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The indigenous systems of agricultural and forest management in the Amazon are
characterized by a deep knowledge of ecological processes, biodiversity, and the
use and management of fire. The influence of these systems on the distribution of
biodiversity includes semi-domesticated and domesticated species and landscapes,
which have led to extensive anthropogenic or cultural forests. However, in many places,
the livelihoods of indigenous peoples are being transformed by the intensification
of agriculture and social, ecological, and economic changes, putting at risk the
sustainability of production systems and food security and sovereignty of these peoples.
In the last years, in the Xingu Indigenous Territory (XIT), the food production systems
and the form of occupation of territories have changed, affecting the recovery of
secondary forests, which now demand a too long period. The increase in the number
and frequency of fires has aggravated this situation, due to a drier climate that has
become predominant in the region. Changes in climate are attributed to deforestation
in the neighboring municipalities, especially in the headwaters of the Xingu river basin.
This study was conducted among the Kawaiwete (Tupi-Guarani) and the Ikpeng (Carib-
Arara) peoples in the XIT, in the state of Mato Grosso, Brazil. The main objective
was to develop alternative techniques of forest management based on indigenous
and scientific knowledge more adapted to the new livelihood contexts, aiming to favor
forest regeneration in areas dominated by shifting cultivation. We sought to answer the
following questions: (l) How do forests regenerate during the fallow period? (Il) How
can local management improve forest regeneration? (lll) Are there indicator species for
secondary succession, soil recovery, and vulnerability to fires? (IV) Is the increase in the
number of fires affecting the sustainability of the shifting cultivation systems? Our results
show that some local practices based on indigenous knowledge have the potential to
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facilitate natural regeneration, such as choosing forest areas that have been recovered
for agricultural use, limiting the number of cultivation cycles, protecting and selecting
of individual trees during cultivation period, and attracting seed dispersers. Assisted
natural regeneration strategies grounded on indigenous knowledge are promising ways
to restore degraded lands of the XIT.

Keywords: Xingu Indigenous Territory, Kawaiwete people, Ikpeng people, local ecological knowledge, shifting
cultivation, swidden fallows, assisted natural regeneration, indigenous forest management

INTRODUCTION

In the region of the Xingu Indigenous Territory (XIT), in the state
of Mato Grosso (Brazil), several factors are affecting indigenous
shifting cultivation systems, with consequences to the natural
regeneration of forests. Changes in the type of occupation of
the territory by indigenous peoples and in local rules that guide
the use of agricultural environments may be the main causes
of it. However, external factors, such as the intense and rapid
change in land use around the XIT, which occurred in the last 50
years, have affected environmental conditions within the territory
(Sanches and Villas-Boas, 2008; Durigan et al., 2013; Sanches
and Futemma, 2019). As a result of the increase in value of
land for planting grains, there has been an increase in regional
deforestation rates, which in turn has led to changes in the
regional microclimate (Silvério et al., 2015), rainfall regimes,
and levels of soil moisture (Nobre et al., 1991; Li et al., 2006;
Morton et al., 2013), contributing to an increase in unintended
fires (Nepstad et al., 2004; Brando et al.,, 2014; Alencar et al.,
2015). With a drier climate, several accidents have occurred
during the burning of areas to open traditional swiddens, leading
to losses of forest areas. Thus, indigenous peoples in the XIT
began to face challenges in finding strategies to ensure the
sustainability of agricultural systems and adapting them to the
new environmental context.

In many tropical regions, there is an increasing pressure to
intensify indigenous productive systems (Denevan et al., 1984;
Charlton, 1987; Denevan, 2001) as a result of delimitation
of territories and population growth (Johnson, 1983; Freire,
2003, 2007; Toledo and Salick, 2006). In a political-economic
context of accelerated cultural and social changes, the current
challenge is how to reconcile or adapt traditional management
practices while maintaining a sustainable use of these indigenous
territories, which are increasingly circumscribed by the pressures
of the surroundings (Le Tourneau, 2015; Jusys, 2018). Many
indigenous productive systems in tropical forests are based on
shifting cultivation, which depends on a fallow period for the
regeneration of secondary forests and soil fertility (Ewel, 1986;
Mertz et al., 2009; Ribeiro Filho et al., 2013, 2018). When
subjected to agricultural intensification processes, the fallow time
is shortened and may be insufficient to ensure sustainability,
leading to forest degradation (Marquardt et al., 2013; van Vliet
etal, 2013).

In the Amazon region, although the origin of anthropogenic
forests is still under debate, evidence shows that there is an
important contribution of indigenous food production systems
and local communities to the generation and maintenance of

biodiversity (Clement, 1999; Miller and Nair, 2006; Balée, 2010;
Shepard and Ramirez, 2011; Sutherland et al, 2013; Tengo
et al,, 2014, 2017). Forest and agricultural management often
leads to changes in species composition and in soils (Smith,
1980; Balée, 1993; Heckenberger and Neves, 2009; Arroyo-
Kalin, 2010; Junqueira et al., 2011; Woods et al., 2013; Schmidt
et al.,, 2014; Levis et al., 2018, 2020), and are based on a deep
knowledge of ecological dynamics and on social and cultural rules
(Berkes and Berkes, 2009).

The shifting cultivation practiced by indigenous Amazonian
peoples depends on the multifunctional management of the
landscape during the cultivation phase (van Vliet et al., 2012;
Mukul, 2016), which includes the simultaneous cultivation
of several cultivated/domesticated and semi-domesticated
species (Hett et al, 2012). The combination of social and
ecological dynamics leads to different successional trajectories
(Wangpakapattanawong et al., 2010; Chazdon, 2014b; Chazdon
and Uriarte, 2016; Uriarte and Chazdon, 2016). One of the
most important aspects of indigenous adaptive management
is the use of plants according to their potential to promote
the natural regeneration of the forest and the recovery of
biodiversity during forest succession in the post-cultivation
fallow period (Wangpakapattanawong et al. op. cit; Chazdon,
2013), safeguarding fundamental species, including those used in
material and immaterial culture.

However, despite the importance of the forestry and
agricultural management of indigenous peoples for the
diversification of Amazonian landscapes (Neves et al., 2003;
Clement et al, 2015), less attention has been paid to forest
recovery processes after agricultural cultivation (Moran, 1996;
Jakovac et al, 2015; Hartman et al, 2016), including the
development or regrowth of young plants (Tschakert et al., 2007;
Jakovac et al., 2015; Uriarte and Chazdon, 2016). Likewise, little
is known about the effects of the increase in population pressure,
climate change, and the loss of environments and ecological
knowledge in some local systems (Magnuszewski et al., 2015;
Mukul et al., 2016a,b).

In this paper, we investigate agricultural management
by indigenous people in two areas within the XIT that
are undergoing processes of agricultural intensification
and environmental changes (2013-2016). The areas belong
to the Ikpeng and the Kawaiwete peoples. We seek
to answer the following questions: (I) How do forests
regenerate during the fallow period? (II) How can local
management improve forest regeneration? (III) Are there
indicator species for secondary succession, soil recovery,
and vulnerability to fires? (IV) Is the increase in the
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number of fires affecting the sustainability of the shifting
cultivation systems?

MATERIALS AND METHODS

The project Fogo do Indio—Management alternatives adapted
to climate change for the conservation of forests in the Xingu
Indigenous Park was conducted with a technical partnership
formalized in 2016 between the non-governmental organization
Instituto Socioambiental (ISA) and the Associagio Terra
Indigena Xingu (ATIX), which represents the interests of the
indigenous peoples of the Xingu. The Cooperation Agreement
contemplates strategic projects and activities in areas considered
a priority to the indigenous peoples of the XIT, such as supporting
initiatives aiming to raise awareness of and protect the Xingu
peoples from the impacts of climate change. The construction
of the project started in the Moygu Ikpeng village in response to
internal demands resulting from a gradual increase in the number
of fires in the XIT region, which caused several impacts on local
livelihoods. All activities were conducted with the consent of
the leaders and the people from the indigenous communities
involved in the Moygu/Arayo Ikpeng' and Samauma Kawaiwete
villages, counting with a fundamental role of their elders. The
main local interlocutors who acted in mobilizing communities
and who had an active involvement in research activities are
co-authors of this article.

