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ABSTRACT

The diversity of plant species managed by Indigenous peoples is directly related to cultural and linguistic factors. Many
species were domesticated to varying degrees in the lowlands of South America. However, there is still a need to better
understand the process of species and landscape domestication, especially the management practices of the indigenous
populations of inland Brazil, such as the speakers of the Jé language family. With this in mind, we undertook a systematic
review of the literature on the plant species used by these peoples for food and medicinal purposes. We examined 126
publications, covering 126 years. A richness of 609 botanical species was identified. Some plants, such as maize, manioc,
sweet potatoes, and yams, are managed by peoples across the northern, central, and southern regions, while others are
managed exclusively by peoples from within the same linguistic branch or geographical area. The results reveal that the
Jé maintain a high level of species diversity with varying degrees of domestication in their food production systems and
that the biodiversity generated and managed by these indigenous populations is a key factor for agricultural resilience
in a scenario of climatic extremes.
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1999; Freitas & Zarur, 2007). This ecological diversity
managed and generated by Indigenous peoples is closely

Introduction

Globally, approximately 40 % of protected land areas and
ecologically conserved landscapes are managed or owned
by Indigenous peoples (Garnett et al., 2018). In addition
to conserving natural resources, Indigenous peoples have
historically played a significant role in the generation and
amplification of species diversity, particularly in the areas
of food and medicinal plant species (Posey, 1986; Clement,

related to aspects of culture and language, forming complex
socio-ecological systems with adaptive capacity (Franco,
2022), in which the human presence acts by directing the
processes of structuring communities and landscapes.
The Indigenous peoples who inhabit the lowlands of
South America have promoted the domestication of plants
and landscapes, with varying degrees of interdependence
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on human action. The domestication of plant populations
is a mutualistic process, whereby humans select useful
plants, managing and cultivating populations with more
advantageous morphological characteristics (Clement,
1999; Clement et al., 2021). The benefit for the symbiont
plants is an increase in population, i.e. greater reproductive
success. The benefit for humans is a greater supply of food
and other plants with varied uses. Plant selection begins
at the individual level, with individuals being managed in
situ. Varieties with the most desirable characteristics for
cultivation are then propagated (Rindos, 1984; Clement,
1999; Clement et al., 2021). In plants with a short life
cycle, humans generally manage the reproduction, genetic
structure, and dispersal of the domesticated species. In
perennial plants, such as tree species, the demographic
structure is managed, with taxa that can exhibit different
degrees of domestication (Wiersum, 1997; Meyer et al,,
2012).

Management actions such as protecting the individual
from pests, removing competing species, selecting seeds,
planting and transplanting, for example, are forms of
care that favor individuals, modifying the density of
plant populations (Furlan et al., 2017; Levis et al., 2018).
Consequently, dispersal, mediated by anthropogenic action,
creates mosaics of domesticated landscapes, favoring
populations of useful plants, each domesticated with
different intensities and results (Wiersum, 1997; Clement,
1999; Balée, 2006). The domestication of landscapes
promotes ecological changes and changes in the demography
of plants and animal populations in the environment to
make the landscape more productive and safer for humans
(Clement, 1999; Levis et al., 2018).

Landscapes with a high degree of domestication
typically include orchards, vegetable gardens, swidden,
and fallow lands, i.e., integrated agroforestry systems that
are efficient in terms of producing food and other useful
plants (Posey, 1986; Clement, 1999; Levis et al., 2018).
The species that comprise agroforestry systems may have
different degrees of alteration in their genotypes, just as
they may have different degrees of dependence on humans
for propagation (Clement, 1999). Therefore, given the long
history of Indigenous peoples in the Americas, processes
of species domestication occurred prior to the arrival of
Europeans in the South American lowlands, but without the
development of a hegemonic agricultural model as practiced
in Eurasia, as did the management of species that were not
fully domesticated (Shepard Jr. et al., 2020).

The food production systems of the different Indigenous
peoples that occupy Brazil’s biomes are not limited to the
dichotomy of agriculture versus hunting-gathering, but there
are mixed systems that adapt to the needs of the group
(Iriarte et al., 2020; Shepard Jr. et al., 2020; Clement et al.,
2021). However, despite the complexity of these production
systems, the absence of the hegemonic model of agriculture
hasled to an understanding that lowland Indigenous peoples
are “primitive” (Clement et al., 2021). This premise has been
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attributed especially to those peoples who occupied the
inland areas and did not speak the languages of the Tupi-
Guarani family, such as those who spoke the Jé family of
languages (Schmidt, 1942; Coelho De Souza, 2002; Lima,
2019).

The peoples who speak languages related to the Jé
linguistic family, belonging to the Macro-Jé linguistic
trunk, are called Jé (Urban, 1992). In addition to linguistic
characteristics, Jé peoples may share cultural similarities,
the most striking of which are related to social organization
in groups or clans (Coelho de Souza, 2002; Cohn, 2019;
Melatti, 2020). The Jé peoples are currently divided into
three subgroups (or linguistic branches) (Rodrigues, 2012;
Melatti, 2020):

® Northern Jé - Apinajé (Western Timbira),
Mebéngokre — Kayapd, Panard, Suy4, Tapayuna,
Eastern Timbiras (Canela Apaniekrd and
Ramkokamekra, Krikati, Krahd, Parakatejé and
Pykobjeé);
Central Jé — Xerénte, Xakriaba, Xavante;
Southern Jé - Kaingédng and Lakland-Xokléng.

The Jé peoples are present from the transition between
the Amazon and the Cerrado in the states of Maranhio,
Tocantins, Para, and Mato Grosso (Northern Jé), and are
also found in the Cerrado areas of Mato Grosso, Tocantins
and Minas Gerais (Central Jé), as well as occupying regions of
the Atlantic Rainforest, especially the Mixed Ombrophilous
Forest, in the states of Sdo Paulo, Paran4, Santa Catarina and
Rio Grande do Sul (Southern Jé). As such, the Jé peoples
have ancestral territories in biomes of high biodiversity and
species endemism, with the Atlantic Forest and Cerrado
considered priority hotspots for conservation (Myers et
al., 2000).

The food species and management characteristics shared
by peoples with common linguistic origins and cultural
components can provide elements for understanding the
domestication of species in the lowlands of South America.
Despite the large amount of data in the literature on the
plants and agricultural, horticultural, and arboricultural
practices of the Jé peoples, there are no compilations that
make it possible to synthesize and compare this information
in order to generate new knowledge. Furthermore, in times
of climatic extremes and loss of biocultural diversity, a
deeper understanding of the food production systems
and medicinal species managed by Indigenous peoples can
provide elements for rethinking the legacy of Indigenous
influence on food production, contributing to the recognition
of the intellectual and territorial rights of the Jé peoples
and the development of more sustainable and equitable
agri-food systems.

Given this scenario, this study aims to contribute to
the systematization of knowledge about the diversity of
food and medicinal plants and the management techniques
practiced by the peoples of the Jé linguistic family. To this
end, a systematic review of the literature was carried out, a
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database was created to examine aspects of the plant species
managed and the characteristics of the research surveyed.
Based on the data compiled, the results were compared in
terms of the species shared by the peoples of the three Jé
linguistic branches, as well as some of the management
practices identified as common to the three groups.

Materials and Methods

Selection of the scientific literature

A systematic review of the literature was conducted
taking into account the diverse range of publication and
document types available for digital research (online
resources in repositories). To identify relevant scientific
articles, four databases were consulted: Scielo, Scopus, JStor,
and Web of Science. To locate theses and dissertations,
searches were conducted in three databases that aggregate
scientific output in Portuguese and English: The Brazilian
Digital Library of Theses and Dissertations (Biblioteca Digital
Brasileira de Teses e Dissertagées BDTD), the Networked
Digital Library of Theses and Dissertations (NDLTD), and
ProQuest Dissertations & Theses Global. These databases
were used because of the large number of publications of
potential interest available in these repositories and the
greater likelihood of finding research of interest when using
more than one database (Foo et al., 2021).

