele-
ments. Therefore, the researcher should identify the variety of
parts that exist in a wooden structure.

2 Use Categories

Table 1

Another point that should be emphasized is that the researcher should
pay attention when classifying timber products in “use categories.”
Although it is common to find this category in ethnobotanical
studies of the general uses of plants, in the case of timber products,
the analysis of the types of uses is rare. Therefore, Table 1 demon-
strates our suggestions for the standardization of the categories
(types) of uses, and the respective definitions and examples are
included to assist the researcher in this classification.

Following an extensive analysis of the literature, we deter-
mined that there are four distinct categories for the types of timber
uses: fuel, construction, religious uses, and technology. Clearly,
depending on the region and the studied population, an increased
variety of timber use categories may exist; however, the researcher
is responsible for identifying these uses during your study.

Main categories for domestic timber use

Category Definition Examples

Construction Elements that compose structures Fences, doors, windows, wall filling,
to territorial delimitation, houses roof filling, wall supports, ceiling
and animal /object shelters and roof supports

Fuelwood Wood destined to burning and heat Charcoal and firewood
generation. It can be used for cooking
and heating

Magic-religious ~ Wood use that aims to create closer contacts ~ Bonfires (used in festivities
between people and the spiritual world. dedicated to catholic saints in
It can be destined to liberate negative Brazil), Igoqo ¢ ubublantii
energies from the user’s bodies, to (Used in religious rituals in
establish links with gods and ancestors, some South African
or even to acknowledge them communities)

Technology Products that suffer manipulations Tool handles, chairs, tables, canoes

from the original raw material, but
are not designated to area delimitation
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Distinguishing between the types of timber uses and the
standardization of the terms is important because each of these
types of uses may exhibit different dynamics of use, consumption
patterns, and specific collection methods. In general, these differ-
ences are not considered in these types of studies. Walters [1]
performed a study in the central Philippines and determined that
for the construction category, although people tend to select timber
with specific classes of diameters, diameter requirements are not
important when using timber as fuel; therefore, the collection of
timber for fuel is more flexible regarding the size of the timber.
Medeiros et al. [2, 3] also noted huge differences in the selection
patterns and timber uses between the distinct categories, noting
that the fuel category encompassed large amounts of timber with a
short replenishment time, and the collection was based on the
branches and trunks of live or dead trees. In contrast, the construc-
tion and technology categories exhibited long replenishment times
(years or decades), and the collection was primarily based on the
trunks of live trees; however, the difference between these catego-
ries was reflected by the amount of timber used, which was greater
for construction than for technology. Ramos [4], in a study per-
formed in Northeastern Brazil, also considered the dynamics of the
collection and consumption of timber resources between and
within the distinct categories of use. The fuel category, for exam-
ple, remains a common and locally widespread use because it is less
restrictive in the community, allowing the use of a greater diversity
of species. In contrast, a local trend of abandoning the use of tim-
ber for house construction has been observed. This abandonment
has occurred in the region because timber uses are restricted;
therefore, the reduced availability of raw material suppliers has
been followed by the cultural adjustment of the community, which
has been forced to resort to industrial material sources.

Among the timber use categories presented in this chapter,
there are few records of the religious uses of timber in the litera-
ture. The religious uses have been investigated in the northeastern
region of Brazil and include the exploitation of timber for build-
ing bonfires, which are used for cultural /religious purposes every
June to honor three catholic saints, St. Anthony, St. John, the
Baptist, and St. Peter [5, 6]. In South Africa, timber uses related
to cultural /religious traditions have also been recorded, e.g., the
wgoqo and ubuhblantii [7-9]. For the igoqo, a pile of timber is
placed in front of a house and is a female religious practice, whereas
the wbublantii is related to male rituals. The #ubublantii is an
arrangement of wooden stakes set into the ground, which
structurally resembles a fence; however, this use cannot be placed
in the construction category because of its religious and cultural
associations.
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3 Methods/Techniques Employed in Studies of Domestic Timber Uses

Table 2

Diftferent techniques have been used for the study of domestic
timber uses (see Table 2). A number of these techniques are com-
mon to ethnobiological and ethnoecological studies and have been

Methods and techniques employed in study of the domestic use of timber resources

Method/technique

Main aim

References that
used the method

Analysis of aerial
photographs

Footpath survey

Forest biomass

Interviews

In situ inventory

Vegetation inventory

Weight and volume
of collected wood

Participatory methods

Economic valuation

To identify harvesting areas
To analyze changes in forest cover over
the years

To identify forest exits, watch collectors,
and weight their material

To estimate wood biomass available in
the forest

To record socioeconomic information

To identify the types of use that require
wood collection

To record known, used, and preferred species
To register the collection patterns

To evaluate resource’s replacement time

To evaluate collection distances

To estimate the amounts of consumed wood

To register plants and use categories

available in the household (real use)

To measure the amount of collected /consumed
wood

Record the collected diametric classes

To evaluate the local status of useful species
To register the offer of useful species for
each diametric class

To register individuals with harvesting
evidences

To record what species or use categories
demand more wood
To estimate the amount of consumed wood

To identify collection areas (community
mapping)

To build a seasonal collection calendar

To access local representations of collection
and consumption issues

To estimate the economic value of wood
resources (cost/benefit relation)

[27, 28]

[22,23]

[9,23,27]

[2, 3, 10, 13, 29-34]

[2,3,13,17, 35, 36]

[1,9,21, 37-39]

(12,13, 36, 40-43]

[2, 3,27, 44]

[7,27,45]
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3.1 Interviews

3.1.1  Species Used

3.1.2 Preferred Species

referred to in previous chapters. The main idea we want to discuss
in this topic is about the importance of selecting the most
appropriate technique to be used in their research, i.e., “which
tools would provide the most consistency for the questions raised
in the study?”

In ethnobotanical studies, especially the study of timber
resources, it is common to find biased results because of the inap-
propriate selection of a methodological tool. This is worrisome
because ethnobotanical studies have a strong conservationist
appeal. Therefore, in the following sections, we discuss these meth-
odological tools and their applications and limitations in detail.

In timber resource studies, the use of interviews is the most com-
mon method for data collection. However, caution should be
applied when using this tool because researchers often draft ques-
tions that require the in-depth knowledge of a subject that the
informers have not mastered; therefore, the questions are difficult
for the informers to answer reliably. An example of this issue, which
is discussed at a later stage, are questions regarding the units of
measurement, such as the distances that the informers travel to
collect the resource and the amount of timber they collect for a
particular purpose.

We recommend that interviews be used in combination with
other methodologies for the later triangulation of the results. The
data obtained solely through interviews may lead to premature
conclusions, especially when the authors use the list of species cited
by the informants to highlight conservation issues and to indicate
changes in the structure of plant populations.

A proportion of the primary data obtained through interviews
relates to the richness of the species used for the different catego-
ries of timber uses. These data should be collected with caution
because when a given species is mentioned in an interview, it does
not mean that the species was actually used; instead, it could be
just part of the informant’s body of knowledge.

Another point of concern is that a species could be used by
several people for a particular purpose, but in small quantities and
infrequently, whereas other species could be used by few people,
but in large quantities. Therefore, one must be careful to avoid
assuming that the most cited species are also the species under the
greatest pressure.

Another common issue in ethnobotanical studies is the recording
of the preferred species for each use. This information is important
for demonstrating the taxonomic groups that could be targets for
greater extractivist pressure. In a given region, if the timber use is
governed by matters of preference, the species will likely suffer the
greater pressure.



Methods and Techniques Applied to Ethnobotanical Studies of Timber Resources 355

3.1.3 Distance Travelled
and the Frequency and
Quantity of Consumed/
Collected Timber

Nevertheless, a number of studies do not differentiate between
“preference” and “use,” indicating that the most used species are
the preferred ones, and vice versa. A species that is the target of
greater use cannot always be considered the preferred species
because there are several agents acting in the selection of a specific
plant that can be related to cultural and ecological issues and the
intrinsic characteristics of a species.

Therefore, we recommend that during the interviews, ques-
tions aimed at recording known species should differentiate
between the species that are used and the species that are pre-
ferred. Miah et al. [10] and Jashimuddin et al. [11] performed
studies in Bangladesh and described a method to record prefer-
ences using the practice of ranked pairs. In the ranked pairs method,
the informant indicates the preferred plant between a choice of
two, and the plant that is not selected is replaced with a new plant
to complete the pair. Using this method, the plants are compared
until each informant succeeds in choosing the preferred species.

From a conservation perspective, interviews alone have been
used to collect important data, such as (a) the distance travelled
by the population to collect the timber, (b) the time dedicated
to the activity, (c¢) the quantity of collected /consumed timber,
(d) the frequency of collection, and (e) the replenishment time.
The use of interviews alone likely contributes to the method-
ological inconsistencies observed in this field of knowledge,
making it difficult to obtain information directly and accurately.
Regarding distance, Bhatt and Sachan [12] travelled with the
residents to the timber extraction area to measure the distance
travelled and time spent on the activity; however, this is not
always possible because it requires time and depends on the level
of trust that the researcher has built within the community.
Estimates of timber resource consumption are often obtained
solely from interviews, although it would be more rational to
perform a survey of timber stocks inside the homes (see [13]). The
use of interviews is advantageous from the perspective of time,
resource limitations, and logistics [ 14]. In interviews, the following
approaches are used: (a) the researcher directly asks the informant
how much of the resource he/she consumes in a given time inter-
val, using standard measurement units (kilograms and cubic
meters) or local measurement units (head loads, wagon loads, and
the quantity of timber a donkey can carry), and (b) the informant
is asked to separate the amount he/she collects/consumes, which
is weighed by the researcher. Although the latter option is less sub-
jective, both have the potential to generate inaccurate data.
Although interviews are a practical alternative to quickly
estimate the domestic consumption of timber, a number of limita-
tions are evident for this type of analysis. Shankar et al. [14] high-
lighted the following issues: (a) the informant may exhibit a lack of
interest in answering the questions, leading the researcher to
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3.2 In Situ Inventory

record inaccurate data; (b) the lack of appropriate knowledge
about the amount used, i.e., when the informant is asked to give
the weight of timber he/she consumes daily, an incorrect answer
may be given because the person is estimating a weight that he /she
seldom measures; and (c) the intentional distortion of information,
especially in studies conducted in areas where timber extraction
is illegal.

In addition, the following issues have come to our attention
during our investigation of this subject:

1. When the researcher is studying timber resources that have a
long replenishment time, such as the construction of a house,
the probability of recording inaccurate data during interviews
increases. It occurs because in these situations, the replacement
of the timber is performed for only one or a small number of
damaged elements at a time; therefore, it could be difficult for
the interviewee to indicate the amount consumed per time
interval because this consumption is occasional and there is no
frequent collection of the given material.

2. Estimating the quantities consumed using interviews may not
allow the detailing of the quantities per species, which is even
more worrisome when the researcher specifically asks the infor-
mants about the quantities consumed (or collected) per species.
This analysis is even more inaccurate when the gathering events
are random and the informant may have some difficulty
remembering the amount collected for each species. The
consumption data are also impaired because of temporal vari-
ations in species consumption.

3. Seasonal differences may affect timber consumption and con-
sequently influence the informant responses regarding the
consumed quantities. Therefore, if the studied area features
strong seasonality, we recommend interviewing the same
informants two or more times. McCrary et al. [15] and Pote
et al. [9] considered seasonal differences in their consumption
estimates. Ramos and Albuquerque [13] performed a 1-year
monitoring of timber stocks in two rural communities in
Northeastern Brazil and observed a strong influence of seasons
on the volume and richness of the stocked species. The studies
demonstrated that the use of one-time interviews, or even
single inventories, did not encompass the full extent of the
resource usage.

Therefore, as mentioned previously, to increase accuracy, the
data collected through interviews should always be accompanied
by other research methods.

In situ inventories are used to record the plant material, types
of use, species richness, and the diametric classes of timber in
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an informant’s house. During the inventory, the researcher has
the opportunity to estimate the amount of timber (volume or
mass) in a house (see [ 13]). The inventory technique has the advan-
tage of not depending on interviews to obtain information
regarding the actual and current use of the resources; however,
when combined with the interview data, it can be more functional
(see [16]).

Gaugris and van Rooyen [17], in a study performed in South
Africa, compared the data from “interviews” and from “in situ
inventory” on the use of timber species for house construction.
The study investigated the confidence level of these tools incorpo-
rated into models of the sustainable use of the resource. Through
questionnaires, the study demonstrated that five species were high-
lighted, receiving the highest number of citations regarding use.
The authors expected that the same species would be observed at
a high frequency in the in situ inventory; however, only one of the
highlighted species was part of the elements used in the structure
of the houses. The study clearly showed that if the data from the
questionnaires alone were used to aid the conservation efforts in
any restoration project, the conclusions would have been mislead-
ing, generating a distorted representation of the actual situation
regarding the use of the resources.

Despite the importance of the in situ inventory, as with any
other tool, it has limitations that should be considered, such as
the following:

1. Buildings and other timber structures may be covered with
clay or rocks, which makes it difficult to identify the species
used (material). If the studied area exhibits a predominance of
covered materials, it is preferable to use another technique or
to use inventories only to compare the categories of timber use
(e.g., construction vs. fuel) and not to consider classifying the
material according species. However, if the covered material is
in the minority, continue using the inventory method.

2. Unfortunately, it is not always possible to know the reliability
of the local information on timber identification. A reference
guide would help minimize the problem of timber identifica-
tion, enabling the researcher to distinguish the species. To help
identify the materials found in the residences, the reference
guide should contain samples of each timber species and a
morphological description of each sample. Another option
would be to use a checklist interview, such as that reported by
Medeiros et al. [18] in which informants were shown and
asked to identity timber samples. Therefore, the in situ inven-
tory would be constructed based only on local information in
the case of high correct identification rates. These complemen-
tary techniques, although very useful, are relevant only in
long-term studies.
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3.3 \Vegetation
Inventory

The data regarding the vegetation structure are crucial when the
researcher is investigating the status of useful species exploited in a
given forest area and verify whether the plant community could
support the demands of the population (demand vs. supply). An
interesting topic of investigation is whether the species used most
frequently for a particular population corresponds to the species
with the greatest abundance in the area. If there is no positive rela-
tionship between these variables, a group of plants will be more
vulnerable to extraction, and the population structure could be highly
affected over time because of the influence of selective logging.

Other contributions from ecological studies include the assess-
ment of the distribution of useful species based on diameter (age
structure) [19, 20] and the recording of individuals exhibiting
selective logging (Table 2) [9]. An example of this analysis was
reported in a study by Walters [1, 21] in which the individual trees
that displayed evidence of logging were marked during a study of
the vegetation in the natural and cultivated forests in the Philippines.
The author noted that of all the trees sampled, 1/3 of the indi-
viduals in the natural areas exhibited signs of cuts on the trunks
compared with only 8.9 % of species in the cultivated areas. It was
suggested that the increased number of logged individuals in the
natural forests is related to the increased basal area and diameter of
the species. Although an interesting technique, the assessment of
logging is limited in that the researcher cannot know precisely the
intended use of the logged species.

The following precautions should be taken when drawing con-
clusions from the integration of ethnobotanical and ecological data:

1. If several human communities use the same area of vegetation
inventoried and the ethnobotanical study only encompasses
one of these communities, the remnant plant structure might
be the result of use by all of the people from the community
and not necessarily by the community targeted in the study.

2. The local status of plant species might not be a solely result of
timber use; however, timber use is known to exert the greatest
pressure on a species because the extraction method is
extremely destructive. Therefore, we recommend performing
a basic general study before beginning the specific study of
timber uses, which will allow the researcher to understand the
uses related to the timber uses for a given species and infer the
relevance of any additional uses. In addition, when the
researcher is performing the plant inventory, he/she should
note, in addition to the numbers of logged and whole indi-
viduals, the plants showing signs of damage from other uses
(e.g., evidence of bark removal for medicinal use). Even for
studies of specific timber uses, it is important to consider the
diversity of uses in the study area because a plant is often under
pressure from a set of factors and not from just one type of use.
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3.4 Biomass
Aboveground

3.5 Mass and
Volume of Collected/
Gonsumed Timber

3. A species might be rare because of its natural distribution;
alternatively, this actual distribution may reflect the previous
use of the plant. Therefore, the researcher should use caution
when attributing the scarcity of plants to the impact of current
exploitation.

The assessment of biomass available aboveground and its relation-
ship with the local collection needs (supply vs. demand) is seldom
used (Table 2). Certain biomass calculations are labored and
require the logging of the entire tree, which can limit the use of
this technique.

An example of the biomass aboveground application can be
found in Shankar et al. [14]. This study demonstrates that the
demand for firewood in the study area appears lower than for
the net production of the forest (biomass). The data indicate
that the vegetation supports the local demands for the collec-
tion of timber. However, the study recommends considering
the following two caveats for studies that rely on biomass pro-
duction to indicate the sustainability of use:

1. There is a tendency for people to collect timber repeatedly
from the same site in the forest, especially in the areas closest
to settlements; therefore, the impacts of exploitation are not
homogenous throughout the area.

2. People are selective regarding the species they will use, and
biomass assessment considers the species populating the area as
a whole.

Therefore, these limitations should be considered in studies
focusing on the assessment of biomass approach and studies inves-
tigating policy-making and planning in the management of forest
resources.

As mentioned previously, many studies use interviews to estimate
the mass or volume of collected timber. However, a number of
researchers have used less subjective methods that involve the
direct measurement of the timber during the in situ inventory.

To measure stocks or bundles of firewood, most studies use the
unit of mass (kg); however, using the volume of stacked timber
(m?) to measure stock is also common [13]. The volume measure-
ments can be converted to mass, which is the most common unit
for comparing daily timber consumption. For a number of timber
uses, such as the construction of houses and fences, measuring the
volume is recommended because the structure cannot be removed
for weighing. The measurement of volume can be performed
through the geometric measurement of the timber elements (e.g.,
the radius and height in the case of cylindrical elements).

Measuring the mass/volume provides data on the quantity of
collected timber with more accuracy; however, it is noteworthy
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3.6 Footpath Survey

that these methods provide static measurements (punctual) and
should be linked to the data collected through interviews, such
as the frequency of collection and the size of the population
responsible for this activity. This integration of the data allows
for the estimation of the consumed quantities of the resource per
unit time.

Measuring the mass/volume is a time-consuming technique;
therefore, it is recommended for small communities in which the low
number of participating households permits concluding the study
within a reasonable amount of time. Because this technique can result
in the researcher spending a lot of time with a single interviewee, it is
advisable to conduct the inventory in segments and on different days
to avoid exhausting the interviewee.

The use of the in situ inventory method can be extremely inva-
sive because depending on the focus of the study, the researcher
must enter the households and spend time measuring the materials.
Therefore, the level of confidence that the target community has
for the research group and how the people feel about this type of
resecarch being performed inside their homes should be
considered.

The footpath survey technique is seldom used and is usually applied
to the collection of firewood; however, the technique can be
applied to many timber uses (se¢ [13, 22]). The footpath survey
entails the mapping of all points of exit from the forest and placing
people at these sites to observe the exit of collectors and to esti-
mate, visually or by weighing, the amount of collected timber (kg).
McCrary et al. [23] advocates the use of this tool because his stud-
ies were performed in a forest reserve area where the people were
engaged in illegal logging and did not cooperate with the inter-
views, alleging that they did not extract resources from the forest.
In the study, the method enabled the documentation of the extrac-
tion of all forest products from the reserve, creating a complete
pattern of use that generated geographical and temporal data and
information on the type of resource driving the activity.

According to Shankar et al. [14], the data generated from
footpath surveys have limited scientific value because the method
does not consider seasonal variation and can be applied only in
small areas of forest in which the boundaries are well defined and
all entrance paths are known accurately. Therefore, this method
requires a large team to monitor the forest entrances and to mea-
sure the quantity of material. It is also clear that using this method,
the visual measurement of the amount of the resource collected
and the species identification are subjective.

Another issue associated with footpath surveys is that the fuel-
wood collection is often performed in anthropogenic areas and not
just in areas of native forest. In addition, wood can be bought or
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3.7 Weight Survey

3.8 Other
Quantitative
Techniques for
Fuelwood Use

even collected from nearby native forest areas that are not targeted
for assessment. Therefore, these studies should not assume that the
amount of timber collected is the same as the amount of timber
consumed by the local population.

The weight survey method is used to determine the firewood
consumption in kilograms. In each household visited, a stack of
firewood greater than the amount consumed in one day is weighed
and is placed near the kitchen. The determination of this amount
must be performed with the informant’s help to avoid the risk of
leaving a quantity smaller than that consumed daily in the household.
After weighing, the researchers ask the residents to use firewood
only from the pile. After 24 h, the pile is weighed again, and the
difference between the initial and final weights is the daily amount
of firewood consumed. Shankar et al. [ 14 ] used a similar methodology,
visiting selected households in the afternoon and weighing the
entire firewood stock available in the house. In the study, care was
taken to note whether the families had enough firewood to avoid
collecting timber in the next 24 h. The team returned the next day
and weighed the timber remaining in the stock.

This methodology is more efficient if it is applied at different
times in the same residence to avoid estimating the amount of
consumed firewood on an atypical day, which would influence the
interpretation of the results. For example, Fox [24] performed a
weight survey at four different times in each household. If the
study area exhibits strong seasonality, it is important that the
weighings be distributed evenly across the seasons. Shankar et al.
[14] studied the firewood consumption in an area of the Mysore
district, India, and distributed the weighings throughout the three
local seasons (summer, monsoon, and winter).

Because the target of the weight survey approach is consump-
tion, sources of bias should be avoided. For example, if the study
involves investigating the amount consumed by targeting the local
forest areas, the researcher should first investigate if all the con-
sumed material is sourced locally or if some people have bought
timber from different regions. Another issue concerns the identifi-
cation of the weight per species. The weight survey method might
not allow the measurement of the weight per species because the
amount of firewood designated for use by the residents through-
out the day is chosen randomly or in the manner most convenient
for the researcher or the resident (e.g., the timber on the top of the
pile). Therefore, the material is not a true sample of the diversity of
the species used and does not reflect the proper proportions used.

An alternative to performing geometric measurements for each
element one-by-one is to calculate the stacked volume of fuelwood
stocks existing in the households. The calculation is performed by
multiplying the length by the width by the average of five heights
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of the stack. The unit of stacked volume is the stereo, which is
equal to 1 m? of stacked timber and can be converted and estimated
in terms of mass. However, these analyses should be performed
with caution, especially when the measurements are performed in
a static time. The researcher cannot assume, for example, that the
larger stocks represent greater consumption because the collection
events might be less frequent but intense, forming large stocks; the
collections can also be frequent and less intense, with a high
consumption but a less conspicuous stock (see [13]).

For studies of the general timber use, the use of stereo to
measure certain uses and the conventional volume to measure
other uses is not recommended because comparisons between the
uses measured by natural volume and stacked volume are not
accurate. In these cases, cubication factors can be used, which esti-
mate the total solid volume based on the stacked volume.

Brouwer and Falcio [25] used a different approach; a sample
of residences and residents were selected and were encouraged to
record and weigh all of the firewood they consumed during 1
month. This method can provide the exact amount consumed,
without estimates; however, the reliability of local information
again must be considered.

Samant et al. [16] used a community approach in which ten
bundles of fuelwood were selected randomly and the total weight
and the weight per species were measured. Using data, such as the
days of collection and the number of collectors per residence, the
authors estimated the average amount of fuelwood consumed per
day, per residence, and per species.

Abbot and Homewood [26] surveyed the flow of fuelwood for
seven consecutive days per month for 11 months. On the morning
of the first day, the stock was weighed and new elements that were
bought or collected were weighed daily. The output material
(donated or sold) was also recorded. Therefore, the stocks were
weighed again on the last day of the week to determine the weekly
consumption of fuelwood.

In addition to the methods/techniques outlined in this chap-
ter, other methods, such as the economic values, participative rural
diagnostics, and the use of aerial photographs, are included in
Table 2. These techniques are used less often for the study of tim-
ber resources, and currently, they are used as complementary tools;
however, the methods should be investigated in more detail.

As mentioned previously, the data collected through inter-
views should be combined with other techniques to increase cred-
ibility and to provide actual data to aid the conservation issues,
guiding the development of management plans that are appropri-
ate to each site.
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4 Final Considerations

Each method used for the investigation of timber uses exhibits
advantages and limitations and can be useful or not, depending on
the study goals. Therefore, when the resecarch methods are
selected, the purpose of the study should be considered and
should include the context of the community. Above all, the fol-
lowing should be considered: (a) The openness level with the
community; (b) The uses that will be investigated (general tim-
ber uses, firewood, construction of houses, etc.); (c) The aspect
of timber uses that will be studied (knowledge, pressure of use,
patterns of collection, etc.); (d) The influence of seasonal issues in
the study area; (e) The size of the community; (f) The time and
resources available to perform the research.

Finally, we determined that although timber resource studies
are rare, they encompass a variety of approaches and demonstrate
enormous potential for developing more studies on the subject.
Therefore, we recommend the careful review of the domestic use
of timber, including the adoption of different strategies that enable
reliable data to be obtained and that aid conservation and forest
resource management policies. In addition to ensuring biodiversity
conservation, the search for sustainable alternatives for local

communities is needed.
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Ethnobiological Research in Public Markets
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and Romulo Romeu Nébrega Alves

Abstract

Fairs or traditional markets are centers of buying and selling that commercialize plant and animal products and
are important for gathering, concentrating, maintaining, and diffusing empirical knowledge about these
resources. In this chapter, you will first encounter a brief discussion of questions and hypotheses taken from
ethnobiological research on open-air markets. The principal social factors involved in this type of investigation
will be presented along with several methodological problems that researchers face while conducting ethnobio-
logical research in centers at which medicinal resources are bought and sold. Finally, practical suggestions and
recommendations for conducting rigorous research will be discussed from a scientific viewpoint.

Key words Ethnobotany, Ethnozoology, Conservation, Traditional knowledge, Medicinal plants

1 Introduction

Public and open-air markets are public places designated for the
sale of various products that simultaneously function as spaces for
the trade and acquisition of cultural information. Although the
terms are frequently used as synonyms, they are distinguishable, as
public markets have a permanent physical structure and generally
daily operation, while open-air markets may have permanent or
temporary structures and may operate daily or only 1 day a week
[1]. These markets function as hallmarks of a particular culture or
society by reproducing, on a small scale, the cultural and biological
diversity of a region. In these markets, one can find specific sectors
that commercialize plant and animal products for medical ends,

This chapter was compiled from transcriptions of the text originally published in the Journal of
Ethnopharmacology and titled “Medicinal and magic plants from a public market in Northeastern Brazil,”
vol 110, pp 76-91, by Albuquerque et al. (2007), reproduced with permission from the publisher Elsevier
(License No. 3071441454661).

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOl 10.1007/978-1-4614-8636-7_23, © Springer Science+Business Media New York 2014
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gathering from different sources, and maintaining and diffusing
empirical knowledge about these resources. The growing search
for natural products, as part of a socially shared strategy, increases
the importance of these traditional centers. Despite their importance,
however, few ethnobiological investigations have studied the vendors
in public and open-air markets [2]. For Almeida and Albuquerque
[3], it was possible to obtain information in these markets about
the native and exotic flora and fauna of a region, thereby aiding
plans to conserve commercialized resources. These markets also
feed a group of religious practices and beliefs that employ animal
and plant resources in a magical-religious manner [4, 5].
Ethnobiological studies in traditional markets are scarce
because the methods and approaches for collecting information in
these markets are still being developed (Box 1). The studies that

Box 1 Methodology Used for Ethnobotanical Surveys in Public
Markets by Bye and Linares [25] and Reproduced by Nguyen [26]

1. Visit the market early in the morning or during regular hours. This
approach will facilitate your access to the vendors before they become
too occupied with their clients. Regular visits allow for the observa-
tion of changes in product offerings (seasonal fruits, for example).

2. Interviews with the vendors should include: (a) the name of the plant;
(b) indication(s) and use(s); (c¢) preparation(s); (d) collection locale;
(e) whether the plant is collected or cultivated; (f) the habitat or ori-
gin; (g) price; and (h) type of vendor (e.g., collector-vendor, reseller).

3. For proper documentation and collection of the plant:

(a) Verify if the plants were purchased and from what locale they
were collected.

(b) Preparation of voucher specimens: (1) for herbarium specimens,
the material should be pressed in accordance with herbarium
standards. (2) Voluminous or succulent materials should be
dried or preserved in the appropriate liquids. Drying in the sun
is recommended to remove excess water. After these proce-
dures, seck specialists for proper handling of the voucher
specimen.

(c) For seeds, stems, and roots, additional specimen material should
be acquired, preferentially reproductive material (flowers), to
identify the plants.

(d) Photographs of specimens.

4. Visits to the field where the products are collected for the acquisi-
tion of ethnobotanical and ecological information.

5. Identification of the specimen using specific literature, comparisons
with material deposited in herbaria or by consulting specialists.

6. Proper labelling of the voucher specimen.

7. Deposit the voucher specimen, photographs, and notes concerning
the plant in the appropriate herbarium.
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have been completed are basically descriptive and focus on the
diversity of commercialized plants and /or animals [ 6—-13], although
studies have been conducted to understand the importance and
seasonality of commercialized plant species [14] or to take advan-
tage of the market context to discuss quantitative analyses in eth-
nobotanical research [15, 16]. The same descriptive tendency is
found among studies published in Brazil [ 17-22] with several forays
into the origin and conservation of commercialized resources [1,
3, 23]. Martin [24] noted that such studies are essential for assess-
ing the status and conservation of commercialized species.

2 Research Questions and Hypotheses

Generally, studies of local or traditional markets take descriptive
approaches that produce a list of useful plants and/or animals
(e.g., [6, 18-20]). It is rare to find articles that test hypotheses or
propose practical questions and objectives for investigation (cf.
Hanlidou et al. [10]). We present a few examples of questions,
based on the literature (see [10, 11, 13, 16, 27, 28]) that can be
used in ethnobiological studies of markets: What is the origin of
the commercialized plants and /or animals? In what proportion are
wild and cultivated plants or wild and domesticated animals found
in the markets? What parts of the species or what products are
being commercialized? Are there commercial implications to the
conservation and sustainable use of the commercialized species?
What quantity of a commercialized species is used per year? What
natural environments produce the native commercialized species
that are offered in the market? Are there differences in the propor-
tions of commercialized species from different forms of vegetation?
Does the number of commercialized species vary among respon-
dents? If there is variation, what are the reasons? What is the range
of commercialized medicinal flora or fauna in relation to the total
known medicinal flora or fauna of the region? How does the com-
position of the native flora or fauna in each region influence the
choice of commercialized medicinal species? Are there differences
in the taxonomic richness of medicinal species depending on the
geographic location of the markets? Does the price of a commer-
cialized species vary, depending on demand or conservation status?
Is there an overlap of the therapeutic indications for domestic and
wild animals or medicinal plants? Can medicinal products derived
from threatened animal species be substituted with products
derived from medicinal plant species or domestic animals without
placing the possible substitutes at risk? Are the merchants aware
that the commercialization of wild animals is illegal? Are there dif-
ferences in the understanding of the respondents? Is the knowl-
edge system of the market open or closed? Do gender, professional
occupation, time dedicated to the activity and level of education
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affect the knowledge about commercialized medicinal resources?
What is the perception of the vendors about the status of commer-
cialized species from a conservationist viewpoint? Do the commer-
cialized plant and /or animal products vary according to season or
some other temporal consideration? With regard to this question,
for example, Monteiro et al. [16] showed that there were significant
changes in the richness of commercialized medicinal plants over
4 years in the Caruaru Market in Northeastern Brazil, including an
increase in unique species. A similar situation was reported for
medicinal animals in the city of Recife, located in the same region
of Brazil [13, 29].

In general terms, Martin [24] suggests a basic information set
that is important to obtain: (1) information about the vendors; (2)
the origin of the product—questions about the local where the
plants and /or animals are collected; (3) the condition of the product—
dried or fresh, sterile or fertile; (4) the handling and commercial-
ization of the product—cultivated or wild, collected by the vendor
or purchased from others; (5) information regarding the quantity,
price, and availability; and (6) changes in demand for and /or stock
of the commercialized resources.

3 Sampling and Selection of Interviewees

Identification of and contact with the interviewees is a crucial task
for studies on local and traditional markets. In Brazil, there are
clear distinctions among the responses of different informants
based on their experiences and the functions that they serve in the
system. Considering the multicultural nature of Brazil, these
markets also become religious centers. The commercialization of
medicinal plants and/or animals, products and objects for use in
the initiation rites and magical-religious practices of Afro-Brazilian
cults is not uncommon. In this sense, the presence of these
resources for magical-religious use can be broad, depending on the
local context in which they come to the market.

The success of a study and the fulfillment of the proposed
objectives may depend on the appropriate selection of interview-
ees. In accordance with our experience, the following general social
actors can be identified. (1) Vendors, i.e., persons who commer-
cialize products while possessing little information about them.
Sometimes individuals from the same family with a tradition of
selling medicinal species will alternate running the market stand
during the day. (2) “Erveiros (herb healers),” who commercialize
their products and possess profound knowledge about them. (3)
“Doutor Raiz (root doctors),” experienced individuals who are
generally rare in each market and who function as local “doctors.”
These persons may or may not commercialize plants and /or animals,
and they generally keep concoctions or preparations ready to treat
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a wide range of diseases. In Brazil, the name of these specialists
may vary regionally. “Doutor Raiz” (root doctors) and “raizeiro”
(root healers) are understood to be specialists in the collection and
sale of medicinal plants in the markets [30]; other terms also des-
ignate these actors, such as “erveiro” or “ervateiro” (herb healer).
In most cases, the same actors involved in the commerce of medici-
nal plants also commercialize medicinal animals, although a large
portion do not admit to selling zootherapeutic products because
they know that commerce in wild animals is illegal. The clandestine
or semi-clandestine nature of the commercialization of wild ani-
mals is certainly one factor that contributes to the scarcity of
detailed information about this subject.

Related to the selling of medicinal resources, each of these
“doctor” types of interviewees can also be a collector of plant and
animal products, though this role appears less common when they
sell in large urban centers. Normally, these collectors receive plants
and animals through intermediaries; these can be individuals with
experience collecting products or persons who opportunistically
collect and periodically offer plants in public markets. These
intermediaries are key elements in ethnobiological investigations
and are particularly important for studies with conservationist
approaches because they can identify, for example, the collection
sites, the quantity collected and the price that is charged to the sell-
ers. Unfortunately, this social group is rarely accessible to studies
because intermediaries, unlike vendors, are not present at the markets
at regular hours or days. Recent studies have demonstrated the
existence of commercial routes for medicinal plants and animals
among different cities in northern and Northeastern Brazil to meet
the demand for medicinal biological products (e.g., [23, 31-35]).

There are also small, local producers who supplement their
income by cultivating certain species to supply the markets. It is
not difficult to find multiple merchants in one market who depend
on the same intermediaries. The description of “raizeiros” (root
healers) by scholars of popular culture in Brazil in the second half
of the twentieth century remains accurate in various locations in
the Northeast, although many elements have disappeared:

In the various northeastern markets that we visited, the stand of the root user
was always the same: a mat of chili, lying on the ground on which were placed
small piles of roots, bark, seeds, vines, bird feathers, armadillo and tortoise
shells, deer hooves, capybara teeth and nails, horns, snake skin, cans with pow-
ders from certain woods or seeds, lovd and inevitably, a huge bull’s horn, full of
roasted leaves, the indispensable snuff[30].

All of these elements must be taken into consideration for the
selection of informants, especially because people can be found
who only recently became involved in selling products in markets.
For example, Almeida and Albuquerque [3] found that among the
informants in a popular market in the State of Pernambuco, Brazil,
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some stood out for the quality of the information they possessed as
a function of the time they had dedicated to the trade. Furthermore,
public markets can be the stage for a great deal of learning by nov-
ice vendors. Additionally, Bussmann et al. [36], while studying tra-
ditional markets in Trujillo and Chiclayo in Peru, indicated that
the local pharmacopoeia had changed and that the number of
available species appeared to increase due to experimentation by
the vendors. It is not uncommon that the markets are open systems
of knowledge (see [37] for a definition of open and closed systems
of knowledge), as information is frequently traded between ven-
dors, and they can form a consensus as to the use of plants and
animals to treat specific health problems (see [3]). Inter-vendor
trade of products is also common, as a vendor can consult another
vendor when a client does not find a desired product in his or her
stall. The reputation of these specialists varies as a function of their
honesty and their command of the medical and magical-religious
world of the markets. For example, adherents to the Afro-Brazilian
cults tend to seek out vendors with ample knowledge (or a wide
range of products) such that they may purchase necessary materials
to practice their rites. Dishonesty arises when a different plant is
substituted for the one desired by the client. In the case of animals,
it is common to sell products from domestic animals as if they were
derived from threatened wild animals; for example, ox lard (Bos tan-
rus) is sold as if it were derived from a manatee (T7ichechus manatus
or T. inunguis).