The Xingu Indigenous Territory (XIT) and
the Villages Analyzed in This Study

The XIT has an area of 2.8 million hectares and occupies a region
of great biological and cultural diversity in the northeast of the
state of Mato Grosso, Brazil, in the Parecis Plateau (Sanches
et al., 2012). This region has distinct physiognomies that follow
a gradual climatic and edaphic variability, and the species are
characteristic of an ecological transition area (Radam Brasil,
1985). In this region, Evergreen Seasonal Forest predominates
(Ivanauskas et al., 2008). However, there are also different
savanna formations, among other wetlands and lowland swamps
(Sanches et al., 2012). The predominant climate in the southern
Amazon border is tropical rainy savanna (Aw), according to the
Koppen classification (1948). Temperatures are above 18°C in
two well-defined seasons: a rainy season (more than 1,200 mm
of rainfall) and a dry season (less than 100 mm of rainfall).
Seasons may vary between 4 and 7 months per year (Ivanauskas
etal., op. cit.).

In addition to these natural characteristics, the XIT holds
a significant part of the Brazilian sociodiversity. There are 16
indigenous peoples in this location®. Most of these peoples
did not originally inhabit this region but were transferred

'The Moygu and Arayo villages are in a same region in the middle Xingu River
and thus, although there is a political separation, here we consider them as areas of
common use.

2The inhabitants of the XIT are the Aweti, Kalapalo, Kamaiurd, Kuikuro,
Matipu, Mehinako, Nahukud, Naruvotu, Trumai, Wauja (Waurd), Yawalapiti,
Ikpeng, Kawaiwete, Kisédjé, Tapayuna, and Yudja (https://pib.socioambiental.org/
en/xingu).

there when the Brazilian government created the territory in
1961 (BRASIL, 1961). The limitation of land for establishing
indigenous territories resulted in the loss of mobility for villages
and farming areas of various peoples, leading to a scarcity of
recovered agricultural land in the vicinity of villages.

In this study, two villages inhabited by different peoples
were included: Samauma (Kawaiwete, with a population of 40
individuals) and Moygu/Arayo (lkpeng, with a total of 300
individuals), both in the middle Xingu River region (Figure 1).
Kawaiwete and Ikpeng livelihoods are similar regarding the
way they perform subsistence activities such as hunting and
fishing (Rodgers, 2002; Txicio and Ledo, 2019). There are
also similarities in the collection of forest products used for
domestic and ritual purposes, in addition to forest-based shifting
cultivation practices that complement their systems (Menget,
1981; Schmidt, 2001; Rodgers, 2013; Silva, 2016; Athayde and
Lugo, 2018). However, these peoples have peculiar and distinct
characteristics regarding their knowledge systems, the languages
they speak, and their different origins, in addition to other
characteristics of an ethnic and cultural nature (Dole, 2001).

The Kawaiwete people are the most populous in the XIT. They
are widely distributed throughout the territory in more than 30
villages in the middle and lower Xingu River regions. They speak
Tupi-Guarani and are originally from the Tapajés and Arinos
river basins. Part of its population was transferred to the Xingu
region in the late 1950s (Grimberg, 2004), while another part
remained in its old traditional territory in the northwest of Mato
Grosso (Athayde and Lugo, op. cit.). The Kawaiwete agriculture
is one of the richest compared to those of other peoples in
the Xingu (Villas-Boas and Villas-Boas, 1986) mainly because
their food system presents a greater diversity of crops, among
which peanuts (Arachis sp.), corn (Zea sp.), cassava (Manihot sp.),
beans (Phaseolus spp. and Vigna spp.), broad beans (Phaseolus
sp.), sweet potato (Ipomea sp.), yam (Dioscorea spp.), arrowleaf
elephant ear (Xanthosoma spp.), pepper (Capsicum spp.), and
tobacco (Nicotiniana sp.) (Griimberg, 2004) stand out.

The Ikpeng people, contacted in 1964 in the tributary
region of the middle Ronuro River, were only transferred
from their former territory to XIT in 1967 due to the risks
of invasion by gold miners (Simdes, 1963; Menget, 1981,
2001). The ethnic and cultural origins of the Ikpeng are
related to indigenous groups in the northern Amazon and
the Guianas, whose language is part of the Arara complex,
a subgroup of the Caribbean family (Menget, 2001; Rodgers,
2002). Some of the rare records of Ikpeng agriculture show
the cultivation of varieties of crops of beans, peanuts, and
tubers (Menget, 1981). Corn (Zea sp.) is relevant in this
system. It is used in the preparation of a type of baked bread
(pako) and a fermented drink (wonkinom-egr't—beverage of
the spirits), still prepared today for the end of the Pomeri
feast (Rodgers, 2002), but that was not known by the peoples
of the upper Xingu (Menget, 1981). Some of the agroforestry
management techniques used by the Ikpeng were incorporated
from the systems that already existed among peoples of the
upper Xingu, such as cultivation of fruit trees in cassava
swiddens, mainly pequi (Caryocar sp.) and mangaba (Hancornia
sp.) (Carneiro, 1983 p. 68; Schmidt, 2006), as well as the
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cleaning of plots, as we present below (Item 3.2). Currently,
the Ikpeng are distributed across four villages in the XIT,
including the Moygu and Arayo villages, which are part of this
study (Figure 1).

Inside the XIT, forests that grow on anthropogenic soils, called
“Amazonian Dark Earth” (ADE), assume a strategic importance
for the Xingu peoples (Clement et al., 2003; Schmidt, 2013;
Schmidt et al., 2014). Its location is restricted to regions of stream
headwaters or near ponds (Kern et al., 2003), coinciding with
archeological remains (Smith, 1980; Neves et al., 2003). Although

both peoples use the ADE, especially for crops more demanding
in nutrients, mainly corn (Zea sp.), this soil is more important
for the Kawaiwete people, as these lands are used for planting
varieties of peanuts (Arachis sp.) and broad beans (Phaseolus
spp.) (Silva, 2016).

Forests in soils of non-anthropogenic origin (nADE), also
referred to locally as “red earth,” are classified as “Perennial Forest
Season—in true red-yellow Podzolic Soils” (Ivanauskas et al.,
2008; IBGE, 2012). They represent the predominant landscape
matrix in the XIT and, in addition to presenting different
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types of uses for these peoples, they are also prioritized for the
cultivation of cassava varieties (Manihot sp.), which are the basis
of local food. Among the Kawaiwete, some varieties are used in
the preparation of the puba flour (Griimberg, 2004), while the
Ikpeng cultivate varieties indicated for starch extraction to make
beiju—tariwe—and others that are used to make a type of sweet
porridge—the perereba.

The areas of the municipalities adjacent to the XIT have lost
more than 66% of forest cover in the last 40 years (Nascimento
et al,, 2018; Figure 1). This is the main factor responsible for the
greater vulnerability of forests in the region to fires, which have
become more frequent (Nepstad et al., 2004; Brando et al., 2014;
Alencar et al., 2015), affecting many plants species and strategic
environments. The period of occupation of the villages in both
locations coincides with the beginning of changes in the regions
adjacent to the XIT.

Survey and Participation in the Project

The project activities were conducted between 2013 and 2016, in
three stages: (I) co-construction of the project and adaptation
of the intercultural research method; (II) data gathering on
the successional process, agricultural and forest management
techniques, and forest degradation and recovery indicators;
and (III) in-field survey of the vegetation and indicators

of successional stages, degraded areas, and vulnerability to
fires (Table 1).

The project involved 67 people from both villages (100%) at
its different stages. In Stage II, the interviews were undertaken
with nine Ikpeng men (13% of participants), aged between 30
and 70 years old, and three women aged between 50 and 70 years
old (4%). As the Samauma Kawaiwete village comprises a single
family, we interviewed only three men, aged 39-70 years old
(4%), and only one elderly woman, aged approximately 70 years
old (1%). The other participants (61%) were directly involved in
Stages I and I, including students from indigenous schools, girls
and boys aged 15-18 years old, in addition to young people who
aided in the interviews and translated the indigenous languages
into Portuguese (Table 1). Here the indigenous names for species,
types of management, and phases of forest succession were kept
in the original language and written in italics.

(I) Co-construction of the project and adaptation of the
intercultural research method:

The project was constructed in a participatory manner with
the villages involved and adopted an intercultural research
perspective. Participatory projects can provide information on
the way natural assets are managed by a given community in a
consensual way among all forest users (AFN, 2002) in a process
of co-production of knowledge (Bergold and Thomas, 2012).

TABLE 1 | Methodological steps of the project.