The online database searches were conducted between
August and October 2020, with no date filters applied to the
search engines. The languages considered were Portuguese
and/or English. The search strategy was defined following
preliminary tests on the repositories, to identify the most
effective keywords and Boolean operators for retrieving a
greater number of articles. However, minor adaptations
were made to each database in accordance with the specific
characteristics of their search mechanisms, such as the
maximum number of characters supported and the language.

Chart 1 provides a summary of the general search strategy
employed in the repositories.

For each repository, based on thelist of studies presented
as a result of the search, the title, abstract, and/or full
article were read in order to select the research that met
the following criteria:

i.  The study addressed one or more peoples of the Jé
linguistic family;

ii. The study mentioned one or more plants used for
food or medicinal purposes by these peoples.

Studies that did not meet these two criteria were
excluded from the analysis.

It should be noted that publications from the field of
archaeology were not included in this study, as archaeological
data is often difficult to directly associate with specific
people when using the linguistic family as a criterion for
identification. This is due to the fact that characteristics
such as the layout of houses in villages and graphics on
ceramics can often be shared by peoples from the same
linguistic trunk (Wiist, 1999).

The next stage of the selection process involved an
examination of titles on the websites of the corresponding
repositories for each paper. The metadata of the selected
papers was then exported in spreadsheet form in order to
identify and remove any duplicates (i.e., studies retrieved
from more than one of the databases).

In addition to the articles, theses, and dissertations
located in online repositories, the database was augmented
with references cited in previously included research using
a technique known as “backward search” (Foo et al., 2021).
Furthermore, it was determined that previously known
publications that met the established inclusion criteria
should be included.

The database was constructed using information
extracted from two distinct sources: “white literature,”
which encompasses books and articles published in scientific

Chart 1. The general search strategy employed to identify articles, theses, and dissertations within the selected online databases

((plantas OR planta OR vegetais OR frutas OR “Plantas alimenticias” OR “plantas tteis” OR vegetal OR
vegetales OR “Plantas Comestibles” OR “plantas utiles” OR “use plants” OR plant* OR “Edible Plant” OR
“Edible Plants” OR “Food Plant” OR “Food Plants” OR vegetable OR fruit OR etnobotanica OR ethnobotany
OR “conhecimento ecolédgico tradicional” OR “conocimiento ecologico tradicional” OR “traditional ecological
knowledge” OR “manejo tradicional” OR “traditional management” OR “conhecimento tradicional” OR
“conocimiento tradicional” OR “traditional knowledge” OR ethno* OR etno* OR horticul* OR agrobiodiversidad*
OR agrobiodiversity) AND (“Grupos J&” OR “grupo Gé” OR botocudo OR timbira OR canela OR kanela OR
gavido OR apaniekra OR apinajé OR apinayé OR ramkokamekrd OR parkatejé OR parkateyé OR pykopjé OR
pykopcatejé OR kaingang OR caingang OR caingangue OR coroados OR kayap6 OR caiapé OR mebengokre
OR xikrin OR krikati OR kricatijé OR krah6 OR cra6 OR mehin OR panard OR “Kayapé del Sur” OR “Caiapé
do Sul” OR krenakore OR kisédjé OR kisidj¢ OR suyd OR tapayuna OR kajkwakratxi OR xakriaba OR
xavante OR “Auwe” OR xerente OR akwé OR xokléng OR xokren OR xoklengue OR shokleng OR lakland ) )
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journals, and “gray literature,” which includes master’s
dissertations, doctoral theses, technical reports, and other
low-circulation and non-indexed publications (Botelho
& Oliveira, 2015). In the case of articles and theses or
dissertations authored by the same individual, we elected
to include all of the works, given that scientific articles often
present only a portion of the research and, therefore, may
not include all of the information of interest.

The selected scientific articles were then classified
according to the fields of knowledge proposed by the
Coordination for the Improvement of Higher Education
Personnel (CAPES, 2023). To verify the fields of knowledge
of the articles, the information provided on the website
of each journal was consulted. To verify the fields of
knowledge of the theses and dissertations, the names of
the postgraduate programs linked to the research carried
out at Brazilian universities were evaluated. In the case of
foreign research, the department or faculty where the work
was carried out was also verified.

The methodology employed to include references in
the database was reported in accordance with an adapted
form of the PRISMA recommendation (Principal Reporting

Items for Systematic Reviews and Meta-analyses) (Galvio
etal.,2015).

Data organization and analysis

In order to create the database, after a thorough reading
of the publications, the pertinent information on food and
medicinal plant species and management techniques was
extracted from the studies and organized into categories,
as described in their contents. This information was then
systematized in a spreadsheet, where each row of the
spreadsheet described a species or ethnovariety mentioned
in the publication analyzed. The word ethnovariety was used
to refer to the morphotypes of the same taxonomic species
recognized by the Jé indigenous peoples; the term “variety”
was used as a synonym for the name of an infraspecific
taxon, in accordance with Article 26, Chapter 3 of the
International Code of Botanical Nomenclature (Turland
etal., 2018). Figure 1 illustrates a conceptual model of the
process of extracting information from the publications
analyzed, and Tab. 1 shows the categories used to fill in
the information fields.

Figure 1. Infographic showing the two classes of information, descriptive and classificatory, extracted from the publications analyzed.

ISA: Instituto Socioambiental (Socio-Environmental Institute).
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Table 1. Guidance for completing the spreadsheet with the categorical information extracted from the publications: hydrographic basin, categories of species use, parts of the species used,
method of management, and use of fire in management.

Name of the Peoples Hydrographic basin occupied Categories of Parts of Method of species Use of fire in
(Rodrigues, 2012) by the Indigenous peoples species use the species used management management
Apinajé 1.13. Hydrographic sub-basins of the Xingu River AF: Animal feed LE: Leaves or similar 1. Cultivation 1. Yes
Kaingang IL.1. Tocantins River hydrographic sub-basin CO: Construction FR: Fruits or pseudo-fruits 2. Gathering 2. No
A o . o . . MU: Manufacturing Use/ - . .
M kre - K 2. - : . .
&béngokre - Kayapo 11.2. Araguaia River hydrographic sub-basin Utensils and Tools SE: Seeds 3. Cultivation and gathering 3. Not specified
Laklans - Xokléng I1.4. Hydrographic sub-basins of the Guam4 River EU: Environmental Use RT: Roots and tubers 4. Not specified
Panara II1.1. Parnaiba River hydrographic sub-basin F: Fuel TR: Trunk or stem
Suya Kisédjé IV.1. Sao Francisco River hydrographic sub-basin AL: Food/alimentary use FL: Flowers
Xakriaba V.2. Parand River hydrographic sub-basin HM: Human mebdlcmal, ME: Meristem
therapeutic
Xavéante V.3. Parana River hydrographic sub-basin VM: Veterinary Medicinal BK: Bark
Xerénte VIL2. HydrograPhlc sx.lb—basms of the TO: Toxic RS: Resin/latex
Turiagu River
Timbira: Canela Apanyekra VLS. Hydrograpl.nc sxfb-basms of the RI: Ritualistic, religious, magical WP: Whole plant
Mearim River
Timbira: Canela Ramkokamekra VIL.4. Hydrographic SUI.)_basms of the HA: Hunting attractant Other (please specify)
Itapecuru River
Timbira: Kraho X.1. Hydrographic sub-basins of the Itajai River Other: (specify which) Absent
Timbira: Gavido Parkatejé X.3. Hydrographic sub-basins of the Guaiba River Absent

Timbira

Timbira

Timbira

: Gavido Piokobjé

: Krikati

: Krenyé

and Lagoon System

Acta Botanica Brasilica, 2025, 39: e20240167 | 5
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Given the diversity of objectives of the publications
included in the database, some information was not available
in the literature analyzed. In these cases, the information
was left blank in the spreadsheet. An exception was made
for the scientific names of species that are widely recognized
as domesticated and not subject to regionalism (e.g.,
avocado, maize, mango, manioc, melon, papaya, sweet
potato, watermelon). For these, the corresponding scientific
names were included based on the common name stated in
the publication. No scientific name was given for “pumpkin”
because different genera and species of Cucurbitaceae can
have this popular name (Pio-Corréa, 1926; Hora et al., 2018).

