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Abstract

We examine the ongoing transformation of the livestock raising component of a complex agrosilvopastoral management sys-
tem associated with the Geraizeiro of northern Minas Gerais state, Brazil. Increasing droughts and regional climate change,
associated with large-scale corporate enclosures of upland rangelands and conversion to eucalyptus plantations for indus-
trial charcoal production have undermined solta, a customary form of extensive cattle raising and centerpiece of Geraizeiro
lifeways. In response, farmers are adapting and transforming another, more intense form of livestock raising associated with
managed agroforestry in lower-lying areas, manga. Using a social-ecological systems approach and drawing on extensive
interviews and ecological inventories, we consider such changes within the overall integrity of the system, suggesting the
need to reconsider the role of the Geraizeiros and their use of cattle and fire as a potentially useful tool in reconciling liveli-
hoods and conservation, particularly amidst accelerating social and environmental change and the concomitant threats to
the savanna biocultural biome.

Keywords Agroforestry - Cerrado uplands - Fire - Silvopastoral systems - Livestock raising - Social-ecological systems -
Geraizeiro - Minas Gerais State - Northern Brazil

Introduction

Occupying 26 % of the earth’s surface and using 33 % of
the world’s agricultural lands, commercial large-scale cat-
tle ranching is the single most important direct and indi-
rect global driver of deforestation, converting biodiverse
managed landscapes into structurally and functionally
degraded systems (McAlpine et al., 2009) and contributing
significantly to the production of greenhouse gases, with
attendant negative impacts on climate, biodiversity, soils,
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watersheds, and local livelihoods (FAO, 2009; Miiller-
Hansen et al., 2019).

In Brazil, the impact of such cattle ranching-driven defor-
estation is especially evident in the Cerrado biome (Alencar
et al., 2020). Covering close to a quarter of Brazil’s land
surface, the Cerrado is not just the richest savanna in the
world with high levels of endemism; it also provides criti-
cal environmental services to the entire region, particularly
as its watersheds feed into the major river basins and aqui-
fers of Brazil (Ribeiro & Walter, 2008). Despite its strate-
gic environmental importance, over the past 50 years, 45 %
of the original vegetation in the Cerrado has been replaced
with commercially sown pastures, soybean monocultures,
and eucalyptus plantations (Alencar et al., 2020) (Fig. 1),
disrupting the hydrological cycle and intensifying the
effects of regional and global climate change (Arantes et
al., 2016). The expansion of agribusiness has also aggra-
vated existing social inequalities, displacing smallholders
and increasing the unequal concentration of land and income
(Sawyer, 2009).

Given the severe environmental and social consequences
associated with large-scale commercial cattle ranching, it is
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Fig. 1 Land use change in the Brazilian Cerrado from 1985 to 2019

understandable that cattle are widely stigmatized by envi-
ronmental managers, with policies in place to discourage
or even ban the raising of cattle in protected areas and legal
reserves' (Spinola & Filho, 2019). The chief argument used
by Brazilian environmental organizations is that raising cat-
tle, with its concomitant reliance on the use of fire to manage
pastures, is not compatible with conservation (Licio, 2013).
This view prevails in Cerrado biome, despite evidence sup-
porting the role of fire management in maintaining the
savanna and preventing uncontrolled and destructive fires
(Durigan & Ratter, 2016).

Here we report on a small-scale, local livestock manage-
ment system that appears to maintain ecosystem structure,
function, and resilience in ways that safeguard critical envi-
ronment services and biodiversity while supporting local
livelihoods. Our case study involves the Geraizeiros, tra-
ditional dwellers of the Cerrado in northern Minas Gerais

! The Brazilian Forestry Code requires the designation of 20%

of rural land in the Cerrado to be preserved, with strict limitations
imposed on use and management (Brazil, 2012).
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state, who have historically raised cattle in the savanna
uplands - chapadas - through a traditional form of extensive
management, solta, itself part of a larger agrosilvopastoral
system (Dayrell, 1998).