The initial contact with the world of the public market is one
of the most delicate tasks because different factors can influence
the willingness of individuals to participate in interviews. These
factors include the following: (1) Fear that the interviewers belong
to an oversight agency (because products from animals threatened
by extinction are commercialized in the market) or that they are
future competitors that are eager to gain information quickly and
easily. (2) The flow of clients in the stands. There are specific days,
known as “market days,” with increased activity in the market.
Visiting on market days is not recommended because there can be
a dangerous competition between the client and the researcher for
the attention of the vendor, and the latter will be ignored. (3)
Personal vanity, when local specialists with good reputations who
have appeared on television or news programmes refuse to talk to
researchers; this reluctance is not uncommon. Our experience has
indicated that the best way to initiate an interview is to explain the
study in great detail within the previously discussed context and to
obtain authorization to conduct the study. The introduction of the
research by an individual who knows the vendors can make the
acquisition of information easier. It is not uncommon for people to
initially refuse the invitation to participate in the study (because of
distrust or fear) but then to quickly become willing to collaborate
when they see that their colleagues are participating in the process
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without great problems. Thus, acquiring the trust of a respected
vendor can help to ease contact with the remaining vendors.
Truthfully, establishing contact with the vendors is considered the
most critical aspect of the investigation [24 ] for reasons that will be
discussed later. The situation becomes more difficult when the
study is related to the trade of medicinal animals, as the majority of
commercialized species are wild, therefore entailing legal implica-
tions (especially for animals on threatened-species lists). Oversight
by environmental agencies is common in the markets and results in
the seizure of medicinal products derived from wild animals. Thus,
the researcher can be mistaken for an undercover agent.

The receptivity of interviewees in public markets is generally
notably different from that in local communities. Fear and distrust
are much more apparent in markets and can lead to frustration for
the researcher because time is lost without gaining the cooperation
of the people. A constant presence in the market, informal con-
versations and the purchase of products for the researcher’s own
use help to bring down these barriers. The researcher must attend
to these considerations because the quality of the information that
he or she receives depends on maximal reduction of biases; an
interviewee can respond quickly and without commitment to sim-
ply extricate himself or herself from the conversation with the
researcher. If respect and patience are necessary ingredients in
any ethnobiological research, in these cases, the investigator must
employ a large dose of both virtues. Certain researchers adopt a
strategy of purchasing plants as a way to financially compensate
the interviewees for their time while simultaneously gaining their
trust [11].

The source of knowledge of these specialists can be varied. It is
common to observe from their speech that their information
regarding plants is obtained from “mateiros” (bushmen) and inter-
mediaries. In this case, the bushmen and intermediaries can be
viewed as “generators” or primary sources of empirical knowledge
about herbal medicine. Moreover, it is not uncommon to encoun-
ter herb vendors who relate the acquisition of their knowledge to
reading books concerning medicinal plants; while being inter-
viewed, they may frequently need to consult such books to remem-
ber the names, indications, and useful forms of the plants. Certain
vendors claim that knowledge can be acquired together with the
clients/users of the medicinal resources. These vendors may seek a
species used by folk medicine to treat a sickness of which they are
already aware. However, there are some vendors who learned the
therapeutic uses of a plant from their parents or close relatives and
who follow in the family path; still, they consult specialized literature
because they have had the opportunity to attend traditional schools.
New means of communication have caused the younger generation
to be less interested in learning the knowledge of the older genera-
tion, leading to the erosion of traditional knowledge transmission.
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Another world of information begins to be perceived, and formal
education begins to remove the youth from the older generation
significant periods of time, thereby reducing youthful interest in the
elders’ knowledge [38]. However, the researcher must be careful in
making such claims. Many studies that encounter discrepancies
between the knowledge of the older and younger generations
explain the findings using the “erosion of knowledge” hypothesis.
In most cases, this hypothesis is a misinterpretation; it is natural for
the older generation to know more, as they have had more time to
accumulate information [39].

Thus, one of the great difficulties in gathering data in public
markets is related to obtaining a large number of interviewees. This
difficulty stems from two principal problems, specifically, obtaining
adequate information and finding study participants. How can
someone respond to questions about this type of work in a process
that requires time and the good will of the interviewees; Good
sense on the part of the interviewer is required first; if it is absent,
those who participate in the study with time restrictions or even
against their own desires may omit information that is relevant to
the study. Bearing these considerations in mind, the selection of
the interviewee group must be careful, criteria-based, and patient.

4 The Collection of Information

Semi-structured interviews are common in studies of public mar-
kets [1, 3, 11, 16, 22, 23, 28]. Our experience has shown that our
interviewees normally become anxious when the interviewer asks
consecutive questions using a questionnaire. We have observed
situations in which the interviewee becomes disengaged while
waiting for the investigator to note something or ask the next
question. Depending on the objectives, problems with the accu-
racy of the information can arise, as an interview is a strongly reac-
tive method. The manner in which the questions are formulated is
particularly important in this environment. May we ask what types
of plants and/or animals you know or indicate for medicinal use?
The interviewee can speak about his or her individual repertoire
but may not discuss the species that are sold. We believe that highly
informal situations contribute positively to the quality of the infor-
mation. The technique of using a free list can be a notably useful
tool in conjunction with the direct observation of commercialized
products. The collection of information can be completed by ask-
ing the interviewees to give information concerning each of the
products that they commercialize. In this manner, additional data
concerning the price, availability, and seasonality of the commer-
cialized species can be directly collected. The selection of a specific
methodology clearly depends on the desired objectives. Successive
meetings and visits with the interviewees are, in our perspective,
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indispensable for the collection and distillation of the information
obtained [10, 11], and they allow for the acquisition of specimens
for taxonomic identification [6, 26].

5 Voucher Specimens

We have no doubts that one of the greatest difficulties in the eth-
nobiological research of public markets is the collection of material
for identification and later deposit; voucher specimens represent
the principal reason for the lack of scientific rigor in many studies,
especially for the most commonly cultivated plants [26, 40].

In the case of plants, Martin [24] emphasizes that the proce-
dures are practically identical for any ethnobotanical survey.
However, it is necessary to emphasize that the collected samples
may be inadequate for deposit in an herbarium or may fail to meet
the requirements of herbarium curators for incorporation into
their collections. All of the ethnobotanical studies in specialized
periodicals indicate the need to reference the number of the collec-
tor or the number of the herbarium for each plant cited. This ref-
erencing is not always possible, however, especially when traditional
Brazilian markets are considered. It is also common to neglect the
collection of highly common materials, which can lead to the loss
of important information. For example, Albuquerque [4]1]
described a new variety of basil ( Ocimum minimum L. var. religio-
sum) sold in public markets in Recife in northeastern Brazil. In the
Caruaru Market, also in northeastern Brazil, Monteiro et al. [16]
found discrepancies in the identification of some plant materials
collected before and after a 4-year interval. Plants with the same
common name were identified as distinct species, genera, and even
families, as in the case of the “espinheira santa” (holy thorn bush).
This plant was first identified as Maytenus sp. (Celestraceae) but
later as Zollernia ilicifolin (Brongn.) Vogel (Fabaceae). Many of
these plants are dried, pulverized, or fragmented when they are
sold, making their identification difficult. Other times, the plant
product consists of only seeds, roots, leaves, or bark from the stem.
In situations where the vendor is also the collector, it is possible to
ask for their assistance in collecting the raw botanical material [ 14,
19]. This approach, however, is not always possible because (a)
there are vendors who are not collectors, and (b) the vendors may
not be available to go into the field. The greatest difficulty is not in
the identification of the plant but in the acquisition of material to
be deposited in an herbarium. Let us consider both difficulties:
identification problems and problems with collection for herbar-
ium deposit.

First, medicinal plants can be identified in the field using samples
that are obtained directly from vendors (either purchased or
collected with their help). For laboratory identification, specialized
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literature and materials from the herbarium are used for comparison,
and help is sought from specialists (e.g., [6]). In the case of a plant
that is sold in fragments or parts, if it is not possible by any means
to collect complete, fertile samples for identification, the only
remaining approaches are to provide a “taxonomic track” based on
the scientific information that is locally available or to attempt to
identify the sample by means of pharmacobotanical procedures
[40]. For example, in our research group, we possess detailed
morphological and anatomical descriptions of certain regionally
common medicinal plants that we use as standards to identify other
samples. As for the collection of material for herbaria, it is difficult
to resolve this problem if the investigators are unable to collect
adequate material. Our experience has demonstrated that purchasing
samples from vendors for incorporation into herbaria as collected
material [11] is not always a reliable procedure. There is no guar-
antee of the accuracy of information, such as the original plant
collection locale, and curators may not accept the specimens. We
believe that researchers should make every effort to collect samples;
it this is impossible, we propose an alternative and complementary
approach: to identify the samples and compare them to herbarium
material that will become “reference material.” Nguyen [26] cites
the possibility of photographing the plant for identification and
incorporation into herbaria. However, this approach should only
be used if collection is impossible. Visual materials represent a
good resource for quick (Internet) shipment to specialists as a sub-
stitute for traditional practices (sending material to herbaria) [26].
Moreover, photographs can be used as supplementary materials to
plant voucher specimens because the exclusive use of photographs
does not provide all of the necessary information. Other options
for researchers include concentrating additional efforts on identify-
ing the intermediaries who supplied the plants and creating their
own mobile herbaria with reference samples; informants can then
be asked whether they match the plants being sold [26]. However,
it is common that interviewees do not recognize the entire fertile
branch of a plant when they only sell the bark, seeds, or roots. It is
important to recognize that plants called by the same name may
not belong to the same species. We have found in the markets of
Pernambuco (Northeastern Brazil) that the bark of the stem of
two species known as “aroeira” can be offered without any distinc-
tion: Myracrodruon wrundewva All and Schinus tevebinthifolius
Raddi. The first species is found in the semiarid areas of the state,
whereas the second occurs more commonly, whether cultivated
or naturally, in areas closer to the coast.

The difficulties encountered in obtaining voucher specimens
tor ethnobotanical research are similar to those observed in ethno-
zoological research. Medicinal animals can be sold whole (in the
case of smaller species), but in most cases they are sold in parts such
as feathers, paws, fur, leather, teeth, lard (fat), milk, meat, horns,
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spine, scales, nails, blood, penis, bones, liver, meat, heart, head,
testicles, bone marrow, eyes, ears, or other parts. In this form,
either the entire animal or isolated parts can serve as voucher
specimens, depending on the species or the part that is sold.

In the case of small animals that are sold whole, voucher speci-
mens can be acquired from the merchants through donations or
purchases. In the case of larger animals, in most cases, the com-
mercialized parts make it possible to identity the species. Skeletal
elements such as skulls allow for the identification of many species
of mammals, reptiles and birds, and they are commonly accepted as
voucher specimens in zoological collections. Considering that
different medicinal products can be obtained from the same spe-
cies, it is possible that one zootherapeutic product (fat, for instance)
will not allow the rapid identification of a species, but other deriva-
tives, such as the bones or skin, do permit identification.

Photographs of commercialized parts can also be used for
identification, depending on the species. Reference images of the
species can also be shown to the vendors such that they may con-
firm the identification of the animal products. As a last resort, a
taxonomic track can be used, and for this approach, we recommend
consulting both the specific literature (searching for published
studies performed in the region) and specialists who work in local

universities and know the composition of the regional fauna.
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Chapter 24

Techniques for Analysis of Quantitative
Ethnobiological Data: Use of Indices

Valdeline Atanazio da Silva, Viviany Teixeira do Nascimento,
Gustavo Taboada Soldati, Maria Franco Trindade Medeiros,
and Ulysses Paulino Albuquerque

Abstract

Quantitative techniques for the analysis of collected data have become increasingly popular among
ethnobiologists and ethnobotanists in particular. Since the 1990s, a number of techniques have been
proposed, and many authors have adopted them in their research. However, this acceptance of quanti-
tative techniques was not accompanied by an analysis of their limitations and weaknesses. This chapter
presents a discussion of the role of quantitative techniques for the analysis of plant data and an over-
view showing some of the most commonly used techniques. These include examples cited in some
reviews, along with more recently proposed additions and limitations for some of these examples. The
techniques discussed here were extracted from ethnobotanical works but are nevertheless applicable in
other fields of ethnobiology.

Key words Quantitative ethnobotany, Quantitative indices, Data analysis in ethnobiology

1 Introduction

The use of quantitative techniques is becoming increasingly popular
among ethnobiologists and ethnobotanists in particular (see [1,
21). This popularity, however, has not been accompanied by the
necessary analysis of the limits and weaknesses of these procedures.
Researchers need to fully understand the assumptions that are
made when adopting a specific quantitative technique to analyze
their data. They also need to be aware that “measuring” traditional
knowledge is not an easy task, insofar as it involves different dimen-
sions (theoretical and practical) and elements (plants, animals, soil,
etc.). Because many techniques have been proposed in the litera-
ture and because a method may not be appropriate for a specific
question, the aspect of knowledge measurement warrants further
consideration. For example, techniques used to analyze theoretical
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knowledge, such as the potential uses of a plant, do not necessarily
capture the real use of the resource [3].

In 1996, Phillips [ 1] made an important revision to the tech-
niques used in ethnobotanical studies by considering the degree of
subjectivity (large or small) in these studies and by dividing them
into three principal types: (1) informant consensus, (2) subjective
allocation, and (3) aggregation of uses. Hoffman and Gallaher [4]
conducted a new analysis of ethnobotanical research techniques
and used the RCI (relative cultural importance) term for designat-
ing the different techniques cited by Phillips [1] as well as more
recent techniques (Table 1). Although these techniques were pub-
lished as components of ethnobotanical studies, they are neverthe-
less applicable in other fields of ethnobiology. In 2011, Medeiros
et al. [2] analyzed 87 different techniques according to the three
principles cited by Phillips [1].

As one example, informant consensus permits the analysis of
the “relative importance of each use because it is calculated directly
from the degree of consensus of the responses of the informants”
[1]. A high consensus among informants indicates that a plant is
well known in the community and further suggests possible efficacy
or validation of the knowledge for a specific end. For example,
consensus may lead to some strong candidates as a source of a
particular active ingredient for future scientific investigation [5]. In
this sense, the techniques based on informant consensus assume a
correlation between the importance of a plant and the extent of
shared knowledge of that plant within a social group. In other
words, the more important a plant, the more people know and
recognize it as a resource. Some of the most commonly used tech-
niques in ethnobotany belong to this category of informant con-
sensus. The use value (UV) technique, for example, was originally
published by Phillips and Gentry [6, 7] and estimates the knowl-
edge that people have about plant use.

The subjective allocation of the relative importance of each
species reflects the mode of “seeing or understanding” of a specific
culture by the investigator [1]. The studies carried out by Turner
[8] and Stoftle et al. [9] are examples of this type of study that use
the cultural significance index (CSI) to quantify the importance of
useful species for traditional groups. These techniques assess the
relative importance of each species by considering “categories”
that are developed by investigators from their experience in the
field and are thus very subjective. For example, while studying a
specific group, the investigator may perceive that the plants or
animals associated with religious rituals are highly valued locally.
This could result in the creation of a “religious” category to be
considered in the relative importance calculations. The values of
the resources would be attributed as follows: 0 for a resource that
is not used in the rituals; 0.5 if the species plays a secondary role in



381

Techniques for Analysis of Quantitative Ethnobiological Data...

¢asn jo 103218

105 9[qrssod

S L) Le) ON LE) LR LR LE) £ SISAeUe [ednsnelg
JeaIe /1e31qRy
105 9[qrssod
ON ON A ON S ON L) CE) B SISAeUE [ed1ISTelSg
sIsATeue
pue UondI0d
ysSryg JIELIIPON ysSryg JIEIIPON ysSryg JIEIIPON JeIIPON MO MOT BIEP JIOJ dWIT,
Jeos Jeds
[eurpio onelx parerousg
snonupuo))  SNONURUO)) SNONURUO)) SNONUDUO)) SNONUNDUO)) SNONUNDUO))  SNONUDUO)) 12ISI(J  IISI( eIep Jo odAT,
9z1s ojdures o1
ON ON ON ON ON ON ON L) ) JADISUIS POYIIN
LR LR L) L) L) LR ON ON L) sonea 2And2(qO
SO L2 LE) X X X X ON ON poyzow 11dxy
[e] anjen [6g] Bunjues  [9g] anjen  [gz] anjea 9]  [11]19n9)] [vel [1€] sasnjo  eusyuo sishjeuy
21LI0U093 pue juewLiojul asn |ejol  dguepodwy anjen as() Ayopl4  aoueayubis  anjea as( wnsg
‘leanoe.d pidey leanyng
‘leanyng

([2] wouy payyipow) saaipul asuepodw aanejal ay} jo uosuedwor)

I 31qeL



382 Valdeline Atanazio da Silva et al.

1.1 Informant
Consensus

the rituals; and 1, the maximum value, if a species is the central
element in the religious traditions of the investigated group.

For the sum of uses, the indications for each resource by usage
category (e.g., construction, medicinal, food) and by taxon or type
of vegetation are summed to determine the importance of the
species or its uses. Thus, these techniques assign greater impor-
tance to more versatile resources, i.c., those with more uses and
those belonging to a larger number of categories. This technique is
frequently used because it is rapid and practical. This makes it espe-
cially useful in the initial or exploratory phase of analyzing data
[1]. One example is increasing the percentage of use of a species in
a specific area, as in a study by Carneiro [10] that evaluated the
percentage of use of 0.7 ha of forest by the Kuikuru Indians in
MatoGrosso, Brazil.

A brief analysis of some of the techniques used in the literature
follows. It should be noted that the majority of the techniques can
be used to test use hypotheses and/or knowledge about natural
resources.

1. Friedman et al. [11]—F:delity level (FL): This technique was
described for the medicinal uses of plants and considers only
one use category. However, it can be adapted to any category.
The technique relies on agreement among informant responses
tor a principal therapeutic indication.

FL=(I,/I,)x100%

where:
FL =fidelity level

I,=number of informants that cited the principal use of the
species

I, =total number of informants that cited the species for any
purpose

Consider the calculation of FL for “species x.” Suppose that
out of 100 informants in the community, 30 cited the species for a
total of five therapeutic indications: “to cure flu,” “cough,” “head-
ache,” “cleaning the blood,” and “worms.” Of these uses, “cough”
had the greatest consensus. That is, it was cited by the largest num-
ber of informants, 20 in total, making this the principal use of
“species x.” The index for this species would be calculated in the
tollowing manner: FL=(20/30)x100, resulting in a value of
66.66. The calculation of this index demonstrates that relative
importance considers informant consensus on two levels: (a) the
distribution of the most important information in the social group
and (b) the distribution of knowledge of the species in the social
group. This index has been used by various authors including
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[12, 13]. The same authors also proposed a second index, rank
order priority (ROP), which combines FL, the previously calcu-
lated index and the RP (relative popularity).

ROP = FL x RP,

where:
ROP =rank order priority
FL =fidelity level (see previous calculation)

RP =relative popularity

To calculate the relative popularity (RP), the original paper
[11] proposed that each species be primarily classified as popular or
unpopular. For this purpose, a coordinate system is used in which
the number of respondents who mention each species is plotted on
the abscissa and the number of different uses for each plant is plot-
ted on the ordinate. The intersection between the two lines defines
the zone that separates popular from unpopular plants. After all
species have been plotted on the graph, the stabilization number
can be determined, i.c., the value at which the number of uses of
the whole plant does not increase even if the number of respon-
dents increases. To calculate the RP of unpopular species, the num-
ber of citations of the species can be divided by the stabilization
number. The RP is then defined as 1 for popular species and <1 for
unpopular species. A simplified calculation of RP has been proposed
[14] in which the ratio of the number of informants who cite a
given species to the number of informants who cite the most fre-
quently cited species is determined.

Considering the previous hypothetical situation, “species x”
was cited by 50 informants and was the most frequently cited
species. The ROP calculation for “species »” would be as follows:
ROP=(66.66)x(30/50), for a value of 39.99. Thus, the ROP
includes the new consensus level—the distribution of knowledge
of the species in relation to the richness of the resources cited in
the studied use category.

2. Troter and Logan [15]—Informant consensus factor (ICF):
These authors sought to identify body systems (or categories
of diseases) with greater relative local importance (emphasis).
Body systems are a subcategorization of the medicinal use
category, as they group together diseases related to diverse
systems, such as “respiratory system diseases,” “genitourinary
system diseases,” and “digestive system diseases” [16, 17]. The
body systems can be obtained from the ICD (international
classification of diseases). The ICF index can nevertheless be
used for any use category. For example, it could be used for the
use category “timber” with the following subcategories: “timber
for artifacts,” “timber for domestic construction,” and “timber
for rural construction.” The investigator should order the
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popular indications as subcategories to allow for a more
detailed analysis of the categories of use. Examples of the
use of the ICF index include [13, 14, 18, 19].

The ICF is determined using the following formula:

ICF = (nur _nt)/(nmf _1)’

where:
ICF =informant consensus factor
n,.=number of citations of uses for a subcategory

n,=number of species used for a subcategory

The maximum value that can be assigned to a subcategory is 1.
The closer a subcategory is to this value, the greater the agreement
among the informants about the use of the species in the different
subcategories. Imagine that there are 30 use citations for the body
system “respiratory system diseases,” with three therapeutic indications
(“cough,” “flu,” and “expectorant™) distributed among four species.
The ICF calculation for this subcategory (respiratory system dis-
eases) would be as follows: ICF=(30-4),/(30- 1), which gives 0.8965.

3. Phillips and Gentry [6, 7 |— Use value: The use value index is
currently the most widely used technique by investigators, and
examples of its use include [13, 20-23]. For this index, the
relative importance of a plant reflects the number of uses
assigned to it. The results using this technique are commonly
interpreted as the pressure on a given resource resulting from
use, considering the logic that the most well-known resources
are also the most used. However, no studies have established a
direct relationship between use value and the real pressure on
a given resource resulting from use [24].

The use value, as conceived by the authors, is calculated using
the following formula:

UI/i: = ZUi: / ni:’
where:

UV,,=use value of species s to informant 7

U,,=number of uses of species s mentioned in each event by
informant ¢

n;=number of events in which informant 7 cited species s

Note that this index determines the use value of the species by
the informant. With the same informants, various meetings (events
or interviews) are necessary for the same species. Imagine that
informant A was visited five times. In three meetings, informant A
cited seven uses for “species y” in the following way: “cure cough”
at meeting 1; “cure cough,” “cleanser,” “stakes,” “firewood,” and
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“juice” at meeting 2; and “cure cough” at meeting 3. The use
value of “species y” for informant A would be calculated as follows:
UV,=(1+5+1)/3, giving a value of 2.33.

Next, to obtain the total use value of “species y,” the individual
use values for the species are summed using the following equation:

= ZUI/” / ns’

where:
UV,=total use value for species s
n,=number of informants interviewed for species s

To calculate the total UV, for a given species y, assuming that
informant B cited 4, 3, and 5 uses in 3 respective meetings (the
same number of meetings with informant A), UV;=(4+3+5)/3,
yielding a value of 4. Thus, the UV, of the species can be calculated
as (2.33+4.00)/2, resulting in 3.17.

Phillips and Gentry [7] also proposed comparing the relative
knowledge of each informant (“relative use value,” RUV)), as cer-
tain informants tend to know less about plant resources than others.
The formula for calculating RUV;, is as follows:

RUV, =[Y(UV, /UV,)/n],

where:
RUV,=relative use value for informant ¢
UV,,=use value for each species s cited by informant 2

UV,=total use value estimated for each species described in the
study

n;=for each informant, the number of species with data from two
or more other informants

The botanical family use value can also be calculated using the
following formula:

FUV = YUV, /n,,

where:
FUV =family use value, which equals the average total use value for

each species in the family
UV=use value of the species belonging to the family
ny=number of species in the family

Consider the following hypothetical scenario: the family
Anacardiaceae is represented by the three species x, y, and z, whose
respective total use values are 1.09, 0.89, and 0.034. The family

use value would be calculated in the following way:
FUV=(1.09+0.89+0.034)/3, which gives 0.67.
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Modifications to the use value calculation have been proposed
by different investigators ([25, 26]—see item 6). In [25] the
author calculated the use value of a species using the following
formula:

uv =>U/n,

where:
UV=use value of an species
U=number of quotations per species

n=number of informants

This formula represents a simplification of the index calculation
originally by Phillips and Gentry [6], but it should be noted that
for this calculation, the repetition of interviews/events with the
same informant is not necessary.

Consider the following scenario in which 57 members of the
community are interviewed. During the survey, three species are
mentioned: x, ¥, and z, which received 10, 20, and 5 citations, respec-
tively. Thus, the use value for each species can be calculated as the
ratio of the number of citations to the total number of respondents
as follows: 4(10,/57=0.17), ¥20,/57=0.35), and 2(5,/57=0.09).

4. Bennett and Prance [27]—Relative importance (RI): The
formula for RI is relatively easy to use and has been employed
in the study of medicinal plants. Using this index, the utility of
plants reflects versatility of use, e.g., a greater number of thera-
peutic indications or body systems to which it belongs. The
index is divided into two factors, and the maximum value that
can be assigned to a species is 2.

RI = NBS+ NPH,

where:

RI=relative importance

NBS =number of body systems

NPP =number of pharmacological properties

The two factors are calculated using the following formula:
NBS =NBS; (the number of body systems treated by a specific

species) /NBSgy (number of body systems treated by the most
versatile species)

NPP = NPP; (the number of pharmacological properties attributed
to a specific species)/NPSVqy (number of pharmacological
properties attributed to the most versatile species)

Suppose that in a traditional pharmacopeia, “species x” is the
most versatile species, with 15 indications distributed over four
body systems. “species ¥” receives seven citations for use in two body
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systems: RI=(2/4)+(7/15), resulting in 0.97. This index confers
the greatest importance to the species with the greatest number of
uses, without taking into consideration the number of people that
cite the uses. To convert to a scale of 100, we multiplied the com-
bined scores (NBS + NPH) by fifty yielding a relative importance of
48.33 for “species y.” Like the FL index of Friedman et al. [11],
the RI index can be adapted for any use category.

5. Byg and Balslev [28]: These authors proposed a set of tech-
niques to evaluate the knowledge of the use of a species of
palm trees, and the proposed indices can be applied to diverse
situations. In the following description, the palm trees were
substituted with species so that scholars can use the formulas
more generally for plant resources (Table 2).

6. Gomez-Beloz [26|—Reported use (RU): This index designates
the total number of uses reported for each plant. The author
considers this index to be similar to that of [6, 7], but it differs
by the fact that the informants have been interviewed only
once (one event). In addition to the total RU, the author pro-
poses additional formulas for calculating the following: the use
value for each plant and part of the plant (PPV), the specific
use (SU), the intraspecies use value (IUV) and the overall use
value (OUV). The Table 3 contains all of the formulas for each
calculation proposed by Gomez-Beloz [26]. This index assigns
species value according to the total set of uses that are attrib-
uted to it; it does not consider how knowledge about the plant
is distributed locally.

7. Lawrence et al. [29]—Rapid informant ranking (RIR):
Informants list the ten most important taxons. The rank of the
species is converted into a score. For example, the most highly
ranked species receives a score of 10, the second a score of 9,
the third a score of 8, and so forth. The final ranking of the
plant is based on the sum of the ranking of the species by all of
the informants, as follows:

1
RIRtaxon = 5(27_;11 / Nm + 22} / Nf),
where:

RIR,,on=rapid informant ranking for a given species

T,,=total of the scores given by the men for a specific species

N, =number of men that were interviewed

Tr=total of the scores given by the women for a specific
species

Ni=number of women that were interviewed

Imagine a community in which ten men and seven women are
interviewed. Four men cite “species y” among the ten most important
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Table 3
Formulas designated for the calculation of different aspects of the reported use value
according to Gomez-Beloz [26]

Technique Formula

Plant part value Ratio of the total number of reported uses for a given part of a plant (RU e pare))
(PPV) to the sum of the reported uses for all of the parts of the plant (} RU)

Specific reported Corresponds to the number of times that a specific use was cited by an
use (SU) informant

Intraspecies use Ratio of the specific use (SU pune parr)) to the reported uses for the part of the
value (IUV) plant (RU grant pare))

Overall use OUV=PPVxIUV. Compares the importance of uses among a group of plants
value (OUV)

species, allocating it to the first, third, ninth, and fourth positions
in the ranking, which correspond to scores of 10, 8, 2, and 7,
respectively. Two of the seven women also cite “species y.”
Following the same logic, the scores assigned are 5 and 4. Thus,
the calculation for “species y” is as follows: RIR=1/2[(10+8+2 +
7)/10+(5+4)/7], equaling 1.99.

8. Castaneda and Stepp [30]—Ethnoecological importance value
(EIV): This proposed method estimates the relative impor-
tance for a particular habitat (type of vegetation). This index is
calculated for each species in each habitat and allows for a
quantitative comparison of the ethnoecological value that
particular habitats have to different gender, age, or cultural
groups according to their abundance of species. The following
formula is used:

EIV =Y (S)(n, / N,),

where:

EIV =cthnoecological importance value;

S=species salience;

N=total number of species encountered in the study;

N, =total number of individuals of the species x encountered in
all of the habitats in the study;

n,=total number of individuals of the species x found in a
habitat.

Thus, the EIV of a habitat is the sum of the ethnoecological
importance of each useful species contained within it. The ethno-
ecological importance of each species is the product of the species
cultural salience (S) times its relative abundance (#,/N,).



1.2 Subjective
Allocation
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The calculation of EIV requires the following steps [30]:

. Free lists must be made in the community calculating the

salience (§) for each species mentioned. The salience can be
calculated, for example, from rankings using a similar method-
ology to the RIR index proposed by Lawrence et al. [29], with
values assigned to the species on the free list.

. Field plots in the habitats are required to determine the abun-

dance of the species (the total number of individuals that occur
in each habitat) and the relative importance of each species
from an ecological point of view.

. The ethnoecological value of each plant is calculated for each

species in each habitat.

. The ethnoecological value for all of the species in each habitat

is summed to determine the EIV.

. Prance et al. [31]—The calculated use value of a plant reflects

the biases of the investigator. Thus, plants of lesser use,
according to the field observations of the investigator, receive
avalue of 0.5, and the more important plants receive a value of
1.0. The total value of a plant is given by the sum of the values
calculated for each of the uses of a plant. This is an extremely
subjective technique that depends on the “view” of the inves-
tigator. Consider a community in which the following five uses
are given for “basil”: “to cure flu,” “cough,” “dispel the evil
eye,” “make tea,” and “garnish.” The investigator considers
the medicinal and religious applications as the most important
and assigns points accordingly: 1 (“to cure flu”), 1 (“cough”),
1 (“dispel the evil eye”), 0.5 (“make tea”), and 0.5 (“garnish”).
The calculation would be as follows: UV=1+1+1+0.5+0.5,
totaling 4.0.

. Turner [8]—Subjective allocation predominates among the

techniques that analyze the value or importance of a species.
The CSI proposed by Turner [8] aims to record the role of
plants in a culture. The term cultural significance had already
been used by Hunn [32] to indicate the importance or role
that a taxon plays in a culture. Berlin et al. [33] understood
cultural significance as the practical value of biological knowl-
edge to a given culture. The CSI, initially proposed by Turner
[8], and later modified by Stoftle et al. [9] without substantial
alterations, was severely criticized for preestablishing use values
for species according to their category of use, once again
reflecting the “view” of the investigator.

The CSI, according to Turner [8] and Stoffle et al. [9], is

represented in the following manner:

CSI=YCSI(g-i-e),
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where:

CSI=cultural significance index
g=quality of use
s=intensity of use

¢=exclusivity of use

The variation for the values attributed by the investigator are
g=5to 1;4=5to 1;and ¢=2 to 0.5.
This index was altered by Silva et al. [34] in the following way:

CSI=Y(i-e-c)-CF,

where:

CSI=cultural significance index
7=management of the species
e=preference of use
c=frequency of use

CF =correction factor

The values of the variables e,” and “c” are either 2 or 1

and are determined by each citation of use. These modifications
lend a more objective character to the formula while diminishing
its subjectivity.

Management of the species (1) refers to the impact of the plant on
the daily life of the community [8].

Preference of use () represents the preference of use for one spe-
cies in relation to another for a specific function [8].

Frequency of use (c) considers the currently used plants. In agree-
ment with the values proposed by Stoffle et al. [9], it attributes a
value of 2 to plants that are currently known and used and a value
of 1 to plants that are rarely cited.

The correction factor (CF) takes into consideration the consen-
sus among the informants. The value comes from the number of
informants that cited the species divided by the number of infor-
mants that cited the most cited species.

In short CSI equals the sum of each value (z-¢-¢) for a given
species—for each use that it may have—and this sum is multiplied
by the CF value.

Below is an example of a CSI calculation:

The “species x” is an important plant cited as: treatment for
kidney problems, firewood, and making stakes. Thus, CSI “species
x” =Y (species &’s value as kidney problems) + (species &’s value as a
firewood) + (species &’s value as a making stakes)-CF. “Species x” it
is important to the community, it is assigned a value of 2 for “man-
agement of the species”; because it is preferred for the kidneys
problems, it receives the value of 2 for medicinal use, and receives

«, 9«
i’
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a value of 1 for firewood use and making stakes. Because it suffers
a constant use impact, the “species x” receives a value of 2 for
“frequency of use” in each use. Finally, the value of the correction
factor is 0.75 because the “species x” is cited by 37 informants,
while the most cited species is cited by 49 informants. Thus, the
index calculation is as follows: CSI “species #”=[(2x2x2)+(2x1
x1)+(2x1x2)]x0.75, resulting in a value of 12.08.

1.3 Sum of Uses For this index, the uses are simply summed by category, vegetation

type, or taxon, which is useful for the first analysis of the data [31,

35, 36].

2 Final Considerations

Studies are still necessary for the evaluation of the quality and ade-
quacy of the large quantity of currently available techniques for
their proposed objectives (see [2, 3]). Furthermore, the constant
publication of new techniques impedes “standardization” among
investigators and studies. This does not mean that new techniques
should not be developed but that there should be some criteria for
their creation. How do you compare data and establish relations
between studies and communities if there is a new technique with
each new publication? At the same time, there is a need to establish
a procedure that can “translate” or “measure” the importance of
plant resources to a given community.

With regard to the relative importance of species, another
aspect that should be considered is that knowledge of the use of a
plant by an individual or a group of people does not necessarily
imply that the plant is being used effectively. Many of the discussed
techniques emphasize the potential for use. The difference between
these two “moments” must be observed at the time of study.

Despite the succinctness of this exposition, the reader is invited
to reflect on the techniques that are used in his or her own
studies, as observed by Hoffman and Gallaher [2]. It should
be emphasized that techniques based on informant consensus are
more robust and function better for specific types of inferences
and analyses.
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Chapter 25

Ecological Methods in Ethnobotanical and Ethnobiological
Research: Using Diversity Measurements and Richness
Estimators

Nivaldo Peroni, Helder Farias Pereira Araujo, and Natalia Hanazaki

Abstract

This chapter discusses the application of diversity measures for ethnobiological and ethnobotanical data
sets. Diversity measures are based on the assessment of the heterogeneity of information, with two main
components: richness and abundance. In ecological studies, this information is usually equivalent to
heterogeneity in the distribution of individuals of different species in a given area. In studies in which we
are dealing with local knowledge about species—i.e., vernacular names, ethnogenera or ethnospecies—
information often corresponds to the quotations from each respondent about the perceived items. In
ethnobiological research these analyses allow us to broaden the discussions on the evaluation of sampling
effort; on the comparability between data sets obtained from different regions; on the objective analysis of
the distribution of knowledge within a given human group; and on the possibility of integration ethnobio-
logical data with ecological and biological information.

Key words Diversity, Richness, Evenness, Rarefaction, Sampling effort

1 Introduction

Anthropology has played a central role on influencing the origin
and development of ethnobiology and ethnobotany. The growth
of these fields is reflected in the development of their methodology,
which has incorporated increasingly quantitative approaches, to
complement the more qualitative approaches. An important
contribution came between the 1980s and 1990s, with the publi-
cation of manuals discussing methodological issues in ethnobotany
[1-3], and articles that dealt with quantitative approaches [4-7].
In the Brazilian context, there are few publications with
emphasis on methods in ethnobotany and ethnobiology (see, e.g.,
[8-10]). In particular, the application of ecological methods in
ethnobotanical and ethnobiological research can be illustrated by
article [7, 11-13]. It is also important to remember authors who
have used ecological methods, like the use of diversity indexes as

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
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estimators of food niche breadth (e.g., [14-16]). Commonly
used taxonomic and ecological methods, such as multivariate
analysis, also have a wide applicability in studies of this nature (e.g.,
[17, 18]).

