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The tropical South American savannas have been occupied and manipulated by humans
since the late Pleistocene. Ecologists consider that soils, hydrology, and seasonal
precipitation influence the structure and composition of plants and the fire-proneness
of savannas. However, the human influence on these dynamics remains uncertain. This is
because little is known about human activities and what influence they have on the diversity
of ecosystems. Considering this, our study sought to synthesize the management
practices used by small-scale societies of the South American savannas, compile the
species that are the focus of direct management, and demonstrate the role of this
management in maintaining the diverse ecosystems that make up the savannas. We
also set out to test the hypotheses that forms of management differ depending on the
ecosystem and cultural matrices. To do so, we conducted a systematic review, in which
we collected 51 articles with information about the management carried out by small-scale
societies. From this, we categorized 10 management practices directed to ecosystems:
protection of the ecosystem, enrichment of species, topographic changes, increased soil
fertility, cleaning, prevention of fire, resource promotion, driving of game, swidden-fallow,
and maintenance of ecosystem structure. We identified 19 native plant species whose
populations are managed in-situ. These management practices have proven capable of
keeping savanna and grassland ecosystems open and increasing the occurrence of forest
ecosystems in the mosaic, as well as favoring plants of human interest in general. We note
that there is a relationship between management practices with ecosystems and cultures,
which suggests that both factors influence the management of landscapes. We conclude
that management practices of small-scale societies are responsible for domesticating
South American tropical savannas and that these savannas are composed of a mosaic of
culturally constructed niches. The small-scale societies that inhabit these environments
have important traditional ecological knowledge and strategies that enable the use,
conservation, and restoration of savannas, extremely threatened by agribusiness today.
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INTRODUCTION

Humans across the planet evolved in different ecosystems and
their activities influenced these habitats, as well as the evolution of
populations in numerous taxonomic groups (Cooke, 1998; Boivin
et al., 2016; Roberts, 2019). Within the diversity of environments
in the Neotropical region, savannas were a key part of early
occupations (Lombardo et al., 2020), either because of their
diversity of ecosystems and resources, or because of the
evolutionary preferences inherited from Pleistocene hominids
(Ellenberg and Mueller-Dombois, 1967; Eiten, 1972; Orians,
1980; Harris and Hillman, 2014; Roberts, 2019). The
prevailing ecological thinking considers that the ecosystems
that make up tropical savannas are mainly influenced by soils,
hydrology, and seasonal precipitation, as these factors determine
the structure and composition of plants and their propensity to
fire (Staver et al., 2011; Hoffmann et al., 2012; Silva et al., 2013).
Some authors draw attention to the fact that humans can
influence these dynamics, as they can modify floristic
composition and edaphic conditions (Hirota et al., 2011;
Pinho et al., 2011; Lombardo et al., 2020) and they are mostly
responsible for the appearance of fire (Ramos-Neto and Pivello,
2000). However, the extent of human influence on savannas
remains unclear, as it is not known which practices are used,
in what combinations, how they influence different ecosystems,
and which plant species are most affected in this process.

Human influences on environments occur from the moment
humans settle in new territories (Lombardo et al., 2020), and
tropical South American savannas have a diverse occupation
history (Denevan, 1966; Morey, 1976; Bueno and Isnardis, 2018).
Early records are sparse, but make clear that the savannas were
inhabited in the late Pleistocene and that, in this period, human
activities were characterized by a dynamic of high mobility and
initial recognition of environments (Bocanegra and Mora, 2012;
Bueno and Dias, 2015; Vialou et al., 2017). In the Holocene, there
is a greater number of archaeological records, which suggests
sedentarization associated with population growth and
diversification of strategies to adapt to the temperature
oscillations and rainfall variations common in the period
(Erickson, 1995; Gassón, 2002; Mayle et al., 2004; Rostain,
2008; Bueno and Dias, 2015; Bueno and Isnardis, 2018;
Lombardo et al., 2020; Stier et al., 2020).

At present, the tropical savannas of South America are the
focus of urban expansion and intensive agriculture and ranching;
these activities take advantage of open ecosystems and eliminate
native vegetation, endangering biodiversity in general (Klink and
Machado, 2005; Hernández-Hernández et al., 2011; Eufemia
et al., 2019). On the other hand, parts of these regions
continue to be occupied by small-scale societies, who base
their lifestyles on an intimate relationship with nature (Ploeg,
2009). Smith (2012) points out that these people, in the past or the

present, share the following behavioral patterns: have well-
defined territories; maintain and update knowledge about local
ecosystems, passing it on to future generations; create strategies to
control wild resources; have the inherent capacity to modify
ecosystems; and, through these modifications, increase the
abundance and accessibility of resources of interest.

These modifications made by small-scale societies generally do
not result in a decrease in plant diversity (Balée, 2006). However,
these modifications reduce the impact of existing natural
selection pressures, making it easier for humans to adapt
(Albuquerque et al., 2015). These modifications also influence
other species that interact with resources of human interest,
directly or indirectly (Laland et al., 2016; Albuquerque et al.,
2019). This process is the basis of Niche Construction Theory
(NCT), which affirms that living beings can change
environmental conditions at different scales, consequently
becoming more adapted to the transformed environment
(Laland and O’Brien, 2010; Odling-Smee et al., 2013;
Albuquerque et al., 2019). When humans are the agents of
landscape transformation, it is necessary to recognize that
cultural aspects also influence their activities (Albuquerque
et al., 2015; Coca et al., 2021). NCT helps explain and
substantiate the process of plant domestication (Smith, 2012),
which consists of humans selecting and managing phenotypes in
wild populations, resulting in genetic, morphological, and
demographic changes in the resulting populations (Clement,
1999).

This relationship between humans and plants is mutualistic
and occurs through selection combined with management; it can
occur in different locations and not only in food production
systems, such as cultivated areas (Clement et al., 2021). By
domesticating plant populations in their natural environments,
even if at incipient levels, humans also domesticate landscapes
(Casas et al., 1997; Clement, 1999; Allaby et al., 2021; Clement
et al., 2021). Domesticated landscapes are created by the
conscious and unconscious processes of manipulating
ecosystems and the plants that compose them, resulting in
more productive environments suitable for humans (Terrell
et al., 2003; Casas et al., 2017; Hecht, 2017; Clement et al.,
2021). This feedback between practice and result is one of the
differentials of NCT (Matthews et al., 2014; Huebert and Allen,
2020; Davis and Douglass, 2021).

According to recent research, domesticated landscapes are
formed and maintained as a result of a set of management
practices that alter vegetation structure, floristic composition,
and ecological processes (Smith, 2011; Levis et al., 2018). For
tropical humid forests, theoretical models explain the
mechanisms of management of species of human interest by
indigenous and traditional communities that result in richer and
more diverse forests (Clement, 1999; Levis et al., 2018). Similarly,
Smith (2011), who focused his investigation on the rich diversity
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of environments in North America, presented another conceptual
model on the set of strategies focused on making environments
richer in food. In the case of savannas, there are reports of small-
scale societies in northern Australia that have a set of organized
and directed burning practices, aimed at maintaining grasslands
and savannas (Russell-Smith et al., 1997; Yibarbuk et al., 2001;
Fletcher et al., 2020). In the savannas of northern Tanzania, there
are reports of non-fire management practices, where the Chagga
constantly manage their forest yards employing practices such as
the toleration of species of interest and the removal of species of
no use to humans (Fernandes et al., 1985). In general, these
management practices are responsible for lasting legacies in
ecosystems (Arroyo-Kalin, 2016), another feature of niche
construction (Albuquerque et al., 2015).