Widespread conversion of the uplands by agribusiness
over the past 50 years has severely degraded the savanna
biome and displaced scores of families, undermining the
solta and, by extension, the rural communities and biocul-
tural diversity supported by it (Nogueira, 2009). Geraizei-
ros”responses to these disruptions are diverse, complex, and
ongoing.

We describe the ongoing transformation of livestock
management practices and the agrosilvopastoral sys-
tem in the Americana agroextractive settlement. Using a
social-ecological resilience (SES) framework (Colding &
Barthel, 2019), we reflect on the potential of this system
for supporting local livelihoods and conservation, par-
ticularly in light of the environmental changes brought
about by large-scale development, namely loss of biodi-
versity and increased frequency and intensity of droughts
and fires, all of which are likely compounded by climate
change. We end with a call for a need of a more supportive,
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Fig.2 Americana Agroextractive Settlement in Grao Mogol, northern Minas Gerais, southeastern Brazil

empirically grounded, and balanced policy response to such
local agrosilvopastoral systems and in particular to their
use of fire and cattle as tools to support resilient cultural
landscapes.

Methods

Study Area: The Geraizeiros of Minas Gerais
and the Americana Settlement

Geraizeiro is an ethnonym used by a large proportion of
the rural population of the Cerrado in northern Minas Ger-
ais, Brazil. Their ethnogenesis is linked to mixing between
aboriginal societies, African slaves, and European colonists
following the onset of extractive booms in the seventeenth
century. After the collapse of gold mining in the eighteenth
century, a rural peasantry with a distinct social and territo-
rial identity consolidated around the savanna and extensive
livestock raising (Nogueira, 2009).

In the 197075, Geraizeiro began to face a series of existen-
tial threats following extensive concessions of state-owned
lands to companies who replaced the anthropogenic savanna

with eucalyptus plantations for industrial charcoal produc-
tion (Carrara, 2007). Converting half of the Cerrado vegeta-
tion in Minas Gerais, these corporate enclosures displaced
large numbers of people, generating socioeconomic distress
and conflict, ultimately catalyzing the formation of an iden-
tity and place-based social movement articulated around
agroextractivism as a model for reconciling ecological sus-
tainability with social inclusion and economic development
(Dayrell, 1998).

It is in this context that the Americana Agroextractive
Settlement was established in 2001, in Grao Mogol munici-
pality, northern Minas Gerais, Brazil (16°22°S; 43°0°’W)
(Fig. 2), allowing families displaced from other parts of the
region to settle in an area previously used for commercial
charcoal production? (Carvalho, 2012). With a population
of 256, the settlement includes 18,922 hectares, divided
among a collective agroextractive management area (42 %),
a community-managed legal reserve (24 %), and 76 family

2 The Assentamento Agroextrativista is a modality of land reform
specifically aimed at traditional communities whose livelihoods are
centered on agrosilvopastoral and forest-based extractivism.
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Fig.3 Geraizeiro ecological
and subsistence zones. (adapted
from Nogueira, 2009)
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properties (34 %) (Carvalho, 2012). The climate is markedly
seasonal, with dry winters and rainy summers, annual rain-
fall of 750 mm, and average monthly temperatures between
18 and 30 °C (INMET, 2015). Local vegetation is Cerrado
(sensu stricto), characterized by scattered trees and shrubs
over an herbaceous layer (Ribeiro & Walter, 2008). Liveli-
hoods are characteristically diverse, combining elements of
subsistence and market economies through livestock raising,
agriculture, and forest-based extractivism, complemented
with occasional wage labor, as well as remittances and state
pensions.

Geraizeiro subsistence is organized around a complex
agrosilvopastoral system and associated patchwork of man-
aged environments, encompassing three major ecological
zones with attendant differences in slope, soil, vegetation, and
management (Fig. 3). The upland chapadas (ca.850 mamsl),,
are associated with an extensive form of cattle-raising, solta,
and forest-based extractivism (Lima et al., 2013). Baixas are
low-lying areas where swidden fallow agroforestry is prac-
ticed, while the intermediate areas - tabuleiros - are used to
build settlements, raise small animals and cultivate homegar-
dens. More recently, as we describe below, tabuleiros have
become sites for transformation and intensification of a cus-
tomary livestock-management system, manga.