Among the various ecological methods which may be applied
in ethnobotanical research, this article discusses the application of
diversity measurements and richness estimators for ethnobotanical
and ethnobiological data sets, based on surveys conducted in the
southeastern region of the Brazilian Atlantic coast [12, 19,20] and
on mangrove-estuarine complexes on the northern coast of the
state of Paraiba [21]. The potential application of ecological meth-
ods in ethnobotanical and ethnobiological research lies in some
interrelated factors, such as, for example: evaluation of sampling
effort; comparability between data sets obtained in different
regions; the ability to objectively analyze the distribution of ethno-
botanical and ethnobiological knowledge; the applicability of
ethnobiological and ethnobotanical studies in conservation
programs; the possibility of integrating ethnobotanical and ethno-
biological data with ecological and biological data; and the possi-
bility of evaluating patterns of biological and cultural variation.

2 Measurements of Diversity

Diversity simply reflects the variety that exists in a certain place,
and refers to the number of categories that can be differentiated,
and the proportions (or relative abundance) of the objects in each
category. Biological diversity, or biodiversity, includes diversity
among species (diversity of organisms) within species (genetic
diversity) and diversity of communities or ecosystems (ecological
diversity) [22].

A more intuitive measure of diversity is the number of indi-
viduals in a given area. A count of the number of species present in
a community expresses its species richness, which corresponds to a
simple measurement of diversity. However, only obtaining the
number of species present in a community does not provide infor-
mation regarding species abundance, or rather, which species are
rare and which are common.

The second important component is the evenness of diversity.
To ensure that diversity measurements confer different weights to
rare and common species, it is necessary to consider the equitabil-
ity among species in the sample, in other words, its abundance.
Figure 1 illustrates two hypothetical communities, both with eight
species and 32 individuals. Despite having the same species rich-
ness, the abundance of the eight species is more evenly distributed
in community “b,” where all species have the same chance of being
sampled. In community “a” there are some more abundant species
(e.g., the fish and white flowers), while other species are less
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Fig. 1 Two hypothetical communities “a” and “b,” with eight species and 32 individuals each

2.1 Analyzing
Citation Diversity
When Considering
the Components
of Richness and
Abundance

common (e.g., the dog or black bird). When comparing these two
communities, considering their richness and abundance, commu-
nity “b” is more diverse than community “a.”

Since diversity measures mostly evaluate the heterogeneity of
the information, for ethnobotany and ethnobiology these concepts
must be translated into questions like, for example: what is the rich-
ness of species or item citations in a sample of users within a com-
munity? How do groups between and within communities differ
based on species diversity and /or items cited? How many species/
items could still have been cited if the sample size (number of
respondents) were increased? Is there any relationship between pat-
terns of known species and species availability in the environment?

To measure the diversity of a community considering both richness
and abundance, relatively simple indices may be used, such as the
Simpson diversity index. This index is calculated by determining,
for each species, the proportion of individuals (or biomass) that
contributes to the total of the sample. The Simpson index (1/D)
corresponds to the inverse of dominance in a community (D),
which is calculated by Eq. 1:

D=3 pi’ (1)

where p is the proportion of the total number of species to the ith
species. In ethnobotany and ethnobiology, the number of individ-
uals of each species can be replaced by the information that is being
measured: for example, the number of citations for a given animal
or plant.

Since the Simpson diversity index is a measure opposed to
dominance, the complementary value to dominance, or 1 - D, can
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2.2 Analyzing the
Diversity of Citations
Considering the
Richness of Species
Citations

also express the index. This index reflects the probability of any
two individuals caught at random belonging to the same species. It
is also a measurement of dominance, known as a measure of the
concentration of individuals into a few species.

Another index that is often used is the Shannon index, also
known as Shannon-Wiener index (H). This index expresses the
probability of correctly identifying an individual picked at random
from a sample, and is given by Eq. 2:

H =-Y pilog pi (2)

where p is the ratio of the total number of species to the ith
species.

Although it has been used extensively, the Shannon-Wiener
index is highly sensitive to sample size. Some of these measures are
discussed in the following section and can be adjusted to ethnobo-
tanical and ethnobiological studies, see for example [23, 24]. In
order to analyze the diversity of a data set, whether it is species, items,
or citations, it is reccommended to use different measures of diversity.
For a more in-depth approach to the topic, consult [25, 26].

Each index has peculiar characteristics and may be more appro-
priate for specific situations. For example, in the case of registration
of all species in a given location, rather than a sample, it is recom-
mended to use the Brillouin index (HB), given by Eq. 3:

log, N!- z:log2 n,!
- N

HB

(3)

where N is the total number of species and #; is the number of
occurrences for each species.

Often we have to resort to the use of sampling, since it may be very
difficult and expensive interviewing all residents of a community,
or determining all the species within the community’s gardens, for
example. However, when sampling, it is important to take into
account the influence of the sample size on the number of items
mentioned or present in the samples. It is also important to be
careful when drawing comparisons between locations with different
sample sizes. Moreover, often times the interest of this work lies
only in the analysis of species citation richness, independently of
their distribution abundances. Although it is easy to compute the
number of species cited in a sample, there is a possibility of
computing more species citations if our sample size or our sampling
effort were increased.

Therefore, we can then make use of “extrapolation,” or so-
called “richness estimators,” which will provide an estimate of the
number of items (e.g., species) that could have been computed at
a given location, without necessarily taking into consideration the
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quantity (abundance) of individuals or number of citations per
species. The literature on ecological richness estimators continues
to increase, for example the application of this approach in ethno-
botany [13, 27, 28]. For an in-depth theoretical work, consult
[29-32]. It is also important to reinforce that some of the methods
presented assume that each sample unit represents a set of items in
a single sample unit, where curves are “based on samples” [31]. In
a guided tour, for example, where informants identify species,
there is a sequential accumulation of individual species. Other
approaches could also be used for curves “based on individuals,”
for example, [33] and classical rarefaction [34 ], which is discussed
later in this chapter.

Species richness computed in interviews will depend on the
intrinsic characteristics of the informants and the community where
the study is being conducted, as well as the sampling effort for data
collection. A simple way to evaluate the sample effort is to adapt
the species accumulation curves, widely used in ecological studies,
to assess accumulation of cited species from interviews.

Accumulation curves can be useful even in the early stages of
data collection when the botanical or zoological species has not
been identified. In this case the analysis of accumulation curves
using citations of popular names allows for the evaluation of the
sampling effort, allowing preliminary assessments and possible
redirection of data collection strategies.

A recent approach developed recommends the use of measure-
ments and comparisons of species richness through the use of sam-
ple randomization in accumulation curves [29, 31]. When
accumulation curves are constructed by plotting only the addition
of new species to sampling units (e.g., gardens or interviews), steps
within the curves appear, indicating the heterogeneity of the sam-
ples, or even any particular change. For example, this may occur,
when a species survey is conducted where a large garden is sur-
veyed followed by smaller ones, or even an interview where the
informant knows a greater number of species compared to others
already sampled (Fig. 2). In this hypothetical example, beginning
from informant number 14 there is a significant addition to the set
of species previously examined, showing a pattern change from the
inclusion of this informant in the sample.

In cases like the hypothetical example of Fig. 2, the shape of
the curve can vary depending upon the order of sample unit addi-
tion. The method proposed is to build a curve that expresses an
average of the calculated richness values, beginning with the ran-
domization of a sample’s position [29, 31]. Thus, average values of
richness are calculated for random combinations of one sample,
two samples, three samples, and so on until completing the total
value of samples. Then the average curve may be plotted, which
shows a “smooth” form (Fig. 3). The curve may then be compared
with other accumulation curves, as well as with curves based on



402 Nivaldo Peroni et al.

70 -

60

50 4

40

30 4

20 A

Cumulative number of species citations

Cumulative number of infomants

Fig. 2 Hypothetical example of a species citation accumulation curve from a set of 34 informants and 58
species citations
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Fig. 3 Example of a hypothetical accumulation curve of species citations between 34 informants. The line
represents an average curve calculated from 500 curves with randomized addition of samples. The vertical
lines indicate the possible deviations between the calculated curves

calculations from specific indices, known as “richness estimators.”
Particularly for this type of analysis, calculations are facilitated by
the use of the software EstimateS [35].

The simplest calculation in this approach rests on the total
number of species observed in each sample (S,), which is repre-
sented by a cumulative species curve, plotted on a graph showing
the sampling effort. One can then compare the plotted curve with
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2.2.1 Jack 1 and Jack 2

2.2.2 Chao 1 and Chao 2

2.2.3 Incidence-Based
Coverage Estimator and
Abundance-Based
Coverage Estimator

other similar sample-sized curves or choose a diversity estimator to
produce a curve which will be compared to the observed accumu-
lation curve (Suy)-

The estimation methods discussed here belong to the category
known as nonparametric richness estimates [26, 36]. Among the
various estimators discussed [32], just a few that have been tested
with ethnobotanical and ethnobiological data and showed satisfac-
tory results will be discussed (e.g., [13, 21, 27, 28, 37]). These
indices can be divided into three groups according to the type of
estimate: (a) those where the number of species accumulated in a
curve is estimated; (b) those that indicate the estimation of species
richness based on rare species (citations) shared between sample
sets; for this some estimators include Jackknife 1 and 2, Chao 1
and 2, and Bootstrap; and (c¢) those where the estimate is based on
the richness of rare species shared among groups of samples (ICE,
incidence-based coverage estimator and ACE, abundance-based
coverage estimator) (see [32, 36]). The formulas for the estimators
may be found in Appendix 1.

The Jackknife technique is a procedure used to reduce the under-
estimation of the true number of species in a sample, based on the
number of items in a sample. A first-order Jackknife estimator is
based on the presence of “uniques” (species, or citations of species
present in a single sample unit). A second-order estimator (Jack 2)
relies on the “uniques” plus “duplicates” (species present in exactly
two sample units) [29].

The Chao 1 estimator is based on abundance, however it utilizes
the relationship between the number of “singletons” (species rep-
resented by only one individual) and “doubletons” (species repre-
sented by exactly two individuals) to estimate the number of species
not observed [ 38, 39]. In this estimator, the greater the number of
species, the greater the difference between the observed and
estimated richness. Chao 2 is a diversity estimator based on the
incidence of species (presence or absence) from data expressing
rarity, “uniques” and “duplicates,” that is the number of species
found in only one or two samples, respectively [39]. Similarly to
Chao 1, the greater the number of “uniques” and “duplicates”
species, the greater the difference in estimations.

These estimators of species richness are modifications of [40] and
are discussed in [29, 41, 42]. ACE is based on species with less
than ten individuals in the sample (thus considers its abundance).
The corresponding ICE is also based on the species found in less
than ten sample units (considers its incidence) [41]. These are
richness estimators based on the statistical concepts of sample
cover, which refers to the sum of the probabilities of finding the
species observed within the total amount of species present.
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2.2.4 Bootstrap

2.3 Analyzing the
Diversity of Citations
Considering a Distinct
Number of Sampling
Units Based on
Individuals
(Abundance)

In other words, it assumes that the most abundant and widely dis-
tributed are more likely to be found in any sample, but were not

observed [32].

This method is based on the species incidence (presence or absence)
[41, 43]. Thus only requires incidence data (presence/absence).

Rarefaction is applied in comparative studies, where there is an
interest in analyzing the diversity present in different communities
with different numbers of interviews, that is, different sample sizes.
It is also very common to compare the diversity of cited items by
men and women from the same community, or even compare
classes of different ages (e.g., adults and youth). In these cases one
must resort to strategies of analysis where diversity is compared
taking into account a standardized sample size, and use techniques
such as rarefaction analysis.

Rarefaction is a technique that estimates the expected number
of species in each sample if all samples have the same standard size
[33, 34]. The expected richness for each point on the curve is
given by Eq. 4:

N e

where E(S) is the expected number of species in the rarefied sample
(expected richness given by #), # is the standardized sample size, N
is the number of species (richness), and N; is the number of sam-
ples where the sth species occurs. The rarefaction curve is obtained
by calculating the E(S) for a sequence of points, wherein the high-
est point corresponds to the total richness measured for that
community.

3 Applications in Ethnobotany and Ethnobiology Measures of Diversity

and Rarefacation

A parallel can be drawn between the number of species present in an
area with the number of species known or used by a particular
human group. Thus, instead of using the number of species in
sample units, the number of citations of each ethnospecies is used
from interviews that make up a sample of a human community [12].

This parallel was utilized before to compare the diversity and
sampling effort of several published ethnobotanical studies, also
utilizing rarefaction measurements [7]. Rarefaction allows the
comparison between subsamples of the same size, from species
richness and abundance [25]. The same procedure was used by
others authors [44] when comparing ethnobotanical data sets in
three study areas: Rio Negro, Rio Araguaia, and the Atlantic Forest.
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Diversity indices of plant use among the Caicara communities of southeastern Brazil

Location R 1/D H Citations References
Picinguaba 216 77.12 2.06 1,552 Rossato et al. [11]
Praia Cambur{ 162 60.23 1.98 541 Hanazaki et al. [12]
Praia Almada 152 70.35 2.00 433 Hanazaki et al. [12]
Sertdo Puruba 140 55.87 1.92 525 Rossato et al. [11]
Praia Puruba 124 58.14 1.92 414 Rossato et al. [11]
Casa de Farinha 108 55.98 1.85 393 Rossato et al. [11]
Gamboa 100 25.14 1.65 558 Figueiredo et al. [47]
Praia Calhaus 75 23.81 1.53 482 Figueiredo et al. [48]
Ilha da Vitéria 57 32.14 1.61 195 Rossato et al. [11]

R richness, 1/D Simpson, H' Shannon-Wiener

When analyzing multiple ethnobotanical data sets from caicara
communities in the Atlantic Forest, some general patterns regard-
ing diversity are established (Table 1). The largest differences were
found between communities located on the continent when com-
pared to the diversity found on islands (Gamboa, Calhaus and Ilha
da Vitoria). This trend is discussed by others authors [11] based on
the theory of island biogeography, since islands are expected to
have a lower diversity of biological species. In some situations, a
higher number of ethnospecies’ citations does not correspond to a
greater diversity of species when abundance is considered by the
Simpson index and Shannon-Wiener index (see, e.g., inversions
between Camburi and Almada and between the Praia Puruba and
Sertdo Puruba in Table 1). In this sense, Praia Almada and Praia
Puruba show a similar knowledge distribution, when these data sets
are compared to Praia Camburi and Sertdo Puruba, respectively.

Analyzing data sets of Praia Almada and Praia Camburi, both
on the northern coast of Sao Paulo, the distribution of knowledge
among men and women were compared, and between older and
younger people in three broad categories of plant use: edible
plants, medicinal herbs, and manufacturing plants (Fig. 4) [12].
There is no significant difference when comparing the diversity of
plants used in each category in both locations [12]. However,
when comparing ethnobotanical diversity according to the gender
of the respondents (Fig. 4), men and women have differentiated
knowledge, especially with regards to manufacturing plants. Older
and younger informants also have different knowledge regarding
medicinal and manufacturing plants, but not edible plants (for fur-
ther discussion, see [12]).



406 Nivaldo Peroni et al.

handicraft, age handicraft, gender
5 O] 5
[
£ o0 E
g 50 - AL>40 S
1]
@ 40 - B>40 o 8
c =
 — =]
L2 30 4 =
3 20 | 3
s AL<40 8
3 10 | s
8 o] ’ 0
“IH‘""I‘IHSHéléllél’éll;ﬁll;ﬁlll‘w‘lug” Y N o % e % s & =
number of infomants number of informants
food, age food, gender
70 -
[} _ 70 1
2 604 5
£ < 60 4
3 £
£ 50 - =]
e 550-
840- 0 %3
£ 2 40 4
S 30 ~hL>40 § 10 4
=]
%20. AL<40 320_
o
2 10 2 10 A
B e e
TY~me2ee2q 885 3 - Y~ 2 e e 2.8 8 85
number of informants number of infomants
medicinal, age medicinal, gender
70 -
E 2 60 4
£ 5 50
3 c
= »
£ a0
£ 5530-
L2 =
= B
2 5 20 1
[ L
g 5 10 4
3
[ o e e L e e o o e
-~ < ~ (=] el © (=2} N wn ==} -
- - - - N ~N o~ @
number of informants number of informants

Fig. 4 Rarefaction curves based on number of informants per plant in each community. AL Praia da Almada,
CB Praia do Camburi, Wwomen, M men, <40 =informants between the ages of 18 and 40 years, >40=infor-
mants 40 years or more (adapted from [12])

Another measurement of diversity, the Brillouin index, was
used by others authors [20] to compare the knowledge and man-
agement of varieties among farmers in the southern coastal region
of Sio Paulo. In this case, rather than using sampling, every species
grown by the farmer was recorded (Fig. 5). Farmers who manage
a greater diversity of varieties are important subjects in the regional
system of shifting cultivation [20]. These farmers manage more
varieties and a greater number of species, and tend to have better
knowledge regarding the agricultural systems. Moreover, these
farmers have ownership of their farming land and can grow more
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3.1 Richness
Estimators

than one field every year, rotating the fields on their properties
from one year to another. Farmers who manage low diversity are
those that tend to simplify their farming systems, handling fewer
species and fewer varieties.

Species accumulation curves have been successfully used to evaluate
sampling effort and to compare diversity indices [13, 27]. The use
of richness estimators [29, 31] has not been thoroughly tested to
prove their efficiency with ethnobotanical and ethnobiological
data. However, these methods have a large potential, especially
since these methods enable the development of comparative
analysis based on sample data sets.

In order to construct cumulative diversity curves, some authors
[27] have used diversity measurements in combination with accu-
mulation curves. The goal of these authors was to determine a
viable sample size for the use of diversity indices in specific data
from markets, fairs and individual merchants of medicinal plants,
or “herbalists.” The authors compared 22 measurements of diver-
sity in six data sets with a sample of 50 merchants and 100 informal
street vendors from traditional medicinal plant markets in
Johannesburg and a seventh data set from merchants on the west-
ern boundary of Kruger National Park, South Africa. After com-
paring the indices, the authors concluded that a sampling in the
informal market could not be less than 35 sampling units, whereas
a sampling within the market would have to include at least 20
samples (“merchants”). In another study [ 13], the authors studied
the previously mentioned 50 merchants, by using rarefaction, they
showed that the sampling effort (N=50) was sufficient, where 511
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species and 6,285 citations were registered, and each “merchant”
added 1.3 new species, at a rate of one new species for every 100
species citations.

In a study on the composition of the avifauna known by arti-
sanal fishermen in two mangrove-estuarine complexes in the state
of Paraiba [21], the authors used the Chao 2 estimator to verify the
number of species that would increase the richness observed from
60 informants. The fishermen cited a total of 94 species and the
estimated number of species known by the local population was 96
(+3). The authors evaluated smaller sizes than the number of sam-
ples (informants), at intervals of 15, which would allow for similar
estimations. With these numbers of interviews, the Chao 2 curves
did not stabilize and showed significant differences with the esti-
mation of 60 interviews, while, with the evaluation of 45 infor-
mant interviews, the estimator obtained a stable performance and
no significant difference with the total estimated. The stability of
the estimator is one form of measuring its accuracy [45 ]. Therefore,
45 informants was a sufficient number to assess known birds among
the artisanal fisherman communities.

A survey about live bird trade in Brazil revealed that at least
295 bird species belonging to 177 genera and 56 families are ille-
gally traded as pets in Brazil [37]. However, with estimates derived
from these data, using two estimators, the authors point to a total
of more than 400 species (Fig. 6)—about 23 % of the extant bird

species in the country [37].
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Fig. 6 Trade bird species number (S,,;) derived from review of 17 sites in Brazil and estimates number
(Chao 2 and Jack 1) [37]
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Bias and accuracy along with precision are essential variables
to evaluate performances of estimators (see [45]). However,
studies assessing bias and accuracy of estimators using ethnobio-
logical data are not yet available in the literature. Some authors
founded that Michaelis—Menten Means, an estimator not men-
tioned here, based on extrapolations of accumulation curves, was
the most accurate or most stable among the tested ethnobotani-
cal data from Johannesburg and Mpumalanga [28]. However, it
was not as accurate as the Jack 1 estimator, albeit the bias and
accuracy were not statistically tested. Such studies would require
the stabilization of rarefaction curves, which in many cases does
not occur easily. Even with the lack of studies that evaluate
and determine ideal estimators for ethnobiological data analysis,
the use of estimation methods enable the development of
comparative analysis that assist in several studies, as discussed
and exemplified.

There are two predispositions in using estimation methods
from interview data: the broad spatial distribution of information
in a community and the interviews with a maximum number of key
informants in each community [21]. In the first case, the amount
of information of species may be restricted to certain places in certain
communities, either for cultural reasons or proximity to certain
biologically distinct environments. In the second case, usually, some
informants have a comprehensive and/or specific knowledge and
may be responsible for changes in the pattern of species accumula-
tion curves, as observed of informants 14-16 in hypothetical
example of Fig. 2. Consequently, these changes may influence the
predisposition of estimators, which use the behavior of rarefaction
curves derived from the species accumulation curves.

4 Final Considerations

Other diversity estimates can be used to compare the patterns of
diversity in ethnobotanical and ethnobiological data. Parallel to the
richness estimators presented here, there are other types of estima-
tors [ 36], that are adaptable to ethnobotanical and ethnobiological
data, such as, similarity measures that can reflect beta diversity [46]
and may be used as measures of difference between data sets from
different areas.

Ecological methods permit the issues raised by ethnobiologists
and ethnobotanists to be answered objectively, fostering an even
closer link between ethnobotany and conservation. Using these
methods, frequently seen as overly “quantitative,” allows a shift in
the focus of ethnobotanical and ethnobiological studies, going
beyond merely listing species to identifying patterns of local knowl-
edge. Importantly, values and numbers alone provide little infor-
mation, because the measurements of diversity have a comparative
value. Their applications in ethnobiology and ethnobotany are also
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essential to understanding the context of diversity. Thus, measurements
of diversity inform nothing if they were disconnected to well-
described qualitative data regarding the human populations who
are the users and holders of this knowledge about diversity.

Appendix 1: Formulas for Species Richness Estimators (Adapted from [32, 41])

Estimators

Jack L: Spec1=Sops+ Qy(m—1)/m

Jack 2: Spe=Sous + {[Q)(2 m—=3)/m] = [ Qo(m—~2)/m(m-1)])
Chao 1: Spuo1=Sobs+ Fi2/2F

Chao 2% Siuo2= S+ Q220

ACE: S.ce= Sipund + (Saro/ Cace) + (F/ Coce) Ve

ICE: Sie= Speq+ (Sifiea/ Gice) + (D1 / Ciee) Yiee?

Bootstrap: Suts "
Sboat = Sub.r + 2 (l - plz)
K=1
Where

Sobs: total number of species observed in a set of samples

Sibuna: NuMber of abundant species (with more than ten individuals)

Saro: nUMber of rare species (with ten or less individuals)

Sieq: NnUMber of most frequent species (present in more than ten samples)
Sinfreq: NUMber of less frequent species (present in ten or less samples)

m: total number of samples

Q;: number of “singletons” (species represented by exactly one individual)
Q,: number of “doubletons” (species represented by exactly two individuals)
F: number of “uniques” (species present only in one sample)

E: number of “duplicates” (species present in exactly two samples)

C,: abundance-based coverage estimator

Ci.: incidence-based coverage estimator

P proportion of samples that count species %

Y...2: estimation of variation coefficient F, for rare species

Y:..2: estimation of variation coefficient Q) for less frequent species

“There are special cases which may be consulted: http://viceroy.eeb.uconn.edu/EstimateS/EstimateSPages/
EstSUsersGuide /EstimateSUsersGuide.htm#AppendixA


http://viceroy.eeb.uconn.edu/EstimateS/EstimateSPages/EstSUsersGuide/EstimateSUsersGuide.htm#AppendixA
http://viceroy.eeb.uconn.edu/EstimateS/EstimateSPages/EstSUsersGuide/EstimateSUsersGuide.htm#AppendixA
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Chapter 26

Principles of Inferential Statistics Applied
to Ethnobiology and Ethnoecology

Ulysses Paulino Albuquerque, Patricia Muniz de Medeiros,
and Alyson Luiz Santos de Almeida

Abstract

A Dbrief discussion about the role of inferential statistics in ethnobiological and ethnoecological research is
presented in this chapter, as is an exposition of some simple and coherent tools for data analysis. We discuss
some issues related to study design, as well as the p value, data transformation, and some simple statistical
tools, such as mean comparisons, correlation and regression models, and tests for contingency tables
among others.

Key words Quantitative tools, Study design, Regression analysis, Quantitative ethnobotany

1 Introduction

Statistical methods can be employed to interpret a wide variety of
ethnobiological and ethnoecological data, such as the relative
importance of plants or vegetation units to different social or eth-
nic groups [1]. In this chapter, we will briefly introduce some
important concepts that will help us understand the logic behind
statistical tests. In a completely unpretentious way, we will also
offer some examples of how different statistical tests can be applied
to answer our questions. Therefore, this chapter is not intended as
a statistical guide for ethnobiological investigations because the
authors consider themselves to be students of this subject. This
chapter provides a quick view of how these tools can be useful in
analyzing qualitative and quantitative data. We will essentially
adopt the hypothetic-deductive perspective, but it is important to
note that ethnobiology and ethnoecology are interdisciplinary in
nature and comprise different epistemological orientations. It
means that statistics are not always considered important to
researches in these areas, especially in areas that are rooted in the
social sciences and take an epistemological orientation, as opposed

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
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to a positivist one. Our perspective is also based on common
inferential statistics, but there is an increasing tendency to adopt
Bayesian approaches (for more information, see [2]).

2 Why Use Inferential Statistics?

Not all research is geared toward the formulation of hypotheses
because studies may be developed under different epistemological
orientations. However, let us imagine, that you are interested in
identifying which factors influence knowledge about plants and
animals in an indigenous community. Let us also suppose that you
have collected medicinal plant use data from interviews in com-
munities of the same ethnic origin and you want to examine
whether distance from the closest urban center affects the knowl-
edge of species richness in each community. You postulate that
communities that are farther from the urban center will present
higher richness of known species than communities that are closer
to urban centers because the latter group would have greater access
to modern medical facilities or allopathic remedies. Supposing that
you find differences favoring your hypothesis, what would assure
us that the results could not be explained by random effects or by
variability due to sampling? Because we are concerned with a sam-
ple of interviewees within a sample of communities, we cannot be
sure that the differences found are real without use of appropriate
statistical tests. When posing a question or facing a problem, we
should ask ourselves if our hypothesis can be tested. If the answer
is yes, then Doria Filho [ 3] suggests following six sequential steps:

. Establish an experimental hypothesis ( H,)
. Establish a null hypothesis ( Hy)
. Determine sample size

. Collect data

SN I N S

. Perform statistical analysis to determine the probability that
the null hypothesis is true

6. Reject (or do not reject) the null hypothesis

In the example in the previous paragraph, the alternative or
experimental hypotheses (H;) could be that (a) indigenous
communities that are farther from the urban center have a different
level of knowledge of species richness compared with communities
that are closer to the urban center, or that (b) indigenous commu-
nities that are farther from the urban center have a higher level of
knowledge of species richness than communities that are closer to
the urban center. There is a difference between the two alternative
hypotheses postulated above: the first one is bilateral, while the
second is unilateral. It means that for the first alternative hypothesis
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to be considered valid, there must be a difference between com-
munities that live close or far from the urban center, regardless of
which group presents a higher level of knowledge of species rich-
ness. Instead, for the second alternative hypothesis to be consid-
ered valid, the group of communities that are far from the urban
center must have greater knowledge of species richness. Any other
result (either no difference between groups or greater knowledge
of species richness for the communities that are close to the urban
center) would support the null hypothesis in the latter case.

Thus, in the first case, the null hypothesis would be that there
are no differences in knowledge of species richness between com-
munities living closer or farther from the urban center. In the sec-
ond case, the null hypothesis would be that communities living
farther from the urban center have less knowledge of species rich-
ness than those living closer to the urban center.

The type of the hypothesis to be tested depends on the infor-
mation available about the subject of the researcher’s evaluation.
In this specific case, there are a number of publications indicating
that communities far from urban centers usually maintain their
botanical knowledge in a more successful way. Thus, it would be
reasonable to choose the unilateral hypothesis.

Regardless of the type of hypothesis chosen, all hypotheses
need to be falsifiable. When we decide whether to reject the null
hypothesis, we can make two types of errors: Type I errors and
Type II errors. The Type I error occurs when we decide to reject
the null hypothesis when it should not be rejected. The probability
of committing this type of error is known as a (significance level).
When the null hypothesis is false and we do not reject it, we com-
mit a Type II error. The probability of committing this type of
error is denoted by f. The researcher must establish an acceptable
degree of error by adopting a significance level (the most used sig-
nificance levels in ethnobiological studies are 5 and 1 %). The
p-value corresponds to the statistical significance of the results.

The next step in the process recommended by Doria Filho [3]
is to determine the sample size. This is a very important step; chap-
ter one of this book introduced some basic concepts regarding
sample size. Problems and errors may occur when a hypothesis is
being tested, and these errors can be due to sample variability.
There are variations in all types of phenomena, especially in bio-
logical ones. Because of this intrinsic variability, the larger the
sample is, the higher the probability of representativeness and the
greater the precision of results. However, some practical limita-
tions in working with large samples must be carefully evaluated by
the researcher. In the previous example, we have two sampling
decisions to make: (1) the number of communities to sample and
(2) the number and profile of people to be interviewed. These
decisions cannot be arbitrary and should be based on the research-
er’s experience, as well as on information from the literature.
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If researchers do not use objective criteria to select communities
and/or people, the differences that are found may be due to sam-
ple variability.

The data collection step also challenges researchers because
there is no statistical test that can save an ineffectively collected
dataset (or, as they say, “Garbage in, garbage out”). Inadequately
formulated questions and unorganized methods of data collection,
for example, can compromise data quality, rendering the informa-
tion collected inadequate.

3 The p-Value

Interpreting the meaning of the p-value is one of the greatest
difficulties that a beginning student of statistics can face. The
p-value is important in deciding whether to accept or reject a
hypothesis. When we find a statement in a scientific article such as,
“All statistical tests were conducted considering a p-value of <0.05
as statistically significant,” it means that the authors accept that the
probability of obtaining a test statistic at least as extreme as that
observed is lower than 5 %.

The p-value is often misinterpreted. It is not the same as the
alpha value (significance level: probability that the results were not
found by chance), although one traditionally rejects the null hypoth-
esis when the p-value is less than or equal to the significance level.

4 Study Design

Establishing a good design can help the researcher more accu-
rately decide whether to reject the null hypothesis. There are no
formulas to be followed because study designs vary to the same
degree that the potential investigation questions do. Therefore,
we emphasize that there are a number of design models to choose
from. Below, we offer some suggestions of steps to follow in the
design process, some of which have been modified from
Magnusson and Mourio [4]:

1. Determine your object of study. Try to define your investigation
problem in a clear and objective way. Identify the dependent
variable.

2. Make sure that your dependent variable can be objectively
measured.

3. Build a scheme to elicit which variables influence your depen-
dent variable, as well as the relations between independent
variables.

4. Pay attention to design problems, such as lack of replicates,
sample size, sample representativeness and variable manipulation.
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5. Select an adequate scenario to develop your study and select
your sample.

6. Ensure that you have an adequate statistical background to
design the study; otherwise, ask for the support of someone
experienced in the area.

7. Finally, decide how the results will be applied: will they be used
to determine the existence of an effect, to determine the
magnitude of an effect, or to make predictions?

5 Defining Study Variables

Without a doubt, one of the most important steps in planning a
study is defining the variables that describe the “object” or
phenomenon to be evaluated. In ethnobiology, we certainly
address complex phenomena that are not easily measurable, and
the choice of variables to explain or measure these phenomena or
objects depends on theoretical and methodological knowledge of
the subject and the possible variations in these phenomena or
objects. The different possible variations should be previewed by
the ethnobiologist when the investigation is being designed to
avoid potential errors. While formulating the design, the researcher
can consider variables of both a quantitative and a qualitative
nature. Quantitative variables usually have greater statistical and
comparative power than qualitative variables. Therefore, the nature
of the variable influences the type of statistical tests that can be
used to answer the investigative questions. Table 1 presents a clas-
sification of variables, with examples relevant to ethnobiology.
When we deal with natural phenomena that are “amplified” by
human presence, it is important to consider that other variables
will usually be related to the phenomena that we are measuring.

Obviously, the choice of a given type of variable depends on
the study to be developed, as well as on the theoretical and practi-
cal possibilities for measuring this variable. For example, we may be
interested in comparing the medicinal plant knowledge of men and
women in a given region. We can define this variable based on the
number of medicinal plants cited in the interviews. We have to
consider that “measuring” someone’s knowledge is a very difficult
task, and any measure we adopt will only cover part of this knowl-
edge. Thus, we must make a methodological choice and attempt to
overcome the interpretative limitations by choosing easily man-
ageable variables.

We can further classity variables into two other types: dependent
and independent. The researcher may be interested in investigat-
ing a cause-and-effect relation. Continuing with the example
above, we may be interested in testing whether age influences the
number of plants cited as medicinal by people in the community.
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Table 1

Classification of variables according to their nature

Type of variable

Quantitative

Qualitative

Classification Description
Discrete Integers. Examples: the number of medicinal species cited by
an interviewee; the number of use citations; the number of
people living in a household
Continuous Numbers that can assume different values, including
fractional numbers. Examples: a plant’s height; an animal’s
size; a resource’s use value; the weight of a firewood pile
Categorical- Independent categories. Examples: ethnicity; gender (male,
nominal female); knowledge status (specialist, nonspecialist)
Categorical- Categories that are related by a ranking relation. Example:
ordinal age ranges (0-20, 2140, 41-60...)

The independent variable, also known as the predictor variable, is
the one that causes the phenomenon or effect (in this case, age).
The dependent variable, on the other hand, is the one that mea-
sures the phenomenon that is being explained (in this case, the
number of plants cited as medicinal).

Magnusson and Mourido [4] emphasized the importance of
the quality of information used in adequately answering a ques-
tion. As they state, “Generally, it is expected that the amount of
available information increases with the number of observations, but
it 15 not always like that. When a new observation provides only the
same information that we already had in previous observations, it
does not increase the total amount of available knowledge and it can
confuse us and make us believe that we have more information than
we really do. Since this information in not a real vepetition to what
concerns providing more information, Hubert called it ‘pseudo-
replication’, which means false vepetition.” In studying the relation
between richness of medicinal plant knowledge and distance from
an urban center, for example, we would have to be sure that each
of the studied communities could be considered an independent
observation. We must assure that the communities are
“replications.” For example, if we could assume that each human
population developed its own expertise with its surrounding
plants, we would have a virtually insurmountable barrier against
the problem of independence in the development of an adequate
methodological design. Therefore, the premises that we assume
considerably influence the design of our investigation.

“Pseudo-replications” are often very difficult to avoid in eth-
nobiological investigations. The causes behind variations in the
knowledge of human communities are not easy to elicit, and in the
above-cited case, we assume that the effects of modernity are so
obvious and that access to modern medicine is so widespread that
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we tend not to question this cause-and-effect relation. Although
there are significant results supporting these assumptions, we
believe that factors influencing traditional knowledge must be
studied not only from a cultural perspective but also from eco-
nomic, ecologic, and evolutionary perspectives. Accordingly, we
believe that studies must be replicated in different contexts to
determine which factors really affect people’s experiences with
natural resources.

6 Data Transformation

The most robust statistical analyses (those with higher predictive
power) are generally parametric. Despite their strength, parametric
tests may not always be used because they have some specific
requirements, such as data normality. Normal data obey a normal
distribution (values that are closer to the mean are more frequent,
and frequency decreases with the distance from the mean, so that
extreme numbers occur fewer times and intermediate numbers
occur more times in a sample; see Chart 1). When our data do not
have a normal distribution, we do not need to immediately give up
on parametric tests because we can transform the data to approxi-
mate a normal distribution.

Chart 1
Example of a normal distribution for the number of medicinal plants cited
by interviewees from a hypothetical community

Informer N° species
Inf'l 2 Low values
Inf?2 4 (low frequency)
Inf.3 6 )
Inf.4 6
Inf.5 6 > Intermediate values
(high frequency)
Inf.6 7
Inf.7 7
Inf.8 7
Inf9 10 High values
} (low frequency)
Inf.10 11
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6.1 Logarithmic
Transformation

6.2 Nth Root
Transformation

6.3 Angular
Transformation

There are various types of transformations, and each one is
suited to a type of dataset. However, in many cases, data cannot be
adjusted to the shape of a normal distribution, despite attempts to
transform them. In these cases, we can use non-parametric tests.
Almost all parametric tests have a non-parametric equivalent. We
comment below the main types of data transformation.