In these varied theoretical perspectives, the process of constructing
niches and domesticating landscapes is the result of valuing and
promoting species and environments (Smith, 2012; Harris and
Hillman, 2014; Allaby et al., 2021). Once occupied by humans,
ecosystems become dependent on complex interactions with
human societies, which can be described by interactive matrices of
species and management strategies over time (Terrell et al., 2003;
Crumley, 2007; Albuquerque et al., 2019). Valuation procedures, also
called management practices, are learned collectively and created
through an intimate relationship with the landscape, common in
small-scale societies (Abraão et al., 2010; Smith, 2011; Silva et al.,
2016; Balée, 2018; Levis et al., 2018). For a long time, it has been
debated which factors guide these practices; some authors argue that
practices are developed in the social environment and consequently
are influenced by different cultures (Smith, 2012; Albuquerque et al.,
2015); others adopted deterministic thinking where the environment
would be the main factor related to this set of practices and strategies
(Meggers, 2001). Today, historical ecology proposes a middle ground
by assuming that environments and cultures evolved together and
that landscapes are the result of this relationship, and therefore it is
impossible to separate their effects (Arroyo-Kalin, 2016; Balée, 2018).

Considering this context, our study uses a systematic review
to: 1) synthesize the management practices carried out by small-
scale societies in South American savannas; 2) highlight the role
of this management in maintaining the diversity of ecosystems
that make up the savannas; and 3) compile the focus species for
human management. We also propose to test the hypotheses that
management strategies vary with the type of vegetation formation
(H1) and the cultural matrices that use them (H2). From this
effort, we hope to contribute to the understanding of how humans
domesticate landscapes and plants, with reference to savannas,
which are characterized by specific ecological processes, limiting
environmental factors and their own taxonomic composition.

MATERIALS AND METHODS

Definition of Terms
Savannah formations expanded globally in the late Miocene,
about eight million years ago, due to the decrease in
atmospheric CO2 and the arid climate at the time, factors that
favored the occurrence of fires and, consequently, savannas
(Keeley and Rundel, 2005; Beerling and Osborne, 2006).

Today, tropical savannas cover one-eighth of the earth’s
terrestrial surface, with representation in the Americas, Africa,
and Australia (Scholes and Archer, 1997). The present study is
focused on South American tropical savannas, which include the
following areas (Figure 1): 1) the Cerrado, the largest savanna in
Brazilian territory 2) the Orinoco Llanos, with parts in the
territories of Colombia and Venezuela; 3) the Magdalena
Valley in Colombia; 4) the savannas of the Guianas, located in
the Guiana shield; 5) the Beni Savanna, located in Bolivia, also
known as Llanos de Mojos. Besides these larger areas, there are
small fragments of savanna within the boundaries of Amazonia,
called 6) Amazonian Savannas (Huber, 1987; Olson et al., 2001;
Adeney et al., 2016; ONF, 2017).

Broadly, savannas can be defined as terrestrial domains or
ecosystems whose herbaceous stratum is ecologically
predominant and continuous, and woody individuals may or
may not be present (Huber, 1987; FAO, 2000). The climate of
these regions is classified as tropical savanna, Aw or As in the
Köppen system, determined by having a well-marked dry season,
in winter or summer (Kottek et al., 2006). The length of the dry
season is one of the most important factors in the occurrence and
current distribution of savannas (Walter et al., 2008). Soils are
generally classified as dystrophic to acidic because they have base
saturation of less than 50%, low to medium fertility, and high
aluminum contents (Cole, 1986; Reatto et al., 2008). Other
determinants of savanna distribution are fire and herbivory;
both play strong roles in continental-scale tree cover (Staver
et al., 2011).

More detailed definitions exist which propose that savannas
are made up of forest, savanna and grassland ecosystems
distributed as a mosaic across the landscape (Ellenberg and
Mueller-Dombois, 1967; Eiten, 1972; Ribeiro and Walter,
2008). In these different ecosystems there are environmental
variations in the general characteristics described above.

Forest ecosystems have a predominant arboreal stratum and a
continuous canopy, with heights varying between 3 and 30 m
(Oliveira-Filho, 2009). Included in this category are moist tropical
forest enclaves that occur within the domain of savannas and
forested savannas; both types do not have a dense and continuous
herbaceous layer and have a sub-canopy layer that covers a large
part of the terrain (FAO, 2000; IBGE, 2012). This type of
ecosystem commonly occurs in mesotrophic soils, with
moderate nutrient contents, and in places where water is
available year-round; these forests are species-rich compared
to other savanna ecosystems (Oliveira-Filho and Ratter, 2002).
These characteristics mean that these forests do not burn easily
and consequently their species are not adapted to fire, being
considered fire-sensitive ecosystems (Pivello et al., 2021).

Savanna ecosystems, the predominant formation from which
the domain’s name originates, occur in interfluves with well-
drained and low-fertility soils (Oliveira-Filho and Ratter, 2002).
These environments have two representative strata, herbaceous
and arboreal-bushy, the latter reaching heights of up to 8 m
(Kauffman et al., 1994). The flora of the savannas presents
adaptations to fire and drought, such as the presence of
underground organs for water storage, protection of the buds
below ground or by a dense arrangement of the leaves, thickening
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of the bark and sclerophilia, resulting in a set of evergreen or
semideciduous species (Oliveira-Filho and Ratter, 2002). These
adaptations to fire demonstrate that the flora of these
environments co-evolved with this disturbance and benefited
from it, being considered fire-dependent (Pivello et al., 2021).
There is, however, a subclass in savanna ecosystems considered to
be fire-sensitive (Flores et al., 2021; Pivello et al., 2021), the
swamp savannas also called veredas, a pioneer formation without
canopy where the arboreal palm Mauritia flexuosa L. f. is
dominant to the shrub-herbaceous stratum; these occur on
hydromorphic and floodable soils (Ribeiro and Walter, 1998).

Grassland ecosystems are dominated by the herbaceous and
subshrub strata, being poor in woody vegetation that reaches a
maximum of 5 m in height. (Kauffman et al., 1994; Filgueiras,
2002). These ecosystems can occur on very well-drained,
dystrophic sites or in areas that experience seasonal flooding
(Oliveira-Filho and Ratter, 2002). Grasslands tend to have a high
diversity of herbaceous species, and it is rare to find
monodominant grasslands (Filgueiras, 2002). Like savannas,
grasslands are adapted to and dependent on fire, and benefit
from its action (Pivello et al., 2021).

Data Collection
We conducted a systematic literature review, using the practices
recommended by PRISMA-EcoEvo (O’Dea et al., 2021) and
Collaboration for Environmental Evidence (CEE, 2018). For
this we used the online search engines Web of Science, Scielo

and Scopus. The survey was conducted in June 2021, using the
following search key in the fields 1) title, 2) abstract and 3)
keywords: (traditional OR local OR indigen*) NEAR/4
(management OR manejo OR practi* OR pratic* OR colet*
OR harvest* OR cosecha) (OR domestic*) AND (savanna OR
savana OR sabana OR llanos OR cerrado), which returned 1,555
documents. We initially refined the results so that only papers
about South America were displayed, leaving 597 articles. We
excluded duplicate articles and were left with 393 unique articles
(for details see Figure 1; Supplementary Material).