Methods No. of

participants

People/village/
population

Objectives

Data obtained

Stage |—Co-construction of the project and adaptation of the intercultural research method

lkpeng/Moygu (300 Community meetings 35

Construction and realization of the project
Community understanding and involvement

Indicators used in the qualitative
characterization of forests affected by
fires and intensification processes

23 Definition of participants and necessary materials

individuals) Workshops at the

indigenous school

Presentation of previous

results
Kawaiwete/Samauma (40 9
individuals)

Environmental changes in the region in recent years
and the return of the forest

Stage I1—Survey of knowledge about the successional process, agricultural and forest management techniques, and forest degradation and

recovery indicators

lkpeng/Moygu (300 Semi-structured 13 1. How do forests regenerate during the shifting 1. Identification of local concepts that

individuals) interviews cultivation cycle? favor or restrict forest regeneration;
2. What are the local management techniques and 2. Identification of the types of plants
traditional rules that facilitate forest regeneration; recovered in this process;
3. Compromised plants and agricultural 3. |dentification of plants at initial,
environments; intermediate, final, or mature stages
4. Species indicating secondary succession and important to soil recovery
Impacts on the sustainability of these systems with
the increase in the number of fires

Kawaiwete/Samauma (40 4

individuals)

Stage lll—In-field survey of vegetation and indicators of successional stages, degraded areas, and vulnerability to fires

lkpeng/Moygu (300 Trails monitored by 5/12 1. Visit to cultivated areas and comparison of 1. Vulnerability to fires and

individuals) impacted forests and different intensities of land use; intensification of agricultural use;

agricultural fallows 2. Description of structure, composition, and types 2. Identification of plants in fallow in

of plants and soils different periods of use and recovery
3. Distinctive features between successional 3. Uses of plants in material and
stages, time of use, history of fires immaterial culture

Kawaiwete/Samauma (40 3/6

individuals)
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Intercultural research was developed in partnership with
the communities in order to access knowledge about local
history, characteristics of natural environments and management
techniques, and uses of plants, soils, and animals (Cabalzar,
2017). This approach allows relations among the different
knowledge systems (scientific and local) to be more balanced
and complementary, and based on local conceptions (Candau,
2012, p. 245). Intercultural studies have been used to access the
local knowledge of other Amazonian indigenous peoples on the
recovery of the agricultural fallows (Schmidt et al., 2010a) and
participatory forest management (Schmidt, 2001; Schmidt and
Ikpeng, 2006; Schmidt et al., 2010b).

Surveys on shifting cultivation systems were conducted
through intercultural courses and workshops in the Moygu,
Arayo (Ikpeng), and Samauma (Kawaiwete) villages (Table 1).
The surveys sought to identify the main factors contributing
to changes in the local systems in order to understand the
regeneration processes of secondary forests according to local
knowledge. To this end, the communities chose informants who
had a renowned knowledge about the territory, as well as about
changes in landscapes, to monitor and aid the field research.

(II) Data gathering on the successional process, agricultural
and forest management techniques, and forest degradation and
recovery indicators;

We conducted semi-structured interviews (Bernard, 2006)
with 16 key informants chosen by the communities on issues
related to the changes observed in the availability of land for
cultivation, forest regeneration, and species used in material
culture based on the following questions: How swiddens were
cultivated in the past and what has changed today? How does
the forest grow again? What are the plants that emerge first?
Which ones emerge after a few years? Which ones are essential
to the recovery of the forest? These information were essential
for identifying the types of plants that are part of the initial,
intermediate, final, or mature secondary forest formations, as
well as for providing information on impact indicators based
on the abundance or scarcity of certain plant species and other
types of resources.

Most interviews were recorded in indigenous languages, later
translated into Portuguese, and transcribed in full with the aid
of some local young people’. During the interviews, we had the
collaboration of indigenous teachers, especially from the Amure
Ikpeng School, and of some students who participated in the
surveys and discussions on environmental changes and possible
forms of adaptation.

(III) In-field survey of vegetation and indicators of
successional stages, degraded areas, and vulnerability to fires

The field survey sought to identify the predominant
environments around both villages and to get to know the
local landscape using “monitored trails” with the participation
of experienced farmers chosen by the communities (Brondizio
and Neves, 1996; Brondizio, 2006; Munari, 2009) (Table 1).
The current and older agricultural areas were visited, allowing
a qualitative characterization of secondary succession. The areas

3The interviews were transcribed with the help of Rosana Gasparini (UNIFESP),
Oreme Ikpeng and Kamatxi Ikpeng, and Tari Kaiabi and Myayup Kaiabi.

were characterized and classified according to regeneration phase
(initial, intermediate, and final), establishing the trajectories
of successional stages since the end of the cultivation period,
according to the Kawaiwete and Ikpeng knowledge systems.

In the Samauma village, areas of anthropogenic ADE were
visited between the initial and intermediate stages. Three
swiddens were in production and three were in fallow. The more
advanced stages, on the other hand, could not be located in the
areas close to the village, and an oral description by the farmers
on them was obtained. In the Moygu/Arayo Ikpeng villages,
five swiddens in production on non-anthropogenic soils (nADE,
red earth) were visited between the initial and intermediate
stages, in addition to seven fallow areas. Likewise, visits to
secondary forests were not made at more advanced stages, as
they are far from the village and were described only orally. The
oral description of forests at a more advanced stage aimed to
characterize the reference environments.

The agricultural fallow areas were described according to
the history of use—present fallow age and age at the last time
it was cut—and the history of recurrence of fires (one, two,
three or more times). However, it was not possible to locate
and consider agricultural fallows that had not been impacted by
fires, so that secondary “control” areas at more advanced stages
could not be visited. For each of these areas, the characteristics
of structure, composition, type of soil, and other aspects were
collected and scientific illustrations were made. The plants from
each successional stage were identified, as well as their uses in
material/immaterial culture, to better understand how the losses
caused by the changes could affect the cultural systems of the
indigenous peoples under study.

The plants were identified in indigenous and scientific
language, the latter with the support of Dr. Natalia Ivanauskas,
a botanist specialist, who conducted the identification of several
species from photographic images captured during field surveys.
For this purpose, the APG IV botanical classification system (Iv
et al., 2016) was used. As there was no collection of botanical
material in the areas and the identification was conducted in
loco, some of them are still preliminary. Unidentified species
are here identified as (ni). The uses of plants were grouped
into pre-established categories adapted from Cook (1995): (1)
medicinal—including for humans and animals; (2) food—
including drinks; (3) construction—including wood, fibers, and
plants useful for the manufacture of canoes; (4) material—
including handicrafts, hunting gear, paints, hygienic substances,
toys, etc.; (5) fuel—firewood, torches, lighters; (6) social use—
rituals, magic, smoking, hallucinogenic, drugs; (7) environmental
use—including restorative plants, time markers, ornamentation;
and (8) poison—including fish poison.

The areas under cultivation were visited to characterize the
agricultural system and its influence on the regeneration of forests
in the XIT. Through participant observation (Bernard, 2006), we
identified together with experienced farmers, elders and leaders,
techniques and practices used during the cultivation cycle and
monitored some cleaning and product collection activities by
recording practices, regenerating plants, and changes in the
system. This survey considered local impact indicators, mainly
regarding management and forest regeneration during the initial
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phase of fallow, when the forest is subjected to different historical
and land use intensities (Defoer and Budelman, 2000; quoted in
Marquardt et al., 2013), in order to identify species that “catalyze”
forest regeneration (Chazdon, 2013).

To describe regeneration in areas used for cultivation, we
defined a gradient of intensity of agricultural management and
recovery of fallow areas based on descriptors of intensification
of land use, such as (1) the number of fallow cycles, (2) the
method for weeding during the cultivation period, (3) the age
of the previous fallow when the forest was cut down, (4) the
size of the area used, and (5) the dominant plants (Lawrence,
2004; Mertz et al., 2009; van Vliet et al., 2012; Jakovac et al.,
2015, 2016a). These descriptors were recorded and discussed with
some participants. Based on this information, lists of species
were made according to different levels of land use intensity
and the potential for regeneration of agricultural environments
that remain in fallow, in addition to their vulnerability to fires.
The information obtained in the Samauma Kawaiwete village
(Supplementary Table 1) and in the Moygu/Arayo Ikpeng village
(Supplementary Table 2) is presented below.