The scientific names of the species and their respective
botanical families were checked using the Flora e Funga do
Brasil (2023) website, maintained by the Rio de Janeiro
Botanical Garden. In addition, the Flora e Funga do Brasil
(2023) website was used to check the classification of the
identified species in the categories “native”,
“naturalized” or “no information”. The fields “Parts of the
species used” and “Categories of species use” were completed
according to the information available in the Useflora
database (UFSC, 2021).

The primary focus of this study was to compile data
on food plants, with a secondary focus on medicinal
plants. However, other uses, such as manufacturing and
construction, were also recorded when mentioned in the
publications. In cases where the food plants were widely
known but the part used was not specified in the publication,
the commonly associated part used was attributed. For
example, roots and tubers were attributed to manioc and
sweet potatoes, and fruits were attributed to oranges and
papaya, among others.

The nomenclature used in the “Hydrographic basin
occupied by the Indigenous peoples” field has been
standardized in accordance with the Methodological Report:
Basins and Hydrographic Divisions of Brazil (IBGE, 2021).
The hydrographic basins are an important framework for
studying the territoriality of the Jé peoples (Gées, 2018).
The data on the basins were verified through the references
to thelocal rivers in the publications, or the website Terras
Indigenas no Brasil (Indigenous Lands in Brazil, 2023),
when the publication contained only the name of the
Indigenous Land. To standardize the spelling of the names
of Indigenous peoples, the classification of linguist Aryon
Rodrigues (Rodrigues, 2012) was used.

Descriptive statistics were employed for the presentation
and discussion of data on the year of publication, the number
of species and ethnovarieties cited in each publication, as
well as categorized information such as the number of
citations about the parts of the species used, categories
of species use, method of species management, and the
use of fire in management. In this article, we understand

cultivated”,
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as citation all ethnovarieties associated with a botanical
species or genus mentioned in each of the publications

Binary matrices were systematized using electronic
spreadsheet software to determine which species were
cited among the Jé peoples. In this matrix, the columns
contain the names of the peoples and the rows contain the
species. We assigned the number one to those species that
were cited in one or more publications associated with a Jé
people, and the number zero to those taxa that were not
found in the literature for a given people. When constructing
the matrix, information on infra-specific taxa (subspecies
or varieties) was disregarded. These were grouped with
the corresponding species and we accepted species with
a confirmatory identification ‘cf. as belonging to the
named species. Based on this information, a bar chart was
constructed to compare the richness among the indigenous
peoples. To verify the possible influence of the number of
publications on the richness of species associated with the
Indigenous peoples, Spearman’s correlation coefficient
(Mukaka, 2012) was applied using electronic spreadsheets,
so that it was possible to check for possible associations
between the variables “number of species and botanical
genera” and “number of publications associated with each
people”.

To check the number of common species and genera
among the floras managed by the linguistic branches of
the Jé, a second binary matrix was systematized using
electronic spreadsheets. The number 1 was associated with
the species or genera cited in the literature for at least
one people belonging to the branch, while the number 0
corresponded to the taxa not mentioned for the peoples of
the linguistic branch. A Venn diagram was then constructed
to illustrate the number of taxa shared among the branches
(Northern, Central, and Southern). Microsoft PowerPoint
was used to create and edit graphic presentations. It was
decided to include plants identified to the genus level since
important plants in the indigenous diet were identified to
this level in the publications analyzed.

To show the indigenous lands cited in the research
publications analyzed, a map was created using data on
the location of indigenous lands provided by the Brazilian
National Water Agency (Agéncia Nacional de Aguas - ANA,
2023).

With regard to the ethical aspects involved in the
protection of traditional knowledge, a joint curatorship
agreement for the information gathered in the research
was established with the NGO Uirapuru, founded by the
Indigenous Kainging people of Parana. The activity of
accessing traditional knowledge about biodiversity from
secondary sources was registered in the National System
for the Management of Genetic Heritage and Associated
Traditional Knowledge (Sistema Nacional de Gestio do
Patrimoénio Genético e do Conhecimento Tradicional
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Associado - SisGen), under the code AO19EC6, and the
consent of the Indigenous representatives of the Uirapuru
NGO was obtained for the presentation of the results.

Results and Discussion

Characterization of the literature reviewed

A total of 1,467 records were retrieved from the
databases, and information extracted from 126 publications
was included in the database (Fig. 2), corresponding to a
period of 126 years.

The earliest publications refer to the Kaingang people.
One of these is a study by the Argentine researcher Juan
Bautista Ambrosetti about the Kaingédng who lived near San
Pedro (Missiones), in Argentina (Ambrosetti, 1895); today
this area is no longer occupied by this people (D’Angelis &
Fernandes, 2004).

The other publication is a translation by Fernando de Sa
Moreira (2017) of a text by Telémaco Borba, also about the
Kaingéng of Paran4, published in German in 1886. According
to Moreira (2017), the first version of this text dates from
1883. The most recent study included in the database is from
May 2021 and deals with forest restoration practiced by the
Kiséjdé people in the Suid-Micu River Basin, a tributary of
the Xingu River (Sanches et al., 2021).

There were only 12 studies published before 1970 (Fig. 3).
There was a slight increase in the number of studies between
the 1970s and 1990s, with a significant increase in the
number of publications from the 2000s onwards. In just
20 years, twice as many studies were published as in the
entire 20th century. The maximum number of publications
in a single year was nine, which occurred in 2014.

A significant number of publications with low circulation
in scientific communication media (“gray literature”) were
identified, with theses, dissertations, and technical reports
representing 23 % of the publications included in the
database. Gray literature requires greater care in terms of
the quality of the information (Botelho & Oliveira, 2015);
in the case of this study, this meant paying special attention
to the identification of the plant species mentioned in
these works.

Despite this peculiarity, these publications contributed
very detailed data on the species and management practices
of the Jé peoples. For example, for the same authors whose
research was conducted with a particular people, their
theses and dissertations analyzed a greater number of
species and ethnovarieties than the published scientific
articles (Heineberg, 2014; Miller, 2014; Miller, 2015; Lima,
2016; Miller, 2016; Lima, 2017; Miller, 2017; Heineberg &
Hanazaki, 2019).

The scientific journals in which the articles were
published have a broad scope and were classified by CAPES
(2023) in different fields of knowledge: Anthropology/
Archaeology, Biodiversity, Agricultural Sciences,

QIO

Environmental Sciences, Education, Nursing, Pharmacy,
Geography, History, Interdisciplinary - Environment and
Agriculture, Medicine, Veterinary Medicine, Public Health,
and Sociology. Most of the journals (18) could be classified
in the field of Anthropology/Archaeology (CAPES, 2023).

Another prominent field was Interdisciplinary -
Environment and Agriculture, with 11 journals. The two
journals with the highest number of articles included in
the database were Human Ecology and Cadernos de Saude
Publica (Public Health Notebooks), with five publications
each analyzed. With regard to the theses and dissertations
included, the postgraduate programs associated with the
research are: Anthropology (12), Biodiversity (2), Health
Sciences (1), Environmental Sciences (1), Sustainable
Development or Sustainability (3), Ecology (4), Food
Engineering (1), Production Engineering (1), Letters (1),
Medicine (1), and Nutrition (2).

Of the total of 126 publications included, 114 dealt
with only one Indigenous people, six dealt with two, and
three mentioned three peoples. No research was found on
the use and management of plants by the Tapayuna and
Timbiras peoples: Krikati, Canela Apanyekra, and Krenyé;
therefore, not all the peoples of the Jé linguistic family are
covered in this study.