We first evaluated these documents by reading their titles and
abstracts, selecting 1) peer-reviewed articles, 2) written in English,
Portuguese or Spanish, 3) that addressed the management carried
out by small-scale societies. We excluded from our review all
documents developed 1) outside the scope of the study, and 2)
outside our spatial frame. We selected 147 documents, which
were read in their entirety and excluded those that: 1) did not
detail how the management is done; 2) did not mention ways of
managing ecosystems or native plants; 3) did not make explicit
the ecosystem in which management occurred; 4) did not
mention management with species in situ; and 5) did not
make clear which human group performed a particular form
of management (for list of documents evaluated and specific
exclusion criteria see Supplementary Table S1). As a result of this
process, 37 articles were included in our review.

To increase coverage, we included in our sample 14 articles
previously known to contain relevant information on savanna

FIGURE 1 |Map showing the location of tropical savannas in South America. To compose this map, we combined the following classifications: from Adeney et al.
(2016) for Amazonian savannas; from Huber (1987) for the Magdalena valley; from ONF (2017) for the coastal savannas of the Guianas; and from Olson et al. (2001) for
the remaining areas. The black dots represent the sampling sites, the size of the dots corresponds to the number of papers included in this review at each site. The point
located in northeastern Brazil corresponds to seven studies carried out in a patch of savannah detached from the main Cerrado area; the point overlaps the patch
and cannot be seen on the map, differing from the others.
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management, but which did not appear in the search strategy
described above. We evaluated these articles individually to
understand why they did not appear in our systematic search
and observed that five of them presented our key search terms but
were published in non-indexed journals, and nine did not present
our key search terms in the title, abstract, or keywords, but
contained them in the body of the text (Supplementary Table
S1). Thus, our final sample size was 51 articles.

The objectives of the papers were not always to investigate the
management of ecosystems or plant populations, but all those
included in our sample included this information to support or
complete the main objective; thus, there were differences in the
detailing of the information. Such differences may also be related
to the different methodologies used by the researchers.

Data Extraction and Categorization of
Information
We extracted from the selected articles: 1) the types of ecosystems
managed; 2) the human groups investigated; 3) all forms of
management cited; and 4) the species targeted for individual
or population management. These data were categorized
according to the following criteria:

Ecosystems: We categorized the ecosystems where the work
was carried out into: 1) Forests: papers whose authors cited the
terms gallery forests, riparian forests, forest islands and patches,
secondary forests, inundated forests, cerradão or just forests; 2)
Savannas: papers in which the authors used the terms savannas,
cerrado-like vegetation, and swamp savannas (veredas); and 3)
Grasslands: articles whose authors referred to grasslands, open
savanna, treeless open savannas, seasonally flooded savannas or
wet grasslands, and natural pastures. For the main structural and
ecological differences between these ecosystems see Definition of
Terms.

Cultural Matrices: Human communities were assigned to the
following groups: 1) Indigenous peoples: human groups that self-
identify as indigenous and that inhabited the country or a
geographical region belonging to the country at the time of
European colonization or the establishment of current state
borders. Included in this group are pre-Columbian peoples
and their descendants who, regardless of their legal status,
retain their own social, economic, cultural, and political
institutions, or parts of them (ILO, 1989; ISA, 2005; Brondízio
et al., 2021). 2) Local communities: human groups acting
collectively in a way that defines a territory and culture over
time (Brondízio et al., 2021). In this group were included family
farmers and local communities that do not necessarily agree on
one concept of political self-determination. 3) Traditional
communities: groups that maintain knowledge, identities, and
territorialities linked to a historical, collective, and communal
territory (Brasil, 1988; Colombia, 1997; Brandão, 2012; Eidt and
Udry, 2019; Brondízio et al., 2021). In this group were included
“geraizeiros,” “apanhadores de sempre-vivas,” groups formed
from the historical mixture between indigenous, black and
European people, and “quilombolas” groups that originated
from enslaved black people who resisted slavery (Monteiro,
2011; Dayrell, 2012; CPI-SP, 2021). It is important to

emphasize that all groups share the behavioral patterns of
small-scale societies, such as direct dependence on biological
resources from a rural territory (Ploeg, 2009; Smith, 2012), and
yet they have unique traditions passed down through generations
(Almeida, 2004).

Management citations: Based on the information from the
selected articles, we grouped the various citations of ways to
manage ecosystems into categories, called management practices.
Citations were considered: observations of management practices
made by the researcher responsible for the article, and practices
reported by small-scale societies to the researchers. Our grouping
was based on the following criteria: 1) similarity among the
citations, 2) result of the management practice, and 3) use or
not of fire as a tool (Supplementary Table S2).

Target species: We list the target species for some types of
management in the different ecosystems of the savannas. In this
list we include information about the species, such as popular
names, scientific name, life form and uses; and on indicators of
patterns and processes of plant domestication, based on
categories that already exist in the literature (Casas et al.,
1997, 2017; Clement, 1999; Levis et al., 2018; Clement et al.,
2021). We follow this categorization: 1) Patterns: genetic or
phenotypic differences, occurrence of intraspecific diversity or
evidence of pre-Columbian use; and 2) Processes: evidence of
protection or tolerance, techniques to reduce competition,
evidence of propagule dispersal, selection, cultivation, soil
preparation, evidence of fire management.

Quantitative Analyses
To test whether the different ecosystems and cultural matrices are
associated with management practices we used a chi-square test
of independence. For this, we used the number of records in each
category organized in a contingency table. The correlation
between the predictor variables was also evaluated using the
chi-square test for independence. All analyses were performed
in the R (R Team Core, 2021) and p values ≤0.05 were considered
significant.

RESULTS

Management Practices
We registered 147 citations of management practices distributed
in the 10 categories summarized in Supplementary Table S2 and
presented in detail below:

Protection of the ecosystem—This involves avoiding actions
that damage systems that are more sensitive to fire, especially dry
season fires (Mistry et al., 2005; Welch, 2015; Figueira et al., 2016;
Eloy et al., 2018a). This protection is done essentially without fire,
by establishing firebreaks (Bilbao et al., 2010; Falleiro, 2011;
Batista et al., 2018), and in some cases secured by collective
agreements (Sletto and Rodriguez, 2013). The fires near these
protected sites are closely monitored; if the flames approach they
are put out with natural smothering devices, such as branches of
native trees (Posey, 1985). Fire-protected sites are also considered
areas rich in resources, such as fruits and animals, with high
potential for gathering and hunting (Mistry et al., 2005). The
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practice of protecting the system as a whole can also be designed
to protect some species and resources, such as water (Eloy et al.,
2018a). In addition to protecting the resources present, certain
sites are also protected from burning because they are considered
sacred (Sletto and Rodriguez, 2013).

Enrichment of species—This consists of planting seeds
and transplanting seedlings of species of human interest. It
can extend to the creation of home gardens and forest islands,
in which arboreal individuals are intentionally planted to
enrich the vegetation of an area (Rostain, 2010; Pinho
et al., 2011; Dayrell, 2012; Iriarte et al., 2012; Lombardo
et al., 2020). This practice can also be characterized by the
accidental dumping of food waste, such as seeds and fruits, by
humans or non-humans (Lúcio et al., 2014). This practice
does not use fire and creates resource-rich supporting points
for living, hiking, and camping (Posey, 1985). These places are
used by humans and species with some utility are protected
and tolerated, making the area even more favorable (Posey,
1985).

Topographic changes—This consists in the movement of earth
with the intention of creating elevated environments that do not
suffer from the action of floods or sunken areas to store water. In
this practice earth mounds are raised, often following structural
and geometric patterns (Erickson, 2000). Fire is not used (Iriarte
et al., 2012). Mounds often occur beside ditches and have
complementary purposes, for example growing food on the
mound and raising fish in the ditch (Posey, 1985; Iriarte et al.,
2010; Rostain, 2010; Carson et al., 2014; Leal et al., 2019). Large
mounds may have human settlements and even forest islands
(Lombardo et al., 2013, Lombardo et al., 2020). After these
changes in topography are established, other practices can be
carried out in the same locations, such as system protection and/
or species enrichment. These patterns are common among the
peoples who inhabited South America before the arrival of
Europeans and were discovered mainly through archaeological
research.