A logarithmic transformation “compacts” the values, decreasing
the discrepancies between the lower and higher values. However,
this type of transformation should not be used for datasets that
contain zero or negative values. In the cases of a dataset that
includes zeros, a log X+1 transformation can be used instead of
log X, so that the log of the number’s successor will be calculated.
This method makes data transformation possible because a “log 0”
does not exist. Logarithmic transformations can be done in various
bases, but it is most common to calculate a logarithm in base 10 or
base e (~2.718, known as the natural logarithm).

The most common nth root transformation is the square root, but
the cubic and fourth roots are also commonly used. This transfor-
mation is recommended for datasets with values mostly higher
than 10, and it is preferably applied to integers (discrete numbers).

The angular transformation is recommended for proportions and
discrete numbers. It is often applied to complementary data in
which values are part of a defined total. This transformation is
performed by putting the data into percentages and then calculating
the arcsine of these percentages. This transformation is especially
useful for vegetation inventory datasets, such as the number of
individuals from a given species out of the total number of indi-
viduals in a vegetation sample.

Some statistical packages can simultaneously transform a
dataset using a variety of transformations and indicate the most
adequate for that specific case. However, sometimes even the most
adequate transformation indicated by those packages may not nor-
malize the data.

Currently, power transformation is widely used in statistics. It is a
family of functions that preserves the data’s ranking but leaves the
data as normal-like as possible. Power transformations can be performed
in a number of statistical packages. However, one must be careful
because those transformations can deeply change the former data.

7 Main Statistical Tests Applied to Ethnobiology and Ethnoecology

7.1 Mean
CGomparisons

Tests of mean comparisons are employed to verify that there are dif-
ferences between two or more samples. These tests can be performed
with related samples (paired tests) or independent samples.
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The most used tests for comparing two independent samples
are Student’s z-test for parametric data and the Mann—-Whitney test
for non-parametric data. The #test is only applicable to normal
data and is not robust in small samples, so its application to samples
with 7z <10 is not recommended. Another requirement of the z-test
is homogeneity of variance. Some statistical packages indicate
whether the variances are homogeneous or not and consequently if
the #test can be used. When the variances are heterogeneous, the
F-test can alternatively be used.

A non-parametric equivalent to the #-test for comparing two
independent samples is the Mann—-Whitney test. This test does not
require data normality or homogeneity of variance. For compari-
sons of more than two samples, the most common parametric test
is the ANOVA, and its non-parametric equivalent is the Kruskal—-
Wallis. When we run a test for comparing more than two samples,
we can find significant differences, but we need to localize where
these differences are. For example, if we are comparing four
samples, maybe sample A is different from sample B, but all other
combinations present no significant differences; this is why some a
posteriori tests are employed. Such tests include, for example, the
Tukey test (used after ANOVA) and the Dunn test (used after
Kruskal-Wallis).

To compare two dependent samples, the paired z-test is often
chosen for parametric data and the Wilcoxon test is a common
non-parametric option. The requirements of the paired #test are
the same as those of the #test for independent samples. Examples
of possible applications of these tests can be seen in Chart 2.

Let us suppose that we are going to test whether there are dit-
ferences in the total firewood consumption of communities A and
B. We will measure the wood volume used by each household
every month for 1 year. It we did not apply a paired test, the differ-
ence between the communities could be “camouflaged” because
there could be greater variation in consumption in a single
community, depending on the month under consideration. In the
case that the sample units are heterogeneous, a simple test for
independent variables might not detect differences between
samples, especially if those differences are small. To avoid this
problem, this type of information should be analyzed in a way that

Chart 2
Examples of ethnobiological analyses based on comparisons
of related samples

e Comparison between the number of known and the number of
effectively used species in a community

e Comparison of monthly firewood consumption between two
communities or species
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7.2 Correlation

Table 2
Total firewood consumption in two hypothetical communities

Volume (m3) Volume (m3)
Month for community A for community B
Jan 16 14
Feb 14 13
Mar 11 6
Apr 11 5
May 12 6
Jun 13 9
Jul 16 7
Aug 22 17
Sep 23 16
Oct 23 15
Nov 25 13
Dec 20 16

Paired # test:

t=6.6; p<0.05

Interpretation: community A consumed a volume of firewood that was significantly
greater than community B

relates the samples, diminishing the influence of internal variation.
Therefore, firewood consumption values should be analyzed by
relating the two communities for each month in which wood
volume was measured, as shown in Table 2.

Correlation tests are used to determine whether two variables are
related, i.e., their values vary concurrently (Chart 3). When the
joint variation goes in the same direction—high values for variable
X and high values for variable Y—we call this a positive or direct
correlation. Conversely, a negative or inverse correlation is found
when low values of variable X are related to high values of
variable 7.

The most employed parametric test for correlating samples is
the Pearson correlation coefficient. Its result is called an »-value,
which ranges from -1 (perfect inverse relation) to 1 (perfect direct
relation). Values close to zero tend to indicate that no correlation
between variables can be found. However, the 7-value is not
enough to assure that the correlation is significant: for this pur-
pose, we need to consider the p-value. Thus, we can find a small
but significant correlation when 7 is not close to -1 or 1 and p is
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Chart 3
Examples of ethnobiological analyses based on correlation analyses

e Relation between measures of relative importance (e.g., use value and
relative importance)

e Relation between knowledge of a household’s male and female chiefs
e Relation between native and exotic plant knowledge

e Relation between a plant’s medicinal use value and its general use value
(considering all use categories)

Modified from Hoft et al. [1]

Table 3
Correlation between the use value (UV) and the relative importance (RI)
of 36 species native to the caatinga (seasonally dry tropical forest)

Species uv RI

Myracrodunon urundenva Allemio 1.85 1.70
Schinopsis brasiliensis Engl. 1.38 1.65
Chorisia glnziovii (O. Kuntze) E. Santos 0.10 0.38
Cordin trichotoma (Vel.) Arrdb. ex Steud. 0.30 0.87
Cordin globosa (Jacq.) Humb., Bompl. & Kunth 0.08 0.57
Commiphora leptophloeos (Mart.) J. B. Gillet 0.5 1.55
Bauhinia cheilantha (Bong.) Steud. 0.78 0.92
Caesalpinia pyramidalis Tul. 1.21 1.07
Capparis jacobinae Moric. 0.12 1.01
Capparis bastata L. 0.68 1.17
Clusia sp. 0.02 0.33

(..)

Data source: Albuquerque et al. [6]

Spearman correlation coefficient:

75=0.75; p<0.05

Interpretation: the importance values of the species as obtained by the two measure-
ment techniques are strongly related

lower than 0.05. A low but significant correlation can be found
due, for example, to a large sample size.

The non-parametric equivalent to the Pearson correlation is
Spearman’s correlation coefficient. It is represented by the 7s value
(Spearman coefficient), which also ranges from -1 to 1. Table 3
presents one example of this test.
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7.3 Regression

Chart 4
Examples of ethnobiological analyses based on regressions

e Relation between people’s age and plant/animal knowledge

e Relation between socioeconomic factors and plant use (e.g., wood
volume) or hunting intensity

e Relation between the household-forest distance and the amount of
forest products harvested in a given period

e Relation between houschold distance from an urban center and plant/
animal use

e Relation between time spent on hunting events and the amount of
captured animals

e Relation between species’ fuel value indices and their preferable use as
firewood

e Relation between plant/animal species’ local availability and their local
use

Modified from Hoft et al. [1]

In some cases, even if there is a relation between two variables,
it may not be detected by a given statistical test. For example, a
correlation may not be detected when the relationship is not linear.
In such cases, a data transformation can be used in order to remove
a scale effect that prevents the identification of the correlation.

Before introducing the regression analysis, it is important to
clarity the difference between correlation and regression. A correla-
tion analysis does not specify a cause-and-effect relation but rather
indicates whether there is or is not a joint variation in the data.

In regression analysis, we are dealing with one dependent variable
(7) and one or more independent variables (X) (Chart 4). This
type of analysis is used when there are reasons to suppose a cause-
and-effect relation between variables. With regression, a model can
be created to predict a dependent variable’s value based on the
independent variables’ values. We can also test the extent to which
this model can be trusted, by means of the test’s significance.

It must be clear that the terms “cause” and “effect” as used in
statistics do not always correspond to real causal relations. That the
relation between two variables is considered to be significant does
not mean that one value really explains the other in nature.
Therefore, the dependent and independent variables to be tested
are carefully chosen by the researcher based on experience. A sim-
ple exercise demonstrates the inability of statistical tests to detect
explanatory variable(s): in the case that there is a relation between
two variables, turn your dependent variable into the independent
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one and vice versa. You will most likely find a significant result
again. In this case, which one is the independent variable? The
answer depends on the context of the research and on the research-
er’s experiments and observations.

There are several types of regression analyses, such as linear
regression, polynomial regression, log-linear regression, logistic
regression, and generalized linear model. However, the most com-
monly used is doubtless the linear regression, although it is not
always easy to attain data that are adequate for its requirements.
An indication of the most adequate type of regression analysis for
the specific type of data to be analyzed is available in some statisti-
cal packages.

A simple linear regression can be described by the expression
“Y=a+bX,” where “Y” is the dependent variable, “X” is the inde-
pendent variable, and “4” and “&” are constants. More specifically,
“a” represents the intercept (value of “T” when “X” equals zero),
and “J” represents the slope of the regression, which measures
both the direction and the magnitude of the relationship between
the variables. Thus, when the slope is negative, the expression
becomes “Y=n-6X.” When the slope is negative, the variables
are inversely related, whereas a positive coefficient shows a direct,
positive relation between variables. Simple regressions search for
the relationship between the dependent variable and only one
independent variable, as shown in Table 4.

Despite its wide use, some criticisms have been made of simple
regression. The main criticism is that it only explains a phenomenon
according to one point of view, i.c., a single variable. Biological and
ecological phenomena, as already mentioned, are often explained by
distinct factors. In addition, what about ethnobiological phenom-
ena? For example, what could better explain the higher or lower
wood consumption of people living in a given area? The association
between several variables can explain such consumption more
accurately than one variable considered alone.

Multiple regressions are used to find a set of independent vari-
ables that can explain variation in the dependent variable. These
regressions also output equations that allow for predictions of new
elements based on the values of the explanatory (independent)
variables. In nature, a phenomenon is often not explained by a
single variable, but by a combination of variables, highlighting.
This elicits the importance of using multiple regressions. In gen-
eral, the higher the predictive power of the independent variables,
the better the model, indicating that the causes of a given phenom-
enon have most likely been discovered.

Since multiple regressions often deal with several explanatory
variables, it is common to find correlations between these indepen-
dent variables. In these cases, it is recommended to ascertain the
degree of multicollinearity (autocorrelation between independent
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Table 4

Linear regression analysis between the use value (UV—a measure of
relative importance in ethnobotany) and the importance value (IV—
phytosociological index) of useful species sampled in an area of caatinga
vegetation in Garuaru, Pernambuco

Species uv \'}
Myracrodunon wrundeuva Allemio 1.85 0.56
Schinopsis brasiliensis Engl. 1.38 18.67
Chorisia glnziovii (O. Kuntze) E. Santos 0.10 0
Cordin trichotoma (Vel.) Arrab. ex Steud. 0.30 1.57
Cordin globosa (Jacq.) Humb., Bompl. & Kunth 0.08 4.66
Commiphora leptophloeos (Mart.) J. B. Gillet 0.5 11.57
Baubinia cheilantha (Bong.) Steud. 0.78 10.11
Caesalpinia pyramidalis Tul. 1.21 36.49
Capparis jacobinae Moric. 0.12 1.94
Capparis bastata L. 0.68 20.68
Clusia sp. 0.02 0

(...)

Data source: Lucena et al. [7]

Dependent variable: use value

Independent variable: importance value

Regression:

R2=0.186, p<0.01

Interpretation: In the case above, the importance value of a species explains its use value
in the community. The value of R? (coefficient of determination) indicates the explana-
tory power of the independent variable on the dependent variable. In other words, it is
the fraction of the variance that is shared by the two variables. The closer to one, the
more strongly the independent variable explains the dependent variable, but this rela-
tionship can be positive or negative (as indicated by the &-value)

variables), and if two independent variables are more than 80 %
autocorrelated, one of them is usually discarded. In such cases,
high autocorrelation may indicate that one of the variables for-
merly considered to be independent is actually influenced by
another independent variable and does not properly explain the
behavior of the dependent variable. Some statisticians do not agree
with this procedure, as it can eliminate variables that are actually
important [5].

It is also common to perform a “stepwise” procedure in which
all possible combinations of independent variables are analyzed
to facilitate selection of the combination that best explains the
variance in the dependent variable (i.e., the combination with the

higher 72 value).
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In multiple linear regression analysis, linear relationships
between variables are detected. This method’s limitation lies in its
imprecise detection of nonlinear relationships. Linear regressions
require a normal distribution of residuals (errors). In a linear
regression, it is expected that the behavior of a dependent variable
is linear with respect to the other independent variables. The resid-
uals are thus values that indicate the distance between the real
value of an element and the ideal value that is predicted by the
regression model.

In logistic regression, the dependent variable is categorical,
being expressed in terms of 0 and 1 to indicate two possible attri-
butes (e.g., 0 for community members who do not use animals
for therapeutic ends and 1 for those who do use animals for this
purpose). The independent variables are usually quantitative (e.g.,
income). Thus, by applying logistic regression, you can find variables
that influence the categorical-dependent variable. In the above
example, if the relationship between variables was significant, the
monthly income of the informant would be influenced by the pres-
ence or absence of animals used for therapeutic purposes. Because it
incorporates qualitative variables, logistic regression does not require
residual normality.

Generalized linear models (GZLM) can be used in cases in
which the independent variables are of different types (i.e., numeric
and categorical) or when there are different relations between
independent variables and dependent variables (e.g., linear for
some variables and log-linear for others). GZLM accepts non-
normal residuals and can be used for a wide range of situations.
GZLM differs from general linear models (GLM), which are used
especially when we are dealing with more than one dependent
variable.

In the case of firewood use, the household income, the number
of householders, and the average age of tamily chiefs, among others,
may together be explanatory factors, as observed in Table 5.

8 Contingency Tables

We often need to analyze nominal data, i.e., data that are qualitative
or ordinal (see Chart 5). These data have no normal distribution.
Therefore, contingency tables help the investigator identify possi-
ble associations between two variables that classify the same data.
There are cases in which the two variables are qualitative (e.g., age
and sex), and there are cases in which one of them is qualitative
(e.g., plant origin) and the other is ordinal (e.g., ranges of a given
resource’s extracted volume).

The chi-square and the G-test are certainly the most popular
tests for contingency tables. The chi-square test is a nonparametric
choice that is extremely popular and widely applied in various fields
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Table 5
Firewood consumption and socioeconomic information from 18
households in a rural community

Average age Annual volume
Number of Monthly family of family chiefs of firewood
householders  income (US$) (men and women)  consumed (m3)

1 0 59.5 0
2 20 36.5 1
3 95 70 1
3 50 72.5 1.1
3 0 68 1.2
7 20 445 1.2
4 95 52.5 1.4
4 400 61.5 1.4
3 300 53 1.5
5 250 39 1.5
5 380 73 1.5
4 380 38 1.7
5 190 58 1.7
5 380 33 1.8
5 400 53.5 2
4 570 55 2.5
8 600 31 3
10 850 27.5 35

Dependent variable: annual firewood consumption

Multiple linear regression

Multiple coefficient of determination (R?)=0.89

p (general)<0.05

p Values for each factor:

Number of householders: p<0.05—direct relationship

Monthly family income: p<0.05—inverse relationship

Average age of household chiefs: p>0.05

Interpretation: in this example, notice that annual firewood consumption is explained
by the number of inhabitants and the monthly family income but is not explained by the
average age of the household chiefs

of study. For the chi-square test to work adequately, contingency
tables may not contain observed values lower than 5. When this
happens, an interesting option is to apply Monte-Carlo simulations
to simulate the p-value and avoid the bias of the low values.



Principles of Inferential Statistics Applied to Ethnobiology and Ethnoecology 429

Chart5
Example of ethnobiological data suitable for contingency tables

e Relation between plant/animal species’ local availability

e Different groups of resource users using different parts of the plant or
animal

¢ Different groups of resource users earning different amounts of money
by selling their products

e Effectiveness of an animal- or plant-derived drug to combat a certain
disease

e Number of occasions on which a plant or animal is mentioned for
curing a certain disease

Modified from Hoft et al. [1]

Table 6

Contingency table with two qualitative variables: citation of M. urundeuva
Allemao (aroeira) for its anti-inflammatory purposes (hypothetical data)
in two communities (A and B)

A B
Number of people who cited the aroeira for 40 35
anti-inflammatory purposes.
Number of people who did not cite the aroeira for 90 30

anti-inflammatory purposes.

Chi-square in a 2 x2 contingency table

1*=9.75 p<0.05

Interpretation: citations of aroeira for anti-inflammatory purposes were proportionally
higher in community B than in community A. It can be seen that, although community
A had a higher total number of people citing the aroeira as anti-inflammatory, a higher
proportion of people in community B cited the species for the abovementioned pur-
pose. It becomes clear that the important value in this type of test is the proportion
rather than the absolute value

An alternative to the chi-square, the G-test, is also quite popu-
lar for contingency tables (see example in Table 6). It does not
require the observed values to be higher than 5.

9 Final Remarks

Finally, we would like to offer a short list of studies that have
employed a wide array of ethnobiological approaches. They are
example applications of some of the statistical tests presented in
this chapter (see Table 7).
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Table 7
Key statistical tests applied in some ethnobiological studies

These tests...

Can be found in...

t test

Kruskal-Wallis

Man Whitney

Paired ¢ test
Wilcoxon

Spearman correlation

Pearson correlation

Regression

Chi-square (y?)

Fox [8], Hanazaki et al. [9]

Phillips and Gentry [10, 11], Phillips et al. [12], Salick et al. [13], Ghimire

et al. [14], Albuquerque et al. [15, 16], Naughton-Trevis et al. [17]

Thomas et al. [19]

[25], Ramos et al. [26]
Ghimire et al. [14]

Salick et al. [13], Holmes [18], Ghimire et al. [14 ], Naughton-Trevis et al. [17],

Gaugris and van Rooyen [20], Ndangalasi et al. [21]
Phillips et al. [12], Ramos et al. [22]
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Chapter 27

Problems and Perspectives in the Publication
of Ethnobiological Studies

Ulysses Paulino Albuquerque, Natalia Hanazaki,
and Joabe Gomes de Melo

Abstract

Ethnobiology attempts to understand the relationship between man, the environment, and the biota and
has significantly contributed to the knowledge and conservation of biodiversity and the search for new
molecules with biological action, especially in such disciplines as ethnopharmacology and ethnobotany.
However, many publications in the field have ethical, methodological, and theoretical problems and poor
and limited results. Thus, the purpose of this chapter is to review several key aspects to ensure reliable data
collection and the quality of publications, especially of ethnobotany and ethnopharmacology studies.

Key words Ethics in ethnobiology, Scientific whiting, Science policy, Data collection

1 Introduction

Ethnobotany and ethnopharmacology have proven to be key tools
for knowledge on biodiversity and powerful approaches in the
search for natural substances with therapeutic action. Nevertheless,
several limiting factors of such approaches can be mentioned,
including the following: the difficulty of collecting reliable data on
people; the consistent correlation of plant use in different cultures,
to a greater or lesser degree, with magical-religious components; the
existence of ethical issues regarding access to traditional knowledge
related to biodiversity use. Undoubtedly, many studies have been
developed outside of these discussions, which has led to such issues as
publications with ethical, methodological, and theoretical prob-
lems and with poor and limited results as to their application.
Thus, the purpose of this chapter is to review several key aspects
to ensure reliable data collection in ethnobiological research and

This chapter is a revised version from transcriptions of the text originally published by the authors in
Brazilian Journal of Pharmacognosy 16(Supl.): 678-689, 2006.
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provide an overview of elements that have been considered essential
for ensuring the quality of publications. Moreover, certain aspects
of ethical and legal issues that guide ethnopharmacological and
ethnobotanical studies are briefly introduced. Therefore, a number
of the terms and concepts used in this chapter, which emphasizes
studies that focus on the medicinal use of resources, must be clari-
fied. The term traditional has different understandings [1, 2] but will
be applied to two contexts: traditional communities and traditional
know-how or knowledge (using traditional communities as a refer-
ence). The term “local knowledge” has been proposed as an alterna-
tive to the term “traditional knowledge,” as the set of “knowledge,
practices, and beliefs, developed by adaptive processes and passed on
through the several generations by cultural transmission, on the rela-
tionships between living beings with each other and with their envi-
ronment” [3, 4]. Of note, not all ethnobotanical studies on
traditionally used plants are directed a priori toward contributing to
the discovery of new drugs of medical or pharmaceutical interest.

The main contribution of many studies is to introduce a list of
species (animals or plants) with data on their uses by local com-
munities [5-7]. Several of these approaches, which are essentially
descriptive, continue to follow the initial approach of ethnoscien-
tific research, strongly marked by an ethnographic influence [8].
However, several studies that focus on medicinal plants, despite
lacking the initial goal of contributing to the discovery of new
drugs, show potential to strengthen that field of research. Most
contributions, however, fail to indicate or are not directed toward
answering certain basic questions. For example: how do people
select plants and animals for medicinal use? What criteria are
involved in these choices? These questions have not been
answered, although several studies have begun to indicate the
existence of patterns [9-16], which, if confirmed, will enable us
to predict which groups of plants may show interesting and sig-
nificant biological activity. One of these possible patterns regards
the people’s “preference” for selecting plants from “disturbed”
environments for medicinal use [11]. Accordingly, we propose
that researchers seek to link the traditional ethnobotanical survey
to hypothesis testing.

2 Common Problems in Ethnobiological Studies

The identification of research problems that are crucial for the
advancement of the field and improvement in the quality of publica-
tions are only possible with the use of scientific literature that reflects
all accumulated knowledge on the matter. This requirement is one
of the reasons for the poor quality of studies. Referring to ethno-
botany studies in general, McClatchey [17] emphasizes that the
poor quality of science presentation indicates that authors lacked
writing skills, fluency in the language used, positive models of
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2.1 Problems with
Data Collection

good-quality writing, and access to basic research methods. On the one
hand, the evaluation of certain publications in Brazil seems to sup-
port McClatchey’s view. On the other hand, Brazilian researchers
now have easy access to worldwide scientific literature, which con-
tradicts the lack of accuracy in data collection and analysis.

Many problems that commonly lead to the rejection of articles
in journals with a board of expert reviewers are related to data com-
patibility with the theory or hypotheses tested. We suggest that
studies show a clear and detailed description of methods, especially
studies that introduce new approaches, and cite literature references
for those methods. In Table 1, we introduce a proposal for structur-
ing articles within the scope of ethnobotany/ethnopharmacology
that can be extrapolated to other areas of ethnobiology. Of note, this
framework proposes recommendations aimed at guiding the struc-
turing of scientific articles; this suggestion does not imply that they
should always be followed in the manner proposed. There are always
exceptions, and the particularities of each study should be consid-
ered, as ethnopharmacological and ethnobotanical studies examine
various environmental situations and sociocultural contexts.

Several elements must always be included in ethnopharmaco-
logical and ethnobotanical studies. In Table 2, we introduce a simple
guide as a basic proposal for the evaluation of publications based on
what is commonly accepted in scientific approaches involving ethno-
botany and ethnopharmacology. Appropriate methods enable the
best measurement of a phenomenon and conclusions based on the
findings, if the questions are the main guidelines of a research study.
There is an increasing trend of including quantitative techniques and
statistical analyses in studies, especially since the 1990s. However,
quantitative methods and statistical analyses do not replace a careful
and thorough data collection because they are only tools. Pertinently,
Bernard [20] emphasizes the significance of separating the concepts
of quantification and science, remembering that any science is based
primarily on qualitative data.

There are many means to obtain data from the community on
plants and/or animals used for therapeutic purposes. However,
before beginning a research study, it is necessary to meet people
to know their living conditions, culture and social organization.
Many research manuals that provide guidelines to methodologi-
cally support research are currently available [21, 22], including in
Portuguese.

It is not always possible to obtain all data concerning a group’s
practices because many are tied to strong cultural values. For exam-
ple, in certain indigenous tribes or African-Brazilian communities,
specific pieces of information are zealously guarded secrets and
passed on only to direct successors [23-25]. Often, the goal is not
to simply deny the researcher’s access to data that he or she seeks,
but to preserve knowledge that is tied to cultural, social, and even
sentimental values. During fieldwork, the researcher should seck to
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Table 1
Proposal for structuring scientific articles in ethnobotany and ethnopharmacology

First stage

1.

2y

Avoid starting by writing the title, abstract, introduction, or literature review. Leave these to the
end of the article writing

Begin by writing the hypothesis and /or research goals. Be as clear as possible. Prepare a list of
references related to your hypothesis and /or goals

Accurately characterize the study area, studied population, and sample universe

Describe the methods used judiciously, linking them with your hypotheses and /or goals. Assess
whether the same methods were used and/or reported by other authors and cite them properly.
Sometimes it is interesting to explain the context of application of the methods of other researchers.
When using new methods, describe them in detail and clearly

. Be clear on the methods used. When possible, argue about the choice of methods, their potential,

and limitations

Second stage

6.

7.

Organize the results based on the methods used. Organize tables, figures, and ethnographic
descriptions of results. Statistical analysis of results must be included and clearly referenced

Write the results in a simple way using sentences to describe the relationships between the methods
used, tables, and figures of results. In many cases, this consists of a short and simple sentence.
Prepare a list of references that will help you discuss the results

Third stage

8.

9.
10.

11.

Interpret the results in light of the hypotheses and goals. Make a list of references related to your
research

Write full references of the citations you use. It is very easy to later forget the material that you used
Write clear discussions of the results. The first discussion should be in the order of your
presentation of the results. Do not repeat data from the results in the discussion

Rate your hypotheses clearly and specifically, indicating how your results support or reject them

Fourth stage

12.

13.

14.

15.
16.

17.

General theories on the people/plants relationship may arise when hypotheses are tested with
effective methods. Arrange paragraphs in a logical order

Abstract. Write one or two sentences that summarize the introduction of the research. Introduce
hypotheses or goals in one sentence. Write one or two sentences that summarize the methods.
Write one or two sentences that summarize the discussion of results. Add one or two sentences
for the conclusions

Create a title that is descriptive of the research conducted. Some authors have adopted titles in
the form of questions that indicate the content of the publication to the reader. Other times, they
use statements, for example: “The distance from urban centers affects the knowledge on
medicinal plants of the Indians Piaroa”

Prepare a list of keywords. Do not repeat words from the title

Ask a colleague who is not directly involved in the research to conduct a critical reading of your
material. Hand him or her a copy of this guide

Do not forget to check the bibliographic standardization and completeness of references used in
the text and cited in the reference list

Modified from McClatchey [17]

identify himself or herself with the interviewee to understand why
many secrets cannot be revealed [26]. The researcher in ethnobiol-
ogy is essentially a data extractor and compiler. Therefore, respect
for local social institutions is an important position for the researcher.

The process of data cataloging may seem to be an easy task to
a beginning observer in ethnobiological research, as the data



Table 2

Guide for evaluation of scientific studies in the field of ethnobotany and ethnopharmacology, based
on criteria presented by Lima et al. [18] and Castro [19] for scientific papers, thesis, and
dissertations and McClatchey [17] for the problems found in ethnobotany publications

Defining the problem and objectives

(A) TIs the study area or topic clearly defined?

(B) Is the research problem well defined and delimited?
(C) Are the goals clear and well formulated?

Introduction and theovetical framework

(A) Are the theoretical elements necessary to support the problem presented?

(B) Are the updated and consistent data on the variables, the key factors, and methods to study the
problem presented?

(C) Are the hypotheses outlined? Are they discussed in light of findings from the literature?

(D) Are relationships between different variables established?

(E) Is the wording of the text clear, concise, interrelated, structured, and organized?

Methods

(A) Is the workplace characterized? If so: size and condition of the area, infrastructure, environmental
issues, physical and biological environment, agriculture, extractivism, tourism and demography,
among others

(B) Is the sampling design consistent with the goals?

(C) Is the population defined?

(D) Are the studied communities deeply characterized? Ethnicity, customs, history of space occupation,
marked traits of culture, population size, religion, health and education, among others

(E) Are the informants/interviewees described in detail?

(F) Is the unit of observation and sampling described?

(G) Are the sample selection criteria used described?

(H) Does it state whether interviewees provided formal authorization to conduct the research?

(I) Are sample size and type of sampling defined?

(J) Are the data to be collected described?

(K) Are the procedures used for data collection described?

(L) Are the techniques and equipment well described and suitable?

(M) Are the statistical methods of the analyses described and suitable?

(N) Were the plants and /or animals collected and identified using the usual procedures? Identification
using dictionaries or lists, on rare occasions, is acceptable

(O) A good ethnographic description of therapeutic systems and concepts of health and disease is a key
item, for studies aimed at discovering new drugs. It is also essential to understand the names of
diseases/symptoms and their equivalents in terms of Western/urban medical systems, in addition
to plant names and their botanical synonyms

Results
) Are they presented in a clear and concise manner?
) Are the tables, diagrams, graphs, and figures presented in a clear and concise manner?
C) Are all illustrations, tables, and graphs necessary?
D) Are all species correctly cited?
E) Were the cited species adequately sampled, with the record and deposit of reference material in
herbaria or appropriate collections?

(A
(B
(
(
(

Discussion

(A) Does the author establish comparisons with data from the literature?

(B) Are the results discussed in a clear manner in relation to the proposed goals?

(C) Do the results confirm or reject the hypotheses proposed?

(D) If the study presents a list of plants and /or animals used as medicinal, is there a contextualized
discussion on their use?

(E) Do conclusions, when included, contribute to a further understanding of relationships between
people and medicinal resources?

(continued)
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Bibliography

(A) Are the bibliographic references cited written according to standards?
(B) Is the wording correct?
(C) Does it reflect the commitment of researchers to enrich the study?

Supplementary data

Is the title appropriate?

Does it conform to legal requirements in the case of research studies on humans?

Is the chronogram, when applicable, well described with feasible steps within the time allotted?
Is the language acceptable?

(
(
(
(

A)
B)

C)
D)

provided during an interview are transcribed into a notebook.
Despite this initial appearance, there is a whole set of guidelines
and procedures for collecting and recording qualitative data [27].
More than a simple scientific technique, interviewing is an art that
is little understood by those outside of ethnobiological studies.
Many problems that affect the quality and reproducibility of pub-
lications result from the lack of techniques that facilitate the initial
contact with interviewees, poorly designed questions, inadequate
or misguided selection of interviewees, insufficient sampling, and
lack of theoretical knowledge supporting the methodological
decisions. In combination with these factors, there are numerous
data collection techniques that can replace or complement the tra-
ditional interviews; the selection of such methods depends on the
proposed goals. Questionnaires, extremely common tools in ethno-
pharmacological surveys, may not be as effective given the cultural
context [28]. Accordingly, Edwards et al. [28] stress that question-
naires may inhibit the informants because they are an extremely
formal tool and include questions that the interviewees find difficult
to understand (considering the cultural and environmental con-
trasts) and trigger hostility, depending on the research focus.
Many other precautions are needed in this type of research.
For example, symbolism is found in the practices of different ethnic
groups and is linked to belief in deities and the performance of
rituals required for the preparation of drugs and other forms of
healing [24]. In this sense, a people’s worldview dictates the way
the people relate to the environment in which they live (including
plants and animals) and their perception of the world and the
relationship between its components. It is the researcher’s task to
decode the data gathered, seeking to join emic observations and
etic explanations. For example, there are several ways of perceiving
and treating diseases. This diversity may result in the challenge of
accepting the cultural and linguistic differences and an interpreta-
tion effort [26], which does not always have a satisfactory result.
Furthermore, certain data are highly significant and, in certain



Problems and Perspectives in the Publication of Ethnobiological Studies 439

Table 3

Type of data that must be collected in ethnopharmacological and ethnobotanical studies

Bl o I O | IR | R O

e
N = O

. Treatment duration

Common (local) name of the plant

Health conditions for which the plant is referred

Plant parts used in preparations

Other parts or substances used mixed into preparations

Special collection requirements deemed necessary for the effectiveness of plants (season, time of day)
Complete methods and preparation

Complete forms of drug administration

Amounts (based on the native systems of measurement) of all ingredients used

Dosage (with special reference to the patient’s age, gender, and health state)

. Presumed healing principles of each constituent (often organoleptic properties)

. Desired eftects produced by each ingredient

13. Special behavioral requirements to be followed by the patient during treatment (dietary
restrictions, restrictions in regular activity)

Sonrce: Berlin and Berlin [29]

2.2 Problems with
Data Presentation
and Analysis

cases, indispensable, especially if the study is focused on bio-
prospecting (Table 3). Bermudez et al. [30] argue that ethnobo-
tanical studies of medicinal plants should involve the following:
record on medicinal plants related to the studied community
through the collection of all possible data (see Table 3); quantita-
tive analysis of the cultural significance or level of use of different
species; assessment of the variation pattern of traditional knowl-
edge and its relation to the social factors that affect it; analysis of
the strategies employed by the population to make the most out of
medicinal plants; assessment of the abundance, distribution, and
diversity of medicinal plants used; evaluation of the extractivist
impact on the structure and diversity of natural ecosystems; design
of projects for sustainable use or conservation strategies of resources
considering the traditional knowledge and practices; development
of mechanisms toward public recognition of the studied popula-
tions’ intellectual rights; and the development of strategies to
compensate them for their participation in research studies. This is
proposal is an ideal approach that depends on an interdisciplinary
effort for its success.

One of the difficulties in ethnodirected research is the inaccuracy of
published data. Waller [31] provides the example of “inflamma-
tion” because it can occur in practically the entire body. The
causes may differ, such as trauma, infections, allergies, or asthma.
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2.3 Lack of
Integration Between
Data Retrieval, Theory,
and Reproducibility

The ethnobotanical literature, for example, has many references of
anti-inflammatory activity with little or no etiological evidence
supporting future decisions on the most appropriate pharmaco-
logical models. Thus, the simple term “anti-inflammatory activity”
does not enable the selection of the pharmacological evaluation
model; detailed descriptions of the disorder are required [31]. For an
ethnobotanical or ethnopharmacological study to be considered
useful, certain data regarding disease etiology, plant preparation,
mode of administration, therapeutic goals, and other details that
enable researchers to understand the local culture should be prop-
erly collected and clearly presented (refer to Table 3) [32].

Several techniques and methods can reduce subjectivity in
the presentation of data on medicinal plants and pharmacological
testing while concomitantly offering a decision-making parameter
regarding which plan is or is not worthy of a more detailed study.
For example, using traditional techniques in ethnobotanical studies
(free listing and semi-structured interviews), Canales et al. [33]
aimed to collect data on the uses of plants by a community in
Puebla (Mexico) while selecting plants for biological activity stud-
ies using the informant consensus factor. The informant consensus
factor is a quantitative technique that indicates the plants and/or
diseases that enjoy the broadest consensus among people. This
method is widely used by researchers [6, 7, 34, 35]. In the study
by Canales et al. [33], informants reached broad consensus when
indicating plants for treating problems with possible bacterial
origin. Therefore, the researchers selected 16 species for testing
antibacterial activity, and 75 % of these showed such activity.
Quantitative techniques have also been used to select plants with
hypoglycemic activity [36, 37].

Using the informant consensus logic, Berlin [38] analyzed the
lexical variation in names given to medicinal plants among 14
Tzotzil and Tzeltal municipalities in Mexico. Species with the
broadest consensus in their use and therefore the lowest lexical
variation were supposedly those with the highest pharmacological
potential in contrast to species with the broader uses for many
health conditions, which had a higher lexical variation.

There is nearly a complete absence of use or development of theories
that encompass the observed phenomena and more rapidly advance
a theory of the relationship between people and natural resources.
However, there is a great need for ethnopharmacological and
ethnobotanical studies to enable the recovery and conservation of
knowledge on medicinal plants native. Such research should aim to
select plants for pharmacological, toxicological, and phytochemical
studies [39]. The development or use of a theory is essential for
any type of scientific approach intended to answer questions and
predict phenomena. Several factors affect people’s knowledge
about the medicinal plants that they use, including ecological,
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2.4 Legal and Ethical
Issues that Permeate
Ethnopharmacological
and Ethnobotanical
Studies

economic, social, and cultural factors, which act in different ways
in different cultures. Similarly, there is a nearly complete lack of
reproducibility of studies with different groups and plant forma-
tions, even among studies that adopt a comparativist approach.
Such reproducibility is desirable to test a hypothesis with similar
methods in different contexts, which would enable us to under-
stand further the context of relationships between people and the
plants and/or animals that they use in medicine. In this sense,
these studies must be made more predictive, which implies increas-
ing the accuracy of research studies.