The works of Nimuendaja (1946) and Arnaud (1975)
presented general aspects about more than one Timbira-
speaking people. However, their research detailed the plants
managed by the Canela Ramkokamekra and the Gavido
Parkatejé, respectively. After standardizing the names of the
peoples according to Rodrigues (2012), it was found that the
Jé people included in the highest number of publications
were the Xavante (34), the Mébéngokre - Kayapé (26) and the
Kaingdng (22). Regarding the lowest number, the Xakriab4
people were identified in only one publication (Mendonga
& Fonseca, 2017) (Tab. 2).

The publications included dealt with between one and up
to 316 species and/or ethnovarieties, however, the majority
of publications (18 or 14,29 %) discussed only one plant
species or ethnovariety.

Territories covered

According to data on Indigenous Lands (IL) from the
National Water Agency (Agéncia Nacional de Aguas — ANA)
(2023), the Jé-speaking peoples occupy 80 IL that have been
recognized or demarcated in Brazil. Thirty-three of these
indigenous territories occupied by the Jé are mentioned
in the publications analyzed; in other words, this research
covered 41.3 % of these territories. Figure 4 shows the
location of the Jé Indigenous Lands and identifies those
covered by the study.

It should be noted that some of the territories occupied
by the J&, as cited in the publications and incorporated into
the database, have not yet been recognized as Indigenous
Lands: examples of this are the Ségu Indigenous Land and

Acta Botanica Brasilica, 2025, 39: 20240167 | 7
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Figure 2. Flowchart based on the PRISMA model with the results of the studies publications included in the database. Legend: BDTD
= Biblioteca Digital Brasileira de Teses e Dissertagées (Brazilian Digital Library of Theses and Dissertations); NDLTD = Networked Digital
Library of Theses and Dissertations.
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Figure 3. Number of studies in the database by decade.

the Foxa Indigenous Land of the Kainging people, both
in Rio Grande do Sul (Rocha, 2011; Prestes & Laroque,
2018). The designation of Indigenous Lands facilitates the
continued survival of indigenous peoples by ensuring the
protection of their ancestral lands, as well as enabling the
preservation of cultural traditions and the maintenance
of natural habitats. However, the concentration and size
of Indigenous Lands are not proportional throughout the
Brazilian territory, with a smaller number of approved
Indigenous Lands in threatened biomes such as the Atlantic
Forest, the ancestral territory of the Kaingang (Pacheco et al.,
2018). Although the territorial rights of Indigenous peoples
are guaranteed by the Brazilian 1988 Federal Constitution
(Brasil, 1988), the processes involved in the identification
and demarcation of territories up to the final approval of
Indigenous Lands by the federal authorities can be very
slow (Cavalcante, 2016).

Studies from the 19th century analyzed in the review
mentioned historically occupied territories that no longer
have the presence of Jé peoples, such as Ambrosetti’s work
(1895), mentioned above. Other studies mentioned parts of
territories that were later recognized as Indigenous Lands
- although reduced in size when compared to traditionally
occupied territories, considering the vast areas used for
hunting practices and management of semi-domesticated

[©Mo)

or incipiently domesticated plants. Seasonal population
movements for hunting and species management activities
are cited, for example, for peoples who speak Timbira
languages, for the Apinajé, for the Xavante and Xerénte
(Nimuendaja, 1942; Nimuendaji, 1946; Maybury-Lewis,
1984; Maybury-Lewis, 1990).

Conflicts over territory with non-indigenous peoples
were frequently mentioned in the works reviewed, with
these conflicts having a direct impact on the food production
practices of the Jé peoples. These conflicts can be explained
in part by public settlement policies aimed at reducing
Indigenous territories for occupation by “settlers”, replacing
native vegetation with species of commercial interest. In
addition, in different historical and economic periods, public
policies had the objective of the supposed “incorporation” of
Indigenous peoples into the hegemonic society, leading to
the consequent cultural disruption (Fernandes & Piovezana,
2015).

Examples of these phenomena can be found in different
times and places. Nimuendaja (1942) reports on the
Xerénte, a people plagued by epidemics (such as smallpox)
and who suffered from disputes over territory with non-
indigenous people. Additionally, the ethnologist observed
incursions into Apinajé territory during his field research,
which spanned from 1928 to 1937 (Nimuendaja, 1956).
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Table 2. Indigenous peoples included in the database, nomenclatures of the peoples and publications analyzed.

Linguistic
Branch

Names of the peoples
standardized

Names of the peoples
according to the authors

Publications (Chronological order and alphabetical)

Southern Jé

Kaingang

Caingang,
Caingangue,
Kaingang,
Kaingangue

Ambrosetti, 1895; Fernandes, 1941; Lévi-Strauss, 1950; Brieger et al., 1958; Metraux, 1963; Golte, 1983;
Veiga, 1994; Haverroth, 1997; Schuch, 2001; Inacio, 2005; Oliveira, 2009; Rocha, 2011; Schallenberger &
Machado, 2013; Reis et al., 2014; Borghi & Carreira, 2015; Fernandes & Piovezana, 2015; Moreira, 2017;
Nascimento, 2017; Fernandes & Gdes, 2018; Prestes & Laroque, 2018; Vedoy et al., 2018; Servico Florestal
Brasileiro, 2019.

Laklang - Xokléng

Aweikoma-Caingang, Botocudo,
Botocudo de Santa Catarina,
Grupo Kaingang de Santa Catarina,
Laklang, Laklané-Xokleng,
Shokleng, Socré, Xokleng

Metraux, 1963; Henry, 1964; Golte, 1983; Sens, 2002; Cruz, 2014; Heineberg, 2014; Reis et al., 2014; Guislon
etal., 2017; Mota, 2017; Gomes, 2018; Heineberg & Hanazaki, 2019.

Xakriaba Xakriaba Mendonca & Fonseca, 2017.
Brieger et al., 1958; Neel et al., 1964; Giaccaria & Heide, 1972; Gross et al., 1979; Vieira-Filho, 1981; Flowers
Akwe Xavante, et al., 1982; Flowers, 1983; Vieira-Filho et al., 1983; Maybury-Lewis, 1984; Maybury-Lewis, 1990; Carneiro &
Xavnte Chavante, Jardim, 1993; Santos et al., 1997; Vieira-Filho, 1997; Silva, 1999; Arantes et al., 2001; Coimbra Jr. et al., 2001;
v Xavante, Gugelmin, 2001; Gugelmin & Santos, 2001; Marimon & Felfili, 2001; Souza & Santos, 2001; Coimbra Jr. et al.,
Central Jé Xavante 2002; Leite et al., 2006; Leeuwenberg et al., 2007; Melo, 2007; Silva, 2008; Arantes et al., 2009; Verona, 2009;
Welch et al., 2009; Souza et al., 2011; Gongalves, 2012; Silva, 2013; Welch et al., 2013; Welch, 2014.
Akwe Xerente,
Xerénte Ak"ga;j(:;eme’ Nimuendajt, 1942; Kerr et al., 1978; Maybury-Lewis, 1990; Silva, 1999; Schmidt, 2011; Rocha et al., 2016.
Xerente
Vieira Filho, 1972; Black et al., 1977; Kerr et al., 1978; Gross et al., 1979; Flowers et al., 1982; Posey, 1985;
Caiap6-Xikrin, Kayapé Mébéngokre, Posey, 1986; Anderson & Posey, 1989; Elisabetsky & Posey, 1989; Elisabetsky & Posey, 1994; Peres & Baider,
M béngokre — Kayap6 Kayap6 Xikrin, Kayapé Mekranot, 1997; Lépez, 1998; Posey, 2002; Barbosa & Pinto, 2003; Salm et al., 2009; Salm et al., 2010; Robert & Katz,
Mekranoti, Xikrin 2010; Gonzélez-Pérez, 2011; Manacas, 2011; Gonzalez-Pérez et al., 2012; Lépez Garcés & Robert, 2012;
Robert et al., 2012; Gonzalez-Pérez et al., 2013; Ribeiro et al., 2014a; Ribeiro et al., 2014b; Zanotti, 2014.
Panara Panara Schwartzman, 1988; Ewart, 2000; Schmidt, 2002; Ewart, 2005; Ewart, 2008; Schwartzman, 2010.
Suya Kisédjé Kiséjdé, Suya Sanches et al., 2021; Seeger, 1987; Coelho, 2007.
Apinajé Apinagé, Apinajé, Apinayé Oliveira, 1930; Nimuendaju, 1956; Souza, 1956; Kerr et al., 1978; Ribeiro, 2015.
Northern Jé Canela Ramkokamekra, Canela Timbira