Increased soil fertility—This consists in improving the
nutritional characteristics of the soil of a certain place in the
ecosystem, thus favoring plant species of human interest (Pinho
et al., 2011). It often occurs through the creation of piles of
organic matter, prepared from sticks, branches, and leaves,
remains of termite mounds, and anthills (Posey, 1985; Rostain,
2010; Lombardo et al., 2020). This practice also involves the
conservation of fertility in cultivated areas by covering the soil to
avoid its exposure (Hernández-Hernández et al., 2011). In this
practice, fire is not used.

Cleaning—This practice uses fire in a controlled manner with
the intention of making the place safe and comfortable. It
consists of removing part of the herbaceous layer, especially
removing excess dry materials, as these make walking and
hunting difficult (Bilbao et al., 2010; Sletto and Rodriguez,
2013; Carson et al., 2014). Not cleaning the place makes it
dangerous, because it increases the chance of finding venomous
animals, such as snakes and scorpions (Posey, 1985; Mistry
et al., 2005). Thus, it is common to maintain clean sites near
habitations There are no reports on when this practice is
carried out.

Prevention—This strategy literally fights fire with fire. It is
carried out in fire-dependent ecosystems adjacent to fire-sensitive
ones; for this reason, it is directly linked to the practice of
protection of the ecosystem (Bilbao et al., 2010; Sletto and
Rodriguez, 2013; Eloy et al., 2018a, Eloy et al., 2018b). It is
intended to reduce combustible material loads, which are
responsible for large, out-of-control fires that commonly occur
in the dry season (Mistry et al., 2005; Rodríguez, 2007; Falleiro,
2011; Melo and Saito, 2011; Welch et al., 2013; Lúcio et al., 2014;
Batista et al., 2018). Prevention is done through controlled
burning in the transition from the rainy to the dry season
when the savannas and grasslands still have ideal amounts of
moisture (Rodríguez, 2007; Melo and Saito, 2011; Batista et al.,
2018). The records of this practice make it clear that it is necessary
to understand the climatic conditions, such as the seasonality of
rainfall and wind direction, so that the fires do not get out of
control and turn into megafires.

Resource promotion—This practice has the purpose of
maintaining the herbaceous vegetation with new leaves,
promoting and accelerating regrowth. This renewal is mainly
aimed at stimulating animal feed for wild and domestic species,
because new leaves are more palatable (Rodríguez, 2007; Falleiro,
2011; Hernández-Hernández et al., 2011; Sampaio et al., 2012;
Sletto and Rodriguez, 2013; Welch et al., 2013; Eloy et al., 2018a;
Batista et al., 2018). It is done using controlled burning and, like
the previous practice, is carried out in the transition from the
rainy to the dry season. This practice goes beyond promoting the
regrowth of important herbaceous species for livestock; it also
stimulates flowering and fruiting in the following year of species
of economic importance that are adapted to fire (Posey, 1985;
Mistry et al., 2005; Falleiro, 2011; Schmidt et al., 2011; Monteiro
et al., 2012; Schmidt and Ticktin, 2012; Figueira et al., 2016;
Assunção et al., 2017; Eloy et al., 2018b).

Game driving—This practice uses controlled fire in order to
drive hunted animals in a specific direction, thus facilitating
slaughter in a desired location (Mistry et al., 2005; Bilbao
et al., 2010; Melo and Saito, 2011; Welch et al., 2013; Figueira
et al., 2016; Leal et al., 2019). This type of hunting is done
collectively and is associated with indigenous ceremonies at
the beginning of the dry season (Welch, 2015; Welch and
Coimbra Jr, 2019).

Swidden-fallow—This practice involves the felling of
vegetation and subsequent burning of the area (Rosa et al.,
2018). The intention is to open areas for horticulture, known
as slash-and-burn cultivation (Bilbao et al., 2010; Iriarte et al.,
2012; Miller, 2016). It is part of a rotational system of shifting
cultivation, in which prescribed burning occurs in small cleared
areas, followed by a period of cultivation and harvest (Mistry
et al., 2005; Rodríguez, 2007; Schmidt et al., 2011, 2018; Sampaio
et al., 2012; Leal et al., 2019). After harvest, the fields go through a
regeneration period (fallow) to recover soil nutrients and the pre-
existing ecosystem (Kingsbury, 2003; Dayrell, 2012).

Maintenance of ecosystem structure—This consists of setting
fire to fire-dependent ecosystems at the beginning of the dry
season or the beginning of the rainy season in order to keep them
open (Falleiro, 2011), preventing the proliferation of tree species
(Rodríguez, 2007).
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Ecosystem Use and Management
The management practices presented above are related to the
types of ecosystems in which they are carried out (x2 = 71.5; p <
0.001) (Figure 2). We observed 32 citations of management of
forest ecosystems; there were no reports of prevention with fire,
nor of fire for maintenance of ecosystem structure. Savanna
ecosystems had 44 management citations, with no reports of
increased soil fertility. The grassland ecosystems, on the other
hand, had 71 management citations, with the only practice not
reported being swidden-fallow.

The two most cited management practices for forests are
complementary, since the first one prioritizes their protection
to conserve resources (32.2%) and the second consists in using
fire to open areas for swidden-fallow cultivation (32.2%). In
addition to these practices, forests undergo management that
favors characteristics considered important to humans, such as
increasing the abundance of managed species (9.4%) and
increasing soil fertility and changing topography (6.3% each).
The other practices with fire were rarely mentioned in this type of
ecosystem.

Forests had 25 cited uses, with transformation into food
cultivation areas (56%) being the most significant. These are
also used for gathering (28%) and non-fire hunting (12%). This
type of ecosystem is used as a resting or security point, serving as a
shelter in times of conflict, or even as a barrier to protect housing
areas that are in more open formations (4%).

The savannah ecosystems had management citations focused
mainly on management with fire to promote resources of both
human and animal interest (25%), and with prescribed fire for
wildfire prevention (20.5%). Fire in savannas is also used for
hunting (9%) and to keep the physiognomies open (11.4%). The
practices of swidden-fallow (15.9%) and protection against fire
(11.4%) were cited mainly in one sub-class of savanna
ecosystems, the swampy areas (veredas). The other
management practices in the savannas were not mentioned or
were rare.

The savannas had 56 reports of use. These areas are mainly
used for gathering and hunting (32.1 and 23.2%, respectively).
Savannah ecosystems are also used for cattle raising (16.1%), due
to their abundant herbaceous stratum, and sporadically for
housing construction (3.6%). The swamps are much sought
after for cultivating food (16.1%) and provide drinking water
for humans and domestic and wild animals, which makes it
common to use them as water reservoirs (8.9%).

The most cited practice for managing grassland areas is
promoting resources with fire (32.4%), followed by wildfire
prevention (18.3%). Besides these, the other practices with fire
were also expressive, cleaning (4.2%), game driving (7%) and
maintaining the ecosystem (5.6%). The grasslands are also
managed without burning, through species enrichment,
topographic changes (11.3% each) and changes in soil fertility
(8.5%). Other forms of management are rare or absent.