Cattle play a central role in the identity, social life, and
subsistence of the Geraizeiro: they provide milk, meat, and
manure, are used for traction and transport, serve as a source
of capital during periods of crisis, and lie at the core of the
diversified and fluid subsistence system that gives Geraizeiro
society its resilience (Nogueira, 2009). Currently, farmers
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have 800 heads of cattle in their agrosilvopastoral system,
including areas of solta and manga.

Data Collection

Field data were collected as part of several projects on the
management, use, and conservation of plants in the Cer-
rado’ and the study of Geraizeiro management practices
(Lima et al., 2012, 2013, 2017). An extended period of
participant observation, involving multiple prolonged stays
in the community, provided the context and backdrop for
conducting a number of surveys and interviews focused on
specific botanical and ethnographic aspects (Bernard, 2006;
Martin, 1995)*.

In order to understand the cattle-raising elements of
the system, we applied a series of semi-structured and
open-ended interviews (sensu Bernard, 2006) among 14
locally recognized expert informants. Interviews focused
on a wide range of issues relating to livestock-raising prac-
tices and their underlying rationale, including breed selec-
tion, rotation between solta and manga, fire management,

3 Manejo de Plantas do Cerrado: Subsidios técnicos para Politicas

Publicas, Uso Sustentdvel e Conservagdo da Biodiversidade (Embrapa/
TFCA/FUNBIO). Field data was collected by the main author as part
of her doctoral fieldwork.

4 Between 2012 and 2015 the main author and members of her

team spent an average of ten days every two months in Americana,
conducting fieldwork and participating in many aspects of daily life,
including harvesting and processing native fruits and crops, and
attending community meetings.
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knowledge and use of native vegetation, forage and pas-
tures, as well as socio-environmental trends and transfor-
mations. These were complemented with detailed phyto-
sociological and ethnobotanical surveys in three different
mangas, aimed at gaining a better understanding of man-
agement decisions and their impact on the native vegeta-
tion (Lima et al., 2017).

Data Analysis

Details on the formal and statistical procedures employed
to analyze botanical and ecological data are reviewed else-
where (Lima et al., 2017). For the analysis of the ethno-
graphic data, we used standard qualitative methods (sensu
Bernard, 2006) and drew on the existing, albeit limited, lit-
erature on the Americana settlement and the Geraizeiros.

Our analysis of the transformation of the agrosilvopas-
toral system and its role and potential for supporting liveli-
hoods and critical ecosystem services amidst environmental
and climate change draws on the social-ecological resilience
framework. The social-ecological systems approach pro-
poses that the tight coupling and interaction between social
and biophysical processes requires a holistic, systems-based
approach to their understanding (Colding & Barthel, 2019).
Such an approach is especially relevant in anthropogenic
landscapes, such as the Minas Gerais savanna, in which
social and ecological formations have co-evolved and are
mutually interdependent. Among the surprising properties
of such complex adaptive systems are self-organization,
emergence, resilience, and open-endedness (Preiser et
al., 2018). The concept of resilience speaks precisely to
the ability of such systems to absorb shocks while retain-
ing their core structural and functional coherence and iden-
tity (Folke, 2016). What is interesting, relevant, and useful
about this heuristic for our case study is that this capacity
to adapt dynamically to change draws on the ability of the
actors - Geraizeiros in this case - to respond creatively, to
innovate and, intentionally or not, to alter some features of
the system at one level to preserve the system’s integrity at
a higher level.

The Geraizeiro Agrosilvopastoral Management
System and Its Transformations

As noted above, the Geraizeiro agrosilvopastoral manage-
ment system is organized around three major ecological
zones: upland chapada, low-lying baixa, and intermediate
tabuleiro (Fig. 3). Throughout this landscape, Geraizeiros
manage and select plants in several ways, creating a complex
mosaic of agroforestry systems and spaces that differ among
households, zones, and over time (Lima et al., 2017).