Timbira: Canela

Oriental, Kanela Ramkokamekra,

Ramkékamekra Canela, Ramkokamekra

Nimuendaja, 1946; Gross et al., 1979; Flowers et al., 1982; Crocker, 1990; Greene & Crocker, 1994; Miller,

Ramkokamekra Kanela, Ramko'kamekra, Timbira do 2014; Fisher, 2015; Miller, 2015; Miller, 2016; Miller, 2017.
Leste
Rodrigues, 2001; Melatti, 2002; Avila, 2004; Mistry et al., 2005; Rodrigues & Carlini, 2005; Rodrigues &
Timbira: Krahé Kraho Carlini, 2006; Rodrigues, 2007; Terra-Nascimento et al., 2009; Niemeyer, 2011; Borges & Niemeyer, 2012;

Borges, 2014; Lima, 2016; Lima 2017.

Timbira: Gavido Parkatejé

Gavibes de Oeste — Parkateye,
Gavibes Parkateye,
Parkatéjé

Arnaud, 1975; Kerr et al., 1978; Reis, 2017.
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Figure 4. Location of recognized or demarcated Indigenous Lands (IL) occupied by the Jé peoples, indicating those cited in the

research and included in the database.

In the first half of the 20th century, Fernandes (1941)
observed that the Kainging of Palmas, in Paran4, had
reduced the availability of Araucaria pine nuts [Araucaria
angustifolia (Bertol.) Kuntze, Araucariaceae], caused by
the destruction of the mixed ombrophilous forest. The
author also highlights the reduction of traditional territories
and the different survival strategies of different Kainging
groups in the process of contact with non-indigenous people:
some Kainging groups became allies of the non-indigenous
people, others used confrontation as a strategy.

In the second half of the twentieth century, publications
began to emerge on the changes in the production systems
of some Xavante territories as a result of the mechanized rice
cultivation project implemented by the National Foundation
for Indigenous Peoples (FUNAI). The introduction of rice
cultivation and the reduction of their traditional territories
were some of the factors that led the Xavante to reduce
their expeditions to obtain game and native roots, as well
as the cultivation of protein-rich legumes (Neel et al., 1964;
Gross et al., 1979; Vieira Filho, 1981; Flowers et al., 1982;
Flowers, 1983; Santos et al., 1997). The monotonous diet

[©Mo)

based on polished rice led to malnutrition, with cases of
muscle paralysis caused by vitamin deficiency (Vieira Filho,
1981; Vieira Filho & Russo, 1983; Vieira Filho et al., 1997).

In addition to incorporating polished rice into their
diet, the Xavante began to consume industrialized foods, a
situation that some studies suggest is linked to malnutrition
in children and excess weight in adults and the elderly (Vieira
Filho & Russo, 1983; Coimbra Jr. et al., 2001; Leite et al.,
2006). Furthermore, changes in the oral health of indigenous
populations have been observed, with an increase in the
prevalence of dental caries (Arantes et al., 2001; Arantes
etal., 2009).

The Panar4 also experienced significant disruption to
their agro-ecological systems as a result of an extremely
violent contact. In the 1970s, their traditional territory,
situated in the areas of the Peixoto Azevedo River between
the states of Pard and Mato Grosso, was traversed by the
construction of the BR-163 highway and subsequently
invaded by gold miners. This contact with non-indigenous
people resulted in the transmission of infectious diseases,
which led to the deaths of numerous Panara. In 1975, the
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Panara were relocated to the Indigenous Park of the Xingu
to prevent their population from collapsing. However, they
arrived weakened, malnourished, and suffering from illness.
Additionally, the traditional varieties of yam and watermelon
that they cultivated were lost during the transfer. When
they arrived in the park, they undertook several moves
in an attempt to find an ideal area to settle, but many of
them did not adapt to the environmental conditions of
the Xingu, where they could not find precious foods such
as Brazil nuts (Bertholletia excelsa Bonpl., Lecythidaceae),
and acai (Euterpe oleracea Mart., Arecaceae). In 1995, the
Panara were able to reclaim a portion of their traditional
territories in the vicinity of the Peixoto de Azevedo River
(Schwartzman, 1988; Ewart, 2000; Schmidt, 2002; Ewart,
2005; Ewart, 2008; Schwartzman, 2010).

Indigenous peoples must have secure and legally defined
territories to effectively promote the conservation and
amplification of biological diversity through their traditional
productive practices. The diverse histories of contact with
non-indigenous peoples among the various Jé peoples
demonstrate that, despite changes in their way of life
and the disruption of food production systems at critical
junctures, this study identified a high richness of species
and ethnovarieties managed by the Jé peoples, which will
be detailed below.

The botanical diversity of the database

The richness of plant species managed by the Jé peoples
is represented in a total of 609 plants identified at the
species level, divided into 442 genera and 130 families.
Out of respect for indigenous intellectual property and
in accordance with the shared curation of research data
with the NGO Uirapuru, the complete list of species,
genera and botanical families is available upon request
to the authors. The five families with the highest species
richness were Fabaceae (n=74), Arecaceae (n=54), Asteraceae
(n=46), Myrtaceae (n=40), and Rubiaceae (n=25), i.e. these
botanical families have the highest number of different
species managed by the Jé. Of the 609 species identified,
479 were classified as “native”, 77 as “cultivated”, and 43 as
“naturalized”, while for 10 species no category was found
in the Flora e Funga do Brasil website (2023).

The most cited categories of species use were: Food
(2946 citations), Medicinal (634), and Manufacturing use/
Utilities and tools (83), which was to be expected given the
selection criteria for inclusion of studies in the database. As
for the parts of the species used, the citations were mostly
related to fruits or pseudo-fruits (1188 citations), seeds
(861), roots and tubers (761), leaves or similar (203), and
trunk or stem (89).

With regard to the richness of species managed that
was reported for each people, it was found that the largest
number was compiled for the Mébéngokre - Kayap6 peoples
(275 species reported), followed by the Laklané - Xokléng
(238) and the Kaingang (231). To establish the number of
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species compiled from the publications for the Jé peoples,
only plants identified at the species level were considered,
excluding ethnovarieties and/or varieties (Fig. 5).

The Spearman correlation coefficient obtained (r; =
0.89) suggests a high and positive correlation between
the variables “number of species compiled among the
peoples” and “number of publications associated with
the Jé peoples”; therefore, a higher number of studies is
associated with a higher number of species. However, it is
important to emphasize that the number of species used
and managed by each people (as shown in Fig. 5) does not
reflect the exact reality of the biodiversity and richness of
species managed by the peoples, given that our database
was built with information from publications with different
methodologies and objectives. That is, these studies did not
necessarily aim to provide a comprehensive survey of the
species managed by the Jé indigenous peoples.

Furthermore, many of the publications included
studies did not botanically identify all species, did not
report the scientific names of the species, or reported them
inaccurately. As a result, the botanical richness managed
by the Jé is likely greater than what this review could
assess. Despite the methodological limitations, the figures
presented show the high species richness in the different
indigenous food production systems and the importance of
Indigenous peoples in the domestication and conservation
of food and medicinal plants. Future research on the Jé
indigenous peoples and their plants will allow more species
to be verified in the Jé production systems.