We recorded 73 citations of uses for the grasslands. These are
mainly used for gathering and cattle raising (24.7% each). As open
areas, they are used for hunting (16.4%) and are preferred sites for
establishing camps and dwellings (11%). In addition to these uses,
grasslands, especially humid ones, were used by pre-Columbian

indigenous peoples for cultivation on raised fields without the use
of fire (11%). Grasslands with rocky outcrops, a subclass of the
category, are considered by some peoples as ritualistic sites (5.5%).

We recorded in our survey that these ecosystem management
practices are carried out by 26 human groups, including 16
indigenous peoples, six local communities and four traditional
communities (see Supplementary Table S2). We observed no
correlation between the ecosystems and the cultural matrices
recorded (p = 0.24), that is, all cultures manage forests, savannas
and grasslands in some way.

These practices are also related to the cultural matrices that
practice them (x2 = 36.2; p = 0.007) (Figure 3). Five practices were
recorded in all recorded human groups: protection of the
ecosystem, enrichment of species, prevention, resource
promotion, and swidden-fallow. The practices of topographic
changes, increased soil fertility, and game driving with fire were
cited only by indigenous peoples and local communities. In
addition, two practices were recorded exclusively among
indigenous peoples, using fire for cleaning and for maintaining
open ecosystems.

Use, Management and Domestication of
Plant Species
In addition to the ecosystem management practices, 81 citations
were registered for management practices directed to 19 species
of human interest. Eight species occur only in forest ecosystems
and five in savannas; two occur in both environments. In
grasslands only four species are the focus of some type of
management, two of them are herbs from the most
representative stratum of this ecosystem. Most of them are
food resources (12), of which four were registered only for
food and eight have complementary uses, three are used
exclusively for folk medicine, three are used only for making
handicrafts for self-consumption and for sale, and 1 is exploited
as fuel and for ritualistic purposes (Table 1).

We observed that the different management practices that
demonstrate the process of domestication of plant populations of
human interest were cited in different proportions. The practice of
protection by keeping individuals of different ages represented 24.7%
of the citations and was reported for 9 species. Cultivation, which
consists of planting seeds and seedlings, represented 19.8% of the
reports and is carried out with 12 species, two of which reported the
additional practice of improving soil structure and fertility. The
tolerance strategy, which occurs when a species is not removed from
the environment, accounted for 13.6% and is directed at 10 species.
Transplanting seedlings or intentional seedling exchange accounted
for 8.6% and targeted six species. This process can also occur
unintentionally (8.6%) and occurs with seven species.
Management using fire to encourage a certain resource, such as
fruits or flowers, represented 8.6% of the citations and is aimed at five
species. The practice of avoiding competition, which consists of
removing useless plants to benefit species of human interest,
represented 4.9% of the citations and is aimed at only three
species. Selection of specific phenotypes of plants of interest by
promoting morphological and/or genetic divergence from wild
populations represented 3.7% of the citations and was reported
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for three species. The strategy of attracting dispersers of plants of
human interest was also recorded (3.7%) for three species. The
practice of breaking seed dormancy to accelerate the germination
process represented 1.2% of the citations and was recorded for only
one specie.

Our review found, through nine citations, that only four
species showed the expected patterns in plant populations with
some degree of domestication: Mauritia flexuosa, Caryocar
brasiliense, Caryocar coriaceum and Dimorphandra

gardneriana. For the first three species, evidence of pre-
Columbian use was recorded, and phenotypic differences only
for the latter three.

DISCUSSION

Our review identified a diverse set of management practices
carried out by small-scale societies that are co-responsible for

FIGURE 2 | Proportions and variation of management categories according to the ecosystem in which it occurs. The acronyms represent the different categories:
protection of the ecosystem (PE), enrichment of species (ES), topographic changes (TC), increased soil fertility (IF), cleaning (C), prevention (P), resource promotion (RP),
game driving (GD), swidden-fallow (SF), maintenance of ecosystem structure (ME). The values within the bars represent the number of citations in each ecosystem; and
the asterisk represents that the practice is carried out in a subclass of savannas, swampy areas (veredas), with only one citation for typical savannas.

FIGURE 3 | Proportions and variation of management categories according to the culture that practices it. The acronyms represent the different categories:
protection of the ecosystem (PE), enrichment of species (ES), topographic changes (TC), increased soil fertility (IF), cleaning (C), prevention (P), resource promotion (RP),
game driving (GD), swidden-fallow (SF), maintenance of ecosystem structure (ME). The values within the bars represent the number of citations in each cultural matrix.
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TABLE 1 | List of target species for management in South American savannas, including: scientific name and botanical family, accepted by Plants of the World Online;
popular names; uses, the codes represent categories (F, food; AG, attracts game animals; AF, animal food; MN, manufacturing, tool making; CO, construction; ME,
medicinal; RI, ritualistic; FU, fuel; HD, handicraft; RT, Roofing thatch); habit; ecosystem of occurrence; domestication patterns; management that indicates the domestication
process; and references. Indicators of domestication follow the categories proposed by Casas et al. (1997, 2017), Clement (1999), and Levis et al. (2018).

Species Family Popular
name

Uses Habit Ecosystem Indicators of domestication References

Patterns Processes

Acrocomia aculeata
(Jacq.) Lodd. ex
R.Keith

Arecaceae macaúba;
mucajá

F Palm Forest — Unintended transplant;
Tolerance

Pinho et al. (2011)

Alibertia edulis (Rich.)
A.Rich.

Rubiaceae marmelada-
lisa

F; AG Tree Forest — Attraction of dispersers;
Intentional transplant;
Fire management;
Cultivation

Posey, (1985)

Astrocaryum tucuma
Mart.

Arecaceae tucum F Palm Forest — Unintended transplant;
Fire management;
Tolerance

Posey, (1985); Pinho et al.
(2011)

Attalea butyracea
(Mutis ex L.f.)
Wess.Boer

Arecaceae wine-palm F; AF;
MN;
CO;
ME; RI

Palm Grassland — Protection; Cultivation Bernal et al. (2010)

Byrsonima crassifolia
(L.) Kunth

Malpighiaceae murici F Tree Forest — Attraction of dispersers;
Intentional transplant;
Unintended transplant;
Fire management;
Cultivation; Tolerance

Posey, (1985); Pinho et al.
(2011)

Caryocar brasiliense
A.St.-Hil.

Caryocaraceae pequi F; RI Tree Savanna Phenotypic
differences;
Evidence of pre-
Columbian use

Protection; Cultivation;
Selection

Lopes et al. (2003); Azevedo
et al. (2009); Smith and
Fausto, (2016)

Caryocar coriaceum
Wittm.

Caryocaraceae pequi F; ME;
CO;
FU; AF

Tree Forest;
Savanna

Phenotypic
differences;
Evidence of pre-
Columbian use

Avoid competition;
Protection; Dormancy
break; Intentional
transplant; Selection;
Cultivation; Improving
soil; Tolerance

Sousa Júnior et al. (2013),
2018; Silva et al. (2017)

Copernicia tectorum
(Kunth) Mart.

Arecaceae palma-sará HD Palm Savanna — Avoid competition;
Protection; Cultivation

Torres et al. (2016)

Dimorphandra
gardneriana Tul.

Fabaceae fava-d’anta;
faveira

ME Tree Forest Phenotypic
differences

Avoid competition;
Selection; Cultivation;
Improving soil

Alcântara et al. (2020)

Genipa americana L. Rubiaceae genipapo F;
ME; RI

Tree Forest — Unintended transplant;
Tolerance

Pinho et al. (2011)

Guacamaya superba
Maguire

Rapateaceae flor-de-
inírida

HD Herb Grassland — Protection Fernández-Lucero et al.
(2016)

Hancornia speciosa
Gomes

Apocynaceae mangaba F; ME Tree Savanna — Intentional transplant;
Cultivation; Tolerance

Pinho et al. (2011)

Himatanthus
drasticus (Mart.)
Plumel

Apocynaceae janaguba ME Tree Forest;
Savanna

— Protection; Intentional
transplant; Cultivation

Baldauf and dos Santos,
(2013), Baldauf and dos
Santos, (2014); Baldauf et al.
(2015)

Hymenaea
courbaril L.