As stated by Etkin [32], ethnobotanical studies, which focus on
medicinal plants (and especially ethnopharmacological studies)
have the following aims: bioprospecting and the advancement of
pharmaceutical science with the discovery of new drugs and their
inclusion in biomedical pharmacopoeia; conservation and preser-
vation of biodiversity; promotion of local use of plants in combina-
tion with previously known drugs and other biomedical
technologies; and use of the knowledge of local communities while
respecting their intellectual property. It appears that these goals are
now somewhat contradictory because bioprospecting and the
advancement of pharmaceutical science are driven by an underlying
capitalist mechanism linked to the individual accumulation of prof-
its or restricted to small groups or large corporations. By contrast,
biodiversity conservation is not always driven by such motives,
much less the concern for local intellectual property, which is often
diffuse and grounded in a collective rather than individual logic.
This observation may seem slightly partisan, but the systems of
individual protection of knowledge (and consequently of financial
profits from research studies related to bioprospecting and phar-
maceutical science) do not seem to benefit local populations
through the mechanisms that are currently used.

Any area of research that involves humans (including ethnobi-
ology) must comply with the ethical and legal issues in a global and
regional context. The global context is determined by organs of
international reach, such as the guidelines of the UN [United
Nations] and the International Society of Ethnobiology, for
example. Conversely, the local sphere is restricted to the territorial
borders of nations.

The Convention on Biological Diversity was a significant
achievement regarding the protection of traditional knowledge.
Signed at the United Nations Conference held in 1992 in Rio de
Janeiro, the Convention recognizes the need to share benefits from
the use of traditional knowledge and genetic resources in addition
to addressing biological conservation and sustainable use.
Furthermore, the way of life of traditional communities is recog-
nized as relevant to the conservation and sustainable use of biodi-
versity; therefore, we should “... respect, preserve and maintain
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2.4.1 Legal Issues

of Ethnobiological
Research: The Brazilian
Case

the knowledge, innovations and practices of Indigenous Peoples
and other traditional, land-based communities...” [40]. The Bonn
Guidelines on access to genetic resources and fair and equitable
sharing of benefits from their use were subsequently published.
The Bonn Guidelines have several goals, including “to provide
the parties and stakeholders a transparent goal to facilitate access
to genetic resources and ensure the fair and equitable sharing of
benefits” [41].

The International Society of Ethnobiology (ISE) Code of
Ethics is a useful reference on ethical aspects with international
reach that must be obeyed. This code includes guidelines for the
desirable conduct of surveys of ethnobiological nature, including
diligence, acknowledgment, confidentiality, and the need for
informed consent, among others [42].

There are two aspects regarding who owns the intellectual
property rights [43]. The first was recognized at the Convention
on Biological Diversity and states that countries are entitled to
their biological resources within their legal borders and that native
groups,/communities have the right to protect and seek compensa-
tion for the knowledge that they have developed throughout gen-
erations based on local biodiversity [44]. The second aspect
concerns the worldwide patent system, which is based on the legal
concept of intellectual property rights (according to the World
Trade Organization). In this system, individuals or groups claim
that they have discovered or invented something, and a monopoly
on the commercial development of his, her, or their “invention” or
“discovery” is granted for a limited period of time (typically
20 years) [45]. The problem with this last issue is that in certain
cases, the technological development is based on traditional knowl-
edge without compensation and recognition of the group(s) or
community(ies) that has the knowledge.

Below we focus on the legal issues required for certain ethno-
biological studies in traditional communities of Brazil.

A current recurring issue refers to the protection of local knowl-
edge on medicinal plants and animals. There is no consensus,
although several researchers adopt certain procedures during their
research, especially in the publication of results. In the case of
medicinal plants, for example, several researchers do not disclose
interesting plants found in their studies until the design of a tool
that guarantees to the community’s proper rights should the plant
lead to a drug [46, 47]. According to Platiau and Varella [48],
Brazil was one of the pioneering countries in international negotia-
tions in favor of national sovereignty over genetic resources, but it
created an inefficient and bureaucratic structure to manage access
requests through Provisional Measure No. 2186-16 of August 23,
2001, as regulated by Decree No. 3945 of September 23, 2001.
In Brazil, the protection of traditional knowledge has been widely
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discussed in light of this measure, which aims to regulate access
to traditional knowledge related to genetic resources, implying
monitoring procedures and access authorizations, leaving this role
to the Genetic Heritage Management Council (Conselho de
Gestdo do Patrimonio Genético—CGEN), an agency linked to the
Ministry of Environment.

However, there are several unforeseen practical problems that
must be solved to promote the development of this research field
in Brazil. There is a consensus that benefits should be shared
through the signing of contracts (for which there is no agreement)
of target-resources use. The issue of bioprospecting is under heated
debate in Brazil because researchers are unanimous regarding benefit
sharing but request justice and flexibility to ensure that laws do not
impede the progress of research. Moreover, the idea of property
rights requires extensive discussion. McClatchey [17] stresses that
considering “the best of paternalistic intentions,” there is the idea
that all cultures perceive property rights in the same way, which is
a significant misconception. A number of people are apprehensive
regarding the idea of “owning knowledge,” whereas others
strongly defend their knowledge property rights [49].

The government measures designed to regulate access to bio-
diversity and associated traditional knowledge also aim to establish
mechanisms for sharing the benefits that are generated by research
studies of this nature. However, we run the risk of falling back into
an ineffective bureaucratic structure. The return of benefits from
ethnodirected research studies should be primarily viewed as the
researcher’s own ethical and moral premise, rather than a mere legal
requirement. Elisabetsky [50] suggests that the sharing of benefits
can occur either through monetary compensation (for example,
when there is an immediate payment for the informant’s work days
or a payment per plant sample collected or through transter of
percentage of the royalties generated by the knowledge) or non-
monetary means of benefit sharing, including contributions to the
local/municipal economy, improvements in the local people’s
training regarding the sustainable use of natural /genetic resources
and administrative training, exchange of staff and training, tech-
nology transfer, and increase in local scientific capacity with the
participation of local experts.

Regardless of the abovementioned discussions, research studies
that involve access to people’s knowledge must also comply with the
provisions of Resolution No. 196 of 10,/10,/1996 of the National
Health Council (Conselho Nacional de Satde—CNS), which
defines research involving human beings as research that “involves
human beings, either directly or indirectly, in its entirety or partly,
including the management of data and materials.” According to the
resolution, the research project must be previously approved by the
Committee on Research Ethics (Comité de Etica em Pesquisa—
CEP) of the institution. The informed (or free and informed)
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consent has been considered one of the cornerstones of modern
research ethics [51, 52]. This consent form aims to provide informa-
tion about the nature and purpose of the study, procedures, and /or
techniques used in the research study (for example, whether there
will be interviews and/or the researcher’s constant observation of
local medicine practices, among others), ensure the protection of
the study subject’s identity and privacy, among others.

The precepts and guidelines of the Provisional Measure No.
2186-16 of August 23, 2001 that “adopts provisions concerning the
assets, vights, and obligations related to access to genetic hevitage com-
ponents present in the national [Brazilian] territory, on the conti-
nental shelf and exclusive economic zone for sciemtific veseavch
purposes, technological development or bioprospecting; access to tradi-
tional knowledge related to genetic vesources, velevant to the conserva-
tion of biological diversity, the integrity of the Country’s [Brazil]
genetic heritage and the use of its components; fair and equitable
sharing of benefits from the exploitation of genetic hevitage compo-
nents and associated traditional knowledge; and access to technology
and technology transfer for the conservation and use of biological
diversity” must also be followed. This provisional measure stipu-
lates that access to genetic resources and/or access to traditional
knowledge existing in the country [Brazil] will only be granted
upon authorization from the Union (refer to Table 4). Actions or
omissions that violate the Provisional Measure No. 2186-16 of
08,/23,/2001 are inclusively considered offenses against the genetic
heritage or associated traditional knowledge, which should be
ascertained according to an adequate administrative proceeding by
the competent authority through sanctions, including warning,
suspension or cancellation of registration, patent, license or permit,
and fines (Refer to decree No. 5459 of June 7, 2005).

Table 5 shows a template of an informed consent form for
research that involves no financial return. It should be emphasized
that the data suggested in Table 5 should be tailored to different
study cases and studied groups to ensure their clarity and under-
standing by the people who will participate in the study. Previous
contacts with community leaders must almost invariably be estab-
lished in addition to meetings and group discussions and other
forms of communication.

3 Final Considerations

A recent editorial in the Journal of Ethnopharmacology 54 ], which is
one of the most significant journals in the field, makes recommenda-
tions to authors to minimize the rejection of their studies by avoid-
ing the lack of the following: ethnographical data of the study or
regarding the methods used; the theoretical framework constituting
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Table 4
Suggested steps to ensure the ethics and legality (under Brazilian law) of research studies
involving access to traditional knowledge associated to genetic resources

Step 1: Research project submission to the vesearch ethics committee of the institution

This committee is responsible for evaluating and approving, or not, the research project before it is
conducted with humans. The researcher is usually requested to complete and submit an application
form to the ethics committee, in addition to the research project. The process is typically fast and
approval results may be released within 30 days.

Step 2: Research project submission to CGEN (Conselbo De Gestio Do Patriminio Genético/Genetic
Heritage Management Council) or IPHAN (Instituto Do Patrimonio Historico E Artistico Nacional/
National Historical and Artistic Heritage Institute)

Access to genetic resources and associated traditional knowledge, for scientific research purposes,
bioprospecting and technological development requires authorization because the Brazilian genetic
heritage belongs to the union. The researcher must consider the following aspects:

1. Access authorizations can only be requested by a legal entity, that is, the institution to which the
researcher is associated. For example, for the researcher who is associated to a university,
authorization should be requested by the university, and the legal representative is the president
or the person formally appointed by him.

2. The institution should access the CGEN website (http://www.mma.gov.br/port/cgen) and
identify the appropriate form for its need, complete it, and duly signed, submit it along with the
documentation listed there. Regarding an authorization for scientific research purposes, this can
also be requested from IPHAN.

3. The time for processing submitted applications varies greatly, so it is reccommended that the
request be made with a considerable advance to fieldwork.

Step 3: Benefit shaving agreement

In case there is potential for economic use of a genetic heritage resource, with the prospect of
commercial use through a product or process (the development of a drug, for example), a contract
must be signed between the parties involved (including the community that has the knowledge) for
the sharing of possible benefits.

Step 4: Obtaining the free and informed consent

The nature of the study and each of the actors that participate in it should be conveyed, through
meetings with community leaders and all those who will participate in the research study, to obtain
the consent of the community and/or people involved in the study. Although the term used by
Resolution No. 196, of 10,/10,/1996 of CNS (Free and Informed Consent) differs from that used
by Provisional Measure No. 2186-16 of 08,/23,/2001, of CGEN (Prior Consent), both have similar
functions. The latter is “the document evidencing that the provider of the genetic heritage
component and/or the associated traditional knowledge effectively understood the project to be
conducted and, furthermore, agreed to perform the activity” [53], whereas the former is a “consent
of the research study subject and/or his legal representative, free of vices (simulation, fraud or
error), dependency, subordination or intimidation, after complete and detailed explanation of the
nature of the research, its objectives, methods, predicted benefits, potential risks and discomfort
that it can cause, set forth in a consent form, authorizing his or her voluntary participation in the
research” (Resolution No. 196, of 10,/10,/1996, of the CNS).
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Table 5

Prior consent form template

Project name:

Principal Investigator’s name:

The study you are about to participate in is part of a series of studies on the knowledge you have and
the use you make of the plants from your region whether for feeding, construction, firewood,
medicinal purposes, among others, and seeks no financial benefit for researchers or any other person
or institution. It is a comprehensive study, which has many participants and is coordinated by the
Laboratory (...) of the University (...). The study uses techniques of interviews and informal
conversations, in addition to direct observations, without the risk of causing injury to participants,
except a possible embarrassment because of our questions or presence. In case you agree to take
part in this study, you will be invited to participate in various tasks, including interviews, listing the
plants you know and use from the region, help researchers collect those plants, show, when
appropriate, how you use them in your daily life. All data collected through your participation will
be organized to protect your identity. Upon completing the study, there will be no way to connect
your name with the data you provided. Any information on the study results will be provided when
it is completed. You have complete freedom to withdraw from the study at any time. In case you
agree to participate, please sign your name below, indicating that you have read and understood the

nature of the study and all your doubts were clarified.

Date:. /. _ /

Participant’s signature or fingerprint

Name:

Address:

Researcher(s)” signature(s):

Witness(es)’ signature(s):

the basis of the study; data on disease diagnosis and practices related
to the specific medical use of a plant; and data on the protection
and the rights of indigenous peoples or local government [55].
Although Pieroni [55] criticizes the wording of several of the above
items as unclear and confusing, it is certain that the commented text
reflects a trend of increasing rigor in the acceptance of ethnophar-
macological and ethnobotanical studies. This can also be observed
in another recent editorial in Economic Botany [56], which is a refer-
ence journal in ethnobotany.

The considerations regarding the ethical implications of
research, in the context of current discussions about access to
knowledge related to Brazilian biodiversity and return from research
results, are more significant than considerations about the method-
ological rigor of ethnodirected research studies. Current Brazilian
legislation regulating such matters remains limited. The researcher
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must constantly inquire about the benefits of his or her studies
or, according to Posey and Dutfield [57], whose knowledge is
researched and to whom it benefits.

Scientific research involving the application of local knowledge
concerning the use of medicinal plants and animals is undergoing
a propitious and productive period. The time when this knowledge
was underestimated has passed, marking a new era of cooperation
of knowledge. However, approaches toward producing a science
that will truly meet the needs of local communities, society as a
whole and the scientific community must advance to respond to
questions and social needs. This change is not an easy task with a
predefined recipe. In this chapter, we raised several questions with
the hope of reflecting on our needs and the current scenario, which

requires rapid changes and advances.

One of the most critical goals of bioprospecting of biodiversity is to help
preserve the great diversity of languages, cultures, peoples and other
organisms that inhabit the earth. One of the challenges anthropologists,
ethnobotanists, entrvepreneur physicians, and development professionals
Sface is to creatively use bioprospecting of biodiversity as one of many
tools to maintain and manage the fertile, but fragile, diversity of peo-
ple, plants, cultures and ecosystems that ave under constant threat of

extinction [58].
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Chapter 28

“Returning” Ethnobiological Research to the Communities
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Abstract

The “return” of ethnobiological investigations to the communities involved in the data collection has been
a recurring theme on the world stage. In this chapter, we present a brief discussion on this subject. Rather
than trying to indicate certain paths, the idea of this chapter is to provoke a discussion on the subject.
We will address proposals for the “return” of research that are divided into actions that do not depend
on third parties and actions that necessarily depend on support from organizations and/or institutions,
especially those involved in research and development.

Key words “Benefit”, “Give back”, “Return”, Local knowledge, Traditional knowledge

1 Introduction

The “return” of ethnobiological investigations to the communities
involved in the data collection is a recurring theme on the world
stage [ 1]. When considering the ethical commitments and implica-
tions of ethnobiology [2], researchers are (or should be) conscious
of'a formal or informal “pact” with the communities. However, an
ethical and moral dilemma exists because most often this pact is
not fulfilled, not from lack of interest but usually from not know-
ing how to fulfill it. At first glance, this task appears to be easy, and
the most appropriate action of “return” will depend on the
researcher’s personal insight and his/her comprehension of the
reality of the problems of the community that he/she visited. With
rare exceptions [ 3], our literature discusses how this “return” can
be made. The works that we have at our disposal describe in detail
how to collect data and the best way to obtain and analyze infor-
mation, but this description is always from a unilateral perspective
[3]. According to Bridges, some initiatives to fill this gap can be
taken during the preparation of our scientific publications: as
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authors, we might include brief notes in our articles that describe
how our research “contributed” to the community studied; as
reviewers of articles, we should maintain these contributions in the
manuscripts; and, as editors, we should promote the recognition of
this contribution.

The idea of a mandatory “return” appears to create, in our
opinion, a paralyzing dilemma for the researcher, given that from
the beginning of his/her academic career, he/she is constantly
challenged by the notion of an “ethical obligation.” The paralysis
to which we refer here begins because this concern for “another”
is strange given that it is not part of a researcher’s professional
training, either in university courses or in scientific practice, and as
aresult of the current contextualization of universities and research
and teaching institutions before society, with the key point being
the necessary discussion about the process of outreach. In addi-
tion, when we think of “return,” we associate it with a grandiose
project that exceeds the capacity of the researcher and the amount
of time projected for the research term. In this chapter, we hope to
initiate a debate concerning the possible forms of “return” for
research projects that do not involve economic benefits. According
to Shanley and Laird [1], “return,” as an invaluable manner of par-
ticipating in the benefits of a research study, means “devolver los
datos en formas relevantes para los grupos locales y para la conserva-
cion aplicada [to return the data in relevant ways to the local groups
and to applied conservation].” Regardless of any initiative and the
proportions of an intended approach, some information that may
help with this definition includes the following: (1) knowledge
of the problems and difficulties of the community; (2) knowledge
of the collective interests; (3) the identification of potential protec-
tion of intangible assets of collective use intellectual property; and
(4) an awareness that this contribution, which may appear simple in
our view as researchers, could be very important to the community
or trigger a beneficial process for local transformation.

To discuss the “return” of investigations is to think about
science, epistemological foundations and the values that guide our
practice of being scientists and citizens. Ethnobiology and ethno-
ecology follow this logic; however, given their epistemological par-
ticularities, such as contact with other cognitive systems for the
construction of a hybrid knowledge, they assume a very privileged
ethical position of reflection about the practices of the researcher,
reflections that will directly influence the “return” activities.

The following reference questions guide these reflections:
“how,” “why,” “for whom,” and “with whom,” which should be
made during the design of the research project. Lastly, the idea of
process contributes to the idea of return defended in this text; the
understanding of all of the development of research activities as an
interdependent continuum in which the “return” does not only
happen at the end of activities but also during all of these steps of
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contact, being related to all of these spheres that were constructed
among the stakeholders in the research.

In light of the reflections stated above, we understand return to
encompass the following: (a) a political and ethical activity that
should be inherent to all researchers in this area; (b) an activity that
is conceived and constructed in a dialectic form between the
research stakeholders; (¢) an activity that aims to contribute to local
development, that is, emancipation or empowering of the social
group associated with the research; (d) an activity that considers
the problems, difficulties, and potential of the community, along
with collective interests; and (e) a constant activity that is per-
formed on a daily basis and not just at the end of the research.

For practical purposes, we divided the “return” initiatives into
two groups: actions that can be developed individually and actions
that depend on organizations or institutions, considering the
limitations and difficulties of execution. To aid our discussion,
Chart 1 suggests some methods of returning data to the local
communities.

2 Initiatives That Do Not Depend on Third Parties

2.1 Our Products

2.2 Transfer
of Knowledge
and Experiences

The most simple and evident possibility of “return” is perhaps the
presentation of the constructed product (dissertations, thesis, arti-
cles, etc.) to the social group as well as the effects of these products
(development of theories, offering of information to public admin-
istrators, etc.). There are no apparent difficulties in executing this
initiative; however, the researcher should exercise caution in the
manner in which he/she conducts this process and should consider
the appropriate translation of the content and methods used.
These initiatives should consider the local context, such as the
level of instruction, way of life, customs, and beliefs (see Chart 1).
The researcher should also consider social relationships and hierar-
chies that structure the community.

Because the contribution of the community to our work occurs in
the “transfer of knowledge and experiences” and in view of a bilat-
eral relationship, we as ethnobiologists can provide the scientific
knowledge that we possess in an attempt to achieve the local
desires. Indisputably, these actions could reduce the asymmetry that
sometimes characterizes the relationship between the researcher
and the community. We understand that new elements may be
revealed by the local reality, providing a glimpse of richer and more
complex and particular possibilities when they are associated with
the local knowledge. In some situations, our academic and profes-
sional training (not just as ethnobiologists) and the association of
this training with that of researchers in intellectual propriety could
provide benefits to the community, for example, foster care that



Ghart 1
Forms of data return

There are many ways to translate data into valuable forms for local groups; the selected method will
depend both on the groups and the objectives of those that will be served. The following are some ideas
that could be considered

Oral
Workshops and interactive seminars

For many industrial, technical, and government officials groups, this form of exchange could prove to be
useful; a flexible structure, which may include field trips, could help to foster dialogue and awareness

Theater and itinerant exhibitions

Rural and urban groups respond better to stories, portrayed by fellow community members or visitors,
that offer lessons learned in a more attractive format than a reading or seminar. In the realm of theater,
people are able to transmit information that they might normally be embarrassed to share. In some cases,
exhibitions and itinerant theaters have proven to be invaluable to the community and neighboring
groups in sharing the lessons learned

Exchanges

Exchange between groups with similar needs and histories, but different geographical regions, could
be an extremely effective means of information trade. When neighbors share information among one
another in culturally appropriate manners, there are many benefits. First, the language, expressions
and means of communication are clearly understood. Second, confidence is created on a more solid
foundation; the information is better accepted when there is no motivation to “sell” ideas. Third, the
individuals of a region may have personally experienced the positive or negative effects of specific
decisions on land use and are thus able to report on the consequences in a more convincing manner
than an extension agent that is not from the communities

Music

Songs are a powerful method of cultural expression. New or popular songs that integrate the findings
of an investigation in their lyrics may not only transmit relevant scientific facts but also incorporate
feelings of cultural loss that surround the impoverishment of an ecosystem. Music has the additional
benefit of migrating from one culture to another by itself, taking the message along with it across
geographical borders

Readings

In some cases, the presentation of scientific results in a standard academic format may be appropriate
and useful, particularly in research institutions, universities, and even local government agencies. Even
if it is still important to integrate some of the style aspects previously mentioned in these forums,
readings presented in a standard format are much less capable of being assimilated than those that
encourage participation by the audience

Written
Manuals and illustrated booklets

The content of the manuals could vary greatly. Some may be illustrated guides for the use and
management of local species, targeting largely illiterate audiences concerned with the loss of cultural
knowledge and who are consequently in search of a means to record and validate this knowledge.
Others could be in the form of field guides that local groups can sell to tourists or use in resource
management; they could also be technical manuals that help local groups better manage resources or
negotiate with commercial or governmental representatives that are interested in the local lands.
When these guides are aimed at semi-illiterate or illiterate populations, it is critical to test the
illustrated materials with the local inhabitants; rural inhabitants, in particular, have an acute perception
of the size and shape of fruits, leaves, and wildlife and have well-developed opinions about the
techniques of how to process and manage local resources

(continued)
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Study plans

Teachers from developing countries with high biodiversity usually have limited access to teaching
resources concerning the local environment, the traditional use of resources and wider environmental
concerns; researchers could offer a valuable service by translating their results into formats that can be
casily adopted by teachers in their classrooms

Coloring books

Children respond very well to coloring books in a local or vernacular language; the coloring book
allows them to become involved in the topic, and they are important tools for education and learning

Books

The publication of books could help better advertise the information, reaching a greater portion of
society than any other method. However, many groups are not able to pay for books; thus, researchers
must be clear about who this form of investigation is targeting—typically, books are much more
focused toward academics or the government than the poor urban and rural inhabitants

Translated from Shanley and Laird [1]

optimizes health and hygiene; indicating more pest-resistant species
or those with better agricultural performance; collaborating in the
development of strategies for management and sustainable use; or
identifying and helping in the protection and valorization of local
resources through intangible assets of intellectual property.

Schmidt and Santos [4] define intangible assets as incorporeal
resources controlled by a specific entity that are able to produce
future cash flows. Intellectual property encompasses the areas of
industrial property and copyrights.

In Brazil, according to Law 9.279 of 15,/04 /1996, industrial
property protects patents, brands, industrial designs, geographical
indications, computer programs, and integrated circuits. Copyrights
are protected by Law 9.610 of 19,/02,/1998, covering literary,
artistic or scientific works; conferences, speeches, sermons, and
other works of this nature; dramatic or dramatic-musical works;
choreographed or pantomimed works, whose stage performance is
set in writing or any other form; musical compositions, with or
without lyrics; audiovisual works, with or without sound, including
cinematography; photographic works and those produced by any
process analogous to photography; works of drawing, painting,
engraving, sculpting, lithography, and kinetic art; illustrations,
maps, and other works of this nature; projects, sketches, and plastic
works concerning geography, engineering, topography, architec-
ture, landscaping, scenography, and science; adaptations,



456 Ulysses Paulino Albuquerque et al.

2.3 Political-
Organizational
Support

translations, and other transformations of original works presented
as new intellectual creation; computer programs; and collections or
compilations, anthologies, encyclopedias, dictionaries, databases,
and other works that, by their selection, organization, or content
disposition, constitute an intellectual creation.

Programming actions that can help the target communities of
ethnobiological studies with the “transfer of knowledge and expe-
riences” often require only a small amount of time, the willingness
to articulate to local leaderships and to organize the management
of this information through courses, lectures, and/or workshops,
taking advantage of the local infrastructure and conditions and, in
some cases, the participation of other institutions that can help add
value to the community. Scientific arrogance, which often charac-
terizes relationships between technicians and the community,
should be replaced with a legitimate relationship of respect for
differences.

Finally, this possibility of contribution should be constructed
within an egalitarian and dynamic perspective that is guided above
all by the horizontalness of the relationship. As an example of this
proposal, consider the case of a community that wishes to implement
a community garden to cultivate medicinal plants, making use of
all of their means and lacking only in technical support. In this
case, within our understanding, the entire process should be dis-
cussed with the community such that the community may become
self-sufficient and independent after the process. This idea is part
of the perspective that technical knowledge should not be intro-
duced locally as a form of domination.

Another form of contribution is through actions that are not
directly related to our academic training. These actions might
include, for example, supporting the development of organiza-
tional and bureaucratic groups in which the communities are
involved, such as associations and co-ops. These organizations,
which allow access to resources and a better-structured founda-
tion, end up not taking shape because of the lack of local knowl-
edge about the necessary steps required. In this manner, the
researcher could act as a privileged mediator and collaborate in the
structuring and /or strengthening of these institutions. The legiti-
mization of an organization through building and registering the
status as a collective organization, along with interventions with
public authorities, can be used as an example. Normative Instruction
N 12 of the National Institute of Industrial Property in Brazil
(Instituto Nacional da Propriedade Industrial—INPI) [5], which
is responsible for granting industrial property records in Brazil,
states that one of the conditions for the protection of Geographic
Indication (GI) is that the representation of the collectivity be
through these previously mentioned legal entities. Thus, in the
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majority of cases, Geographic Indication is an intangible asset of
collective use. Article 2 of the Normative Instruction cites that
Geographic Indication could be either Indication of Source (IS) or
Designation of Origin (DO). Article 2 § 1 defines IS as the geo-
graphical name of the country, city, region, or location of a terri-
tory that has become known as a center of extraction, production,
or manufacturing of a specific product or the providing of a specific
service, and Article § 2 conceptualized DO as the geographical
name of a country, city, region, or location of a territory that desig-
nates a product or service whose qualities or characteristics originate
exclusively or essentially from a geographic means, including natural
and human factors.

Another form of contribution to the community could be the dis-
semination of the practices and knowledge to the greater society
through the media. This strategy fulfills two basic objectives that are
highly related: (1) the recognition and valorization of local experi-
ences to raise awareness in society to this knowledge and, in some
cases, it is the only way of preserving these communities; and (2) the
dissemination of local knowledge. However, these strategies must be
permeated, again, by the notion of ethical commitment. Information
that could compromise intellectual property should be heavily
screened before its release, such as topics that are secret affairs of the
community or that could have economic implications. The text
below provides an example of a type of advertising strategy that
could be centered in a greater or lesser degree on the story of the
experiences of the community and may vary with the profile or
requirements of the communication means used. When the informa-
tion that we wish to convey will be communicated by third parties, we
should attempt to communicate our ideas clearly to avoid the publica-
tion of distorted, equivocal or scientifically incorrect information.

Threatened Medicinal Plants
By Verénica Falcio
Jornal do Commercio [Journal of Commerce |

Recife—17.09.2000, Sunday.

Five species of semiarid trees are threatened because of the use of the bark
of these trees as homemade medicine. The alert is from the botanist Ulysses
Paulino de Albuquerque, who studies this topic with funding from the
WWE—World Wildlife Fund. According to him, “aroeira-do-sertio”
(Schinus terebinthifolius Raddi), “baratna” (Schinopsis brasiliensis), “quix-
aba” (Sideroxylon obtusifolinm), “imburana” (Commiphora leptophlocos),
and “angico” (Anadenanthera pevegrina (L.) Speng) are at risk of extinction
because the manner in which the pieces of bark are removed could lead to
the death of the plant (...).

(continued)
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(continued)

According to the researcher’s evaluation, these species are the five most
exploited species of medicinal plants in the semiarid region. He estimates,
however, that the local populations of this region use 200 plant species, from
herbs to large trees, especially for medicinal purposes. Some plants from the
caatinga, such as umbu plants (Spondias tuberosa), are still used as food.

Albuquerque has studied the relationship between the people and plants of
the semiarid region since 1998. Called ethnobiology, this branch of science
considers economic, social, cultural, and biological aspects, with the objective
of the conservation and management of biodiversity. The work is performed
in a rural area of Alagoinha, 232 km from Recife, with 30 families.

In Albuquerque’s opinion, the inhabitants of the semiarid region are not
the ones that threaten these five species of plants. In a survey conducted in
Alagoinha, he observed that families reasonably exploit the trees. “They
know the amount of bark that can be taken from the tree, which contrib-
utes to the maintenance of the species in the environment,” (...).

The researcher defends conservation policies for medicinal plants.
To him, the trade of these plants must be controlled to avoid their extinc-
tion. “In addition to the plants being used intensively, these plants are not
cultivated, and their populations are being reduced.”

Another example of the valorization of local knowledge
through “returning” the ethnobotanical study is that of the Praia
do Sono Community, located in Paraty, on the coast of Rio de
Janeiro, which was investigated by Brito [6]. After 2 years of con-
ducting his study, in the beginning of 2012, the researcher returned
to the community with the collaboration of researchers from the
INPI Academy to identify potential means of protection of the
collective intangible assets, especially the geographical indication.
The “caigaras” (coastal inhabitants) of Brazil do not presently have
the same legal protection as “quilombola” (African slave descen-
dants) and indigenous peoples. The Praia do Sono caigaras sutfer
from harassment by real estate speculators, and those that resist
this harassment are pressured by the arrival of luxury condomini-
ums constructed in areas that were previously inhabited by the
caicaras. The possibility for the community to be considered a
Fitovida Network Community Group of the state of Rio de Janeiro
to strengthen the transmission of local knowledge related to
medicinal plants and related practices was identified. This identifi-
cation would increase the visibility of these caicaras and help to
preserve the local knowledge and help the survival of the commu-
nity. In this same year, for the first time, the caigaras participated in
the Fitovida Network Shareholder’s Meeting at the Bracui
Quilombo, and this year, they participated in the Annual Meeting,
which demonstrated the interest of the group in participating in
the network. The potential and viability of the protection of a geo-
graphical indication for cai¢ara “Praia do Sono” tourism services is
being studied. An ethnobotanical study by [7] in Rio de Cima,
Friburgo, Rio de Janeiro identified the potential protection of a
geographical indication (GI) of a species of identification of origin
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IS “Rio de Cima” for yams planted in that community and com-
mercialized in fairs with a better price than in other nearby regions.
The study documented the Yam Festival that occurs annually, and
[8] had already mentioned the reputation of this yam. Two other
potential collective brands are being verified by researchers at the
Fluminense Federal University (Universidade Federal Fluminense—
UFF) and the INPI Academy in that community. The exception is
that according to Art. 123 item III of Law 9.279, a collective
brand is that which is used to identify products or services that
originate from members of a specific entity. The appropriate pro-
tection option among the various assets is also an aim of ethnobo-
tanical studies.

Another return action concerns the training of multipliers, such as
community health agents, teachers, and people, connected with
neighborhood associations and unions. This return alternative
could be quite effective when the aim is to reach more people
because the information can be disseminated more rapidly.
Moreover, people who participate in this type of activity are more
familiar with these moments, which facilitates the job of the
researcher. Another advantage is that the person who will pass on
this information in the next step is the multiplier and already has a
command of the codes and signals to transmit information to the
social group that he/she is a part of.

Similar to the knowledge and experience transfer activities,
for this activity, we need some time to articulate ourselves with
the local representatives and for preparation of the support struc-
ture for these actions. In moments such as these, explanations can
be given that illustrate, for example, how the results can help
improve the quality of life for people.

3 Initiatives That Depend on Third Parties

Strategies that depend on financial resources from public or private
sources (specific announcements by funding agencies) often
require the sensitization of these social stakeholders to the prob-
lems that the community faces. Considering the possibility of act-
ing in this direction, some paths are possible, including creating
guidebooks or manuals and building outreach projects. Printed
materials such as booklets or manuals enjoy a privileged position
when the ethnobiologists think about the idea of contribution or
“return.” As a productive space for creativity, these materials can
be used to document the practices and plants and/or return the
local knowledge that is related to the scientist. Two different
focuses are necessary when thinking about the use of these materi-
als: the first focus is ethics because according to the information
that we present in these documents, we can facilitate access to the
traditional knowledge associated with genetic heritage (see Chap. 11)
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(e.g., information about the use of medicinal plants and animals)
and the second focus results from our interests as researchers and
our theoretical and methodological experience. Undoubtedly,
these materials can consolidate theoretical discussions and actions
concerning the improvement of the quality of life of a community.
Considering the focus given to the content of these materials, they
could be incorporated into strategies to transmit intercultural
knowledge. Visualization of this possible scenario again provides
an ethical challenge to researchers.

Concerning written materials, there are various forms of
“return” with different purposes (see Chart 1), and we present some
examples below. Healers in Belize asked researchers to produce a
book that helped teach children about medicinal plants (cf. [1]).
Alexiades et al. [9], in turn, developed a bilingual manual (Spanish
and in the orthography used by the groups involved in the participa-
tory process) on the medicines of the Esse ejja communities in Peru
and Bolivia, with the objective of promoting both the culture and
the medicine. There are also some interesting examples in Brazil.
Rios et al. [10] designed a manual with information about useful
“capoeira” plants (secondary succession) that are considered very
important to farmers of the Benjamin Constant Community (Para,
Brazilian Amazon). Fonseca-Kruel et al. [8] followed this same
direction and aimed at saving and disseminating information about
useful “restinga” plants used by local fishermen in Arraial do Cabo
(Rio de Janeiro). In addition to the examples cited, we should also
highlight Hanazaki et al. [11], who published an illustrated book
about useful plants to the caicaras of the Sdo Paulo coast.

To conclude the examples of written materials, we would like
to highlight two experiences of the LEA (Laboratério de
Etnobiologia Aplicada da Universidade Federal Rural de
Pernambuco—Laboratory of Applied Ethnobiology of the Federal
Rural University of Pernambuco). The first is the product of an
interdisciplinary and inter-ethnical project in which LEA was a
partner, which aimed to build aid for environmental and cultural
sustainability of the medical system of the Fulni-6 indigenous peo-
ple. As a result, all of the members of the team involved in the
project developed a bilingual booklet in Portuguese and Yathé,
(the native language) that discusses the importance of traditional
practices, the explanatory medical system, and the local specialists
in addition to the main medicinal plants and their uses. Finally, we
highlight three materials that were produced using the living expe-
rience of a few years in a rural community of the municipality of
Altinho, in rural Pernambuco: (a) an illustrated catalog of medici-
nal plants of the Caatinga and the method to prepare them; (b) a
comic book that discusses the role of ethnobotanical research in
the community and the importance of local knowledge; and (c) an
educational book to be used in schools throughout the city that
evaluates the biological particularities of the Caatinga.
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In turn, outreach projects have two characteristics: they are
linked to local needs (which aren’t always what the researcher
imagines), and they often depend on specific lines of explicit action
in the announcements of the funding agencies. The researcher, for
example, could believe that a community needs technical informa-
tion about the correct use of medicinal plants when this commu-
nity identifies the fact that the “oldest members” are not passing
along their experiences and knowledge about those resources as
the main problem requiring a solution. The investigations of the
LEA identified a community in the semiarid northeast in which
many families were unable to attain food self-sufficiency. The
researcher could attack the problem from two different sides in an
outreach project: attempt to develop partnerships or stimulate
public actions that aim at guaranteeing access to these resources
for these families; or, as was locally identified, strengthen the net-
work of social relations with the socialization of successful experi-
ences of other families of the same community. In the latter
approach, the researchers observed that there were families in the
same community that were self-sufficient due to traditional land
management techniques and the use of native resources of the
region.