Common plants among the Jé linguistic branches

Some species management characteristics are shared
among the Jé peoples of the three linguistic branches (n=26)
who occupy a variety of biomes and regions, while other
species are managed exclusively by peoples within the same
branch or geographical area, with variations in the richness
of species or genera shared among the Central, Southern,
and Northern Jé peoples (Fig. 6).

Among the 26 species shared by the Jé peoples of
the three linguistic branches, 17 species or genera have
been domesticated in different regions of the American
continent: maize (Zea mays L., Poaceae), manioc (Manihot
esculenta Crantz., Euphorbiaceae), sweet potato (Ipomoea
batatas (L.) Lam., Convolvulaceae), yams (Dioscorea spp.,
Dioscoreaceae), peanuts (Arachis hypogaea L., Fabaceae),
beans (Phaseolus spp. and Phaseolus vulgaris L., Fabaceae),
inga (Inga spp., Fabaceae), pumpkin (Cucurbita spp.), papaya
(Carica papaya L., Caricaceae), potato (Solanum tuberosum L.,
Solanaceae), guava (Psidium guajava L., Myrtaceae), avocado
(Persea americana Mill., Lauraceae), tucum (Bactris setosa
Mart., Arecaceae), palms of the genus Attalea (Attalea spp.,
Arecaceae), annatto (Bixa orellana L., Bixaceae) and tobacco
(Nicotiana tabacum L., Solanaceae).

Among these shared species, maize, manioc, sweet
potatoes, yams, beans, and pumpkins are plants associated
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Figure 5. Number of species compiled for the different Jé peoples. The colors of the bars are associated with the linguistic branches.

Blue: Southern Jé, orange: Northern Jé, mustard: Central Jé.

with archaeological sites of traditions linked to peoples
speaking languages of the Macro-Jé trunk and the Jé family,
demonstrating the long history between the Jé peoples and
food and medicinal plants (Gardiman et al., 2016; Gonzélez,
1996; Gessert et al., 2011; Corteletti et al., 2015).

In addition, when considering the total number of
citations of species, the four most cited species in the papers
were maize (249 citations), manioc (245), sweet potato
(178), and yam (174). These species stand out for their large
number of associated ethnovarieties, which contributed
to the high number of citations, and their high prevalence
among the different Jé peoples.

[©Mo)

Considering this prevalence, maize was cited for all the
peoples studied. Maize is of great cultural importance to the
Jé peoples, being a species mentioned in traditional stories
of the origin of cultivated plants for the Kaingédng (Borba,
1908), the Mebéngokre - Kayap6 (Banner, 1957), and the
Apinajé and Timbira (Nimuendaji, 1946; Lima et al., 2020).
Domestication of maize began in the region corresponding
to present-day southern Mexico approximately 9,000 years
before present (BP) (Piperno et al., 2009). The species was
dispersed in the lowlands of South America in a state
of partial domestication (Kistler et al., 2018), through
exchanges between human groups (Brieger et al., 1958),
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Figure 6. Richness of species or genera shared by Central, Southern, and Northern peoples.

as well as the processes of expansion of peoples across the
territory, such as those belonging to the Macro-Jé linguistic
trunk (Costa et al., 2022).

Brieger and colleagues (1958) located maize varieties
managed by the Xavante and Kainging peoples that are
among the most representative of the species in the lowlands
of the Americas, considering the pre-conquest period. The
Xavénte manage ‘interlaced’ maize, which has a morphology
in the arrangement of the grains on the cob related to an
ancestral characteristic, while the Kaingdng manage maize
varieties with toothed endosperm, a derived character
(Brieger et al., 1958).

Maize is also very present in the archaeological record
associated with the Jé peoples: evidence such as maize
starch granules in ceramics and the morphology of vessels
associated with the Aratu-Sapucai tradition, a group with
macro-Jé linguistic affiliation, indicate the importance
of this species for this Cerrado group (Gonzélez, 1996;
Gardiman et al., 2016). In archaeological sites associated
with the southern Jé, studies by Gessert et al. (2011) and
Corteletti et al. (2015) found pollen grains and maize
phytoliths on ceramics, while Parellada (2015) found the
presence of cave paintings with botanical characteristics
resembling maize.

Roots and tubers also stood out among the plants
cultivated by the Jé; several of these species were
domesticated or underwent secondary diversification
processes in the lowlands of South America (Martins, 2005).
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Nimuendaju (1946) reports that despite the prejudice of
the non-indigenous peoples, who claimed that the Timbira
Canela Ramkokamekra lived by stealing and begging,
Indigenous manioc flour guaranteed food security in the
Barra do Corda region in the early 1930s when manioc crops
in Maranhio were not productive. The author explains that
the manioc of the Timbira and Apinajé has a different name
(kwyr) from that adopted by speakers of Tupi languages,
as well as different flour-making techniques compared to
their Guajajara and Karaja neighbors, using unfermented
manioc (Nimuendajd, 1946; Nimuendaja, 1956).

The use of unfermented manioc to make flour is also
reported in the practices of the Kaingéng (Fernandes, 1941)
and the Xavante (Giaccaria & Heide, 1972; Vieira Filho et
al., 1997). However, Maybury-Lewis (1984) reports that, at
the beginning of systematic contact with non-indigenous
people, the Xavante refused to plant the manioc offered
by the Indian Protection Service (SPI), even though they
liked the flour because more intensive and prolonged care
of their crops would have meant abandoning the practice
of trekking through their vast territories.

The central and northern Jé cultivated both tame (or
sweet) and wild (or bitter) varieties of manioc, while the
southern Jé cultivated only the tame varieties. Corteletti
and colleagues (2015) found manioc starch grains in
archaeological Jé ceramics from 1200 years BP in Santa
Catarina, and Parellada & Gomes (2022) reported the
presence of rock art with characteristics of the speciesin a
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shelter in the Campos Gerais region of Parana. The Kaingéng
consume the leaves of the so-called wild manioc, the kumi
(Manihot grahamii Hook, Euphorbiaceae), boiled for many
hours (Veiga, 1994; Haverroth, 1997; Schallenberger &
Machado, 2013; Nascimento, 2017). Haverroth (1997)
reports that wild manioc is not cultivated, while Nascimento
(2017) reports that kumi grows mainly in places where fields
have been burned.

Furthermore, sweet potatoes are very important in Jé
food and culture, which is reflected in their high prevalence
among the different peoples and high intraspecific variability.
Lima (2017) reveals that, from the Kraho point of view,
sweet potato cultivation encompasses aspects of affectivity:
the species is a non-human “relative”. Intraspecific diversity
is especially high among the northern Jé: Lima (2017) found
15 ethnovarieties managed by Krahé women; Miller (2015)
sampled 16 different morphotypes of the species; a study
carried out with the Panara found eight ethnovarieties
(Schmidt, 2002).

Robert and colleagues (2012) recorded 56 sweet potato
ethnovarieties among the Mebéngdkre-Kayap6. The sweet
potato is also very important from a nutritional point of
view, as reported by Vieira Filho (1972) in relation to the
Xikrin, a Kayap6-speaking people. The author observed
that there was no goiter among the Indigenous people of
the Xikrin do Cateté Indigenous Land and measured the
iodine content of the sweet potatoes they managed and
consumed, finding large quantities of the mineral, which
would explain the absence of this nutritional deficiency.
Goiter is a disease caused by a diet low in the mineral iodine,
which was frequently diagnosed in inland Brazil, such as
those living near the Xikrin territory (Vieira Filho, 1972).

With several species of the genus Dioscorea spp., yams
were frequently cited in works, with emphasis on the high
number of citations in research related to the Timbira Canela
Ramkokamekrd, the Timbira Krahd, the Mebéngokre -
Kayapé and the Xavinte. However, most studies did not
present taxonomic identification at the species level. The
only species identified were Dioscorea amaranthoides C.Presl
(Gonzélez-Pérez, 2011), which has medicinal use among the
Mébéngokre-Kayap6, Dioscorea trifida L.£. (Silva, 2008) and
Dioscorea trifoliata Kunth (Leeuwenberg et al., 2007) whose
tubers are consumed cooked, or roasted by the Xavante.