Fabaceae jatobá F;
ME;
CO

Tree Forest — Unintended transplant;
Tolerance

Silva et al. (2017)

Mauritia flexuosa L.f. Arecaceae buriti;
moriche

F; AG;
HD;
RT;
ME;
MN

Palm Savanna Evidence of pre-
Columbian use

Protection; Attraction of
dispersers; Unintended
transplant; Cultivation;
Tolerance

Erickson, (2000); Sampaio
et al. (2008); Sampaio et al.
(2012); Pinho et al. (2011);
Schmidt et al. (2011); Rull and
Montoya, (2014)

Spondias mombin L. Anacardiaceae cajá;
taperebá

F Tree Forest — Unintended transplant;
Tolerance

Pinho et al. (2011)

Stryphnodendron
rotundifolium Mart.

Fabaceae barbatimão ME Tree Savanna — Intentional transplant;
Cultivation; Tolerance

Silva et al. (2017)

Syngonanthus nitens
(Bong.) Ruhland

Eriocaulaceae capim-
dourado

HD Herb Grassland — Protection; Fire
management; Cultivation

Schmidt et al. (2011);
Schmidt and Ticktin, (2012);
Eloy et al. (2018b)

Vellozia sincorana
L.B.Sm. & Ayensu

Velloziaceae candombá FU; RI Shrub Grassland — Protection; Fire
management

Souza et al. (2018)
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creating and maintaining the diversity of ecosystems of South
American savannas; these practices vary with both environments
and cultural matrices, corroborating our hypotheses. In addition,
there is a set of native species that are being favored by human
management. Thus, it is possible to affirm that these small-scale
societies play a fundamental role not only in maintaining the
savannas, but also in transforming them into more favorable
environments for humans themselves.

Influence ofManagement on the Diversity of
Ecosystems
Management practices were distributed heterogeneously,
forming subsets by ecosystems, and these ecosystems tend to
be influenced by these interventions in different ways (Figure 4).
Protection of the ecosystem is a practice aimed at forest
ecosystems and savanna swamps (veredas). This practice is
also common among the Akan people of the Ghana savannas,
where forests are protected because they are sacred and provide
food, medicine, wood and other resources important for
subsistence (Sarfo-Mensah and Oduro, 2007). Besides not
allowing burning, another practice, the non-extraction of
plants of human interest, is carried out to protect these
ecosystems (Sarfo-Mensah and Oduro, 2007); in South
American savannas this practice was also cited for six forest
species, but we categorized it as protection and tolerance
(Table 1). The protection of the ecosystem favors the structure
and floristic composition, because fire significantly affects both in
these environments (Pivello et al., 2021). Furthermore, when

uncontrolled, fire in these ecosystems causes chemical and water
stress in the soil, which drastically alters the amount of biomass,
making these ecosystems more susceptible to megafires,
which—when recurrent—convert forests into more open
vegetation ecosystems (Dezzeo and Chacón, 2005). With this,
we can affirm that the practice of protection maintains these fire-
sensitive ecosystems, also known as “Fire refugia” (Meddens et al.,
2018), and consequently conserves important ecological
functions for the entire biome, because these sites help
maintain trophic chains, act as a refuge for fauna, and
function as a seed bank to repopulate burned areas (Meddens
et al., 2018; Flores et al., 2021).

Complementary to protection, prevention is done in savanna
and grassland ecosystems. It can reduce the accumulated fine fuel
load, composed of leaves and thinner branches, alive or dead, of
the herbaceous layer and from the lower part of the arboreal-
shrub layer (Miranda, 2010). Fuel accumulation, together with
extreme droughts and hot weather events, are responsible for the
megafires (Fidelis et al., 2018), which are those with a large
extension of burning, that are difficult to control, and that cause a
negative impact on biodiversity (Fidelis et al., 2018). This practice
has the consequence of maintaining structure and floristic
composition because excluding fire permanently from the
ecosystems dependent on it generates negative social and
ecological consequences (Aslan et al., 2018; Pivello et al.,
2021), which explains why protection management is rarely
applied to them. Studies in Australian savannas show that this
practice is common among small-scale tropical savanna societies
and that, in addition to intentionally preventing large fires, it

FIGURE 4 | Summary diagram of how the most expressive management practices are distributed and influence the following ecosystems: swamp savannas
(veredas), grasslands, typical savannas, and forests. The direction of the lines indicates which ecosystem is the focus of eachmanagement practice, and the thickness of
the lines the number of citations; those considered rare were excluded for having only one citation (see Figure 2). The colors of the lines indicate whether the practice
uses fire (red) or not (blue). On the basis of the diagram, we categorize ecosystems according to the classification by Pivello et al. (2021), in blue the fire-sensitive and
in red the fire-dependent. Each ecosystem is targeted by a subset of practices grouped by keys and the signs represent the influence that each subset exerts on the
ecosystem: maintenance due to management (positive) or ecosystems altered by management (negative).
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protects food resources of unburned ecosystems (Russell-Smith
et al., 1997; Yibarbuk et al., 2001; Hill and Baird, 2003; Fletcher
et al., 2020). The negative ecological consequences of fire
exclusion are related to the breaking of the circular dynamics
present in grasslands and savannas, which regulate the
establishment of woody plants (Kauffman et al., 1994). This
relationship occurs as follows: grassland ecosystems that
contain fewer woody plants tend to have intense fires, which
result in higher mortality of living tissue and consequently less
chance for woody plants to establish themselves and remain
structurally open; in savanna ecosystems that are woodier,
fires tend to be mild, because they do not consume shrubs
and trees completely, which consequently facilitates the
persistence of these individuals, remaining structurally denser
(Kauffman et al., 1994).

Fire-sensitive ecosystems are also sought after and preferred
by savanna inhabitants for swidden-fallow; this practice was not
reported in articles on grasslands and rarely in typical savannas.
This can be explained by the fact that forests and swamp savannas
(veredas) have wetter soils and higher levels of organic matter,
important attributes for the soil’s capacity to retain and exchange
cations and keep the microbiota in balance, which consequently
facilitates the establishment of plants of human interest (Reatto
et al., 2008). Fire in these ecosystems is considered destructive
(Pivello et al., 2021), but in this practice, it is used in a controlled
manner on a small scale to remove the original vegetation before
planting and to further improve soil characteristics through the
ash that provides an initial nutritional increase of K and Ca
(Kauffman et al., 1994). Another important point is that this
practice involves the rotation of areas and long fallow periods,
which makes it less aggressive to the soil, since it leads to the
eventual reestablishment of the vegetation, creating a mosaic of
heterogeneous areas in different regenerative stages, increasing
diversity as a whole (Kingsbury, 2003; Adamou et al., 2007). This
food production system is common throughout the Neotropics
and in tropical savannas, and allows the soil to regain its fertility
and native species to re-establish themselves (Sarfo-Mensah and
Oduro, 2007; Clement et al., 2021); From then on, these
recovering forests are protected again. We can affirm that this
practice is favorable for the ecosystems in which it is carried out
because even if it partially alters ecosystems in the short term, in
the long term it allows for their recovery and favors species of
human interest.