An ethnobiology outreach project could have a main objective
of developing strategies for community development and improv-
ing the quality of life of these people. However, there are many
concepts of development and, consequently, methodological refer-
ences and social implications. Amartya Sen [12], for example,
understands development as a practice of individual liberties.
According to this author, “the expansion of freedom is seen (...) as
the main goal and the main means of development. Development
consists of the elimination of that which deprives of freedom or that
limits the choices and opportunities of & person to thoughtfully exercise
his/her condition as an agent.” This concept differs from ideas that
relate development with economic growth or the incorporation of
new technology. Likewise, a community could have a completely
different understanding of quality of life. For some ethnic groups,
for example, quality of life is irrevocably linked to health, which in
turn is associated with the continuity and perpetuation of specific
rituals. Thus, first, while enjoying this freedom, the researcher
must respect local interests when developing proposals and, sec-
ond, must attempt to foresee the effects of the actions on the way
of life and local institutions. Accordingly, the researcher must ask
himself or herself'if his /her actions will lead the community toward
a path of autonomy or generate some type of dependence on exter-
nal elements or goods (without guarantee of a continued and
accessible supply to all people).
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Normally, the sign of some action in the community creates
anxiety and expectations, especially when the community is not
informed about the requirements involved in the solicitation of
financial resources for these actions. Therefore, the researcher must
pay attention to all of these facets, including preparing the com-
munity for the proposal to not be accepted. Additionally, at each
step, the researcher should discuss and provide clarification to the
community about the objectives of the proposal and the utilization
of the resources, even if a comprehensive explanation is required to
avoid inconvenient situations such as the researcher requesting
resources for strictly personal use. There is an entire social dynamic
that is involved in the planning and implementation of actions in a
community, which could reflect a history of unsuccessful projects
and disastrous relationships with other researchers. Without a
doubt, these negative experiences could result in the community
being fearful and non-trusting.

It is also worth mentioning that the researcher/extension agent
must be aware of the structure and social organization of the com-
munity because some communities could have a clan organization,
and if the intentions of the researcher will benefit the entire com-
munity, the projects could be hindered by rivalry between clans or
by the researcher being more closely associated with one of the clans.

4 Final Considerations

In this chapter, we intended to reflect on the “return or non-
return” and “how to return,” which are ideas that are also associ-
ated with reflection on our scientific proceedings. This reflection
could ideally lead to the building of solid theoretical foundations
that should guide the selection and execution of “return” events.
In this manner, understanding that the decisions taken concerning
the nature of the “return” practices are also within the theoretical-
political field of the researcher and that any position is a political
position [13], we recognize that the practices of return are also
political actions that are therefore able to be tied to questions such
as “for whom,” “by whom,” and “for what.”

We believe that there are still many challenges to be overcome
when we treat the question of “giving back” or “returning.” Without
a doubt, there are many lessons to be learned from the experience of
others and many problems to be faced (see, for example, the case
studies presented by Shanley and Laird [1]), above all, to challenge
ourselves to think of this “return” as we reflect and build our proj-
ects of scientific investigation. In this sense, the proposal by Bridges
[3] to include notes on the subject in our articles could help ethno-
biologists to benefit from the experiences constructed in different
geographical and cultural contexts to guide their own practices of
ways to “benefit,” “give back,” or “return” the data of their research.
The collaboration of intellectual property researchers in
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ethnobiological studies could greatly help to identify collective
intangible assets that should be protected particularly by those asso-
ciated with local knowledge.

The idea of this chapter was more to encourage a reflection
than to actually note paths to follow. However, we cannot escape
the intention to view the real possibilities of contribution and,
especially, challenge the dilemma that accompanies our investiga-
tions while also stimulating the interaction of ethnobotanists and
ethnobiologists with researchers in intellectual property. Although
we may understand the regularities that govern the relationships of
people with plants, we must face the reality of the differences and
of the distinct views. “Conhecer um grupo é poder discernir a
regra da excegdo, a regularidade da excepcionalidade [To know a
group is to be able to discern the rule of exception, the regularity
of exceptionality]” [ 14]. If, in principle, we look for what the man-
uals teach us to investigate in a community—their knowledge,
practices, and experience—we cannot forget that, in the efferves-
cent pot of coexistence, we can transform our own experience.
Finally, we argue that the practices of return could enrich our eth-
nobiological work, founded on the idea that to perform science is
also a political and ideological action that could be compromised

in a new world, a world ruled by human emancipation.

References

1.

Shanley P, Laird SA (2002) “Devolviendo”:
hacienda que los resultados de la investigacién
sean relevantes para los grupos locales y para la
conservacion. In: Laird SA (ed) Biodiversidad y
conocimiento tradicional: paticipaciéon equita-
tiva en practica. Editorial Nordan-Comunidad,
Uruguay

. Albuquerque UP (2005) Introdugio a etno-

boténica, 2. ed. Interciéncia, Rio de Janeiro

. Bridges KW (2004) Editorial: give and take.

Ethnobot Res Appl 2:75

. Schmidt P, Santos JL (2002) Avalia¢io de ati-

vos intangiveis. Atlas, Sdo Paulo

. Brasil INPI Instru¢gio Normativa N 12 de

16,/03,/2013. Estabelece as condi¢des para o
registro das indicagdes geogrificas

. Brito MR (2010) Comunidade cai¢ara da praia

do Sono, Paraty, RJ, Brasil, uso dos recursos
vegetais.  Dissertation, Museu  Nacional-
Universidade Federal do Rio de Janeiro

. Boscolo OH (2011) Estudos etnobotéinicos

em drea de Mata Atlantica nas comunidades de
Galdinépolis ¢ Rio Bonito, Nova Friburgo, RJ,
Brasil. Thesis, Museu Nacional-Universidade
Federal do Rio de Janeiro

. Fonseca-Kruel VS, Peixoto AL, Si CFC,

Aratjo DSD, Silva WL, Ferreira AJ (2006)
Plantas uteis da restinga: o saber dos pescado-

10.

11

12.

13.

14.

res artesanais de Arraial do Cabo, Rio de
Janeiro. Instituto de Pesquisas Jardim Botanico
do Rio de Janeiro, Rio de Janeiro

. Alexiades M, Huajohuajo G, Huajohuajo M,

Mamio R, Peluso D, Quiosche R, Pesha V,
Tirina G (2005) Ejjabahuejjaquijji ebiojones-
qui shemeno Esse ejjaja esohuijo—DPara con-
ocer los remedios del monte. Federacién
Nativa del Rio Madre de Dios y Afluentes,
Puerto Maldonado

Rios M, Martins-da-Silva RCV, Sabogal C,
Martins J, Silva RN, Brito RR, Brito IM, Brito
MEQC, Silva JR, Ribeiro RT (2001) Beneficios
das plantas da capoeira para a comunidade de
Benjamin Constant, Pard, Amazonia brasileira.
CIFOR, Belém

. Hanazaki N, Peroni N, Aragjo LG, Toledo

BA, Tamashiro JY, Begossi A (2007)
Etnobotanica Caicara no litoral paulista.
RiMa, Sio Carlos

Sen A (2000) Desenvolvimento como liberdade.
Companhia das Letras, Sao Paulo

Freire P (2004) Pedagogia da Autonomia.
Saberes necessirios a préitica educativa. Paz e
Terra, Sdo Paulo

Victora CG, Knauth DR, Hassen MNA (2000)
Pesquisa qualitativa em saide—uma introdug¢io
ao tema. Tomo Editorial, Porto Alegre



INDEX

A
AdRESIVE tAPE ... 164
Agar-diffusion assay
antifungal tests......ocvuviiueiiiiiiie e 284
Aspergillus and Candida spp., 284
bacteriological loop/sterile glass pipette...
deSCIIPLON oo
Kirby-Bauer disk diffusion.........ccccoeeiiiininincnnnee.
MH agar.......coouiiiniiiiiiiccccces
MIC o 284
Petri dishes . .284
solid medium seeded, microorganisms................ 282,283
sterile microbial suspension ............cccocevevrviiveciccnenen 283
Alkaloids and xanthines..........ccccevcurierriniciiinccinicnnnens 263
American Type Culture Collection (ATCC)........cccuuneeee 279
Amine compounds .........coceuviiueiiiinines 263
Ammonium ferrous sulphate reagent ..........cccccceeveveurunene. 271
Amphibians and reptiles
active COLlECting .....c.ovviviiiiiiiiiiicccce e 186
CAZE TTAPS oot 187
funnel traps.....cocveeevcveii 187
Glue Trap, Sticky-trap and Trap-a- roach................... 187
herpetofauna.......cceeueueurerereniccccceeee e 186
interception and fall-traps........ccccooevveriicnincninnnnns 187
passive COllection .......ccceviurcuiciiiininiiiiccennes 186-187
xylocaine, pentobarbital/ketamine ............cccoevviiininnnnnn. 188
Analytical and preparative TLC ......ccoooovvviiiiiiiniinns 266
Angiosperm Phylogeny Website.........ccccovuevviiiiiinininnas 137
Anthracenics glycosidic derivatives........oceveeeeeererereenenenee 265

Anthraquinones aglycones

ANTHROPAC® ..ottt

ANthropology .........ccuiurinicininiiciniciiiere e
Antimicrobial activity, natural products
clinical trials, hNUMAans .......c.cceevevvevveveeeeeeeeereeeeeeerene 276
CLSIand EUCAST .....oooviiiicccccccs 276
dESCIIPLON oo e 275

human public health 276,277
in vitro analysis
agar-diffusion assay (see Agar-diffusion assay)
determination, MIC (see Minimum inhibitory
concentration (MIC))
in vivo analysis
Cryprococcus negformans.............weeveeeeereveecuennn. 288
Listeria monocytogenes .........uuweweevevevevervevevnnunnns 287

Salmonella enterica........................ .. 287
treatments, natural plant products ............... 288-289
INfeCtious dISEaSES ..oveuruererreneeririeerieeeteeeieeeieeeie e 275
preparation, stock sOIUtIONS .........ccovvvrviveveieiinnnne 278-279

test microorganisms
ATCC and DSMZ.......cooviiiiiccccienns
inocula preparation ..........ccceceeeueieienieninnnas
morphophysiological characteristics ...
pathogenicity and virulence ..........ccccevvvvivinirnnee.
Preliminary assays ........coeeeeeecccneieresseniseeceens

Aquatic plants.........cocveeeiiiiiiien
Area SAMPLING. ..o 9
Arecaceae (palm trees), 169-170
Argentina
agElOMEratioN ....vviiiiicccccc s 297
Buenos Aires-La Plata(see Conurbation Buenos
Aires-La Plata)
IMMIGIATION 1.ttt 299
population and SIZe.........ccoccueueuieririniiiieiiieiene 293
ATCC. See American Type Culture Collection (ATCC)
Atlantic forest fragments mapping

deSCIIPON ..t 247
PALICIPANTS 1.ttt 249
process, communitarian map Construction.................. 248
rivers and Creeks. ..ccoiuicinininieiecirieeerecceseeneeae 249
streets and social service Structures ........c.coeevveveveuenne. 249
sustainability .......coovviiiiie 247-248
B
Benefit
€COMOMUC. 1uvviviviviisisssscscscsese sttt es s 452
geographical and cultural contexts..........ccoeuvieurircnnas 462

local transformation

Bioactive compound pre-purification

analytical and preparative TLC .......c.cccocuviiiinininnnne 266
chromatography method..........cccccoviiiiiiiiiiinnns 265
classical liquid chromatography........ccccccoeueianee 267-268
column chromatography ........ccccecvveiiviiieiiicncininnns 267
UNAET PIESSUTE.....euverrrriirceieeieeeeeieeeneeeeeaeas 268-269
open/gravity column chromatography ..........cccccceeeeeee 268
planar chromatography ...........cccccoceveiiiiiininnns 265-266
EYPES wovreiireriieiisiee e 265,266
Biodiversity Heritage Library (BHL).......ccccocovvviiiinnins 137

Biodiversity products. See Supply chains

Ulysses Paulino Albuquerque et al. (eds.), Methods and Techniques in Ethnobiology and Ethnoecology,
Springer Protocols Handbooks, DOI 10.1007/978-1-4614-8636-7, © Springer Science+Business Media New York 2014

465



466 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Biological resources
in medical SYStems .....cccuevviririiiciriie e 112
Birds
active searches.......ooevvcvcciecccicccc
CAPLUIING oot
employees mist nets..
FITEATI oo
and hunter trappers.........cocvveerviiciiicinieicenns

injecting ketamine .........cccoeevvveeriicciiicicecnes

and mammal collections .........cecveveeereierererereeeseeennns 193

principal objectives
BK.See Botanical knowledge (BK)

Blotting paper........ccoviiciiiiii 164
Botanical knowledge (BK)
IMMIGIANE GIOUPS cvvevevrereriieescecacreaese e 296
nontraditional/adaptative..........cccccueueueuiinnenereccenen 295

and TBK (see Traditional BK (TBK))
UBK composition (see Urban botanical knowledge
(UBK))
Botanical taxonomy
classification (see Classification)

CONCEPLS/STALEINCIIES ....veveveveeeceecieeieneneneneeeaeacecaenene 124
descriptions to identification ..........cccceevevvivenncne 133-137
ethnobiology ......ccvrueiiiciiciciecc 123
FUNCHION vt 124
herbarium specimen ..o 124
NOMENCIATULE ..o 131-133

scientific names (see Scientific names)

voucher SPecimen .........ccceveveiieiiiiiniicceeens
Brazilian Cerrado, terrestrial mapping.
Bromeliaceae .......c.coueeuiveiviieiieieicicieieee e

C

Catalog, documentary analysis
archive tyPe. .o
body of the text

Categories of use

collection methods.......cevirriiciiiiciiiicics 352
construction and technology.........ccccceeuevervenereccecnce 352
definitions and examples.....
industrial material sources
Change
anthropic environments.........ccocecveveveveiinineniicnennns 314
anthropomorphic origin .........cccevivieiiiiiiniciicnnn. 311
gastronomic imperialism........ccooveeiiiiniiiciiiinienns 312
ChecKlist-Interview ......cvvuevevceeiieceniceresene e 172
technique ... .114-115
Cinnamic derivatives, flavonoids and tannins................... 264
Cities

heterogeneity .....covueveveveieieiiiiccccc s 317

IMMUGIATION 1.ttt aeeeee 314

transport and COMMUNICAION.......cvvvieevviiieiiinciiiennas 314
Classical liquid chromatography

EUCHES...covoiicicc e 268

pre-purification, compounds............ccccoceueueununne 267,268

solvents used, plant extractions 259,268
Classification

FOIK vt 123

phylogenetics (see Phylogenetics)
plant (see Plant classification)
Clinical and Laboratories Standards Institute

(CLSI)
and EUCAST ..o 276
MH CUIUTE. ..t 282
CLSI. See Clinical and Laboratories Standards Institute
(CLSI)
Cluster sampling
number of units, FHP ........c.cccocoiiiiine 208,210
number, sample fraction and size, elderly
registered.......ooviiiiiiiiiien 208,210
register, FHP ... 208, 209
sample distribution, elderly.........ccccoevvvriiicncee 208, 210
Collective in Oral History.......ccoecvieiiiiiiniiniiicccnes 60
Column chromatography...........ccocoviiiioiiiiiiiiicae 267
Community mapping, Stages ..........ccceeeveueureruriseseieenns 32-33
Complex pressing
AQUALIC PlANLS ..o 170-171
Arecaceae (palm trees) ......ccveeeeereecurececrneceennene 169-170
Bromeliaceae. .......coveueeeuinieinieiieieee e 168
macambira ........ceceeee .168
plants with bulky parts..........ccccoceviiiiiiiiiiiins 170
WOOAY VINES .oceveiieiiiiciiiccc e 168-169
Conservation
commercialized reSOUICES......covrvueueiriririereecirinieeeneneae 369
ethnobiological investigations...........cccceueueueuiururunecns 371
Constructing decision models ..........cccceiuririiinincnnnes 117-118
Conurbation Buenos Aires-La Plata
green/horticultural belt........ccooviiiiiiiiniiiiiniiiinns 298
satellite IMAge ..c.cevevrrerrereceeceeierereere e 297,298
EYPES, SPACES ...vuvevirnceiinicieeieseaese s seeaeneneas 298
urban agglomeration..........c.cccoeviiviviiiiiiiiiiiinens 297
Coumarins
CSI. See Cultural significance index (CSI)
Cultural diversity
indigenous comMmMUNItIES ....c.c.evevvvreriicececierererenenenreene 214
people’s behaviors, field........cccoevivniiiiciiiiinne 234
species conservation and generation .............ccceueee. 228
in thought...oo 230
Cultural dynamics
demarcation Influence.........coueveveueeeeninirieeecnieeene 216
indigenous comMmUNItEs ....c.c.evevevreririececeererereneneereene 222
and Western SOCIEtY .......ouoweurerueucmemememnererieceenenenenes 226
Cultural significance index (CSI) .....cccoovieivinicnicnnicnns 380



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

D

Data analysis in Oral History

CONLrol rECOTdS vt
Pure or a Hybrid Oral History
ErANSCIIPTION 1vvivevtetceeieie ettt
VAl TONE vttt eeseeeaenenenenes
Data colleCtion ......ccveeveeveeveereereeieeieereee e enenns 88,104
and analysis.........ccoceeueniiinni e 435
anatomical and physiological...........cccccevuvinininns 112-113
checklist-interview technique ..........cccoevvviviinns 114-115
constructing decision models
bloody stools and swollen glands .........cccccvvvuencne 118
descriptive models........cccceueuerereiinniiiceeennen 117
free listing technique.......cccoeeeveeiiceiiiiniieiene 118
IF; AND, OR and THEN........cccccooeiuiuians 118,119
illness SItUAtION ....cvvveveveeiirieieieieccreeeceeeen 117
seek medical adViCe ..ouvururecucueuereriininiicccciennens 118
cultural and environmental cONtrasts .........oeveeeeeceenee 438
data cataloging.......ccceeueeveveveriicccieeeneeeeeas 436, 438
drug preparation ..........ccceceeveveeciicieiiinnees 438
ethnomedical approach.........ccccooiiiiiiiiinniccnnee. 112
formulary reports.........coeevvevivereiciciiiinnes
health problems....
TIINESSES wevevevereeeceierereneneerereec et
INOIMANTS ..ottt nenennes
medical anthropology .........cceceviiciiiiiiinnincnas 111-112
medical SYStem.......coiviiiiiiiiiiiicce 111
NAtural ECOSYSTEMS ....vuvvivriiiiiiciciciie s
pile-sorting technique.......ccceeeieiiiiiiiniicccnnns
presentation and analysis .
PUDLiC TECOZNITION ..ot enenennes
ANd TECOTd . .viuiiiiieiiiiiriictc et
SPECIES ..t 114,115
successive free [isting ........coevvveviiiciiiiiiiiinenns 116-117
SYMDOLSIM. ... 438
therapeutic calendar.........ocooveiviiiciciicnnin 119-120
therapeutic Itinerary.......ococeeeceuerevrerererereeenenes 118-119
traditional medical systems..........cccoeuviiiicieininnnns 112
ETEATIMENTS 1.vvevreeereeerereeenteenteenieeseeaeesreessesseenseanes 113,114
EYPES wernrieieterciee ettt 439
Data triangulation ........ccocoeeeeiininiiiiinieeeeee 34-36
DBH. See Diameter at breast height (DBH)
DecoCtion ProCess.......wweeeeeeueuerererrereriniieeeenereneeesensesesenes 261

Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ), 279
Diameter at breast height (DBH), 162

Diversity
anthropology......cceueuciiuiiiiiiiriecice 397
application, ecological methods ........cccccevevvvrvecennnee 397
biological and cultural variation..........ccecoeeeiiucueuennne 398
ethnobotany and ethnobiology measures............ 404-409
food niche breadth.......c.ccoeveeiviiiiieicieiee 397-398

ENEHIC cucuiuiieietetenc ettt 398

Index 467
hypothetical communities...........coovviiuiriuinennns 398,399
methodological iSSUES ........cuevviiiriiiiiiiciciaes 397
richness and abundance ........ccccocvvciniiciinnnnns 399-400
richness of species CItations ...........cceeeeueveueuennne 400-404
SAMPLNG UNILS.....vvviiiiiccicccecccceeeees
species richness estimator .
LYPES, ESLIMALOLS ...veurevierercreiieietescecee et
Diversity indices
FACKKNILE oo 156-157
Shannon-Wiener’s function.........ccceevueveeerincnnes 153-155
SIMPSON’s INAEX ....vvviiiiiicicciccc e 153
Diversity of use of the vegetation ...........ccceceerunnnne. 154,155
Documentary analysis
analysis and interpretation........ooeeeevvivicvviccininnnne 78-79
CALALOZ e 77-78
chronology, historical events...........cccoceuevvrerecccrcnennes 75

COMPIALION ...

description...

identification
indirect documentation (see Indirect documentation)

LOCATION 1.ttt 77

ODSEIVET ..ttt ettt 81

reading79-81

redaction phase .........coccviiiiiviniiiicie 81

TESCATCH L..vvietiietieeee ettt 76, 82

socio-cultural-historical........cccorreueinininreeccneene 75

ThEME . 76
Domestic use of timber

assessment, bIomass .........cveveeeevecverienieereereenene 359-360

classification .....c.eceeveeeneeennes ...350-351

estimates, IeSOUIce CONSUMPLON.......cvurvrvevevevevriririens 355

footpath survey technique........cocvueiuciviiicircnnnes 360-361

FUEIWOOd USE ..o 361-362

methodological tools........cceueueriuririniiicieieieieieeeeeeene 354

preferred SPEcies ......cocceeeieiiiiiiiniiiceeene

research methods ......coeeeveeirieinieirce e

richness, species .....

seasonal differences

170 STEU INVENTOTIES cevevenvevirenireeeeereneerenereeneereeenenee

structure, plant populations ..........c.cceeveeveeereccrcenenne 354

tree branches and trunks.........ccoceeirerieenieeneeeee. 350

tree SPecies......oveunene.

type, analysis

VEgetation INVENTOIY .....ceveveveccuerereseiesssseeesens 358-359

weight survey method........cccoeeeeivnnniiccccieienne 361
Dragendorff reagent .........ccoceeuvieveineniniccceeieeecees 270

DSMZ. See Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ)

E

Edible plants........cccceiiinivieininieiceeens 171,172
EIV. See Ethnoecological importance value (EIV)

ENvelopes ...c.c.ouvuiiiiiieieieeiicccceeeeeenee e 164



468 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Environmental autobiography ..........ccccocevvviniiinnnininnnes 103

Environmental History........cccoeeeiiiiiiiinn 60

Environmental representations of ethnobiology
AULODIOZIAPNY ...t 103
deSCIIPLON .. 99-100
drawings ................ .103-104
ethnobiological studies .........cccoeviiiiiiiniiiiniiicnnne. 100
INEEIVIEWS L.vovoiiiicececicteteteee s 105
projective semi-structured interviews ................ 102-103
1re$earch ObJECIVES. .....vuvuvucereiecieicieieieirieeeccenenennes 100

risk perception analysis.

spoken/written discourse

advantages and disadvantages...........cccccocvueuennne. 100
children and teenagers in Mexico ......ccvuervinnnns 101
content analysis........eeeeeeeeuererererrenenerecenenens 101, 102
discourse, collective subject analysis............c........ 101
qualitative analysis ........ccccoceeeiiininiiincecennnes 101
quantitative analysis..........c.coceevecunee. .102
structured/semi-structured interviews ................. 100
testing students’ knowledge ........ccooueieiriiiiinnnnas 101
Ephemeral cartography .........ccccoevvviiniininicninicinns 240
Essential oils
dilutions, stock SOIUtIONS. .....c.ceververrerieereeieeeeereereereereans 279
DMSO concentration.........oceeeerrrieieuiiniinnisicnnenes 278
nonhomogeneous and turbid solutions..........cccceue..e. 282

Ethics in ethnobiology
and legal issues

The Brazilian Case .......ccccvuecuvririciccincnnnnes 442-444
ENELIC TESOUITES .vovvererrercnecseeeeseneseeseeaeseneaeaas 441
intellectual property rights... .442
pharmaceutical science.........coovvvrcicriviiiiniiiniens 441
worldwide patent system ........cccooeeirieriininnninnn. 442
Ethnobiological data collection, methods and
techniques
COMMUNILY MAPPING..cuvvvireniiiierereeieieeeereseeeees 32-33
data triangulation..........cceeeeiviiiiiiiiiie, 34-36
field journal: the use of audio and
video recorders ... 25-26
fOCUS GIOUPS....cvviiiriiieciicirc s 29
free StNG ...o.eveveveeeeeeee e 23-25
guided tOUT ....cviiiiccicci e 26
interview..... .
[ife BIStOTY...c.oviviiiicccci s 33
nonparticipant observation .........coeevevevririiiieinnne. 28-29
ordering of photographs .........cccccovevviiniicniiincciinnne 31
participant ObSErvation ..........cccceueeeerererecceenenenee 27-28
procedures for field safety.........cccoovvininiiiiiinnne 35-36

use of visual StMUlL...cveeeererereereieieeiereeeeeeeeeeens 29-30
Ethnobotanical studies

ChecKliSt-INTErVIEW. ....vveveeereeieieiereie e ereee e 172

edible plants.........ccccuevcueieieieiciecce 171,172

environmental representation (see Environmental
representations of ethnobiology)
field notebook.....cuviuiiiiiii 162-163
guided tOUr ...cvviiiccccccce e 172,173
mapping (see Terrestrial mapping, Brazilian
Northeast)
phytochemical analysis ..........ccccooviiriiiiiiininns 171,172
Wood SAMPLES.....viviiiii e 171,172
Ethnobotany
collection and analysis, data.........ccooeeeeceecieunnienenene
and ecological information ..

micrographic techniques........ccccoeviieiiiiiiiiiinine

surveys, public markets .......ccccoeeiiiiiiiiie

timber resources (see Timber resources)

voucher SPECImEns ......c.cuvuviecriieciiicececncenas 376
Ethnoecological importance value (EIV'), 389-390
Ethnoecology mapping. See Terrestrial mapping, Brazilian

Northeast)
Ethnomedicine, medical anthropology.........ccccccuc. 111-112
Ethnopharmacology. See Medicinal plants, ethnobotanical
studies
Ethnozoology ... 376,377

EUCAST. See European Committee on Antimicrobial
Susceptibility Testing (EUCAST)

European Committee on Antimicrobial Susceptibility

Testing (EUCAST) ..o 276
EVENNESS .vivieictieeeceeeeeeeee e 156, 398
Extractivism
aSS0CIAtioNs/COOPEIALIVES ....evevvrrriiiieceienenennens 337
exploitation, SPecies ...........coceueuene .337
human population and biodiversity ...........cccccevruriiinne 343
INEEIVIEWS wooviueniiiniieiieseecsenc s 339-340
probabilistic sampling.........ccccevvieiiiiiiiiiniiieienns 337
socioeconomic characteristics .........ceevevrerereccrerenenee 343
F
Family Health Program (FHP) .......ccocccoviiincinnnee. 208-210
FHP.See Family Health Program (FHP)
Fidelity level (FL)....c.ccccviiiiniciniiciniciiicieccicne 382-383
Field journal
personal Journals..........ccevcevnicniicnnes
TAPE TECOTACTS. c.vvviiuiriiciici e
video recording ...
Field notebook.......c.c.civririeiciiininieccinncecceee
Field presses ........ccvvviviiiiiiiiiiinccccc

Financial resources to villages
compensation funds, environmental

domestic and foreign broadcasters.
CCOTOULISIIL 1enntentenreneeterteneeeseeieste e et ene e ese et seaenens
Phaseolus lunatus, Alto XingU..........cceccuvevieiricurinncnns
WeStern SOCIEtY.....oueviiiiiiiiiirciceiec e
XiINGU FEZIOMN ..



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Firewood, consumption and socioeconomic

INfOrmation.......cveeveiccivininiieccecces 428

Fish

formaldehyde Injections.........ccceuevvureriniecccencnenenne 186

nonselective eqUIPMENTS .......covvererucueieuriereieereecenenens 185

selective instruments.

small SPECIMENS .....c.cvviviiiiiiiccc s
FL. See Fidelity level (FL)
Floristic similarity indices.......c.cceoeuvurererececrereuerennnnes 149-150
Focus groups

collection of ethnobiological data..........ccccevvuevicucnnee 29

focus group technique, application phases..................... 30

recommendations for Strategy.........cooeeerriiiiininecennnns 29
Four-cell analysis

assess risk of losses in food crop species........covuevvrunnes 51

categories for the analysis .........ccoceeueuereurinrinencccenen 52

threats to extraction of native medicinal

plant species..

0O, TUSEIATION .vvveeeieereeieiieiieieteiesie et
Free listing
Characteristics ....ooveuiiemiiiciicceccc s 23
complementary techniques .........cccceueueueuvenerenencccnenen 24
NoNSPeCific PromMPting .......cccevevreruiucucuerernisiseseceenenens 24
reading back.......ooooviiiiiiiii 24
SEMANTIC CUES c.vevvevereeeetetesesc et ss e eaeaeseasanes 24
G
Generalized linear models (GZLM) .....c.ccoevveeereeeeerenenns 427
Geographical indication (GI)......cccocovuviviiiiicninnnn. 458-459
Geographic information systems (GIS).........cccccveureununne. 107
GIS.See Geographic information systems (GIS)
“GIve DACK ...ttt 462
GPS e 164
Graphite pencil........ccooviiiiiiiiiii 163
Guided tour
field informant technique or a “walk-in-the
WOOS” ot 26
field research method.........ocucceininniccocnninicccee 26
GZLM. See Generalized linear models (GZLM)
H
Herbarium
fleld.eiiii e 172
plastic bags.......cccovriiiiieicnnnns 167
registration and incorporation ...........coeeveeeeieinnninnns 167
voucher SPecimens .......c.ocowveeceucuereneniriiceeenenenes 167
Herborization
AQUALIC PlANTS oo 171
COMPIEX PIrESSING..vvvvviiiiiiicicice s 168
plants with bulky parts...........cccoeveevivieiiieiiicinnns 170
PIessing.....coveecvicerrnunenes .165-166
single collection NUMDET .......ccccvieiuiiiieiiiiiirericcnen 167
Historical ethnobiology........cccccevuviviviicciciniiiiiiines 75,76

Index 469
|
ICF. See Informant consensus factor (ICF)
Identification. See Plant identification
Immigrants
BEK e 296
BOLVIAn .coveeeeeeiriciiceeec e 299
CONUIDALION. c. vttt 299-300
horticultural ACtIVILY.......ccceueveueviiriririiiceeeieieeieeae 299
MErOPOLItAN ATEAS ...ceveevriiiiiiiicccce e 296
VisUaliZation ProCess.........ovreueuiueiniriiiiiicineiinieniineas 297
Immigration
deSCIIPHON couevviiicc e 314
multiethnic COMMUNITIES ....covvvrveveveiiriiriereeeeereeieneneae 314
Indigenous populations
accepted COMMUNILY .....vuieieiuriiiciciiriiccceeennes 229
clash of generations ..........cccecevviiiiicncncniiiininns 222-223
community involvement with project................. 234-236
contemporary Indian and cultural echoes........... 226-227
cost and availability, reSOUICES........ovvveeieceererererirenrene 232
cultural differences.......oeveeeeeveciecieeieereeieeeeeneans 218-219
deSCIIPHON ... 213
FElAWOTK. c.veeeiirieiice e 232-233
financial resources to villages (see Financial resources to
villages)
ZENAET ..t 219
genetic resources, territory and pollution............ 221-222
informants/key people .........cccovviiiiiiiiiiiiinins 230-231
land
agrarian SItUAtioN ........ceveveueeieiereseceieeseseeeans
demarcation, cultural dynamics
NEW ENVITONMENT ...vererenrrererererentenenrereenereraenennes
Panard Indians .......ccoceeveeveeieciecieeceeeceeeeeee
Xavante Indians......ccoeceeeeeeriececeeieieiennns
language and behavior ............cccccvviiiiiiiiiiiins
legislation.........cccceue.. 227-228
methodology and schedule ..........cccoeeeucueueunnnnne 228-229
methodology selection.........c.ceevvevriiccuereieueueeienenene 230
personal and professional preparations ............... 229-230
PLOJECE TIPS oo 236-237
relationship ..o 215-216
SKALLS 1t 233-234
and traditional (see Traditional and indigenous Brazilian
populations)
tweaks and adaptations..........ccceevvieiiieiiiiiinninnns 220
villages and being sedentary...........ccccceuvvvirincnnee 220-221
£O WOTK 1ottt 229
WOTK COMMUNILIES «.cuveuevenivenieieiereeeneseeeeeeeeneeeeeene 213
work schedule .......ceeiviriieiininiecccecene 231-232
Indirect documentation
bibliographical research ...........cccccoeueuriviiivencnnnes 81, 82,85
CONtemporary/retrospective SOUICES .........covvweerrererevnens 81
data SOUTCES..c.veuireeieiiieiirieitieteiee ettt 81

documentary research .........cccooviviiiiiiiiiiiiiine 81-84



470 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Inferential statistics

Bayesian approaches ...........cccovvviiiiiniiiinine, 414
bilateral and unilateral hypotheses..........cccoevueirununnes 414
cause-and-effect relation..........ccoovvveiiicniecnreiicnennn. 424

contingency tables

chi-square and G-test ...

ethnobiological data.........ccccevviiiiiiiiiiincninnne
firewood consumption and socioeconomic
INfOrmMation ......ceeeeeeereeeeeeeeeeereereeeene 427,428
Monte-Carlo simulations ..........cccccoeeeueueveurennnene 428
qualitative variables
data collection Step .......cceviviriiriiiiiiiiiicces 416
data transformation
deSCrIPtON c..euveieceici e 419
logarithmic and angular...........ccceeeceecieennnennnene 420
medicinal plants, hypothetical community .......... 419
Nth 100t 420
deSCIIPtion c...ccuceceiiiicc e 413
ethnobiological analyses...........cccocviiiiiiiiinininnns 422,423
indigenous COMMUNILY .....ccvvvieeviiiieiiicicccce 414
mean comparisons (see Mean comparisons)
Pearson correlation coefficient........cccceueveveererececenee 422
qualitative and quantitative data.........ccccoeveevevecunnnee 413
r=and p-values........ccooeueveiniiiiciecc 416,422
regression (see Regression analysis)
sampling decisions .........cooerrivieiviiiiciiiiices 415
sequential STEPS .....vvviviveiiiiiic e 414
Spearman’s coefficient.......ccueuevevriririicceieieeeeeeeeenes 423
StAtISICAL TESTS .uvviiureiereieereereere et eaeens 429, 430
study design.... .416-417
study variables.........cooeviiiiiie 417-419
tested hypothesis. ..o 414
type Land IL errors.....c.cuvvciiccivicicccce, 415
urban center.......oovvvecicccceeeeeene 414-415
UVand Rl 423
Informant consensus factor (ICF) ......cccooeveieveunnnen. 383-384
Informant/interviewee, selection
choice of informants, aspects and criteria .........ccoeueveunnee 2
CONEACE WIth ceeeeeiicicicieteerr e 3
cross-referenced information ..........ccccceeuevrvrerenecccnenen 2
cultural COMPELENCe........vvviiieiiiicicicicieeeeeeeeccenenes 3
ethnobiological/ethnoecological surveys.. .1
individual’s behavior .........cccccceviiiiiininiciiiiicece 2
INFOIMAtION ..ttt eeeeaeaene 2
main informant and key informant.........ccecovvvvercccnenee 1
nonverbal language ..........ccoevveeieiiiiiiinieenen 4
repeated Information ............coeeveeiiiiiiiinicenens 2
validity and reliability of information ............cccoceoeueenene. 2
Interview
cultural INterference .....cevurererecerecueuererernenerenereeeceenene 17
five steps for achieving success........ccooueuvvvcnrvicnciiinnnnes 18
INOrmMal ..o 23
interviewee’s consent to 1eord c.....eeueerinirierercreninrenenen 18

presence of third parties........cocoovveiiiiiiiiiieennn 17
QUESTIONNAITES ..vveerevrerescrenise s sesese e aesse s 21
QUESTIONS ¢.vovevevesecscececaese sttt 17
SEMI-StIUCUTEd....cvveievciicce e 22
SETUCTUTE. ..ot 19-21
unstructured..... .21
WIIHING QUESTIONS ..ovveeeirieresceeieeeiescseee et 21
InVasions. ... 314
Todine-hydrochloric acid reagent.........cccceucuerervevrnencceneee 270
J
Jackknife method.......ccovveeuecinininiecicccee 156-157
L
Lieberman—Burchard reagent.........ccocevvciviiniiiinincnnne 271
Life history

checklist of materials useful/essential for
ethnobiological field research.

fit with the intended goals........cocviiiiiiiiiiiiicinnne

ideal basic Kit...oovriiuiiiiiiiiiiiiccccccc
Lignans, phenolic compounds..........cceueveiviiiniiiiinininnas
Living documents..........cocveeeeeeieuereiemneneecceeneieneeeeeeeenes
Local knowledge

advertising Strategy .......cooeeeeeeerieriiineeeeenees 457

Fitovida Network Community Group.........cccceuvuvunne 458

Gl 458-459

mangrove root crab, Gonigpsis cruentata

and habitats........ooceveireeiiiciicee 96
threatened medicinal plants..........ccccccceueueuennne 457-458

valorization

Lyophilisation process

deSCIIPtioN c...vviiiiccc e 262
fTEEZING oo 263
Primary drying......cooeeceiiiceiiicncens 263
secondary drying........ceeeeeeccecerererennnennieeeeenenes 263
M
Maceration ProCess........coeeeueueueieinininiieeeeenesesenenes 261-262
Machete.......oouieuriiciiccc s 163
Mammals
active Collecting .......covvviiiriiciiiie
amphibians and reptiles
ANEStHEICS wovvvviviviieii s
direct Searching......coveeeeeecueuererernerininiecceeieneneneeneene
fine-mesh mist NEts .....oovvevreeiiicrceeca
liquid preparation .........cccoceceuvririniicceeeeeeeeeeas
local 1eSIdents ........coceveuiiieiiiiiiiiiicae
packing and transport................. .
skins, bony parts and soft 0rgans ..........ccceceveieenenne 188
SPECIMENS PIESEIVALION ...vuvececrcecerrerereieiisssesesesesesenes 191

traps (see Traps)
Maps. See Terrestrial mapping, Brazilian Northeast
Margalef’s IndexX .....cccriiiiininiiiiice 152



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Mean comparisons

ANOVA and Dunn test .......coevuveeiviieiiicnninieiiienns 421
deSCrIPHON v 420
ethnobiological analyses............ccccocueeueununnnenincccence 421

firewood consumption, hypothetical
communities . .
Mann-Whitney test .......ccocoereriininnininiiiiccciieinns
Student’s t=test.....cuiieiriieiiciic s
Measuring tape.....ccueeereieieiiieereeee 164
Medicinal plants
AL AIYING o
biological products
characterisation, secondary compounds (see Secondary
compounds, medicinal plants)
enrichment methods
amine compounds........ccceueuerereueeririeeeenenenenes 263
compounds derived from isoprene............cccu..... 264
... 263
phenolic compounds........ccoeveviiiiiiiinininns 264-265

description..............

pre-purification, bioactive compounds (see Bioactive
compound pre-purification)

ethnoecology and ethnobiology studies..............c....... 255
extracts preparation from characterisation
lyophilisation .........cccueverueieicieiiiciceies 262-263
FOtary EVAPOIALION ...cuvvievevereeeeeteteseeeee e 262
spray drying method.........ccooeviviininiiiiiniiininnns 263
immense variety, approaches..........cocoevvevivinnricnennn. 256
morphological and anatomical descriptions................ 376
sample cOLleCtion .........cvvvirieiicicieiiiiiiiicne 256-257
solvents and extraction forms
anatomical StrUCTUIES .....cucviviviveiiiiiicccienenens 258
CAVEALS.cvvevearreteseseeeete ettt 260
dECOCHION oo 261
general scheme........ccccccevvnnincccccinnns 260, 261
INUSION coevece s 261
inherent toXiCIty.....ccoeueirueveieeieiciecce i 261

maceration
partition and semi-purification through

POLATIty .o 259,260
PEICOLAtION ..ot 262
pharmacological preparation,

hydroalcoholic solution 258-259
polarity indexes, densities and boiling points.......259
solvents types and groups, metabolites......... 258,259
tUrbo eXtraction........oceveecececuereieininiicecenenennens 262

STOTAZE vevevevreeereaesenerereneneseeeeseesessesaesesesesenenemsesescesnenene 258
structural elucidation, active ingredient ..........ccc...... 256
substances, pharmaceutical industry ..........cccoevevnuenee. 256
therapeutic indications.........ccocvvurvevivnininininens ..369
urban populations and nontraditional individuals.......255

Medicinal plants, ethnobotanical studies
cluster sampling (see Cluster sampling)
different types, sampling (see Sampling)

minimum bias/error sampling ...........cccceviviviiininnnen. 198

Index | 471
probability and non-probability.........cccccoeiiiiiiiiiininnns 198
research planning ... 198
statistical analysis.......ocoevveeecerceeerernrnneeeeenenens 197

statistical inference (see Statistical inference)
stratified sampling (see Stratified sampling)

warriors, territories.