We now describe how livestock are raised within this
ecological continuum and, particularly, how two different
cattle management systems, solta and manga, are changing
in response to changing socio-environmental conditions and
constraints.

The Cattle Solta System and Its Transformation

As a traditional form of extensive cattle farming and central
element of Geraizeiro identity, the solta dates to the eight-
eenth century and is most commonly associated with the
upland chapadas that are also used for harvesting a range
of forest resources (Lima et al., 2012). Access to these
extensive commons became increasingly restricted after the
1970s, when industrial charcoal-producing companies began
planting extensive areas with eucalyptus. At first, Geraizei-
ros attempted to graze their livestock among the eucalyptus
saplings, but as these grew, animals began to die of thirst
and pesticide poisoning.

Water shortages following declines in annual precipi-
tation and more extreme and prolonged droughts became
a growing challenge for Geraizeiros (Ganba et al., 2016).
Consequently, people started moving some of their animals
to the lower-lying transitional tabuleiro, transforming and
intensifying the pre-existing cattle management system asso-
ciated with these areas, manga, a process described below.

Fire has traditionally played a key role in the solta sys-
tem. Geraizeiros customarily burn the uplands before the
rainy season, encouraging the growth of young palatable
shoots and providing the cattle with minerals in the ash
(Ldcio, 2013). The use of fire as a management tool has
decreased in recent years, following stigmatization by state
and non-state agents, particularly in protected areas. In the
Americana settlement, for example, the use of fire is prohib-
ited within the legal reserve portion of the community and
discouraged by the institution that provides technical support
to farmers. According to Geraizeiros, the decrease in the
use of fire results in a greater accumulation of biomass and
to more intense and destructive fires, an observation that is
widely corroborated in Minas Gerais and in other areas of
Brazilian savanna (Eloy et al., 2018a; Schmidt et al., 2018).

Despite these disruptions, and albeit reduced in size, cha-
padas persist to this day in Americana. Solta remains a com-
mon and valued practice, with cattle foraging on a range of
plants of the Cerrado vegetation (Table 1) and Geraizeiros
attempting to adapt to water shortages by locating their cattle
near ponds and placing water troughs in strategic locations.
The system is also changing; the traditional curraleiro cattle
breed, for example, has been replaced by the faster-growing
Indian nelore breed. Increasingly too, farmers rotate cattle
between the solta and the more intensive, lower-lying manga
system.

@ Springer
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Table 1 Native foraging species used by cattle in Americana

Scientific name Popular name Consumed parts

Unha-danta Leaves

Coco-de-espiga

Acosmium dasycarpum
Allagoptera campestris Fruits and leaves

Fruits, flowers and
leaves

Attalea geraensis Coco-catolé

Brosimum gaudichaudii ~ Salva-vida Leaves

Butia capitata Coquinho-azedo Flowers, fruits and

leaves
Caryocar brasiliense Pequi Flowers on the ground
Guapira noxia Pau-de-urubu Leaves
Hancornia speciosa Mangaba Fruits
Handroanthus ochra- Ipé-marelo Leaves and flowers

ceus

Hymenaea stigonocarpa Jatoba Fruits

Magonia pubescens Tingui Leaves

Fassiflora cincinnata Maracuja-nativo Fruits, leaves

Pouteria torta Fruta-de-leite Fruits

Schefflera macrocarpa  Violeiro Leaves

Swartzia sp. Inga-do-Cerrado ~ Leaves

Syagrus flexuosa Coco-de-vassoura  Fruits and leaves

Tontelea micrantha Rufao Fruits

The Manga System: Cattle Raised in Silvopastoral
Systems

Mangas, fenced enclosures in the intermediate-lying tab-
uleiro areas (Fig. 3), were traditionally used as holding
spaces for animals that were sick or in need of attention.
As upland grazing land and water became scarcer, farmers
started relying more on manga to support their herds, with
more farmers fencing more and larger enclosures, seeding
them with new kinds of grasses, and developing a more
intense, yet diverse, livestock-raising system that comple-
ments solta.