RESULTS

Regeneration of Forests During the
Shifting Cultivation Cycle

The Kawaiwete recognize different landscape units during the
shifting cultivation cycle according to the successional phases of
secondary forests. The production phase includes the cultivation
phases (ko), when selective cleaning is conducted; the harvest
phase, lasting 2-3 years; and the final phase, when young
plants of the forest begin to regenerate (kofet jeapat). The
secondary forest then begins to grow, passing to the stage of
new fallow (capoeira, in Portuguese) (3-15 years—ojemowyt),
medium fallow “growing” (15-30 years—ojemowyrete), until
reaching the stage of fallow “turning into a forest” (30 and over
40 years old—ojewyt koferete ramu) (Figure 2).

In the anthropogenic dark earth (ADE), the true fallow
(koferete) is considered the most important forest formation
for agriculture as it is strategic to the most demanding crops.
The forest at this later stage, with at least 40 years old, present
a greater diversity of species, a closed canopy and stratified
structure, a clean understory, and richer soils, which can exceed
25 m in depth, with a predominance of large trees (>40 cm
DAP) and the presence of certain indicator plants. Among the
species mentioned are jatyta’yp [Maclura tinctoria (L.) Engl],
jatua’yp [Guarea cf. guidonia (L.) Sleumer], pino [Attalea maripa
(Aublet) Drude], tukuma (Astrocaryum aculeatum G. Mey.), and
yky’ryp (Thyrsodium spruceanum) (Supplementary Table 1). The
following illustration represents the successional trajectory in the
management of the shifting cultivation cycle in ADE according
to the farmers interviewed in the Samauma village (Figure 2).
Traditionally, for the Kawaiwete, the fallow should be reused
for a new shifting cultivation cycle only after reaching the stage
between 30 and 40 years (ojewyt koferete ramuy).

Similarly, the Ikpeng also classify the secondary forest
development phases into succession stages during the shifting

cultivation cycle. In this case, we investigated the shifting
cultivation cycle in non-anthropologenic earth (nADE), or in
“red earth” (akyun), used mainly for the cultivation of cassava
(Manihot sp.) and some fruit trees, although the Ikpeng also use
dark earth environments (ADE, iruktowowon).

The old forests (irwa) are sought after for planting new
gardens (tukto) and can be used for up to three production cycles
(ine). They are managed by selective cleaning, harvesting, and
replanting techniques up to the end of the cultivation stage and
the beginning of the new fallow stage (irinpin). The initial fallow
stage (3-5 years, awmtu) is followed by the fallow stage (up
to approximately 15 years, tukto rinpin), advancing to fallow at
an advanced stage of growth (15-30 years, iprororetpin), until
reaching the secondary forest stage “with a clean understory”
(30 years or older, oremyegetpin) (Figure 3).

According to Ikpeng farmers, the gardens should preferably
be opened at this last stage, which characterizes the most
advanced stage of secondary forest growth, with trees already
developed (>45 cm DBH) and a canopy height higher than 25
m. At this stage, some tree species are recognized as indicator
species, such as kumpang [Emmotum Emmotum nitens (Benth.)
Miers], magra (Sacoglotis guianensis Benth.), motoe [Helicostylis
tomentosa (Poepp. and Endl) J. F. Macbr.], oyot [Dypterix
odorata (Aubl.) Wild.], yego (Vochysia ferruginea Mart.), yemkat
(Apeiba cf. tibourbou Aubl.), katepo (Hymenaea courbaril L.),
raegi (Xylopia amazonica R. E. Fries), roromi [Dialium guianense
(Aublet) Sandw.], muret (Byrsonima intermedia A. Juss.), ototo
(Astrocaryum aculeatum G. Mey), among others (Kampot
Ikpeng, personal account, 2016). The fruiting stage of some
species, such as megriut (Inga marginata Willd.), katamaut (Inga
thibaudiana DC.), potkingis (Vitex montevidensis Cham.), tomela
(Byrsonima crispa A. Juss.), which attract birds and other animals,
is also considered as an indicator of the maturity of the forest
formation (oremyegetpin) and of the appropriate time for the
opening of a new swidden.

In this type of more developed formation, the soils are more
structured (“flufty,” according to local speech; oromdkura) as a
result of the accumulation of leaf remains, tree branches, and fruit
peels on the soil surface, forming a darker layer (yongonwulun).
However, finding fallow areas with these ideal characteristics of
development stage for reuse is increasingly difficult in the current
regional context. Close to villages, areas of fallows at early stages
(awmtu) or slightly more developed (tukto ripin) predominate.
Figure 3 shows the succession trajectories of the Ikpeng shifting
cultivation cycle according to farmers interviewed in Moygu and
Arayo Ikpeng villages.

Techniques and Local Rules That

Facilitate Forest Regeneration

The Kawaiwete traditionally manage swiddens to favor forest
regeneration, for instance, by choosing the right places to open
new plots, keeping some specific trees, cleaning the understory,
and above all, limiting the number of years for cultivation at the
same location contribute to forest recovery. As explained during
the interviews, the most intensive cleaning should be conducted
only at the initial stage of the swidden, when most plants are
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KOFERETE
true fallows
(80-100 years or more) W

OJEWYT KOFERETE RAMU
fallows turning into secondary forest,
new swidden possible
(more than 40 years)

OJEMOWYRETE
growing intermediate fallows
(10-30 years)

OJEMOWYT
new fallows after the swidden phose
(4-5 years)

Kawaiwete

FIGURE 2 | lllustration of Kawaiwete maize (Zea mays L.) shifting cultivation cycle in anthropogenic soils (ADE). When the fallow reaches the OJEWYT KOFERETE
RAMU phase (in red), soils and vegetation are considered as recovered and a new cycle may start (llustracdo de Gustavo Marigo).

ﬁ (1-2 year)

Ko
swidden in production
E (1-2 year)

KOFET JEAPAT
end of production phase
(2-3 years)

eliminated so as not to hinder the development of crops, and
species with specific uses are selected and kept, thus helping forest
regeneration (Supplementary Table 1).

However, nowadays many farmers prefer to leave the swiddens
very clean throughout the cultivation phase, so as not to hinder
the growth of cassava roots or the peanut production, but they
end up weakening the soil:

“[.] No, no, they are all cut, thats why we clean the cassava, it’s
very clean, we remove everything that grows. This is also done with
peanuts; it has to be kept very clean, we do not leave any young
trees behind” (Kape Kaiabi, personal account, 2016).

In cases where excessive cleaning has already occurred in
previous cycles, the impacts can be even more drastic for
regenerating areas. Although changes in management techniques
are visible, it is not known exactly why they occurred. However,
some farmers have shown resistance to changing the traditional
way of cleaning, as they believe that it can hinder the development
of cassava and compromise the feeding of their families. Some
farmers also recognized that it is worth trying a more balanced
management of swiddens and perform selective cleanings only
around plants, decreasing clearing intensity gradually as crops
develop, to favor forest regeneration during the fallow.
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swidden

IRWA (1year)
general forest
(80-100 years or more)

INE
swidden in production
(2-3 years)

OREMYEGETPIN
secondary forest with
clean understory,
new swidden possible
(more than 40 years)

IRINPIN
old swidden still with branches
becoming new fallows
(5-10 years)

IPRORORETPIN
fallows at advanced stage
(30-40 years)

AWMTU

fallows starting to grow
(10-20 years)

TUKTO RINPIN
fallows
(20-30 years)

FIGURE 3| lllustration of Ikpeng cassava (Manihot esculenta Crantz) shifting cultivation cycle in non-anthropogenic soils (NADE). When the fallow reaches the
OREMYEGETPIN phase (in red), soils and vegetation are considered as recovered and a new cycle may start (lustracdo de Gustavo Marigo).

In the Moygu Ikpeng village, the method of opening swiddens  leaders to manage areas under recovery. As a result, it was
has also changed. In the past, there were fewer swiddens possible to plan ahead the opening of new cultivation areas for
and the people always followed the guidelines of the village the families. However, nowadays, the swiddens have become
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more individualized and often managed by young people
with little agricultural experience, leading to the opening of
secondary forest areas still at their early stages and without
criteria. However, farmers also recognized that the method
used for clearing swiddens can help the secondary forest
to recover faster during the fallow and maintain important
useful resources.

In the past, plots were cultivated for 1 year only, natural
clearings were used, and cleaning was scarcely conducted during
regeneration. Thus, such care helped the forest to recover faster,
allowing it to be reused in a few years. According to the current
Ikpeng rules, cassava swiddens can be used for up to three cycles
of planting/harvesting. Nowadays there is no consensus on how
to plant cassava and at the same time help the forest to regenerate.
This has made it difficult to plan the use of agricultural fallows
(Kampot Ikpeng, personal account, 2015).