Methodological tools. See Urban ethnobotany

Methods
ATISTOIE’S et
collect birds employees mist nets
COLIECHION oo
mammal INVENtories ........ccevviirvieiriieiicsiceenns
passive collection ...
PrEPATAtION..c.cvviiiieiiiieteceeee s

SYSTEMA NATULAC. ...vvvieiiiiiiiiieeiiiiiete et

vertebrates
MH culture. See Mueller—Hinton (MH) culture
MIC. See Minimum inhibitory concentration (MIC)
Microdilution assay

antifungal testing .......cevvvvveceueererereeiereeeeeenenes 285
Cryptococcus spp., 285-286

MH agar ..o 285
MICspand MICgg....oovevereueeiiereieieeeeieereeeeseveeeaeas 287
RPMI meditm ...cveueeveeiieeieieieieieieieeieee e e enens 286
U-shaped plates........cocvviriinmiiiiiiiiniiceicieicnns 285
KXTT and reSazurin ....cucueerveverereeeieieiereeeeeeeeseseseesnens 286

Minimum inhibitory concentration (MIC)
microdilution method

natural plant products

working solutions preparation ............c.coeveeeencne 284,285
Mixed ecological importance value index
(MEV) oo 147-148
Mono-, sesqui-and diterpenes..........ccoceueveeeiriniiccnenenne 264
Mueller-Hinton (MH) culture........cccoeueiininiereeiiniannes 282
Multiple free listing
N
Naphthoquinones glycosidics ..........coouvirriiiiiiiinininnnnns 265
National Center for Biotechnology Information
(NBCI) oo 137
Naturalists 125, 138
NEU Reagent........ccoviiiiiiiiiniiiiiiiccceeeeeesesecene 271
NEWSPAPET ... 164
Nomenclature
DaSIONYM....ouiiiiiiiii s 133
CALEZOTIES ..t 132
COAE vt 131
disadvantageous......... .133
holotype and lectotype.........ccccuvuviriiiiiiiiiiiiiiiniiiniins 132
hybrids. ..o 131-132
neotype and epitype.......cceiiiiriieiiiieiieeaes 132

Plant NAMES......covuevieciiccic s 131



472 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Nomenclature (cont.)
PNCIPLE..ooceiiiiii e
SPECIES NAIMES ..vvrvververereieeeescrcaeaeae e eesesaeaes
TAULONOMY=SPECIES vuvvvvrrvererirssrscsessesrsessessesssssaesaenaes

Non-metric multidimensional scaling (MDS)

Nonparticipant observation, total detachment

Non-probabilistic sampling
accidental sampling.........ccceevvviiiviniciiininniiines 11-12
intentional/judgment sampling/rational
SElECON w.vuevicicc s 11-12
Nonrandom/non-probability sampling

by convenience.........coeueueuricueieicieiieec e 200-201
ethnobotanical SUrveys.........ccceceviiiiiniiiiiniiccnee, 200
DY QUOAS...covviiiiiic e 201
snowball sampling ........ccoovrviviiiiiiiiii 201
Non-timber forest products (NTEP)......cccoveuriirenicunenans 50
Nontraditional resources
cultural contexts..... .313-315
cultural tranSmiSSION .....cvevevververierterierresesresreeeeseesens 311
deSCrIPHON oo 311
€dible bIOmass. ....euerverrrrererieerieeeieeeeeeree e e e 316
ethnobIOlOZISTS. ....cuvvvereieeiieccccee e 312
European colonization..........ccecceccuciciiinininnincccncnen. 312
gastronomic imperialism.........ccooeoreiiieiiiciieceae, 312
UIdElINes....c.cviviviiiiiccc 312,313
heterogeneity .....ovveveveveiiiiiiiiicccee s 317
human beings .......coeeeueeerrerrerieccieieieeeeeere e 312
MNATKEL SOCIETIES vveververenrererererseneeseseeseseeseneesesesessesenses 316
micrographic studies.........ocoeeeeeiiiiiiiinniiccenen 315

theoretical concepts
Nossa Senhora Aparecida do Chumbo District

(NSACD) .ttt 206, 207
NSACD. See Nossa Senhora Aparecida do Chumbo District
(NSACD)
o
Open/gravity column chromatography..........ccccccevuverenne. 268
Oral documentation, manifestation of............ccocceeveeveerennenn 61

Oral History, assumptions and utility

ethnobiological and ethnoecological research............... 70
historical contextualization of the

relationship .....c.ocevveciciiici 70
history bank (Pure Oral History) .. ..64-65
INECIVIEW ..ottt 62
Life Oral HiStory.......cccoovviviviiiiiiiiiiiiiicccccnens 63
manifestation of oral documentation...........cccecevvurunnee. 61
modes of conducting INtErviews .........ocvuvcrvricueirinennns 63
Oral Tradition.......ccvvcvvicniiiceccccces 64
set of Procedures ........ceuevevvereriiiicieieieieenee e

social science studies....

sound file dOCUMENTS.......cvevieriieieieieieciecie e

thematic Oral History ........cccocevviiiinniniiicne,
types of sources or documents
(Hybrid Oral HiStory) ....c.coveeverneecrnenceerrenceennene 65

Oral History in ethnobiology and ethnoecology

collective in Oral History .......ccocvvveiivinicinicnniinicnne 60
data analysis......ccoeeeeeeeeeeeieneeeeeeene 65-67
defINItioN c..cucviiecicec s 61
living documents..........ccceueueuriicicnencneiiinicceeeenens 60
manifestation of oral documentation. .61
INEIMOTY weouiaviieteseseneeeteseseese e ses s ses s sess s eneees 60
methodological assumptions and

$OCIAL ULHIILY . cvvvvvereeieececcceeeeee e 61-65
Or1al SOUICE ...evviieiciciicie e 61

relationship between the researcher and

the researched ... 69-70
FAPPOTE STAZE covvevvvercnciiereseces et 69
SUZZESTIONS .o.vuveversisiecsereserese st escseaese s sssnes 70

sample for use (see Sample for use of oral history)
EEChNIQUES ...t 60,71
use (see Oral History, assumptions and utility)

Oral SOUICE ... 61

P

Paleoethnobotany
ANALOMIC StUAY...vviviiiiiccccc e
artifacts and products.........cccoceeeviviciviiiiiiiniices
diagnostic morphological features .
epidermal Cells ...ooviiiuiicieieieiicceeeeeae
Microscopic characteristics. ..o vururiiiiiuereueririeieieeas

paleohorticultural patterns.........ccoouvieviceiciiniviiiininnns

structure and OrNAMENtation........coueveveevreeniesnuennes
Paper maps
ethnobiological and ethnoecological research............. 240
property maps
recommendations, Development of a
Communitarian Mapping Activity ......... 240,241
Participant observation

AAVANTAZE ..o 27
complete participation .........cceveeeurcerneiereiiicneieenenes 48
control of the frequency and distribution...........ccc.c...... 28
model CONSLIUCHON ...vvviiiiiccicicrcceccee s 28
participant observation and participatory research,
differences.... ..o
selection and definition of problems........cccccevvvviiunnee
STAZES wvervscrreesscserae et

Participatory mapping, Cacimbas community
Participatory methods (PMs)

advantages and disadvantages............cccocoveviiiinininnnn 40
from aerial IMAGES......cccovueviriiiiiiiiiiiiccciene 242-243
apPlication of ..o 40
biodiversity cONServation ...........ccceeueeeverereerecens 245-246
Brazilian Cerrado .......oocvvveviicninccicccicn

levels of participation....




METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

PIOPETLY MAPS .ovreevviereseieieeeieseseeesesese s esesesennnnes 241
RRA .o 40
standard sociodemographic variables.........cccccovvivnnnne 56
WOrk of Medeiros. .......vruviiuevriceniiccieiceiccceceiees 55
Participatory risk mapping (PRM)......cccccoceuniiuinicinnncans 106

Participatory rural appraisal (PRA)
CONIIDULIONS. ..ottt 39
cross-referencing methods or triangulation

MEthods ..o 40
RRA .o 40
Participatory seasonal calendar
application Of .......cccciiiiiiiiiiiiiii e 51
IMALTIX 1t 50-51
PErIOd oot 51
HNE SPAN oo 51
PCA. See Principal components analysis (PCA)
Percolation process ... 262
Permanent marker.................. ..163
Phaseolus lunatus, Alto XingU.........ccoeeervuvicivinicinicininians 225
Phenolic compounds
anthracenics glycosidic derivatives........cccoeevvrececuenee 265
anthraquinones aglycones ...........ccccocoeueveurerenercccncnee 265
cinnamic derivatives, flavonoids and
FATIINS 1o 264
COUMATINS 1.vveeiarieiesescseeesetesescse e 264
LIgNANS 1ot 264
naphthoquinones glycosidic.........cccovviiiiniininicnnnnnn. 265
secondary compounds, medicinal plants
CUIMATINS «eviiteiiereiieieieret ettt sae e 269
flavonoids.. .270
LgNANS «.oviiiiiicccc e 270
QUINOMNES «.vvivviiiiiecececececie s 270
EANNINS cocvcecvveriee s 270
Phosphomolybdic acid reagent..........ccoceevecueurueunerenenne. 271
Phylogenetics
ancestral relationships.........cocoeeeiiiiiiiinnicnee 133
classification ... ...127,128,135
DNA SEqUENCES ...uvnvieiiiiriiciiic e 130
and evOlULiONArY ......c.ceueverrererereeecieieierenenereeeeceeeenene 128
INfOIMALION. c..cvvieiicitcce e 134
PAISIMIONY «.ovovivviciiieecncc e 129
systematics .. 128
15 (PO OPR PO 128,129,137
Phytochemical analysis.........ccccoeviveiiriiiciiicnninnnn 171,172
Phytochemical profiles
constant technical developments ........c.cccevvvrvevcecunee 272
intraspecific genetic differences ..........cccooeevececunnnnne 257
medicinal SPECIes ........ovvriviiiiiiiiiiiiiie 257
secondary metabolites, plants.. .259,260
solvents, plant eXtractions .........coceeuevevevevsesisesecscecnns 259
Pile-sorting technique .......c.ccvvvicervicciniiceiiicnnens 115-116
Planar chromatography
deSCIIPLON oo 265
retention factor (Rf) calculation ........ccccceeveerenene 266,267

Index | 473
Plant anatomy
archaeobotanical and paleobotanical
1e8ArCh v 325-326

epidermis
Dizeo de Strittmater technique
quantitative parameters, leaves.
essential NUEHIENTS ....cveeiececiciiiae
human populations ........cccceeevvieininivciieiiiceenns

identification, cell CONtENTS.......cverereereerererererenns
maceration and dissociation

leaves, stems and cortex

wood/hard seed cells........cceuiiiiiiiiiininiiiiiinnns
medicinal and edible species .........cocoviuiiiiiininns 323-325
micrographic techniques.........ccevieiviiciiiciniicicnnn 322
powdered samples........ccceviiiiiiiiiins 328
selection and use Patterns .........cocceveeeveerereecenerenenens 325
sociocultural and ecological factors..........ccccvueueunenee 322
starch grains..........ccceevviviinincccnenen.
taxonomic identification, plant samples.............. 322-324
tissues, longitudinal and transverse sections
fiXation Of OTZANS c...evveveeeieceeieieieieeereeeeeeeeeeeee 327
1abeling ...veveeeieciciciciicr e 328
MOUNTING ..ttt 328
optical microscope observation ...........cccceevueueces 328
SECLIONS Loviviviiiicccscieren s 327
STAINING ¢vvviiiecccecrere s 327

Plant classification

ANGIOSPEITIIS ..o
APOCYNACEAC ...ttt
artificial systems..
Asclepiadaceae........coueuiiuciriciiiniciniieas
Cesalpino’s method........ccccuviiviiciiiniciiiciiinns 125-126
Darwin ..o 127
De Jussiew’s SYSterm .....ccceueueueriiririniicceieieeeeeeeeneene 126
dicotyledons. ..o 130-131

Dioscorides’ Materia Medica and Pliny’s
natural history...

NALUTAL SYSTEIMIS .o seeeeeseeeeeeeae

nucleotide SEqUENCES........ccueueuruiiiiririiiiieiieieieieas

PALSIMONY w.vovivvieieieierinieieie ettt 129-130
and phylogenetic. 127-129
PhYLOZENY ..o 129
plant syStematics.......cvveueveicreiiiciiceec s 130
PlAtONIC EYPES..vuveiieieeeeeciciciereiereerrccce e 127
Scrophulariaceae .........coovvecccucciiiiiiiiinieceeenees 131

SEXUAL SYSTEIM .. 126



474 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Plant classification (conz.)

species plantarum .........oeeeeveeiiinnes 126

taxonomic deciSIONS.....c.euevevrereeeeerucueierererererseeeeeeenene 129

VasCUlar PlAntS.....c.ccucueueveiririicceceeee e 130

WEIZRES. ... 128
Plant descriptions

DELTA and Lucid software .........ccccocuvvcurinicinicennnns 135

phylogenetic information..........ccccvviiviniiinccncniiinnnns 134
superfluous/posterior homonym.........ccocvueieeiricunnne. 134
tAXONOMIC TEVISIONS.....eiuierrreiiiiiereneicceseee s 135
verbs, articles and conjunctions..........ccceeeeececcucnennne 134
Plant extract
antibacterial activity......... ..280
bacterial growth inhibition .........cccccoviviiiiiiiiiiiinns 285
essential oils (see Essential oils)
water/chemical 1eagents........oueeeueueuererrenirinecceenenenne 278
Plant identification
DaSIONYM.....oviiiiiiiicccccc e 134
ChATACLETS ... 135
dichotomous key and e-keys.........ccoovviiiiiiinininnnnnne 136
DNA barcodes.......cceueueerererenereeecececreiereneeneneeeeeeeene 136
herbaria. ..o e 136
KEYS vt e 136
MONOZIAPRS ..t 134
SEIALEZIES 1.vvererrererenceiieienine 134
superfluous/posterior homonym..........ccccevvviverrnnee. 134
TROPICOS......cooiiiiiiiiinecesieas 137
types of heterotypic Names ........ccoeevevvvcrrvrcenneccnennnn. 134
websites of plant systematics.........cceueueurererececrerereuenne 137
Plant material collection
................................................. 161
.168-171
................................................................. 166-167
ethnobotanical studies (see Ethnobotanical studies)
fruits and/flOWers........cccevecceceiucucueiiiireeeceeenenenns 165
herbarium ....c.cuciciiirieicciiccc e 167
identification... ..161
material.....coeoiriiiiiic e 164-165
mechanical damage/damage .........ccccocvvivinicininnnnnn. 165
PhYSIOZNOMY ..o 164
PLESSINZ ceevvtrrereeicececieienenenene e eeaenenes 161, 165-166
SAMPING Kit..ovieieiiiiciiiiiiiecicccceeeeeae 162-164
SPECIMEN 1.eviiiieiiiicietetete sttt 161-162
unicate ............... ..165
voucher SPeCimens .......c.cuvvucueiiecieiiiniieececceeas 167
Plant measurements
Dasal areas .......ceueveueueereiiiecceee e 147
caatinga vegetation in dry season..........ccoeeeeevcunee 146

calculate phytossociological parameters.............c........ 147

collector’s NUMDBET ......ccruiuiiiiiiiiiiiiie
DBH .o
ENSILY oot
DSL e
field forms/spreadsheets ..........cccovvieiiiiiiiiiinincns
floristic sampling sufficiency.
formulas and UNits .......cceeveieiiiiiiiiiiccns
height and diameter distribution classes.................... 147
herbaceous Vegetation ........cceueuvvreririeececuerereneneneenenens 147
herbarium’s collection ..........cccoeuvieuricnriiiceiiicieiennns 145
instruments........c.c..... 145-146
manual pruning shears and tall trimmer.............c...... 145
MEV i 147-148
phytosociological sampling to

VEZETAtION USAZE ..eveveveeecienneiciieeenenecennas 149
phytosociological parameters............coceeueuereveuereurenens 147
sample size and methods ... 145
VEM index..
woody plants

Plant systematics
molecular sequencing and computational

PIOZIESS co.vvuniivncicseeeeae s 130
WEDSIEES . 137
Plastic bags ......ccceviiiiiiiiiiiiii 164
Plastic cONtainers.........cocovreviiiininiiiiicccee e 164
Point-quarter method........cccoeevviiiviniiiiiniciccne 144
Pole pruner ... 163
Population
ClEMENT ...t 198
parameter............... 199
probability sampling .........ccccceeiiiiiiiiiine 198
psychotropic medications..........cceuviiciviiieiiiciiininnns 208
research planning ..o 198
sample sampling unit........coccoeeeveeerennrerninenceeenenens 199
sampling by convenience ............ccceeuvevicccnnen 200-201
sampling by quotas

simple random sampling...
statistical inferences

stratified random sampling..........cccoovvevviiicniccnnnnnn. 203
UDIVELSE.cvvevvevrsissssssesesssesesese s st esssnsesesesesesesensnes 198
VAriables ... 199-200

Potassium hydroxide reagent ..
PRA. See Participatory rural appraisal (PRA)

Primary sources ........cooevvieiviviicciine 81-84
Principal components analysis (PCA) ........cccccceueueiuninnnane 157
PR in feedback activities
election of Priorities. .. ...cocvviviriiccucrcrciiiiiriiceeneeenees 53
reality and desire........coccviiiiininiiiiiie 53

PRM. See Participatory risk mapping (PRM)
PR methods in ethnobiological research

COMMUNILY MAPPING.evvrriiirererereseseresessesssssnsesesenens 44
environmental historical chart ........ccceeevveeirereeereeenens 45
EXAMPIE.....oviiiiiiiicice s 43
in feedback aCtiVItIES ...cvevveeviereeeierieireeieiieeeeee e 52



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

four-cell analysis .........cccovvviiiviiiiiiiiiie, 51-52
historical charts........cccooceiiiniiiiies 45-46
historical timelines.........ccovovvvvievriicciiiieiiccines 43-44
INtEIrVIEWS tO MEETINGS ..vvuvvvriniiiiieeieieeirieeeneaeaas 41-42
interviews with focus groups.........cceccccniriiieininccncnen 41
meetings and workshops................ 41
participant selection for rural appraisal..........ccccouruenen. 41

participatory seasonal calendar ..........cccocvuvirininnee 50-51
scoring and ranking (see Scoring and ranking exercises)
tools for data collection.........ccevvruevceriicieiceiecnnes 42

venn diagrams

VISUAL SHMUIL..vevieeeeiieieeieiee et

Probabilistic sampling

area SAMPLNG ....oviviveiie s 9
cluster sSampling .........covevveririiiniiicecs 9
simple random sample .........coceviiiiiiiiiinnniceene 8-9
stratified sample.......coceiiiiiiiniiiie 9
Projective semi-structured interviews
Anthropac SOFEWATE ........oucvverecieicieiicic 103
defINItion c..c.cvieiiiiciic e 102
PhOtOGraphs ..o 102
PIECAULIONS. ..ot 103
USET EYPES covuvirrenciiiiesesesseseesesesess e esseenne 102-103
VEIHICAtION ..ot 103
Property maps........cccovvviiiiiiiiii 241
Pruning shears ..........coooviiiiiiniiic 163
Publication, ethnobiological studies
biodiversity and powerful approaches...........cccccceueee. 433
biological aCtiVIty ......ccceviiuiiuiiiiiiiiiiiicccceeene
correlation, plant use.
cultural transmission..........ccoveeercciiiiiiiisseccenes
data collection.........ccvuuemviiuiiiciieiiciiicceans
data retrieval, theory and reproducibility ............ 440-441
ethnoscientific research.........coeeevicceiiinnncccenen 434
evaluation, scientific studi€s..........ceevevennen. 435, 437-438
legal and ethical iSSUES .....ccuvuiviriiiiiiiiiiiiccnnes 441-444
medicinal use, resources...
quantitative techniques.........coocevcieirieiiiiniiccene
SCIENCE PIrEeSENtaAtiON ..vevvevvieircicececrererereeseiieaens
sociocultural CONEXLS.....ovwmrmrrrmrrrieierieciecesccanees
statistical analyses .........cceveveverieiiiiiniiiiiccnens

structuring scientific articles...

Public markets

commercialized SPECies ........coouviueriiiiiiiiiiiiiie 369
cultural and biological diversity ..........ccceevvvrerececeenee 367
descriptive approaches ..........ococeecececieicveueneeneseccnenens 369
medicinal flora/fauna........c.cccccevvieccinnneccnnennn 369
medicinal 1eSOUrces. ... ..ovuviviriiiiiiiiiiiiiiiiens 369-370
plant and animal products .. .367-368
public and open-air markets .........cccoeieiiiiiiniiiiinns 367
sampling and selection, interviewees

environmental agencies........ceeveveuvereeeeenerenenens 373

local pharmacopoeia .........ccevvvvieieiucieiiuiuieniiieieas 372

medicinal 1eSOUrces ......covvuiviiiiiiiiiiiiiiicceees 371

Index | 47>
open and closed systems, knowledge ................... 372
traditional knowledge transmission ..........cccceuuc.. 373
seasonality, commercialized plant species .........cc....... 369
semi-structured INtErVIEWS. ......cueveeevvcnereeceniceennens 374
taxonomic identification ..........cccceeeeeeeiuiiinnnnnne 374-375
taxonomic richness .... .369
therapeutic indications.........cooeuviviiiiiiiiieiiiiinne 369
voucher Specimens ..........coeveveccuereiiiennineeenns 375-377
Q

Quality control
AdUItEration. . .c.cucvviiiiiiccc 323
MICrOZIAPNICS w.eovuieiiiiiicicic s 323
microscopic Methods ..o 323
non-plant foreign matter ............ 325
organoleptic and chemical analysis ...........cccccevururucne 325
physicochemical tests.........cccoeeuiiiiiiiiiiiiiiiiiiiins 324
Proliferation ..o 324

Quantitative ethnobotany
INAICES cuveuvererecte ettt ettt ettt ettt ereerens 379,380
inferential statistics (see Inferential statistics)

Quantitative indices

comparison, relative importance indices.............. 380, 381
ethnobotanical studies ..........ceeueueinininieiccininieieenae 380
informant consensus
Anacardiaceae ......oooeececececueuererennnneeeeeenenes 385
botanical family use value .........cccoevveieiccncucnnne 385
EIV s 389-390

FL e 382-383

SOCIAL GIOUP ..vviiiiciiii s 380
standardization ... 393
subjective allocation

medicinal and religious applications .................... 391
SPECies MANAZEMENT ..vrvvvevereriiiniinsnieiesesesesenenas 392
VETSAIIE TESOUICES vvivirvreriereereeriesreseeseeseaesessessensaneas 382

Quantitative tools, inferential statistics. See Inferential
statistics
Quinones
anthracenics glycosidic derivatives.

anthraquinones aglycones ...........ccccoeveiviicicincncncnnee

naphthoquinones glycosidics .........cccovviviiiiincncnnnnne

Random cluster sampling ..........cocoeeeeeuereunveuvernnecans 205-206
Random probability sampling
elements, population............ccceueirueieicieieieeicieas 201



476 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Random probability sampling (conz.)

ethnobotanical surveys, medicinal plants.................... 201
random cluster sampling........cccocovvvvieriinnnncnnn 205-206
simple random sampling...........cccccoeeueeuimnerennnae 201-203
stratified random sampling...........cccccevvvivvininnnne 203-204
systematic random sampling 204-205
Ranking
organization and analysis of data........ccccceeeuviiiciiinnaes 31
USC.uveveuesesesesesesese sttt ettt s et ean 30
Rapid informant ranking (RIR) ....c.ccocceuvrviieincnnicinncnes 387

Rapid rural appraisal (RRA)
Rarefaction

COMPArative StUdies.......ovvvvviviiiiiiiiiices 404
MEthOd c.viviiieieiiieeee e 152
richness and abundance ........ccoeeevveerieenreeeeeeeeeeene 404
SaMPling effort......coeeueuvivviririiccceeeeeeeene 407-408
species accumulation CUIVeS. .........cccueueurueveeseccecnenen. 409
Reading, documentary analysis
and data cOlleCtion .....cueveieieieieieriesieie e 80
dESCrIPHON .o 79
SCATCh ProOCESS .vvuviiviieciicicc s 79
STAZES weuvevrreiriieierese s 79-80
taxonomic 1dentification .........cceeveeveeveereeeereereenene 80-81

Regression analysis

degree, multicollinearity........cccocovruivivniiiiinininnnnns 425-426

dependent and independent variables............ccccvuenee. 424

ethnobiological analyses..........c.cccceueueuererernenerecceencne 424

GZLM .o 427

independent and dependent variable .................. 425-426

linear regression .........cccocevccecennen.

logistic regression

real and ideal value.......cccovurviiniiiiciiice, 427
Relative importance (RI) .......ccccovvviviniiinnnnes 386-387, 423
Researcher and researched in Oral History

TAPPOTE STAZE o.veevrrrcnceieeee e 69

SUGZESTIONS ...ecvvevvrercienietesesc e sesess e sa e sess s easaeseananas 70

Research participants, selection
ethical and scientific standards, researcher
OTIENTATIONS 1.veuveveareersesseseseeseseesessesesesassesassesansens 5

sampling procedures

10Cal EXPEILS .eeeiriiiiiccce s 8

snowball sampling technique... .7
selecting informant/interviewee. ..........coeuevvvrvececncnnn. 1-4

Return

biological particularities.........cocovuvivviirieiiicriiiiniiienns 460
COZNILIVE SYSTEITIS ..eovevevererrecrceceeecieeeeeeeeenenemesesceenenene 452
data COlleCtion. .....c.ceuveueueiririiiicc e 451
economic benefits .........oeviviiiiiiiiiiiiie 452
ethical commitments .......... ..451
explanatory medical system ..........ccocoevvierinieiiininnnnn. 460
financial reSOUTCES......cvvmviririiciriciccc e 462
forms, data return .....c.ceveeveeveeieeeeereeeeeeeee s 453-455
human emancipation ..........cccceeueereirininicceenenenenns 463
political and ethical activity .........ccccoviviviiiiiiiiininnns 453
political-organizational SUPpPOrt .........ccceceveueunnes 456-457

presentation, constructed product.........ccoceueviviiiiiiine 453
public valorization, local knowledge ................... 457-459
traditional land management..........coeeeeucueveueueuerrenenene 461
training Multipliers ........cccoceeeernnieieeeeeeeeeeeeae 459

transfer of knowledge and experiences

egalitarian and dynamic perspective

incorporeal reSOUICes. .....ovvurvevrueveieeieinicieicieians
Programming actions .........eeeueeevsuerererciessssesesens
Richness
and abundance .........oooeveieiniinic e 399-400
ESTIMALOLS «.uuvivrrcicieieiesescce e 398
SPECIES CItATIONS ..vuvevevcececerieeeeeececc et 400-404

Richness indices
deSCIIPHON ..o
FACKKNILE oot
Margalef’s INdeX ...c.c.evveviviiieeieieieirrcccceeeeeeeeae
Menhinick's index
parameter...............

rarefaction method
RIR. See Rapid informant ranking (RIR)
Risk perception analysis

attitudes and eXpectations.........c.cccueveererereecererenenens 106
GIS ot 107
JanGUAZES ... 106
natural resource Management ............oevvveverenenennens 105
PRM ..o 106
T1SK INCIAENCE ..vevivieeeeveeeeeeeteee et 106, 107
risk map model.......cccceieieiininiiiicceene 107-108
SEVErItY INAEX ...vviiiiiiccciccceecnes 106, 107
tOtAl FiSK..vviiiiiccccc e 107
transport and addiction risks .........ccoovviiiiiiiiiiiiiinins 107
unemployment risK.......cceeeeiiiiiiiiniineiens 107,108
Rorschach test .....cuvviieiiicicciicccc s 87
Rotary evaporation .........ccceeeeeeeercieccuereueuenenseseseseceenes 262
RRA. See Rapid rural appraisal (RRA)
S
Sample for use of oral history
definitions of colony and network ...........cccoceveviiunnnnne 68
historical landmark .........cccccovvviiiiiiiiiie 68
Informed Consent Form........cccocovuviiiviniiininnininnnee. 69
law of decreasing returns..........oeeeeeeeuererereererereeeerenenens 69
research problem
SAMPLE SIZE ...
Sampling
deSCIIPtioN c...vvviiicccc e 200
effort, INdividuals........ccccoveieieeeieeeeeeeeeeerees 404
nonrandom/non-probability sampling................ 200-201
random probability sampling (se¢e Random probability
sampling)
Sampling kit
adhesive tape......coviviviiiiiiiccc s 164
common graphite pencil, wax pencil/permanent
MATKET oo 163

envelopes



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

field nOtebOOK....cuvviviviiiiiiiiiiiicce 162-163
field Presses.....ovuiiiiiiiiiiiiic e 163
GPS oo 164
MEASUTING TAPEC..c.vivirriiiiirerenciceissenes e 164
newspaper/blotting paper .........ccccceeuriviiiinininccenen 164
plastic bags...... 164
Plastic CONTANETS .....vvvieieriiiciciciciieicees 164
pruning shears, pole pruner and machete ................... 163
SEIINZ oottt 164

Sampling procedures

non-probabilistic sampling

SAMPLE SIZE...oveeeiiiiiiiiiccc e
types of sampling, hypothetical examples ...........ccccuueeee. 6
Sampling units

Science policy
Scientific names

1dentification.....cecveeeeereieeeeeeee et 124,134
Information NEtWOTK.......ceevererveeenieirieerieeeneeeeeeeeenes 138
NOMENCIATUTE ...vevieeieiieeieee ettt 131
PlantSMEN ......cuviciicci e 126
Plant SPECIEs......ovvviiiiiiiciciica 123-124
TROPICOS....cooiieeeeeteeeteteeeeee et 137

Scientific writing. See Publication, ethnobiological studies
Scoring and ranking exercises

category of medicinal use........ccccovieuiiiiiiniiiiininiccnen 46

fictional example....
importance of medicinal plant collection
LOCALION coevvvtii s 46
importance of species in each category of use............... 48
Secondary compounds, medicinal plants

amine compounds

alkaloids ....c.oviviiiiiiii

xanthines

compounds derived from isoprene

SAPOMINS covvvrrrrsiiecrescrcte e 269
EEIPENOIAS oot 269
triterpenos and steroids..........coeveeeeueueuiiiniiiinnnas 269

description

developers
ammonium ferrous sulphate reagent...........ccc..... 271
Dragendorff reagent ......ccoceevereeeernererccecrenenen 270
iodine-hydrochloric acid reagent .........c.cccevvueucne 270
Lieberman—Burchard reagent..........cccccoeeueunnene. 271
NEU Reagent......c.cceueerueieicieiceiiceeceieei 271
phosphomolybdic acid reagent. 271
potassium hydroxide reagent.........cccocvuereiricnnnes 271
sulphuric anisaldehyde reagent ..........cccocovueinnnns 271
vanillin hydrochloric reagent.........cccocoeuvvcnncnee. 271
vanillin phosphoric acid reagent ..........ccocevevunene 271

vanillin sulphuric reagent.........cccooooeviicieierninne. 271

Index 477

phenolic compounds (See Phenolic compounds)

Secondary Sources.......coouiiieiiiiieiiieies 81, 82,85

Shannon-Wiener’s function
APPLCALION ettt 155
COMMUNIY SAMPLE...eeeiiiiiiiiiiiiiiicce e 154
description... 153
diversity IndeX......coovvreiiiiiiie 154
ethnobotany .......cccvviuiuiiiiiiiiciecc s 154
FOTMIULA 1.ttt eaees 154
IIEETVIEW «etevtventeteneeeeseeseseseseneesessssenaesansesensesasesessens 155

measurement.

plant population in NAUIE .......ccevviiriiciiiiiiiiiiiiiiene 155
vegetation use vs. species diversity........cooveenene 154-155
Simple random sampling
deSCription ... 201-202
POPULALION SIZE...ueeeeeeicrreneieiceeeeieneneae 202-203
Proportion estimation ........ccoceveueuererieseniereeciesineneneas 202
researcher.. .202
SAMPLE....viviieiiiiiicii s 8-9
SImpson’s INAEX .....ovcvvieiiriiiiici e 153
Snowball sampling........ccccvvveiiviiiiiiciieae 201
Snowball technIQUE ....c.c.cueveueueiriririiiccceeeeeeecees 7,11
Social maps
community members and reference elements.............. 242
living conditions .......ccceeeeiieviiiiiiniiiiiceae 241
participants, social Strata...........cocoevereerenennnnns 241-242
TESEATCRIETS 1.ttt 242
socio-environmental StrUCtULE .......ocvveveveuereririreeveuenenes 242
S0Ci0-DIOdIVErSItY .....cuceviiiiciiiiccc e 336
Socioeconomics
COMMETCIAliZAtION. ..cveueieieieietcieereeeet et 336
progressive contextualization ...........coceveceeiiieriinennnns 343
semi-structured INtErVIEWS......e.eueererereereuerenereeeeeeaenens 338
Sorensen INdeX......ccovririeueuiirininieieicere s 150
Species diversity
COTMIMIUIITIES t.vutveneetenteneeesessenerteneseeeeseneesensesesseseseenes 151
MEASUIEMENT .eveveuierereetenereeeerereeneneas 151
medicinal, food, ornamental and wood...........c..cocu... 151
richness INdexX ...c.eeririreeieeiininneeeec s 150-151
social and economic development.........cccevveueueueuenene 150
SPECIES LISt ..uuiiiiiiii s

Spray drying method...
Statistical inference

census, advantages and disadvantages............oceueeunne 199
Characteristics, INTEIESt ... cuierreeereerereereeserererseerennens 199
At e
element, POPUIAtION .....c.ccucuiviiiiiiiiiiiiicecccae
EITOT oottteutaieteteteteaeeetesesesese et esesesesen e sesesasanentesesesanans

population parameter.
POPUlAtioN/UNIVETSE «.....vuveviiiiiiiciicciici s
sample sampling Unit........ccoovvrvvcniiiceicices
VAIables ...ovevieicii s
Statistical teStS ......oovvueuerereiiieieieiicccee e
Statute of the Brazilian Association of Oral History.......... 61




478 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index
Stratified random sampling ..........ccccceviviiininiinnnnnns 203-204
Stratified sampling
distribution of communities, NSACD................ 206-207
population fraction ..........cccceceeuereerereririeeenenes 207-208
SEING. ot 164
Study design...... .416-417
Successive free listing........ocoeveericciiiiiniiinenns 116-117
Sulphuric anisaldehyde reagent .........ccocevviivinicinininnnne. 271
Supply chains
data, analysis and interpretation
Brazilian pepper.......cccoccciiiiiiininiicennen 344, 345
ethnoecological and ethnobiological
SEUAIES 1vvenverecreeteeie ettt 343,344
flowchart, StUIEs .....ceoveeeereeeeeereeeeeeeee e 344
hypotheses ..o 343
Product’s trajeCtory ...c.cueueueururererereeeeeeereneneneneeeneas 343
progressive contextualization .............cccoeeeeueeeenne 343

triangulation technique
data collection

biodiversity products.........ccocvuriueriiiiniiinnnns 338-340
ecological Information .........cccceoeeeevererercccrerenennn 343
€CONOMIC IESOUICE. ...vuvivereririireneaeeiaaeneressesnnas 343

localization and socioeconomic

Characteristics........oovevevririiiiiicicccniiiciine 343
participatory methods..........ccevvvvriiriiiiiiniiiiinns 340
Primary instruments .........ccoeeveveverereeenerenenes 340-342
qualitative/quantitative analysis .........cc.cooevueeenns 340
structured INTErVIEWS.......cuevveeurucecreiceesieceeiennns

elaboration, Strategies ...........coeeeeicuiueiririiesiniiccenens
extractivist populations....
human population.........cccevvviiiiiiiiiiie,
National Socio-Biodiversity Plan .......ccccococuviiinininns 336
Production StEPS........oceuiueriiieriicnirieeees 335,336
SAMPLING ..ot 336-338
strategies and public policies..........ccoceueveuririnncae 335-336
Systematic random sampling.........cccooeveveciniecninnnes 204-205
Systematics 176,182,188
T
Taxonomic identification
collection and identification .........ccccoevvcivirieciriiuennne. 322
diagnostic characteristics ......vuveeeeueuererererrrrereeeeenene 323

medicinal/nutritional value.