For an area to become managed as a manga, and to allow
the seeded grass to grow (Andropogon sp., Braquiaria sp.),
farmers first selectively clear some of the original woody
vegetation, sparing or even promoting useful and valued spe-
cies, ultimately creating an agroforestry system that includes
an assortment of over 31 timber, fruit, fodder, and medicinal
species (Tables 2 and 3). Our preliminary data (Table 3)
suggest that these agroforestry plots retain a high proportion
of the original species richness and diversity, even just two
to three weeks after the initial thinning and seeding with
introduced grasses (Lima et al., 2017).

The expansion and intensification of manga within the
tabuleiro and Geraizeiro livelihoods, evidenced in the
increased numbers of livestock raised and investments of

@ Springer

land, labor, and capital made by an increasing number of
households, are best understood in the context of the broader
socio-environmental changes unfolding in the area and their
impact on different parts of the system, most importantly
the solta.

Solta and Manga As an Integrated, Adaptative
Management System

In response to the increased frequency and intensity of
droughts, a growing number of Geraizeiros rotate livestock
between solta and the manga according to a seasonal cycle.
At the onset of the rainy season, in October, they release
livestock into the chapada, where they remain until the
beginning of the dry season, six to eight months later. As
the availability of native forage decreases, they move the
cattle to the lower seeded pastures of the manga, by which
time the grass will have grown to about 60 cm in height.
Once the grass is grazed to about 30 cm, livestock once
again return to the chapada, allowing the manga grass to
grow and re-seed, until it reaches a height of 60 cm again,
when the cycle begins anew.

Throughout the entire cycle, cattle also rely on the leaves,
fruits, and flowers of a whole range of Cerrado species
(Table 1). The combination of herbaceous and woody spe-
cies adds an element of nutritional diversity and thus resil-
ience to the livestock’s diet (Calle et al., 2009). Leguminous
trees, for instance, produce high-quality, digestible forage,
critical during the dry season when other forage and grasses
become unavailable (Dagang & Nair, 2003). Native fruit
species (Table 2), managed in the manga agroforestry plots,
also contribute to the resilience of the system, providing
fodder to cattle and a source of income (Calle et al., 2012,
Lima et al., 2017).

During the dry season, farmers also supplement the
cattle’s diet with sugarcane from their agricultural plots
in the baixa, though this practice is diminishing due to the
growing water shortages. Some also provide livestock with
an additional home-made supplement of urea, corn meal,
and mineral salt, reportedly increasing their appetite, and
allowing them feed on dried-out plant matter. How long the
cattle remain in the manga depends on the size of the area,
the quantity and quality of grass available, and the density of
livestock, that is, on the specific constraints and affordances
facing each farmer and site.

The ability of Geraizeiros to mediate between three tightly
coupled social-ecological zones, each with their distinct and
shifting affordances, generates multiple possibilities, yield-
ing the diversity, adaptability - and hence resilience - that
characterizes such complex systems (Folke, 2016). Seen
from a systems perspective, the individual and collective



Human Ecology

Table 2 Use category of plant

- ) Scientific name
species spared during manga

Popular name

Use category

management. (adapted from

Acosmium dasycarpum
Lima et al., 2017)

Annona crassiflora
Aspidosperma macrocarpon
Aspidosperma tomentosum
Astronium fraxinifolium
Bowdichia virgilioides
Caryocar brasiliense
Dalbergia miscolobium
Eriotheca gracilipes
Eugenia dysenterica
Guapira noxia
Handroanthus ochraceus
Hymenaea stigonocarpa
Hyptidendron spl
Lafoensia pacari
Machaerium opacum
Magonia pubescens
Plathymenia reticulata
Plenckia populnea

Qualea grandiflora
Qualea parviflora
Roupala montana
Schefflera macrocarpa
Sclerolobium cf. aureum
Strychnos pseudoquina
Stryphnodendron adstringens
Tabebuia aurea