These shifts in ancient Ikpeng agricultural management are
attributed to the peoples of the upper Xingu, with whom they
lived for several years after the time of contact (Menget, 2001),
and may be causing changes in the local landscape: “[.] We
are currently cleaning the swiddens because we learned it from
Kalapalo, Kamayura. Our old swiddens recovered quickly, a lot
of raegi (Xylopia sp.) and yego (Vochysia sp.) grew naturally
instead of cassava, do you understand? (Amputxa Ikpeng, elder
and farmer, personal account, 2015). However, the origin of this
form of cleaning is not known, as well as the reason it occurs
among the Kawaiwete.

Kawiago Ikpeng, an experienced farmer from the Moygu
village, explained that the farmers themselves end up harming the
forest regeneration by over-cleaning the plots. He also recognizes
that the low productivity of cassava is due to the land itself, which
became weak because fallows were reused at their initial stages
of succession or because they were accidentally set on fire in
previous periods:

“[.] The ancients did not live fixed in a same place. When
they opened swiddens, they harvested, and soon moved to another
village. Nowadays we live in the same place, we don’t have woods
anymore, it is too far away, that makes us use the swidden several
times.” (Kawiago Ikpeng, farmer, personal account, 2016).

Even so, some farmers manage their plots and fallows in
ways that favor forest regeneration. Purat Ikpeng, a spiritual
leader of the Moygu village, showed us a swidden plot that
was at the final stage of cultivation (irinpin), still with some
remaining cassava branches (Figure 3), where he performed
only selective cleaning (tukto tawengkeremtowo). During the
cultivation phase, he protected and let many types of trees to
grow. The “real trees” (yay were keni) that were protected helped
the regeneration of the fallows.

This selective cleaning system is based on two cultivation
cycles, which may last between 2 and 3 years (30 months).
The most intense cleanings take place in the first year, between
3 and 4 months of cassava growth. While weeding, farmers
select the species that will remain in the system after selective
cleaning. From the second year, the first-cycle cassava begins to
be harvested and its branches are replanted taking advantage
of the same location of the collected roots. At this stage, the
regenerating trees that were left in the first year are already

grown and can be pruned so that they do not hinder the
second-cultivation cycle cassava. From the second year onward,
regeneration trees are left to grow, the last cassava harvest takes
place, and the regeneration phase of fallow begins with several
species of trees already established.

After the third year, the swidden already has several trees
important for local use, including fruit trees such as pequi-do-
xingu (Caryocar brasiliensis Cambess.) and cashew (Anacardium
sp.). Other species are arakto (ni)—for constructions; ykwalapi
(ni)—medicinal use; raegi (Xilopya amazonica R. E. Fries)
and mopya [Attalea maripa (Aublet) Drude]—wood and straw
used in the construction of houses; yepkuy (Himatanthus
sp.)—various uses, including paint fixing; motoe [Helicostylis
tomentosa (Poepp. and Endl) J. F. Macbr.] and tomkorowo
(Talisia sp.)—highly prized foods, bait for hunting; and ponmu
(Cochlospermum sp.)—medical use and fiber for the tucum
oil press—ototo (Astrocaryum aculeatum G. Mey). Figure 4,
adapted from Bahuchet and Betsch (2012) for the selective
cleaning techniques used by the Wayapi people of the Guianas,
which are very similar, shows the technique used in the
Moygu Ikpeng village.

Indicator Species for Secondary
Succession, Soil Recovery, and
Resistance to Fires

Certain trees or plants have cultural uses among the Ikpeng
and Kawaiwete, but some also have functional characteristics
that may favor the regeneration of secondary forests and
the recovery of soils. Others are characteristic of certain
sites (types of soil or successional stages), resistant to fires,
or subject to certain levels of protection, among other
characteristics that may favor a fast establishment in the
cultivated areas.

In the Samauma Kawaiwete village, the forest species surveyed
are organized into local categories: (I) adapted to the successional
stages—initial, intermediate or advanced; (II) indicators of
specific environments such as koferete (ADE) or "trees that own
fallows" such as kaarete (nADE); (III) indicator of burnt forest
(ywokaiwet); (IV) those that “animate the regeneration” and “help
the earth to become dark” (yja mama kaap) or protected trees for
being the “owner of the swidden” (Supplementary Table 1). For
the recovery of koferete, plants called yja mama kaap are required,
which care for and help to recover the soil because [.] “they
produce many leaves that fall quickly and the soil acquires a darker
appearance, with good and more fluffy earth” (Kape Kawaiwete,
personal account, 2016).

In the past, during the opening phase of a Kawaiwete
agricultural site, some adult trees were kept at the edges of
swiddens to provide more shade and moisture to the lands, also
serving as a source of propagules. These trees were called “trees
owners of the swidden” and were not felled because, in addition
to helping with regeneration, they had several uses in material
culture. Among them, are the jatua’yp [Guarea cf. guidonia (L.)
Sleumer], jatuywa (Hymenaea courbaril L.), jatytayp (Maclura
tinctoria L. Engl.), yangyp (Dinizia excelsa Ducke), and ykyr’yp
(Thyrsodium spruceanum Benth.) (Supplementary Table 1).
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FIGURE 4 | Selective cleaning management (tukto tawengkeremtowo) and forest regrowth in the lkpeng cassava (Manihot esculenta Crantz) shifting cultivation
cycle. (@) When the plot is opened, certain tree species are tolerated and left in the plot. As the crop grows, selective cleaning is repeated after 3-5 months (b). After
the first harvest, cassava is planted again and left to grow among the young regenerating trees (2-5 m) that may be pruned to avoid competition (10-18 months).

A less intensive selective cleaning is performed. (c) At the end of the cultivation phase (21-30 months) the protected trees help other regenerating secondary growth
species to thrive (llustration by Gustavo Marigo—adapted according to Bahuchet and Betsch, 2012).
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According to Kape Kawaiwete, an elder farmer (personal
account, 2016):

“[.] To me, they are left the jatua’yp; so when it bears fruit, the
seeds are born in the middle of the swiddens. Jatua’yp is born in the
middle of the swiddens; its seeds are red. These are those that the
ancestors did not fell; so species returned, and fallows soon grew.”

However, nowadays the practice is to cut all the trees down,
even if such practices are recognized as enhancing recovery of
fallows. This type of management has not been used in most
Kawaiwete villages anymore and possibly in most villages in
the XIT. As a result, secondary forests have become poorer
in composition because certain types of plants are no longer
found in the regenerating forest, such as jatua’yp [Guarea cf.
guidonia (L.) Sleumer], jatetayp (Maclura tinctoria L. Engl.),
y'ga (Inga spp.), and ykyr’yp (Thyrsodium spruceanum Benth.).
Other useful trees used in medicine—asiraryp (Zanthoxylum
rhoifolium Lam.), for collecting fruit—ynga (Inga spp.), api
(Pseudolmedia macrophylla Trécul), and for wood—yperoyp
(ni), ykyr’yp (Thyrsodium spruceanum Benth.), yogyp (Dinizia
cf excelsa), ajuyp [Ocotea leucoxylon (Sw.) Laness], ajuwyuun
(Ocotea guianensis Aubl.), ywyiyp (ni), tukumam (Astrocaryum
aculeatum G. Mey)—no longer exist (Supplementary Table 1).
These species, with the exception of Astocaryum sp., do not
tolerate fires and no longer regenerate spontaneously in changed
or intensely burned areas. For Kape, a Kaiabi elder of the
Samauma Kawaiwete village (personal account, 2016):

“[.] The land is finished; the land and the trees that existed
no longer do; it is not the same as before. Jatyta’yp is a sign of
where there is dark earth; there is no more dark earth; there is no
jatyta’yp, there is no jatua’yp; the trees that existed before do not
exist anymore.”

For the Ikpeng of the Moygu and Arayo villages, the
most conserved forests at advanced stages of succession
(irwa otepninpo) contain trees considered as vulnerable, which
cannot withstand impacts (such as frequent fires), and/or
have relevant uses for material culture. Among them are
poret (Annonaceae) and raegi (Xylopia amazonica R. E.
Fries), which are highly sought after and used for building
traditional houses. They are increasingly rare in areas close
to the villages. Currently, there are also no more species that
indicate the recovery of forests, such as muret (Byrsonima
intermedia A. Juss.), katepo (Hymenaea courbaril L.), tirampo
[Guarea cf. guidonia (L.) Sleumer], kumpang [Emmotum
nitens (Benth.) Miers], and yego (Vochysia ferruginea Mart.)
(Supplementary Table 2). The yego is considered a sacred
tree for the Ikpeng people. It is used as a bench for the
initiation of children during the festivity panango atpotpot
(piercing children’s ears, one of the stages of the festive
event Pomeri; Rodgers, 2002, 2013), as well as for building
traditional houses.