Dioscorea amaranthoides is a species with a wide
distribution in Brazil, occurring in a variety of habitats,
including the Amazonian forests and grasslands, as well
as seasonal forests, gallery forests, and savannahs of Sio
Paulo (Pedralli, 2002). Santos et al. (2012) documented the
medicinal use of this species among Amazonian riverine
dwellers.

Dioscorea trifida is a species that is widely distributed in
the Neotropics and is widely cultivated in Brazil to produce
tubers with purplish or white flesh (Nascimento et al., 2015).
Pedralli et al. (2002) posit that the species was domesticated
in the pre-conquest period by the Indigenous peoples
occupying the areas bordering Brazil and the Guianas.

QIO

The species D. trifoliata has a confirmed record of
occurrence restricted to the state of Acre (Couto & Fraga,
2023). Additionally, Leeuwenberg et al. (2007) report that
the Xavante name associated with the species is Pidzi. This
indigenous name appears in the work of Giaccaria & Heide
(1972) without taxonomic identification. However, it was
identified as Dioscorea sp. in the research of Silva (2008).

Maybury-Lewis (1984) cites the indigenous names of
seven types of roots or tubers collected by the Xavinte
women, while Giaccaria & Heide (1972) list 14. The authors
mention that two or three ethnovarieties (or ethno-species)
are also cultivated; however, the taxonomic identifications
of these food plants are not presented in the studies.
Subsequently, Leeuwenberg et al. (2007) and Silva (2008)
presented plants bearing the same indigenous names, with
many of them identified as Dioscorea.

In Brazil, there are 130 species of Dioscorea, which occur
in various habitats. Despite the large number of species
and the food potential of those that produce edible tubers,
identification at the species level is complicated by the low
number of taxonomic studies with a wide geographical
scope (Couto, 2010).

Predominant species among peoples of the same
linguistic branch or region

Cultural, ecological, and geographical factors can
influence the selection of useful species by indigenous and
traditional peoples and communities (Gaoue et al., 2017;
Phumthum & Balslev, 2019). The influence of cultural factors
has been demonstrated, for example, among the Tsimane
of the Amazon region of Bolivia, where ethnobotanical
knowledge is shared by the ethnic group, even among
inhabitants of different communities (Reyes-Garcia et al.,
2003). Teka et al. (2020) also found that communities in
Ethiopia within the same ethnic group generally share
more medicinal species. Ecological and geographic factors
dominate the pharmacopeias of communities in Thailand,
where the similarity of medicinal plants among people from
the same floristic region is greater than the similarity of
species cultivated by people from the same ethnic group
(Phumthum & Balslev, 2019). The results found in Thai
communities reinforce the ecological appearance hypothesis,
according to which the plants most used by a community
are those that are easiest to find or those that are most
abundant at the local level (Albuquerque et al., 2018).

To understand the trends in the use of some food plants
relevant to the Jé, we can verify both the influences of
cultural factors and the availability of some species in the
environment. The cup4 (Cissus gongylodes (Baker) Planch,
Vitaceae) is an example of the strong relevance of cultural
factors in the selection of species for the food systems of
the Jé people (Kerr et al., 1978).

Cupd is another species typically managed by the
Northern and Central Jé. Its cultivation has been
documented among the Timbira Canela Ramkokamekr3,
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Gavido Parkatejé and Krahé (Nimuendaji, 1946; Arnaud,
1975; Kerr et al., 1978; Avila, 2004; Borges, 2014), among
the Apinajé (Nimuendajd, 1956; Souza, 1956; Kerr et al.,
1978), among the Mebéngokre - Kayap6 (Kerr et al., 1978;
Posey, 1985; 1986; Robert et al., 2012) and the Xerénte (Kerr
etal., 1978). Nimuendaji (1946) stressed the importance of
the species in the diet of the Jé and defended the originality
of the agriculture of these peoples based on the antiquity of
this cultivation and reports that the species is not managed
by the indigenous and rural peoples neighboring the Jé
territories. Kerr et al. (1978) reported that sections of the
stem that store starch, called manivas by the authors, are
eaten roasted or serve as the basis for making flour and beiju
by the Mebéngokre - Kayap6. Despite the importance of the
species for the Timbira, Miller (2015) did not find cupa in
the Timbira Canela Ramkokamekri fields. Additionally, he
notes that seedlings of the species stored in a germplasm
bank of the Brazilian Agricultural Research Corporation
(Embrapa) were donated to indigenous farmers.

We have verified the combination of cultural and
geographic factors that contribute to for the management
of species such as the Brazil nut (Bertholletia excelsa
Bonpl., Lecythidaceae) and the Parana pine (A. angustifolia
(Bertol.) Kuntze, Araucariaceae). The seeds and fruits of
the Brazil nut are used for food and medicinal purposes by
the Timbira Gavido Parkatejé (Arnaud, 1975), the Panara
(Schwartzman, 1988; Schmidt, 2002; Schwartzman, 2010)
and the Mebéngokre - Kayapé (Posey, 1985; Posey, 1986;
Elisabetsky & Posey, 1989; Peres & Baider, 1997; Posey,
2002; Salm et al., 2010; Gonzalez-Pérez, 2011; Managas,
2011; Robertetal., 2012; Ribeiro et al., 2014a; b). Research
by Ribeiro et al. (2014a; b) showed that the Mebéngokre
- Kayap6 intentionally plant seeds and seedlings of B.
excelsa in their territories, as well as dispersing the seeds
along trails; therefore, the form of management of current
and past indigenous groups explains the formation and
maintenance of forests of the species throughout the
Amazon basin (Shepard Jr. & Ramirez, 2011). In addition
to the Jé peoples of the northern branches, other indigenous
groups occupying the Amazon basin, belonging to different
linguistic families such as Arawak, Carib, Tupi, and Pano,
practice the traditional management of Brazil nuts (Shepard
Jr. & Ramirez, 2011).

The araucaria is used for food, medicine, rituals, and
construction by the Kaingang (e.g., Ambrosetti, 1895;
Fernandes, 1941; Haverroth, 1997; Schallenberger &
Machado, 2013; Nascimento, 2017) and Lakland-Xokléng
peoples (e.g., Henry, 1964; Sens, 2002; Cruz, 2014; Gomes,
2018; Heineberg & Hanazaki, 2019). The dispersal of
araucaria between 1410- and 900 years BP corresponds
to the expansion and increase in complexity and size of
Jé archaeological sites indicating the management of the
species (Bitencourt & Krauspenhar, 2006; Lauterjung et
al., 2018; Robinson et al., 2018).
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Like other species of the Mixed Ombrophilous Forest
(MOEF), in a phytophysiognomy of the Atlantic Forest,
the araucaria has a distribution that coincides with Jé
archaeological sites and localities historically associated
with these peoples (Noelli, 1996; Reis et al., 2014; Cruz et
al., 2020). The cultural importance of the species for the Jé
peoples is supported by the presence of cave paintings in
archaeological sites probably associated with these peoples
(Pontes et al., 2023). Therefore, these factors reinforce
that the MOF is a domesticated landscape, much like the
Amazonian Brazil nut groves (Clement, 1999; Levis et al.,
2018; Clement et al., 2021).

The “planting” vs. “gathering” dichotomy and the
literature on the Jé people

Food production systems among the Jé include plants
with a greater or lesser degree of dependence on human
beings for their propagation and multiplication. Species
such as araucaria, Brazil nut trees, wild manioc (M.
grahamii), cupd, and yams managed by the Xavante are
species that can be classified as incipiently domesticated,
incipiently coevolved or semi-domesticated; in other words,
their genotypes and phenotypes have not undergone the
severe changes that occur in plants with a higher degree of
domestication, such as maize and manioc (Clement, 1999).