TECOZMILION. c..vveiiiieetcicc e
TBK. See Traditional BK (TBK)
TEK. See Traditional ecological knowledge (TEK)
Terrestrial mapping, Brazilian Northeast

Atlantic forest fragments (see Atlantic forest fragments

mapping)
biodiversity conservation ........ .245-246
biodiversity conservation areas...........cco.ecueveceee. 244-245
Brazilian Cerrado .......cccooviviiiiiiiiiiiiniiiiins 250-251
COMMUNItArian MAPPING.....everrrervrverererererereeresereseenas 252

created from visual stimulus
from aerial IMAZES.....ccuevevreriririicererereiennns 242-243

complement geographic information

SYSTEIMS 1uveevrterceeeetetese ettt 244
ephemeral cartography.........cccccvecuviicriniiceiiiciininnns 240
ethnobiology and ethnoecology..........ccccoeeueuiueuvuneene 239
graphical representations ...........ccoeveeeeccueieienininienennns 239
local communities......
MANagemMent PrOZIAMS .....cevvverererereesssseseseeesssesesesens 246
methodological tool, ethnobiological and
ethnoecological data........ccccevvvveveninccccncnnen 252
NALUTAl FESOUICES «.vuveeoveceriiceeieececee e 246-247
without visual stimuli
ephemeral cartography.........ccccoeeuiiiiiiininincnnnne. 240
paper maps (see Paper maps)
$0Cial MAPS...cvviiiiiecii e 241-242
Theoretical framework. See Urban ethnobotany
Therapeutic calendar ........c.occeereeurenieerrierenneennecens 119-120
Therapeutic ItNErary ........coueueeeecuemieemriereeeeensecees 118-119
Thin layer chromatography (TLC)
analytical and preparative .........ccccoevviiiiiiiincncnnnenen 266
compounds derived from isoprene..........ccoevieueininnas 264
compounds, plant metabolites ..........cccovuvreiiiriniiinnns 256
ElUCHES ..o 268
Timber resources
advantages and limitations...........ccccceveiviiiicncncncnnne 363
dAtatyPes. ....cocvvviviiiiic e 350
domestic timber uses (see Domestic use of timber)
fOTESt ECOSYSEIMS. cvuveveeeerrerenereeeiriaeseeeeesenenenenenseens 349
plant POPUlAtions .......cccueucueueuiueiririniiiceeereneeeeeeeae 349
USE CALEZOTICS .oveveeeeenrenerneeeesieceesenenenenennas 351-352

TLC. See Thin layer chromatography (TLC)
Traditional and indigenous Brazilian populations

cultural diVersity ......ccoeveeueuviiieiiieieccceeeas 214
cultural resCue/NEOZENESIS. ....vvvreririeeececierererereneereens 215
ethnic groups/indigenous SOCIeties .........ccoeeverrurureene 214
National Policy ......ccccceiiiiiiiiininiiiieicieieiens 214
Western SOCiety......covrueueerieiieieicieiecceciae 214-215
Traditional BK (TBK)
ethnobotanical knowledge ........cccocviiiiviiiiiiininininns 294
nontraditional BK.......ccccocoooviii 295
and TEK ..o 295
Traditional ecological knowledge (TEK).......ccccecccuvieunenee 295
Traditional knowledge
and biological diversity .........cccocoeiiiiiiiiiiiiiiicciennee 123
CTOSION. «vvvvttiiiseses sttt 373
ZENEtiC NETItAZE. cv.vuveeeeceencicrerere e 459
ZENELIC TESOUITES ...vvevveirariieneseieeseeaesessseaeneneas 227
land management techniques ...........ccoceeuiiruiuriienecne 461
medicinal plants.........ccoceiiiiiiiie
Traditional medical systems
Traditions
deSCrIPHiONS.....vuvecvicecic e 311
plants and animals .........cccoeeeeinininiiiceeeeeeae 314
spiritual/symbolic practices.........cccoevvvvrivvriniecenenenee 312
Traps
CAZC.oovvviiiiieit s 187



METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

funnel.....oo 187
glue and Sticky .....ccovieiiiiiiiiias 187
Barp v 190
Havahart and Longworth trap........cccccceevvevueeaae 188,189

PhOtOGraphiC. ..o 190
PItfall oo 187
rat and MOUSE ..veueieeevciciirietetccere e 189
Sherman-type traps .. .188, 189
straight-line drift fences and pitfall .................... 186-187
Tomahawk and Havahart ........ccccoovviieeinininineeene 188
Triterpenes and steroids.........cccveveiviciiiiniiciiieiiinns 264
Turbo eXtraction Process.........ocvueveureeerivrmevreereienerieens 262
Twenty-four hour recall, imitations.........ccceereeerreererreeenne 32
V)
UBK. See Urban botanical knowledge (UBK)
Urban botanical knowledge (UBK)
CONLIIDULIONS vttt 301-303
AYNAMICS .o 303-304
ethnobotanical .......c.cccovriiieueirininnecceeee e 294
immigrants, metropolitan areas ............ooceeeeeeuenenenne 296
INhADIEANTS et
pluricultural CONteXts ........ccveveviiiiiiiiiiiiiccnnns
TEK o
traditional and nontraditional.
traditional SOCIETIES «.vuvuvuiuiireeeveieerireeeeieieese e
vegetal elements mobility .........ccooeeviiiiiiiinnne.
Urban ethnobotany
BK, urban areas........cocuevveieienienienienieseseseeeee e 293
Bolivian immigrants segment ...........cccocoeuvurieeurecuennn. 300
Buenos Aires-La Plata Conurbation................... 297-299
Chinatown..
dESCIIPLON coveeeii e
ethnobotanical data collection ........ccccoeeuererenercnienennn. 301
immigration, conurbation ...........cccceeniiiiiininnns 299-300
people and plants relationships.........ccccoevicriinicininnns 304

theoretical reflection

UBK (see Urban Botanical knowledge (UBK))

vegetal Products ......c.cceeeieiiiceceeeeeees 301
Use value (UV), 423, 426
Vv
Vanillin hydrochloric reagent........cccoouiviviiiiiinininininns 271
Vanillin phosphoric acid reagent ........cccccocvvvicviiinininnas 27
Vanillin sulphuric reagent.........ccccecevvvecccceeeenenenenenn. 271

Vegetation analysis
cultural relationships.........cccoeveieiiiiiiiiiiiiccnen
diversity Indices ......ceviiiiiiiiiiiiiiine
ethnobotanical research ...

EVEIINESS ....eovevereeceeaeeae e eesesaeeaeeas
floristic similarity indices.........cccceevrurunirircccncnes 149-150

479
Index
PCA oo 157
plant measurements (see Plant measurements)
qUANEItAtIVE MEASUIEMENT...vvevrrriieceesesereseseserenenenes 141
1ichNEess INICES .vvveurrviriereieerieeriee et 151-152

sampling (see Vegetation sampling method)
species diversity ..
STALISHICAL tESTS cuvuvenruieererienirieirieeet et

test hypotheses.......ovvviriicieiciiiiiicce
t-test and Kruskal-Wallis test........cooveverrerrrevnrrerernenns 157

Vegetation sampling method

environmental NATULE ........coveereeereeereeereeereeereeeneeeseeneas

political-administrative nature
preferential sampling types .........coovevviviiiiiieinns
FANAOM oo
SAMPLE SIZE..o.vvviieiiciicc s
SAMPLNG UNILS....vvvvreicececiciereieee s
statistical analysis.........ccoeveeeieiciiiiiieeene

systematic .

Venn diagrams

collective technique......cccveviveiiciciccicce e 50
formal and informal institutions, identifying................ 50
seasonal calendar in the Cacimbas.........cccccevennnen. 48,51
Vertebrates, sampling/collecting methods
active searching.........ocovvviviicciniicces 185
amphibians and reptiles ........ccoovieiriiiiiiiininnns 186-188
DILAS oo 191-193
FISh e 185-186
MAMMALS ..o 188-191

passive sampling

Visual stimuli

artefact INVENtory.....ococeuviecvivcieicieicecececeees
body topography ........cceuvvriiiiiieiiiiii e
checklist technique .....cccueueveveiriniiiccrcienenne
dead Specimens ........ccccueiciviiiiiicccce e
deSCIIPtioN ...
drawings and photographs...
dried specimens .......cccvccvviiiiiiiiiiee
ethnobiological and ethnoecological studies........... 87-88
ethNOZOOLOZY w..veveeeiiiiiiccccc s 94
expert and non-expert informants ............ccoeceeeeneuenne 89
field herbarium and reference sampler
techNiqUes ..o 94
fresh plants ......cccccecviviiiiiicic e 90-91
herbarium/zoological collection........c.ceevrererecececrcunens 88
0 SIEU SPECIIMENS ...evuvivvvciiiiierecceierese e 89-90
intent and efficiency
acquiring information ...........ccceeeeeccnniniininenes 91
ferns......coevenee. .92
1IN ST SPECIMEN «..vvveaiievevcece et 92
informants’ imitations.........c.ccceevvvvceiiicninnnnn 92-93
Paniya and Kuruma tribes..........cccccevuinnnininnnce. 92
LOY/tOOL LYPC..ceeiiiiiciiiiicc e 93
voucher SPecimens .........occuevcueiercieiicucieinins 92,93



480 METHODS AND TECHNIQUES IN ETHNOBIOLOGY AND ETHNOECOLOGY

Index

Visual stimuli (conz.)

INEETVIEWS 1eeeeveeeereeereeesseeessreesseeensseessseeesseesnsseenns 89,93
INVENtOry INtErVIEW ....cvvvviiiiiercicccieececceens 93-94
MANGTOVE ATCAS .uvvvererererererreeesesesrsrsesesesesssssssssssssananes 94

mangrove root crab, Gonigpsis cruentata and
habitats ..
medical category

PhOtOGraphs.....c.cccviuiiiiiiiiicccc e
plant-derived products.........cccoeuveriviiieiiiciiiinicne. 96
ROrschach test ..o
social sciences ....
use of
artefact/INVeNntory.....cooeeecciiciniiicceeens 30
checklist/INtervieW ....cuvcuviiecicccceceiiae 30
INVENtOrY/INTEIVIEW. co.eeeeerererereeieeeeeeeerenenenens 29
walk-in-the-woods ........ccoveveevveveererererenenne 29,93
vernacular Names, SPECIEs........cveueueueuevririniieereenenenns 88
voucher specimens..
Voucher specimens .........cccvvviiiiiiiiiiiiiiiens
w
Wax pencil....c.cucueveiiiiiiccieieecccce e 163
WO00d FESOULCES ..ottt 353
Wood samples ........coovueueieueiiciiiciecc 171,172

Woody vines .168-169

Work methodology. See Indigenous populations

z

Zoological collections
Aristotle’s method........ccicuiiininiciniicniccicns 176
deSCrIPtion ... 176-177

didactic COILECtIONS. ...veeveeeieeierieeeerieee et 194
€CONOMIC INTETEST . eevvrerereruierirenieesteereeeneeerseesseesieesseensens 194
human cultures ......oceeveerveeriecenieenieeeeeeseeenenes 175-176

material (see Zoological material)

NOMENCIATULE ..o
reference/identification.
1eIONAl...viviiiiiic e
1eSEArCh ProJECts.....cviuiururucreieieiiiiiiiciccceee e

scientifi and general........ooccceeeceiennnncceeenenens
specific tAXONOMIC ZLOUPS .....cuvvrererrereeieaerenenenenens 194
Zoological material

animal populations.........ccccciiiiiiiiie
COLIECHION ..o

field notebOOKS ....vuvuveiiiiiiiic
1aDElING ...
PIrEPATAtION..c.cvveiiiciieeeceeiet e
SEIIES weuvuireneiueeetete ettt eb e

specimens collected and deposited.

TAZZING. +vcvrerreverercneee ettt
vertebrates (see Vertebrates, sampling/collecting
methods)
Zoological nomenclature

Ceratophrys QUILLQ ...........cueveeeeeeeeceeieiecieiean 179-180
classification SYStem........ccoeueueuriiiiiiiniiiicieieiieeiae 177
development and expansion, phylogenetic system ......180
holotype and paratypes..........cccoeceuvivieiiviiieiiicniinenenns 180
homonymy/Synonymy .........c.ccevevereececeeremerenensnnenens 179
International Code ......ccovvvreeiiiiiiicciccicicne 177-179
PArAlECtOTYPES ... 180
PhyloCode

SYSTEMA NATULAC.....vevevereisiscscscscecseseresssessssssseserennes 177
EYPE-SPECIMEN...o.viuieieiierercreiietete et seane 180



	Preface
	Acknowledgements
	Contents
	Contributors
	Chapter 1: Selection of Research Participants
	1 Selecting the Informant/Interviewee
	2 Sampling Procedures
	2.1 Probabilistic Sampling
	2.1.1 Simple Random Sample
	2.1.2 Stratified Sample
	2.1.3 Cluster Sampling
	2.1.4 Area Sampling

	2.2 Sample Size
	2.3 Non-probabilistic Sampling
	2.3.1 Intentional or Judgment Sampling, or Rational Selection
	2.3.2 Accidental Sampling


	Box 1 Hypothetical Examples of the Types of Sampling
	Box 2 Sample Size
	Box 3 Steps in purposive sampling. Reproduced from Tongco [ 21 ]
	3 Final Considerations
	References

	Chapter 2: Methods and Techniques Used to Collect Ethnobiological Data
	1 Introduction
	Box 1 Quantitative-Qualitative: Opposition or Complementarity?
	2 The Interview
	2.1 Structured Interviews
	2.2 Unstructured Interviews
	2.3 Semi-Structured Interviews
	2.4 Informal Interviews

	Box 2 Five Steps for Achieving Success in the Use of Interviews as a Method to Collect Ethnobiological Data. Based on Richardson [ 6 ] and Babbie [ 7 ]
	Box 3 Writing Questions [ 6 ]
	3 Free Listing
	4 Field Journal: The Use of Audio and Video Recorders
	5 Guided Tour
	6 Participant Observation
	7 Nonparticipant Observation
	8 Focus Groups
	Box 4 Application Phases of the Focus Group Technique. Transcribed from Víctora et al. [ 23 ]
	9 The Use of Visual Stimuli
	10 Ranking
	11 Twenty-Four Hour Recall
	12 Community Mapping
	13 Life History
	Box 5 Checklist of Materials Useful and/or Essential for Ethnobiological Field Research
	14 Data Triangulation
	Box 6 Summary
	References

	Chapter 3: Participatory Methods in Ethnobiological and Ethnoecological Research
	1 Paths to a Participatory Approach: Participatory Methods
	Chart 1 Advantages and Disadvantages of Using Participatory Methods
	2 Methods That May Be Used in Ethnobiological Research
	2.1 From Interviews to Meetings, Workshops, and the Formation of Focus Groups
	2.2 Community Mapping
	2.3 Historical Timelines
	2.4 Historical Charts
	2.5 Scoring and Ranking Exercises
	2.6 Venn Diagrams
	2.7 Participatory Seasonal Calendar
	2.8 Four-Cell Analysis
	2.9 Participatory Methods in “Feedback” Activities

	Chart 2 Example of an Ethnobotanical Study That Used Participatory Methods as Tools for Data Collection
	3 Final Considerations: Problematizing
	Chart 3 Plan for Each Stage of the Diagnostic Research in PMs
	References

	Chapter 4: Oral History in Ethnobiology and Ethnoecology
	1 Introduction
	2 What Is Oral History?
	3 Methodological Assumptions and Social Utility in Oral History
	4 Data Analysis
	5 Definition of the Sample for Use of Oral History in Ethnobiological and Ethnoecological Research
	6 Relationship Between the Researcher and the Researched in Oral History in Ethnobiological and Ethnoecological Studies
	7 The Use of Oral History in Ethnobiological and Ethnoecological Research and Related Approaches
	8 Final Considerations: Oral History—Why, Whose, and for What?
	References

	Chapter 5: Procedures for Documentary Analysis in the Establishment of Ethnobiological Information
	1 Introduction
	1.1 Aspects of the Research
	1.2 Theme
	1.3 Identification
	1.4 Location
	1.5 Compilation
	1.6 Cataloging
	1.7 Analysis and Interpretation
	1.8 Reading
	1.9 Redaction
	1.10 Indirect Documentation

	2 Final Reflection
	References

	Chapter 6: Use of Visual Stimuli in Ethnobiological Research
	1 Introduction
	2 Visual Stimuli in Ethnobotanical Research
	2.1 Global Features of the Studies
	2.2 Types of Visual Stimuli
	2.2.1 In Situ Specimens
	2.2.2 Voucher Specimens
	2.2.3 Photographs
	2.2.4 Fresh Plants

	2.3 Intent and Efficiency of the Use of Visual Stimuli
	2.4 Terminology for Techniques Using Visual Stimuli

	Box 1 Comparing different visual stimuli
	3 Application of Visual Stimuli to Other Branches of Ethnobiology and Ethnoecology
	4 Final Considerations
	References

	Chapter 7: Methods in Research of Environmental Perception
	1 Introduction
	2 Methods for the Research of Environmental Representation
	2.1 Prompting Spoken or Written Discourse
	2.2 Semi-structured Projective Interviews
	2.3 Method of Environmental Autobiography
	2.4 Prompting for Drawings
	2.5 Interviews in Studies of Representation
	2.6 Analysis of Risk Perception

	Box 1 Steps to Construct the Discourse of the Collective Subject, Adapted from Silva et al. [ 8 ]
	Box 2 Steps for Content Analysis, Adapted from Silva et al. [ 15 ]
	Box 3 Example of Calculation of the Severity Index ( S) and Risk Incidence ( I)
	References

	Chapter 8: Methods for Data Collection in Medical Ethnobiology
	1 Introduction
	2 Collecting Anatomical and Physiological Data
	3 Methods for Collecting Data
	3.1 Checklist-Interview Technique
	3.2 Pile-Sorting Technique
	3.3 Successive Free Listing
	3.4 Constructing Decision Models Applied to Medical Ethnobiology Studies
	3.5 Therapeutic Itinerary
	3.6 Therapeutic Calendar

	Box 1 Important information to develop ethnomedical explanatory models, based on Fabrega [16] and Berlin and Berlin [4]
	Box 2 First stage of collecting information needed for building ethnomedical formularies. Adapted from Berlin and Berlin [4]
	Box 3 Second stage of collecting information needed for building ethnomedical formularies. Adapted from Berlin and Berlin [4]
	Box 4 The main questions that can guide research using decision models. Adapted from Hill [ 26 ]
	Box 5 Example for the construction of decision models. Adapted from Hill [26]
	Box 6
	4 Final Considerations
	References

	Chapter 9: Introduction to Botanical Taxonomy
	1 Systems and Principles of Plant Classification
	2 Principles of Nomenclature
	3 Taxonomic Works: From Descriptions to Identification
	4 Final Remarks
	References

	Chapter 10: Analysis of Vegetation in Ethnobotanical Studies
	1 Introduction
	2 Vegetation Sampling and Plant Measures
	2.1 Selection of the Study Area and Determination of the Sampling Methodology
	2.2 Selection of the Sample Size
	2.3 Choice of the Type, Size, and Shape of the Sampling Unit
	2.4 Plant Measurements
	2.5 Floristic Similarity Indices
	2.6 Species Diversity and Forms of Measurement
	2.7 Species Richness Indices
	2.8 Diversity Indices
	2.8.1 Simpson’s Index
	2.8.2 Shannon–Wiener’s Function

	2.9 Evenness
	2.10 Techniques to Evaluate the Richness and Diversity Indices

	3 Final Considerations
	References

	Chapter 11: Techniques for Collecting and Processing Plant Material and Their Application in Ethnobotany Research
	1 Introduction
	2 Methodology for Sampling and Herborization
	2.1 Sampling Kit
	2.1.1 Field Notebook
	2.1.2 Common Graphite Pencil, Wax Pencil, or Permanent Marker
	2.1.3 Pruning Shears, Pole Pruner, and Machete
	2.1.4 Field Presses
	2.1.5 Newspaper or Blotting Paper
	2.1.6 String
	2.1.7 Plastic Bags
	2.1.8 Adhesive Tape
	2.1.9 Plastic Containers
	2.1.10 Measuring Tape
	2.1.11 GPS
	2.1.12 Envelopes

	2.2 Sampling of Plant Material: General Aspects
	2.3 Pressing
	2.4 Drying
	2.5 Preparation of Voucher Specimens
	2.6 Registration and Incorporation into an Herbarium

	3 Collection in Special Cases: Plant Groups That Require Complex Pressing
	3.1 Bromeliaceae
	3.2 Woody Vines (Lianas)
	3.3 Arecaceae (Palm Trees)
	3.4 Plants with Bulky Parts (Cacti, Inflorescences, Fruits, and Tuberous Roots)
	3.5 Aquatic Plants

	4 Sample Collection for Ethnobotanical Studies
	4.1 Collection of Wood Samples
	4.2 Sampling of Material for Phytochemical Analysis
	4.3 Edible Plants
	4.4 Material Sampling for a Checklist-Interview
	4.5 Material Sampling During a Guided Tour

	5 Final Considerations
	References

	Chapter 12: An Introduction to Zoological Taxonomy and the Collection and Preparation of Zoological Specimens
	1 Introduction
	2 Zoological Nomenclature
	3 The Collection and Preparation of Zoological Material
	 
	 
	 
	 
	 
	 
	�
	 
	 
	 


	4 Zoological Collections
	References

	Chapter 13: Sampling in Ethnobotanical Studies of Medicinal Plants
	1 Introduction
	1.1 Basic Concepts of Statistical Inference
	1.1.1 Population or Universe
	1.1.2 Element of a Population
	1.1.3 Characteristic of Interest
	1.1.4 Population Parameter
	1.1.5 Census: Advantages and Disadvantages
	1.1.6 Sample Sampling Unit
	1.1.7 Variables
	1.1.8 Data
	1.1.9 Error

	1.2 Different Types of Sampling
	1.2.1 Nonrandom or Non-probability Sampling
	1.2.2 Random Probability Sampling


	2 Illustrated Examples
	2.1 Example of Stratified Sampling
	2.2 Cluster Sampling

	3 Conclusion
	References

	Chapter 14: Indigenous Populations: Some Peculiarities
	1 Introduction
	2 Traditional and Indigenous Brazilian Populations
	3 Relationship
	4 Land
	5 Cultural Differences, Language, Behavior, and Gender
	6 Improvements in the Villages and Being Sedentary
	7 Increasing Population, Increased Pressure on Genetic Resources in the Territory, and Pollution
	8 Clash of Generations
	9 Greater Flow of Financial Resources to the Villages
	10 The Contemporary Indian and Cultural Echoes of the Past
	11 Legislation
	12 Ask the Right Questions for What You Are Trying to Achieve. Are Your Goals Clear?
	13 How Do We Choose Where and with Whom to Work?
	14 How Do We Become Accepted in the Community?
	15 Does the Work Focus on Continuing in the Right Direction?
	16 What Is the Methodology to be Adopted?
	17 Who Are the Informants/Key People in the Community?
	18 What Will the Work Schedule Be?
	19 What Is the Cost and Availability of Resources?
	20 What Time Do We Have Available for Fieldwork?
	21 Do I Have the Skills for the Proposed Work?
	22 What Is the Level of Community Involvement with Our Project?
	23 The Project or the Project?
	24 Is This All Within Reason?
	References

	Chapter 15: Participatory Mapping of the Terrestrial Landscape in Brazil: Experiences and Potentialities
	1 Introduction
	2 Mapping Without the Use of Visual Stimuli
	2.1 Ephemeral Cartography
	2.2 Maps
	2.2.1 Property Maps

	2.3 Social Map

	Box 1 Recommendations for the Development of a Communitarian Mapping Activity. Adapted from PETROBRAS (Petroleo Brasileiro S.A.)-SE/CONATURA [ 14 ]
	3 Maps Created from a Visual Stimulus
	3.1 Mapping from Aerial Images
	3.2 Mapping to Complement Geographic Information Systems

	Box 2 Steps to Building Participatory Maps from Aerial Images and/or Maps. Adapted from [ 6 ]
	Box 3 Step-by-Step Instructions for Mapping to Complement Geographic Information Systems. Adapted from [ 20 ]
	4 Potentialities of the Use of Mapping Tools
	4.1 Mapping for Biodiversity Conservation
	4.2 Mapping to Evaluate Management Programs
	4.3 Mapping Conflicts in the Use of Natural Resources

	5 Case Studies
	5.1 Mapping of Atlantic Forest Fragments in Brazil
	5.2 Mapping a Protected Area in the Brazilian Cerrado

	6 Methodological Considerations
	Box 4 Certain Aspects That Must Be Taken into Consideration at the Moment of Choosing Mapping as a Methodological Tool for Collecting Ethnobiological and Ethnoecological Data
	References

	Chapter 16: Chemical Tools Applied to Ethnobotanical Studies
	1 Introduction
	2 Selection of Material to be Processed
	2.1 Collection of Plant Material
	2.2 Drying and Storage

	3 Extraction of Compounds and Sample Preparation
	3.1 Methods of Extraction: Solvents and Extraction Forms
	3.1.1 Infusion
	3.1.2 Decoction
	3.1.3 Maceration
	3.1.4 Turbo Extraction
	3.1.5 Percolation

	3.2 Preparation of Extracts for Characterisation
	3.2.1 Rotary Evaporation
	3.2.2 Lyophilisation
	3.2.3 Spray Drying

	3.3 Methods of Enrichment
	3.3.1 Amine Compounds
	3.3.2 Compounds Derived from Isoprene
	3.3.3 Phenolic Compounds

	3.4 Pre-purification of Bioactive Compounds
	3.4.1 Planar Chromatography
	3.4.2 Analytical and Preparative Thin Layer Chromatography
	3.4.3 Column Chromatography
	3.4.4 Classical Liquid Chromatography
	3.4.5 Open or Gravity Column Chromatography
	3.4.6 Column Chromatography Under Pressure


	4 Characterisation of Secondary Compounds
	 
	￼
	 

	 
	￼
	 
	 

	 
	￼
	 
	 
	 
	￼
	 
	 
	 


	 
	￼
	 
	 
	 
	 
	 
	 
	 
	 


	5 Notes
	6 Conclusions
	References

	Chapter 17: In Vitro and In Vivo Antibacterial and Antifungal Screening of Natural Plant Products: Prospective Standardization of Basic Methods
	1 Introduction
	2 Materials and Methods
	2.1 Preparation of Stock Solutions
	2.2 Test Microorganisms
	2.2.1 Preparation of Inocula

	2.3 In Vitro Antimicrobial Activity
	2.3.1 Agar-Diffusion Assay
	2.3.2 Determination of the MIC

	2.4 In Vivo Antimicrobial Activity
	2.4.1 Salmonella enterica Subsp. enterica Typhimurium
	2.4.2 Listeria monocytogenes
	2.4.3 Cryptococcus neoformans
	2.4.4 General Aspects of In Vivo Treatments with Natural Plant Products


	Box 1 Preparation of the pattern 0.5 of McFarland standard
	Box 2 Conditions of incubation for fungal strains
	Box 3 Preparation of working solutions for determination of the minimum inhibitory concentration
	3 Perspectives
	References

	Chapter 18: Urban Ethnobotany: Theoretical and Methodological Contributions
	1 Introduction
	 
	 
	￼
	 


	2 Methodological Inputs
	 
	 
	 

	3 Final Remarks
	References

	Chapter 19: The Dynamics of Use of Nontraditional Ethnobiological Products: Some Aspects of Study
	1 Introduction
	2 Cultural Contexts of Interest in the Study of Nontraditional Ethnobiological Resources
	3 Some Theoretical Concepts of Interest in the Study of Nontraditional Ethnobiological Resources
	4 Methods and Approaches
	References

	Chapter 20: Plant Anatomy in Ethnobotanical Research: Micrographic Techniques and Applications
	1 Introduction
	 
	 
	 
	 

	2 Materials and Methods
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 

	 

	3 Final Remarks
	References

	Chapter 21: Methods and Techniques for Research on the Supply Chains of Biodiversity Products
	1 Introduction
	2 Methods and Techniques
	 
	 
	 

	Box 1 Examples of Interview Questions for Studies on the Supply Chains of Biodiversity Products
	Box 2: The Primary Instruments for Data Collection Used in Studies on the Supply Chains of Biodiversity Products
	Box 3 Theories with Possible Applications to Ethnoecological and Ethnobiological Studies Involving the Supply Chains of Biodiversity Products
	Box 4 An Example of a Flowchart for Studies on the Supply Chains of Biodiversity Products
	3 Final Considerations
	References

	Chapter 22: Methods and Techniques Applied to Ethnobotanical Studies of Timber Resources
	1 Introduction
	1.1 Identifying the Timber Uses in a Region

	2 Use Categories
	3 Methods/Techniques Employed in Studies of Domestic Timber Uses
	3.1 Interviews
	3.1.1 Species Used
	3.1.2 Preferred Species
	3.1.3 Distance Travelled and the Frequency and Quantity of Consumed/Collected Timber

	3.2 In Situ Inventory
	3.3 Vegetation Inventory
	3.4 Biomass Aboveground
	3.5 Mass and Volume of Collected/Consumed Timber
	3.6 Footpath Survey
	3.7 Weight Survey
	3.8 Other Quantitative Techniques for Fuelwood Use

	4 Final Considerations
	References

	Chapter 23: Ethnobiological Research in Public Markets
	1 Introduction
	Box 1 Methodology Used for Ethnobotanical Surveys in Public Markets by Bye and Linares [ 25 ] and Reproduced by Nguyen [ 26 ]
	2 Research Questions and Hypotheses
	3 Sampling and Selection of Interviewees
	4 The Collection of Information
	5 Voucher Specimens
	References

	Chapter 24: Techniques for Analysis of Quantitative Ethnobiological Data: Use of Indices
	1 Introduction
	1.1 Informant Consensus
	1.2 Subjective Allocation
	1.3 Sum of Uses

	2 Final Considerations
	References

	Chapter 25: Ecological Methods in Ethnobotanical and Ethnobiological Research: Using Diversity Measurements and Richness Estimators
	1 Introduction
	2 Measurements of Diversity
	2.1 Analyzing Citation Diversity When Considering the Components of Richness and Abundance
	2.2 Analyzing the Diversity of Citations Considering the Richness of Species Citations
	2.2.1 Jack 1 and Jack 2
	2.2.2 Chao 1 and Chao 2
	2.2.3 Incidence-Based Coverage Estimator and Abundance-Based Coverage Estimator
	2.2.4 Bootstrap

	2.3 Analyzing the Diversity of Citations Considering a Distinct Number of Sampling Units Based on Individuals (Abundance)

	3 Applications in Ethnobotany and Ethnobiology Measures of Diversity and Rarefacation
	3.1 Richness Estimators

	4 Final Considerations
	 Appendix 1: Formulas for Species Richness Estimators (Adapted from [ 32, 41 ])
	References

	Chapter 26: Principles of Inferential Statistics Applied to Ethnobiology and Ethnoecology
	1 Introduction
	2 Why Use Inferential Statistics?
	3 The p -Value
	4 Study Design
	5 Defining Study Variables
	6 Data Transformation
	6.1 Logarithmic Transformation
	6.2 N th Root Transformation

	6.3 Angular Transformation

	7 Main Statistical Tests Applied to Ethnobiology and Ethnoecology
	7.1 Mean Comparisons
	7.2 Correlation
	7.3 Regression

	8 Contingency Tables
	9 Final Remarks
	References

	Chapter 27: Problems and Perspectives in the Publication of Ethnobiological Studies
	1 Introduction
	2 Common Problems in Ethnobiological Studies
	2.1 Problems with Data Collection
	2.2 Problems with Data Presentation and Analysis
	2.3 Lack of Integration Between Data Retrieval, Theory, and Reproducibility
	2.4 Legal and Ethical Issues that Permeate Ethnopharmacological and Ethnobotanical Studies
	2.4.1 Legal Issues of Ethnobiological Research: The Brazilian Case


	3 Final Considerations
	References

	Chapter 28: “Returning” Ethnobiological Research to the Communities
	1 Introduction
	2 Initiatives That Do Not Depend on Third Parties
	2.1 Our Products
	2.2 Transfer of Knowledge and Experiences
	2.3 Political–Organizational Support
	2.4 Public Valorization of Local Knowledge
	2.5 Training Multipliers

	3 Initiatives That Depend on Third Parties
	4 Final Considerations
	References

	Index