Species enrichment is mainly done in grasslands, occasionally
mentioned in forests, and rarely in savannas. This practice was
considered to alter the structure and floristic composition of the
grasslands, because the establishment of woody species in these
ecosystems can alter nutrient cycling, soil structure, biomass
levels, and organic matter concentration, resulting in changes
to the entire local microclimate (Scholes and Archer, 1997;
Ayalew and Mulualem, 2018). Giles et al. (2021) evaluated the
process of invasion of woody plants into grassland ecosystems
used for grazing and proposed that a management approach to
remove woody species would be ideal to conserve the
characteristics of these ecosystems. We observe that the
practice of enrichment with woody species is done in or near
inhabited grasslands, that is, the intention here is not to maintain

the grassland structure but to bring the environment closer to the
forest structure rich in human interest resources and to create a
milder microclimate around the dwellings. Similarly, there are
records in the savannas of West Africa of non-forested areas
being enriched with tree species to become forest patches because
this type of ecosystem is considered the most important to the
people who inhabit the region (Sarfo-Mensah and Oduro, 2007).

Two other practices done near dwellings are cleaning and
increasing soil fertility, also recorded for the grassland
ecosystems, the preferred areas to establish human habitation.
Both change the structure of the grasslands, as the cleaning
reduces competition between trees and herbs, favoring the
trees, as it allows them to have more access to nutrients and
water, and their roots reach deeper into the soil. (Scholes and
Archer, 1997). The increase in fertility also favors the
establishment of trees, because it reduces nutritional stress and
allows their growth by providing greater nutritional support
(Scholes and Archer, 1997). In the savannas of Western
Sudan, small-scale farmers have developed similar practices
aimed at increasing soil fertility, such as creating mounds of
organic matter and fertilizing with home-grown organic residues,
which allow for the support of arboreal individuals (Adamou
et al., 2007).

The wet grasslands close to human dwellings also had more
citations of alteration of topography, mainly by indigenous
peoples before European colonization. These people
significantly changed the shape and ecology of these
grasslands, which made human population growth possible
throughout the Holocene (Erickson, 2000; Rostain, 2010), but
did not change their structure to the point of becoming forest or
savanna ecosystems. Paleoenvironmental research has shown
that the Holocene climate favored the expansion of forests, but
human care meant that the grassland structure was maintained
(Carson et al., 2014). Hence this practice was considered to
maintain the structure of the grasslands. In addition, it was
common in tropical savannas, as it occurred locally in the
humid grasslands of the Amazonian savannas, the Beni
Savannah, the Guianas savannas (Erickson, 2000; Iriarte et al.,
2010, 2012; Rostain, 2010; Pinho et al., 2011; Carson et al., 2014;
Leal et al., 2019; Rodrigues et al., 2020).

In our review, we observed that the most cited activities for
grassland and savannah ecosystems are cattle raising and
gathering, and the peoples of the South American savannas
have developed management practices that differ from those
proposed by Giles et al. (2021). Four practices are geared
towards these ecosystems and make use of prescribed fire:
prevention, resource promotion, game drives, and ecosystem
maintenance. Fire, the central element of these practices,
consumes the fine, flammable tissues of the grasses quickly
enough to not kill them and the heat remains at the surface,
which allows seeds and perennial parts to survive (Pivello et al.,
2021). The mature shrub layer present in savannas is also able to
recover because the accumulation of bark prevents the trunks
from dying (Hoffmann et al., 2012). After the fire event, the
herbaceous stratum, the focus of human interest in this case,
quickly regrows and recovers its flammability, becoming
susceptible to another fire event (Miranda, 2010). These
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practices with fire are commonly used recurrently (Schmidt et al.,
2011; Schmidt et al., 2018; Monteiro et al., 2012; Sletto and
Rodriguez, 2013), which ends up favoring that the dominance
of the herbaceous layer over the arboreal, as the fire-sensitive
woody trees, which could change the structure of these
ecosystems, have no chance of establishing themselves, as they
cannot thicken their bark before the next fire (Hoffmann et al.,
2012).

Moreover, these fire practices are done in the transitions
between the rainy and dry seasons. The time when a fire event
occurs influences its intensity and is directly linked to the chances
of it getting out of human control and reaching fire-sensitive
ecosystems (Schmidt and Eloy, 2020). Fire at the end of the dry
season, a period of low humidity, tends to be more aggressive and
cause mortality of woody individuals more than fires at the
beginning of the dry season, when management is done,
because at this time the environments still contain moisture
and occasional rainfall occurs, which makes the fire milder
(Miranda, 2010). According to Ramos-Neto and Pivello
(2000), fires in the rainy season are mainly caused by
lightning and not by human action; this causes only small
areas to be burned, as the rain that proceeds or follows the
lightning does not allow the fire to spread over large areas.
Furthermore, it is known that management practices that use
fire in an organized and controlled manner are essential for open
formations to continue to occur in tropical savannas (Russell-
Smith et al., 1997; Hill and Baird, 2003; Roberts et al., 2021).
Considering these factors, we can say that in general these four
practices, prevention, resource promotion, game driving, and
ecosystem maintenance, tend to maintain the grassland and
savanna ecosystems used for cattle grazing and gathering.

The influence of the practices presented above allowed us to
observe feedbacks between practice and result, an important
dynamic for confirming the niche construction process
(Baedke et al., 2021). In simplified form, we can affirm that
fire-dependent ecosystems are managed mainly with fire and fire-
sensitive ones are managed without it. Over time, this influenced
the evolution of the ecosystems and consequently the evolution of
the practices used by the small-scale societies of the South
American savannas, making explicit the evolutionary feedback
present in this process (Spengler, 2021).

Cultural Influence: Construction of Niches
In addition to management practices varying between
ecosystems, our results also showed that the different cultural
matrices of South America share only a few ways of managing
these ecosystems (Figure 3). Two of these widely used practices
are aimed at increasing the abundance of edible species: species
enrichment and swidden-fallow. This can be explained by the fact
that, in general, humans tend to optimize environments by
increasing food resources, transforming them into
domesticated landscapes (Clement, 1999; Hill and Baird, 2003;
Terrell et al., 2003; Clement et al., 2021). Furthermore, of the 19
species managed in-situ, 12 are used for food; of these, 12 are
cultivated or transplanted intentionally or not, and two are
protected in their original ecosystems (Table 1). All these
forms of management aimed at food acquisition corroborate

the analysis of Smith (2011), who says that niche constructing
humans create strategies to increase the abundance of food
resources. While in the tropical savannas of South America we
have found that enriching areas with plants of interest is
common, this is not the case in the savannas of Nigeria where
rural communities claim that the food trees of the forests are only
planted by God, but should always be preserved (Olorunfemi
et al., 2016). Swidden-fallow in turn is a system widely used for
food production by small-scale societies in the Neotropics, but it
is not the only one (Terrell et al., 2003; Clement et al., 2021). For
example, in the Bolivian savannas, food production was done by
indigenous people on raised fields without the use of fire (Iriarte
et al., 2012). This system of topographic changes for cultivation
without fire has also been recorded today in the savannas of
Congo (Rodrigues et al., 2020).

Two other practices performed by all cultural matrices are
resource promotion and prevention. Our review found no records
of savanna or grassland patches created by humans, however, the
practice of burning open environments is described by Laland
and O’Brien (2010) as one of the most efficient ways of
constructing niches by humans. Clark (1980) reported that in
the early Holocene African savannas and grasslands were burned
regularly and seasonally by hunters and gatherers, a practice that
encouraged the growth of herbaceous plants and consequently
maintained the structure of these ecosystem types. We, therefore,
defend that these environments in South America occur naturally
due to environmental factors and are perpetuated by anthropic
action.