Like the Kawaiwete, Ikpeng farmers also used to protect
some trees during the opening of swiddens in the past and
recognized their value, as explained by Oporike (Tome) Ikpeng,
a leader of the Moygu Ikpeng village: “[.] These trees were
kept in the swiddens because they had a strong spirit; it wasn’t
just anyone who could cut them down” (Oporike Tomé Ikpeng,
personal account, 2016).

During the cultivation phase, the “real trees" (yay were
keni) were tolerated in swiddens by means of selective
cleaning. They indicated that fallows were following their
successional recovery, so that the forest could be reused
for agriculture, yielding a productive yield. Among them
were katepo (Hymenaea courbaril L.), kuryum (Enterolobium
schomburgkii Benth.), oyot (Dipteryx odorata (Aubl) Wild.),
pitpirak (Qualea cf. paraensis Ducke), raegi (Xylopia amazonica
R. E. Fries), yeron (Ocotea leucoxylon (Sw.) Laness.), and txiworo
(Trattinickia cf, rhoifolia Wild.) (Supplementary Table 2).
Other tall trees, which form a wide canopy and favor a
quick shading of the area, protecting regenerating plants,
are called “mother trees” (okewi) and “grandmother trees”
(iramrungmo). Other species are important because they “call
the other plants” (awmtu), such as kumpang (Emmotum nitens
(Benth.) Miers), kuryum (Enterolobium schomburgkii Benth.),
and katepo (Hymenaea courbaril L.) (Pura Ikpeng, Makawa
Ikpeng, personal account, 2015). Finally, some plants “are
[also] born by the spirit oyng” a non-human entity who plants
many trees for the forest to be reborn (Totopiat Ikpeng,
personal account, 2015).

Totopiat Ikpeng, the main spiritual leader of the Moygu
village, when questioned about how forests regenerate, explained
very slowly: [.] "everything has its owner. the owner of the
river—orongo—the owner of the land—momting. and the owner
of the bush in general—oyoreta.” In his understanding, [.]
“the forest needs oyng, the spirit that freshens the earth
and helps the forest to grow back—orong ewyangtenopni.
When he cries, the tears make the earth moist*. Plants are
born together, kerekere-umi, ogolak, which is next to the
kayakpo, tirampo, pirigu, mawa. These are plants that oyng
gives birth to it to first refresh the earth” (Totopya lkpeng,
personal account, 2015).

As noted, in addition to presenting some priority uses, many
of these plants have functional characteristics in the recovery of
secondary forests. However, the Ikpeng have observed that many
species that re-sprouted in disturbed secondary areas (engrotet)
are no longer sprouting due to the increase in the number of fires
and the excessive cleaning in agricultural areas during the cassava
cultivation cycle.

Impacts on the Sustainability of Systems

With the Increase in the Number of Fires
The availability of recovered areas for opening new plots is
increasingly critical. In choosing the area for cultivation, in
addition to other indicators, the main criterion is the stage of
development of fallows measured by the forest structure and tree
sizes. The lack of good lands in areas close to Kawaiwete and
Ikpeng villages implies the clearing of secondary forests that are
still very young, with less than 5-10 years in fallow age, indicating
an intensification of the traditional system.

However, even areas that remain for longer periods in fallow,
between 10 and 15 years, have their recovery affected by the
history of fires or previous uses. As a result, many species
characteristic of secondary forests—and that are important

“Relating to morning dew.
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for forest regeneration and soil recovery—no longer grow
spontaneously nowadays. Examples such as jatua’yp (Guarea cf.
guidonia (L.) Sleumer), jatetayp (Maclura tinctoria L. Engl.),
y’ga (Inga spp.) for the Kawaiwete and katepo (Hymenaea
courbaril L.), kuryum (Enterolobium schomburgkii Benth.), oyot
[Dipteryx odorata (Aubl.) Wild.], pitpirak (Qualea cf. paraensis
Ducke), raegi (Xylopia amazonica R. E. Fries), yeron [Ocotea
leucoxylon (Sw.) Laness.] and txiworo (Trattinickia cf, rhoifolia
Wild.) for the Ikpeng.

For this reason, important resources characteristic of late
stages of regeneration become less accessible, rare, or even
extinct in areas close to human occupations, like (Pseudolmedia
macrophylla Trécul), [Guarea cf. guidonia (L.) Sleumer], (Xylopia
amazonica R. E. Fries), (Inga spp.), (Talisia sp.), (Byrsonima
crispa A. Juss), and (Vochysia ferruginea Mart.).

DISCUSSION

The indigenous peoples of the Amazon exert an important
influence on the structure and composition of its forests through
the succession management conducted during the cleaning and
gardening of plots (Irvine, 1989; Pinedo-Vasquez et al., 2012).
Practices conducted during cultivation or fallow management
can favor forest recovery. In addition to selective clearing, the
frequency and duration of other processes, such as the protection
of useful species, seed dispersal and attraction of fauna, selection
of desirable phenotypes and cultivation of propagules, may favor
a greater concentration of useful plants and to improve soils
(Levis et al., 2018).

The agroforestry management includes food attractive to
animals for hunt and, therefore, the fauna plays an important role
by contributing to the dispersion of seeds that are brought from
other forested areas close to swiddens (Denevan et al., 1984; Zent
and Zent, 2012; Bahuchet et Betsch, op. cit.; Thomas, 2014). Areas
in fallow create wetter and more fertile microhabitats than areas
that are open and thus drier (Uhl et al., 1981; Uhl, 1983). Seeds
dispersed by animals are more likely to establish themselves and
accelerate the initial recovery of the area (Unruh, 1988). Several of
these species also serve as food for humans. They are multiplied
in backyards, gardens, or even dispersed in displacements during
collection activities. Fire management, at low intensities and
frequency, when combined with these other practices, may also
lead to an improved soil fertility, a process that indirectly favors
forest recovery (Junqueira et al., 2011; Levis et al., 2017).

However, in several regions of the Amazon agricultural
intensification processes in indigenous lands are taking place,
either by changing habits to more sedentary livelihoods,
circumscription of their original territories by legal delimitation
(Vickers, 1983; Denevan, 2001; Freire, 2003, 2007) or illegal
advancement of miners and loggers, a need for access to schools,
health centers or urban areas, as well as the advancement of the
agricultural frontier and the impacts of large construction works
(Jusys, 2018; Fa et al., 2020).

In the two cases studied here, the reality is no different. In the
past, both the Kawaiwete and the Ikpeng presented patterns in
the use of the territory characterized by the frequent mobility

of villages, which were moved when the local natural resources
were depleted. This lack of mobility, in the long run, results in
an increase in pressure on secondary formations, with impacts
to local livelihoods. Inside the XIT, it has become increasingly
difficult to observe older villages changing place, as this decision
depends on the availability of specific environments that are rich
in dark earth and that are close to the main river channel, which
must be negotiated with other indigenous people.

The lack of mobility is directly related to the time and
space necessary for the continuity of the shifting cultivation and
territory management system, making difficult a full recovery of
secondary forests and leading to the intensification of agricultural
use (Uriarte and Chazdon, 2016; Chazdon, 2017), in addition
to surpassing the limits of the system (van Vliet et al.,, 2012).
The history of intensification of land use with the increase in
cutting and burning practices leads to a reduction in soil fertility,
which ends up causing a decrease in species that depend on seeds
to regenerate to the detriment of those that have the ability to
regrowth and are more adapted to this new context. This leads to
a decrease in species diversity in managed landscapes, as Jakovac
et al. (2016a) observed in other regions of the Amazon. With
the increase in the number of cultivation cycles, the frequency of
cleaning also increases, and, in this way, the system may reach
a state of interrupted succession, where regeneration starts to
rely more on re-sprouting to compensate for the loss of species
that reproduce by seeds (Jakovac et al., 2015). The factors that
contribute to these changes are often difficult to understand,
since the systems are dynamic and correspond to different
sociocultural contexts (Wiersum, 2004; Mansourian et al., 2019).