Terminalia argentea

Unha-danta Medicinal, timber and fodder
Pand/Araticum Fruit tree

Chapéu-de-couro Medicinal
Pereiro-de-chapada Timber

Gongalo Timber and medicinal
Sucupira-branca Timber

Pequi Fruit tree

Cabitina Timber
Embirugu-paulista Timber

Cagaita Fruit tree
Pau-de-urubu Timber and fodder

Ipé-amarelo
Jatobd

Timber and medicinal
Timber; medicinal and fruit tree

Alecrim-de-tabuleiro Timber

Pacari Medicinal

Jacaranda Timber

Tingui Timber

Vinhético Timber
Mangabeira-brava Timber

Pau-terrao Timber and medicinal
Pau-terrinha Timber
Espinheira-santa Medicinal

Violeiro Fodder

Pau-fede Timber and medicinal
Quina-de-papagaio Medicinal
Barbatimao Medicinal

Caraiba Timber

Capitao Timber and medicinal

ability of Geraizeiros to preserve the structural and func-
tional integrity of the agrosilvopastoral system hinges on
their ability to transform certain of its lower-level compo-
nents, such as manga. The manga and tabuleiro’s strategic
location between the upland and lowlands and their prox-
imity to settlements is itself a resource insofar as it allows

Table 3 Phytosociological parameters for trees with diameter at 30 cm
from the ground level (DA30) > 5 cm, surveyed before and after the
implementation of a manga. (adapted from Lima et al., 2017)

Parameter Trees DAz, > 5 cm

Before After
Number of individuals sampled 1,038 271
Richness 50 31
Botanical families 29 20
Density 692 ha™! 181 ha™!
Shannon-Wiener index 3.0 2.7
Equitability 0.76 0.78

farmers to manage nested and growing uncertainties and
constraints.

The example of the transformation of manga thus not only
reflects the adaptability of the agrosilvopastoral system and
transformability of various elements within it, but also illus-
trates how resilience is related to people’s ability to engage
with the three interdependent ecological zones at multiple
scales”. Such environmental and social heterogeneity and
diversity are attributes of many resilient social-ecological
systems (Leslie & McCabe, 2013), as indeed are the knowl-
edge and creativity of the users. Understanding how the sys-
tem operates and responds, its limits and its dispositions, is
something Geraizeiros can do because of their long-standing
and intimate relationship with cattle, landscape, and each
other.

5 The concept of adaptability refers to people’s ability to engender

resilience through their actions, whereas transformability refers to
their capacity to create a new system when the previous one becomes
untenable (Folke, 2016).

@ Springer
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Resilience and the Geraizeiro Agrosilvopastoral
Management System: Re-assessing the Role
of Cattle and Fire

Our short review illustrates how the practices of the Ameri-
cana Geraizeiro form a complex, diverse, and fluid agrosil-
vopastoral management system that not only draws from and
connects to knowledges, practices, and relations, but also
extends across all domains of the biophysical environment:
it constitutes, in effect, a social-ecological system (Westley
et al., 2002). We have also sought to show how farmers are
adapting to change and external shocks by creatively trans-
forming elements within the system, and how this ability
itself hinges on a sophisticated understanding of their lived
environment, of its transformability, and the importance
of diversity and adaptability as ways to manage risk and
uncertainty.

While a more comprehensive description of such a system
and its environmental impacts and implications exceeds the
scope of this paper, there are some of key aspects, issues,
and challenges that we wish to highlight, particularly in rela-
tion to the two most controversial, interrelated, aspects of
Geraizeiro management and relationship to the landscape:
their customary reliance on cattle and, especially, fire.

In contrast with large-scale commercial ventures, the Ger-
aizeiro do not rely on systematically eliminating or burn-
ing the forest cover, but rather on modifying it in ways that
are attuned to the socioecological affordances of different
biotopes, drawing on the use of fire in the chapada and on
selective thinning and direct plant management in the tab-
uleiro. We briefly examine each of these, paying attention
to the ecological and scale-dependent and complex role of
disturbance as one contributing factor in generating ecologi-
cal diversity and resilience (Bliege Bird, 2015; Ramos-Neto
& Pivello, 2000).