The domestication of plants in the Neotropics depends
on human behaviors involving selection, accumulation,
and care, within food production systems that focus on
individual plants rather than populations, as occurred in
the Fertile Crescent region (Clement et al., 2021). In this
way, the attribution of a dichotomy between “planting” or
“gathering” species may be more related to the visions and
narratives built over time about food production systems,
centered on amodel of “agriculture” and plant domestication
exogenous to Neotropical reality, than to what is in fact
developed among the Jé Indigenous peoples (Iriarte et al.,
2020; Clement et al., 2021).

The “planting” or “gathering” dichotomy guided the
classification systems of indigenous peoples of South
America presented in works published in the 1940s. In
the book Ethnologia Sul Americana, Wilhelm Schmidt
(1942) divided Indigenous peoples into three categories:
a) groups in the “gathering phase”; b) groups in the “dug-
crop cultivation phase”; and c) “peoples of superior culture”.
Schmidt (1942) classified the Jé indigenous peoples as
belonging to the “gathering phase” groups, which have as one
of their characteristics the lack of knowledge of agriculture,
the exceptions being attributed to the influences of more
advanced neighboring cultures. Rudimentary or absent
horticulture is also one of the characteristics attributed to
the Indigenous groups of the so-called “marginal culture”,
to which the Jé peoples belong, according to the concept of
Cooper (1942). This author divides the Indigenous peoples
of South America into three groups: “Sierral”, “Silval” and
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“Marginal”; his proposed cultural division is adopted in
the work Handbook of South American Indians, which adds
a fourth group composed of circum-Caribbean cultures
(Steward, 1946).

However, ethnologist Curt Nimuendaju (1946) opposes
the conception that limited the Jé people to hunters and
gatherers. In his research carried out with the Timbira and
Apinajé peoples, Nimuendajt verified the great richness and
diversity of cultivated species (Nimuendajd, 1946; 1956).
The author also detailed in his works the sociopolitical
complexity of the Timbira, Apinajé, and Xerénte peoples, with
social divisions affecting ceremonial activities and marriages
(Nimuendajt, 1942; 1946; 1956). In this way, an apparent
ethnographic anomaly was established among the Jé peoples
of Central Brazil: societies with presumably simple material
culture, lacking boats, nets, and sophisticated pottery,
with apparently little agriculture, but with complex social
systems and a very elaborate ceremonial life (Wagley, 1979;
Maybury-Lewis, 1984). Maybury-Lewis (1979) suggested
that this supposed anomaly stems from a limited form of
understanding that believes that technological complexity
must be linked to sociological sophistication. The author
also defends the inaccuracy of the generalization of the
economic systems of the “marginal” peoples of Central
Brazil, which limits them to hunting and gathering, with
little or no agriculture (Maybury-Lewis, 1979).

Ethnoscientific studies conducted by Darrel Posey
and his collaborators among the Mebéngokre-Kayap6 in
the late 1970s and 1980s highlighted the complexity of
the management of productive areas and the wealth of
indigenous knowledge about the species and landscapes of
the Amazon and Cerrado (Posey, 1985; 1986; 2002; Anderson
& Posey, 1989; Elisabetsky & Posey, 1989; Elisabetsky &
Posey, 1994). Posey’s research found that many areas once
considered pristine are the result of indigenous management
of the species. The management of the species practiced by
the Jé indigenous peoples contradicts the idea that these
societies, which are not socioeconomically stratified, do not
have a long-term effect on the landscape, but are merely
subject to environmental constraints (Balée, 2006).

General characteristics of Jé food production systems

The data synthesized by this research support an
understanding of the dynamism of Jé production systems,
which incorporated plant species and varieties domesticated
in other continents after contact with non-indigenous
peoples. An example of this was the prominence of exotic
species such as banana (Musa paradisiaca L., Musaceae),
mango (Mangifera indica L., Anacardiaceae), sugarcane
(Saccharum officinarum L., Poaceae), citrus (Citrus x limon
(L.) Osbeck, Citrus aurantium L., Citrus sinensis (L.) Osbeck,
Rutaceae), rice (Oryza sativa L., Poaceae) and watermelon
(Citrullus lanatus (Thunb.) Matsum. & Nakai, Cucurbitaceae),
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these species are managed by the peoples of the three
linguistic branches according to the Venn diagram (Fig. 6).

In addition to shared plant species, Jé food production
systems may also share common management practices. In
the literature reviewed, 36 % of the publications (45 out
of 126) mentioned the use of fire to manage production
systems. The use of fire is practiced by Indigenous peoples
in swidden systems, known as coivara agriculture, and is
also used in traditional pasture management in various
places around the world (Huffman, 2013; Siths et al., 2020).

The food production systems of the Jé peoples are not only
diverse in terms of species composition and ethnovarieties
but also in terms of landscapes. So far, no categories have
been developed for management environments or landscape
units (Johnson & Hunn, 2010); however, it was possible to
identify some places with a high number of citations among
the different peoples: plantations, areas with high humidity
(gallery forests, riparian areas, swamps, marshes, murundu
fields, etc.), yards, forest areas, areas with less dense
vegetation such as plots of land, and so on), yards, wooded
areas, areas with less dense vegetation such as clearings and
fields, savannahs, or even areas with characteristic species
such as bamboo groves, taquarais, buritizais, babaguais,
taboca forests, and Brosimum forests (monodominant forests
of this genus of the Moraceae family).

Some studies, such as those conducted among the
Meébéngokre - Kayapd, Panara, Xerénte, and Xavante -
detail the types of soil in managed areas, identified by
these peoples according to color: black soil, black sandy
soil, black soil from archaeological sites, white soil, yellow
soil, and red soil (Vieira Filho, 1972; Maybury-Lewis, 1990;
Ewart, 2000; Schmidt, 2002; Posey, 2002; Leeuwenberg et
al., 2007; Schwartzman, 2010). In the indigenous lands of
Southern Jé, traditional food production sites may occur
in the interstices between areas of mechanized agriculture
(Nascimento, 2017).

Another common element among the three branches of
Jé food production systems is that women play a leading
role in various stages of management, such as planting,
harvesting, and collecting food and medicinal plant species
with varying degrees of domestication. However, some
species are managed exclusively by men, such as the planting
of peanuts by the Panara (Schwartzman, 1988; Ewart, 2000;
2005; Schmidt, 2002), the planting of tuberous species
and the collection of wild fruits by the Timbira Gavido
Parkatejé (Arnaud, 1975), the planting of rice and maize
by the Timbira Krah6 (Avila, 2004; Lima, 2016), and the
management of some medicinal species by the Krah6 healing
specialist, the wajaca (Rodrigues & Carlini, 2005).

The systematic review of the literature and the synthesis
of this unprecedented database of Jé plants have made it
possible to identify trends in the sharing of plant species
used for food among the Jé peoples of different localities,
making the knowledge about this biodiversity more easily
traceable.
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A high richness of managed plant species and
ethnovarieties was identified, with varying degrees of
domestication. This reflects a long history between humans
and plants and a high level of knowledge about biodiversity.
In other words, the cultural heritage is based on the
conservation and sustainable use of biological diversity.
Some food crops, such as maize, manioc, and yams, are
notable for their widespread distribution across different
regions and biomes. Future research may elucidate the
potential role of the Jé peoples in the dispersal of these
species throughout the Brazilian territory. The biodiversity
maintained by Indigenous peoples in low-impact food
production systems could serve as a valuable tool for
enhancing agricultural resilience in the context of climate
change and the reduction of genetic diversity in food plants
(Emperaire et al., 2016). This is because a decline in genetic
variability and the homogenization of species can increase
vulnerability to biotic and abiotic stresses.

An understanding of the medicinal and food plant
management and use practices of the Jé peoples can
contribute to the development of public programs and
policies, as well as to the actions of organized civil society, in
areas ranging from environmental restoration (Campos-Filho
et al., 2013) to food sovereignty and security (Semeghini
et al., 2020). In addition, scientific research focused on a
better understanding of the ancestral relationships between
Indigenous groups and biodiversity allows for a rethinking
of the legacy of Indigenous peoples, historically associated
with a supposed “primitivism”.
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