Local Transformations and Forest

Regeneration

From the circumstances presented, in the studied Kawaiwete and
Ikpeng villages there is a conjunction of local factors of change
that are being aggravated by regional transformations. In the past,
the processes of clearing and cultivating Kawaiwete and Ikpeng
swiddens followed specific rules that, although still present in
local knowledge, had their application hampered by changes in
the form of occupation of the territory. Currently, the period
during which plots are left in fallow varies from 5-10 years. The
history of previous uses of the same plots and accidents with
fires aggravates this situation, which impairs the processes of
vegetation regeneration, soil recovery, and recovery of key species
in this process.

With less mobility in villages, in addition to occasional forest
fires, agricultural areas already show signs of soil degradation
even before they are cultivated, affecting the regeneration of many
forest species during the fallow phase. The decrease in the size
of plots close to the Kawaiwete and Ikpeng villages leads to
the cutting down of secondary forests even at initial stages of
regeneration (up to 10 years). These often present little biomass,
individuals with a baseline DBH area below 5 cm, and heights up
to 3 m, where fast-growing trees and low longevity predominate.
In other words, the criteria used in the choice of new swidden
plots does no longer take into account aspects of forest structure
or other local indicators as in the past. As a result, many species
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characteristic to these areas—which are important for forest
regeneration and soil recovery—no longer appear spontaneously.
For this reason, the resources characteristic of late stages of
regeneration become less accessible, rare, or even extinct in areas
close to human occupations.

The decision of using initial stages seems to be related to
the ease of access to areas or to their practicality, since the
branches and thin shrubs do not need much effort to be cut
down, unlike swiddens cleared in a more developed fallow
or the older and more distant forests (Figures 2, 3). For the
same reasons, agricultural areas may end up being reused for
cultivation cycles of less demanding species, such as manioc,
beyond the limits dictated by traditional local rules (two to three
cycles). Limitations in the available workforce may be one of the
factors that lead to this decision, making it easier to work in a
nearby area and in a fallow of thin trees instead of having to
look for more distant areas with thick trees where the human-
hour work would be more demanding. However, the effect of
using young fallows may be the opposite, as there seems to
be a relationship between low productivity in swiddens and an
increased need for work. When poorer soils start to predominate,
the need for weeding and for cultivating other sites in order
to compensate for the low yields of the swiddens increases, as
Jakovac et al. (2016b, 2017) also reported.

On the other hand, some indigenous families began to seek
other areas of old forests for the most demanding crops that need
recovered soils, mainly maize (Zea sp.), peanuts (Arachis sp.),
banana (Musa sp.), broad beans (Phaseolus spp.), sweet potato
(Ipomea sp.), and yam (Taro sp.). The dependence on more
distant places demands more physical effort and inputs, including
those from outside the village, because people need vehicles and
fuel to transport production either by tractor or motorboats.
In other cases, the loss of resilience in red earth systems made
farmers use dark earth (ADE) plots for less demanding crops,
as observed in the Samauma village. These soils, which were
previously indicated only for demanding crops and grown only
once, are now reused for planting cassava, without enough fallow
time after the cultivation of corn and peanuts, for example. As
Junqueira et al. (2010) reported, although the ADE is more fertile
and allows for a more intensive use when compared to the nADE,
a prolonged and intensive cultivation period without respecting
the fallow period may compromise regeneration and cause soil
degradation (Junqueira et al., 2016).

Impact of Fires on the Sustainability of

the Kawaiwete and lkpeng Systems

Fires started to occur more intensely in the Kawaiwete and Ikpeng
villages mainly due to environmental changes that occurred
in the last decades in the XIT region (Nepstad et al., 2004;
Morton et al., 2013; Brando et al., 2014). As already explained,
the loss of forest cover in the Xingu river basin changed the
microregional rainfall regime and seasonal events that were
recognized by the indigenous peoples; it also led to an increase
in the flammability of forests inside the XIT. Fires alter the
structure and composition of forests and more vulnerable tree
species do not resist, becoming rare or disappearing from

these areas, such as observed by Chazdon et al. (2009) and
Rozendaal et al. (2019). The degree of vulnerability of species
to fire defines their survival in affected areas. Depending on the
intensity and recurrence of fires, tree species can (1) extinguish
locally, (2) remain stable, (3) be stimulated by regeneration,
or (4) re-sprout, starting to dominate the forest formation in
an opportunistic way. Participants recognized the degree of
vulnerability of plants to fires during the interviews, as their
importance to the forest regeneration processes (Supplementary
Tables 1, 2).

As a result, fallows or secondary forests around the villages
have become poorer in composition (less biological and cultural
richness) due to frequent fires, leading to the loss of raw
materials and conditions that were previously more favorable for
the establishment of species that are considered by indigenous
people as key regeneration species, such as the “regeneration-
animating” plants (ywakamaap for the Kawaiwete) and “real
trees”—yay were kenin—used in the material and immaterial
culture of these peoples.

Traditional Kawaiwete and Ikpeng Forest

Management Practices

The changes reported by the Kawaiwete and the Ikpeng in the
traditional management of swidden plots corroborate research
conducted in other tropical regions, that points to shorter fallow
periods due to limitations in access to traditional territories
and increase in pressures for demographic or for socioeconomic
reasons (Johnson, 1983, p. 52; Thrupp et al., 1997; Marquardt
et al, 2013). For the Ikpeng people, as already mentioned,
agricultural areas were traditionally cultivated only once. This is
no longer possible due to the permanence of villages in a same
place, leading nearby areas to be frequently reused, as Jakovac
et al. (2017) also observed for farmers in the Amazon.

Regarding the impacts on the regeneration of fallows, the
Kawaiwete and Ikpeng local knowledge seems to value preventive
care during cultivation phases aiming to prevent the forest
from being degraded, instead of resorting to concepts or ways
of restoring exhausted environments. In this sense, traditional
local knowledge seems to indicate rules or “care” in the way
environments should be managed based on resilience limits,
as observed for other places (Lugo, 1995; Camacho et al,
2012; Chazdon, 2014a; Magnuszewski et al., 2015; Chazdon and
Guariguata, 2016; Brancalion et al., 2016; Mukul, 2016; Vasquez-
Grandon et al., 2018).

The experiences reported here indicate that the Kawaiwete
and the Ikpeng manage to favor forest regeneration while the
field is being cultivated (Marquardt et al,, 2013). According
to the observed agricultural rules and practices, some tree
species were not cut during the opening of plots as a way to
protect seed-bearing species during the fallow time. According to
research conducted in tropical regions, this practice contributes
to ensure fertile agricultural areas, as it favors forest regeneration
(Abdoellah et al., 1993; cited in Balée, 2010; Chazdon, 2014a).
Karen farmers in Thailand, for example, left between 20 and
40 trees in swiddens at an average of 244/ha (Schmidt-Vogt,
2001). As a result, the structure and composition of the
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forest changes following a process that is similar as that of
domesticating landscapes (Denevan et al., 1984; Wiersum, 2004;
Clement et al., 2015).

The careful cleaning of areas surrounding crops, with little
removal of regenerating plants, can also favor the recovery of the
forest (Rodrigues, 1993; Silva, 2016, p. 146). As the Kawaiwete
and the Tkpeng, the vast majority of indigenous and traditional
people that practice forest-based agriculture use “selective
cleaning.” Some plants are protected and favored during soil
preparation, resulting in the spontaneous development of useful
species (Denevan et al,, 1984, Descola, 1988; Denevan, 2001;
Bahuchet and Betsch, 2012; Figures 4, 5). However, this
traditional technique is not followed by all the Kawaiwete and
Ikpeng farmers nowadays, despite apparently presenting good
results. Likewise, some regenerating species could also be pruned
during the crop growth phase, such as manioc, instead of being
uprooted (Johnson, 1983; Wiersum, 2004; Uprety et al., 2012;
Pye-Smith, 2013; Peltier et al., 2014; Chazdon, 2017; FAO, 2018).
The use of nitrogen-fixing species, as is the case observed in
the Samauma village, is a strategy widely used by tropical forest
farmers (Unruh, 1988; Chazdon and Guariguata, 2016, p. 717),
and, in a way, is related to the yja mamakaap ("trees that grew
together") of the Kawaiwete®.

Finally, according to the perception of many indigenous
peoples in the Amazon, the regeneration of forests also seems to
assume a mythical and spiritual dimension. Some concepts refer
to domains that are claimed by human and non-human beings
(Rodgers, 2002; Fausto, 2008; Oliveira, 2016). In this case, forests
are understood as a large plantation of creative spirits (Descola,
1996), as the peoples of the XIT. Thus, the plants over which the
spirit Oyng cries to refresh the earth are plants that should be
considered in forest recovery projects (Supplementary Table 2).