Complementarily, the practice of protecting forest ecosystems
is also common to all the cultures sampled in our study, because
these environments are rich in important resources for human
survival. In parallel, we have observed that some forest patches in
our survey were constructed by indigenous people through a
combination of the following practices: increased soil fertility,
topographic changes, followed by species enrichment. Research
suggests that the extent of savannas is not entirely the result of
human action, but the location and extent of ecotones, forests and
grasslands, may have been determined by human actions in the
past (Hammond, 1980). In the same sense, Casas et al. (1997)
observed that forms of management aimed at wild plants in situ
influence regeneration processes and may be responsible for the
creation of anthropogenic forests. As observed by these authors,
our review showed that ten species are managed in different ways
in South American savanna forests (Table 1), which suggests
that—even if they were not intentionally constructe—forests can
be considered legacies of human management (Arroyo-Kalin,
2016), and are therefore protected due to their importance.

These common practices are widely spread across the
continent and this can be explained by the fact that
Neotropical savannas were connected in the past (Silva and
Bates, 2002) and people were able to exchange information.
The distribution of these practices among different human
cultures is maintained today, and this may be related to the
fact that humans, when successful niche constructors, inherit
from their ancestors information about how to manage these
environments, thus favoring more than one generation (Smith,
2011; Albuquerque et al., 2015; Coca et al., 2021). This makes
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explicit one of the principles of NCT, relocation, which affirms
that practices can migrate with constructing organisms and be
adopted by other populations when they meet in time and space
(Davis and Douglass, 2021). Moreover, these common practices
refute one of the current criticisms of NCT, because they are not
merely singular human behaviors but behaviors that are regularly
repeated at the population level (Spengler, 2021).

Together with these management practices aimed at
ecosystems, we recorded the occurrence of practices aimed at
19 species important for humans (Table 1). Management
practices aimed at plant populations may be responsible for
altering landscapes as a whole, transforming them into
domesticated landscapes (Casas et al., 1997; Clement, 1999;
Terrell et al., 2003; Levis et al., 2018). This is because
management practices favor these species in the environment,
which can make them more abundant, and consequently the
environments more favorable to humans (Smith, 2012). In
conjunction with changes in the environment, population
management can generate phenotypic and genetic changes,
indicating the occurrence of a domestication process (Casas
et al., 1997; Clement, 1999; Allaby et al., 2021; Clement et al.,
2021). We observed that only four species present some
component of the domestication syndrome (Meyer et al.,
2012), but the other 16 managed species may be under-going
domestication, even if in early stages (Terrell et al., 2003; Clement
et al., 2021). All these plant populations are domesticated as
components of the landscape and not separately (i.e., not
necessarily in cultivation), because the domestication process
is the result of interactions between cultural matrices and
selection over time; this results in increased gene flow even
with incipient changes in phenotypic traits (Rindos, 2013;
Allaby et al., 2021). Clement et al. (2021) showed that 2,384
plant species are used in the Brazilian Cerrado and other
Neotropical savannas and some may be undergoing
domestication, but our review found a much smaller number.
This may be related to our search methodology, as we included in
our review only articles that detailed the forms of management
and not those that only cited plants used by small-scale societies;
we also did not search for information in databases like the cited
authors. However, this restricted number indicates which species
are in fact managed in the natural ecosystems of the South
American savannas and which may be at different stages of
the domestication process, thus being able to guide further
studies on this theme.

Traditional Ecological Knowledge: a Tool
for Conservation and Restoration
The extent and durability of humanmanipulations, and the diversity
and specificity of management practices demonstrate extensive
traditional knowledge about the ecological processes of the South
American savannas. Small-scale societies have this knowledge due to
the intimate relationship they have with their respective territories, a
relationship marked by long periods of observation and use (Abraão
et al., 2010; Smith, 2011; Silva et al., 2016).

The practice of fire management to keep these ecosystems open
demonstrates traditional knowledge about the ecological processes of

savanna succession. These peoples have a clear understanding that
savanna and grassland areas left without human manipulation for
even a short period can change due to the establishment of arboreal
individuals, becoming denser (Pinheiro and Durigan, 2009; Santos
et al., 2017). Another factor that seems well understood by small-
scale societies is tree-herb interaction in the savannas, very relevant
knowledge for restoration of degraded environments. According to
Hoffmann et al. (2012), for forest seedlings to establish naturally in
savanna ecosystems, long periods without fire are required and for
saplings typical of savannas to establish themselves in forest
ecosystems, prolonged droughts and intense fires are required.
However, these authors point out that humans can induce
changes in this process. Our survey confirmed this argument, as
it showed that humans are actively transplanting species of interest
between environments and subsequently caring for them to reach
adulthood. Furthermore, we observed that there is protection of
already established trees in both environments (Table 1), which
proves that humans do indeed know how to influence the
distribution dynamics of woody individuals.

Of the 10 management practices aimed at ecosystems, six of
them have fire as a central element. Traditional knowledge of fire
is extremely complex and involves a detailed understanding of
several elements: seasons, effect of fire on fauna, rainfall
seasonality, current legislation, moisture of combustible
material, fire intensity, heat production, necessary intervals
between fires, consequences of not burning, how to control
fires, and plant phenology of each ecosystem (Huffman, 2013).
This set of details makes it possible to say that fire management is
reliable, but it is also dependent on extensive knowledge acquired
over many generations.

Drastic changes in the planet’s climate are a real problem to be
mitigated (IPCC, 2021) and several studies have shown that high
temperatures, extreme droughts and accumulation of
combustible material are the main causes of the megafires that
have been occurring more frequently in tropical savannas and
that prescribed burning may be a feasible solution for this
problem (Eloy et al., 2018a; Fidelis et al., 2018; Mistry et al.,
2018; Schmidt et al., 2018; Moura et al., 2019; Schmidt and Eloy,
2020; Pivello et al., 2021; Roberts et al., 2021). Flores et al. (2021)
stated that integrated management plans require strategies that
consider forests as a vulnerable element of the system. The
practices proposed by scientists are part of the strategies
carried out by small-scale societies throughout the history of
occupation of the South American savannas, but our results show
that prevention and ecosystem protection do not maintain
ecosystems on their own (Figure 4). This suggests to us that
other practices need to be further analyzed and possibly included
in these conservation and restoration strategies. When
incorporating these niche-construction practices into
conservation and restoration plans, it is important to keep in
mind that they go beyond the momentary and have long-term
ecological consequences, including evolutionary consequences
(Albuquerque et al., 2019).

Concluding Remarks
Our review demonstrated that small-scale societies of South
American savannas have a diverse set of management practices
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that contribute, along with environmental factors, to keeping savanna
and grassland ecosystems open and to increase the occurrence of
forest ecosystems in the mosaic of ecosystems, favoring human
sustenance. These practices vary with the ecosystems in which
they are used and with the different cultures that use them. They
have also proven to be a very useful sources of information for
restoration, conservation, and integrated management programs for
these endangered ecosystems.

We found that the small-scale societies of the South American
savannas are remarkable niche constructors, changing the selective
pressures of the ecosystems and leaving important legacies for
following generations. These ranged from very expressive and
persistent constructions, such as anthropogenic forests or raised
fields, to less visible footprints, such as 19 native species being
domesticated in situ by diverse cultures, consequently making the
landscapes more favorable for humans. We conclude, therefore,
that South American savannas are domesticated landscapes
because they are composed of a mosaic not only of natural
ecosystems, but also of culturally constructed niches.
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