Assisted Natural Regeneration (ANR) as
a Way of Managing Indigenous Shifting
Cultivation Systems in the XIT

In the Kawaiwete and Ikpeng villages, traditional agroforestry
management is being replaced by techniques that take into
account the practicality and ease of access to areas, with food
production as a priority, rather than a good regeneration of
fallows. As the more mature forests are far away from villages,
there is no alternative but to reuse the same area several times,
even if this means degrading the secondary forest. Therefore,
as it seems, it is not just a question of disregarding techniques
that favor regeneration, but of the lack of local conditions to put
these techniques into practice. Therefore, the mere recovery of
some rules that previously governed the access to resources may
not respond to the challenges for the maintenance of production
systems more adapted to the current reality (Denslow, 1980;
Wiersum, 2004; Uprety et al., 2012; Chazdon, 2013, 2017; Teng6
etal., 2014).

The Ikpeng believe that the best way to recover areas affected
by the increasing episodes of recurrent fires in recent years

>This concept was also identified in the Capivara Kawaiwete village, where a group
of similar plants were called “trees owner of fallows,” necessary for the recovery of
the dark earth (koferete).

would be to leave the forests to recover on their own. According
to preliminary assessments considering the species identified
here, the restoration of burnt forests can take place with few
interventions, since many areas impacted by the fires are close
to the remnants of more enclosed forests, which favor the flow
of seeds’. To this end, the forest should be protected from
fires and there should be investments in broad firebreaks and
in local agreements, in addition to monitoring the growth of
species characteristic of more advanced stages in fallow areas.
However, there are cases where it becomes necessary to create
favorable conditions for the maintenance of the productivity and
the resilience of these systems (Hames and Vickers, 1983, p. 25).

The methods used by the peoples in the XIT are methods
of assisted natural regeneration (ANR), as Wiersum (2004);
Walpole (2010), Marquardt et al. (2013); Chazdon (2014a), and
Thomas (2014) described. The main methods are: (1) tolerate
adult trees at the borders of swiddens in such a way that they
begin to produce seeds that regenerate the cultivated site, (2)
limit the crop cycles so as not to affect the potential for the
establishment of regenerating plants, (3) select individuals during
cleaning at the cultivation phase, which favors the regeneration of
useful and functional species, (4) use fire protection techniques,
and (5) know functional plants that favor regeneration processes.
In this regard, the ANR should be considered a tool to
promote livelihoods within the context of traditional forest
management (Butic and Ngidlo, 2003; Wiersum, 2004; Walpole,
2010; Marquardt et al., 2013; Thomas, 2014).

One of the main reasons for forest degradation is the
depletion of soils (Chazdon, 2003), when the resilience limits
are exceeded and prevent forest succession (Jakovac et al,
2016a,b). Therefore, cultivation systems with accumulated
ash and coal from controlled burning (Schmidt et al., 2014)
may improve soil structure and fertility and accelerate the
recovery of fallows (Junqueira et al., 2010). On a local scale,
ANR processes must also consider the previous legacies
of agricultural management because they influence the
structural, compositional, functional, and dynamic attributes of
regenerating forests (Uriarte and Chazdon, 2016).

ANR strategies also include the sociocultural values of the
communities involved and may include approaches to recover
traditional indigenous ecological management practices, in
which their knowledge can support management strategies and
silvicultural practices (Coomes et al., 2000; Sajise, 2003; Uprety
et al, 2012). In this regard, it is essential to maintain the
social structures that govern these mechanisms of agricultural
production and landscape conservation aiming to achieve a long-
term production stability (Bahuchet and Betsch, 2012).

Transforming degraded lands into improved fallow lands may
represent a large investment in labor and harvests could be
very low during the first seasons, as Marquardt et al. (2013)
argued. However, in situations as the XIT, where there is
a limitation in the availability of fertile lands and difficulty
in moving the villages, this form of “adaptive management”
may improve the conditions of weakened or degraded soils,

©The analyses of results were conducted with the support of Dr. Daniel M. Vieira
of EMBRAPA-CENARGEN 8.
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FIGURE 5 | Three-year-old cultivation plot (irinpin) submitted to selective cleaning management (tukto tawengkeremtowo) in Moygu village. See young trees that
were left to grow for different purposes: medicinal— (arakto (ni), ykwalapi (ni); construction—raegi (Xylopya amazonica R. E. Fr.), mopya (Attalea maripa (Aubl.)
Drude); ritual—yepkuy (Himatanthus sucuuba (Spruce ex Mull. Arg.) Woodson); food and food for hunting—motoe (Helicostylis tomentosa (Poepp. and Endl.) J. F.
Macbr.), food, food for hunting and ritual—inot (Caryocar cf. Brasiliensis Cambess); among others (Photo by Marcus V. C Schmidt, Moygu Village 2008).

which limit the natural regeneration of forests (Wiersum,
2004; Joslin et al., 2011; Pinedo-Vasquez et al., 2012). Farmers
remembered that in the past, the fields were smaller, circular,
and separated by a forest matrix (Eden and Andrade, 1987;
Chazdon, 2003, 2014b, 2017; Chazdon et al., 2009; Ferguson
et al, 2003). These aspects almost no longer exist in the
oldest and most populous villages in the XIT. Thus, other
factors should also be considered in future ANR strategies,

such as the size of the cultivated area, the presencxe of
remaining trees in the surroundings, the number of years
of use, and the control of fires in areas under recovery
(Uriarte and Chazdon, 2016).

To overcome these challenges and move to more sustainable
cultivation systems there is a need to bridge local knowledge
systems with scientific knowledge systems and co-produce
knowledge adapted to uncertainty and environmental change
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(Armitage et al., 2011; Tengo et al., 2017). Ikpeng and Kawaiwete
younger generations are open to innovations and some initiatives
are being implemented with external organizations to try and
overcome the knowledge gap, such as the agroecology high school
program in the Ikpeng village’, the muvuca seed-planting system
by ISA® and the Prevfogo fire-fighting training program by the
Brazilian Institute of the Environment and Renewable Natural
Resources (IBAMA)’. Knowledge co-production and adaptive
management are processes mediated by institutions that need
to create the conditions for “social learning, defined here as
the iterative action, reflection, and deliberation of individuals
and groups engaged in sharing experiences and ideas to resolve
complex challenges collaboratively (Diduck et al., 2005; Keen
etal., 2005)” (Armitage et al., 2011, p. 995). However, at this stage,
the agroecology program and the muvuca system have not yet
incorporated the local knowledge of older generations on shifting
cultivation, forest regeneration and fallow indicators discussed
here, and are based on external forest restoration models that
need to be adapted. The Prevfogo has been more successful in
training local fire fighters and cultivators on fire management
techniques adapted to the new environmental conditions, but
needs to be upscaled to include all the villages in XIT.

CONCLUSION

Maintaining agricultural productivity in indigenous lands in
the Amazon is a priority, especially considering the increase
in deforestation rates and in the number of fires in the Xingu
Indigenous Land (XIT). In areas where processes of agricultural
intensification have led to the degradation of lands for cultivation,
it is necessary to involve indigenous farmers in forestry landscape
recovery initiatives considering their ancient knowledge in order
to understand the causes and consequences of the permanence of
these shifting cultivation systems.

Our results show how traditional practices can favor the
regeneration of forests after disturbances according to the
knowledge of the Kawaiwete and the Ikpeng peoples. Traditional
knowledge can provide important information about the
functional and ecological roles of pioneer species during natural
regeneration (Reyes-Garcia et al., 2018). However, the potential
for natural regeneration is influenced by the intensity of land use.
The more conserved the forests, the greater the power of recovery
of forest remains in the landscape (Uriarte and Chazdon,
2016). We suggest that the restoration of degraded areas in
villages in the XIT should use ANR techniques grounded on
indigenous knowledge. This implies the adaptive co-construction
of knowledge on cultivation systems that value and strength
traditional practices of these indigenous peoples, as well as
assimilate new practices comprising a more “agro-forestry-
restorer” profile, and fundamentally a greater control of fires.

"Integrated Technical High School in Agroecology, linked to the State Secretariat
of Education of Mato Grosso (Seduc/MT).

Shttps://www.sementesdoxingu.org.br/site/muvuca- que-vira- floresta/

“https://www.ibama.gov.br/ultimas- 2/2043-forca- tarefa- combate- 14-incendios-
no-parque-indigena-do-xingu
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