The relationship between humans, fire, and the Cerrado
rangelands is extremely old and likely precedes the Hol-
ocene (Cordeiro et al., 2014; Pyne, 2019). This coevolu-
tion is evident insofar as much of the Cerrado vegetation
is not only fire-resistant but also fire-dependent (Hoffmann
& Moreira, 2002). Frequent fires reduce woody vegetation
density and favor herbaceous and sub-shrub species, generat-
ing more open phytophysiognomies (Miranda et al., 2002).
On the other hand, systematic suppression of fire increases
tree density and generates more closed phytophysiogno-
mies (Hoffmann & Moreira, 2002), which may reduce her-
baceous and sub-shrub diversity (Bond & Keeley, 2005)
and increase biomass accumulation, a process that in turn
is linked to ‘hotter,” more destructive, fires (Ramos-Neto &
Pivello, 2000).

There is evidence suggesting that savanna landscapes
formed by a mosaic of unburned and burned patches at dif-
ferent intervals may help generate more diverse landscapes
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with higher species diversity (McGregor et al., 2010;
Ramos-Neto & Pivello, 2000). A critical distinction there-
fore is between the effects of smaller, more localized and
carefully managed fires and those of much hotter, intense,
large-scale fires resulting from, among other things, indis-
criminate fire suppression policies (Durigan & Ratter, 2016).

The increasingly outdated views associated with indis-
criminate fire suppression policies are giving way to a more
nuanced understanding of the importance of fire as a tool
for sound management, both within and outside protected
areas, particularly in the savanna and rangelands of lowland
South America (Pivello, 2011) and beyond (McGregor et
al., 2010). Associated with this is an increasing recognition
of the value and sophistication of local fire management prac-
tices and knowledges and, in parallel, of the importance of
fire in maintaining and supporting the biocultural diversity
and socio-ecological resilience of savanna regions (Bilbao et
al., 2010; Eloy et al., 2018a).

In those cases where fire suppression is the preferred
management option, livestock can perform a function simi-
lar to fire, reducing biomass accumulation and the incidence
of alien grasses (Bond & Keeley, 2005). There is some evi-
dence to support that in combination, moderate grazing and
fire use do not negatively affect plant richness or diversity
in savanna areas and indeed may increase it (Savadogo et
al., 2007; Welch et al., 2013). Combining low intensity fire
in a mosaic of burned and unburned areas with moderate
grazing and rotation of animals could allow sufficient recov-
ery of the areas while maintaining the Cerrado biodiversity
(Ramos-Neto & Pivello, 2000), supporting the notion that
solta has an important place in the continued and effective
management of uplands.

As the large herbivores and through their trampling,
grazing and browsing actions cattle are themselves agents
of disturbance, though, like other forms of disturbance, the
effects are scale-dependent and in need of further investi-
gation (Schieltz & Rubenstein, 2016). In this sense, farm-
ers are keenly aware of the importance of limiting animal
density and of rotation as ways to avoid soil compaction
and overgrazing. Geraizeiros also assert that livestock favor
seed dispersal and break seed dormancy of several species,
an effect which may be linked to an observed correlation
between grazing and a higher density of trees in some parts
of the Cerrado (Licio, 2013).

While livestock production through the manga system is
more intensive and entails selective thinning of the woody
vegetation, the scale and extent of such disturbance con-
trast dramatically with the wholesale removal of forest cover
associated with commercial cattle ranching. Its effect is not
to create a simplified, pasture-dominated, landscape, but
a distinct anthropogenic forest-savanna environment, one
whose precise composition and species distribution reflects
human needs, but whose overall structure and diversity - as
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our data tentatively suggest - appears to retain the over-
all integrity and function of the system while supporting
human needs and livelihoods. There is also a substantial
amount of anecdotal and indirect evidence to suggest that
the small-scale and uneven disturbance generated through
thinning contributes to the creation of ecological heteroge-
neity and patchiness, which may itself serve important eco-
logical functions, including maintaining diversity (Bliege
Bird, 2015).

Conclusions

Through a brief description of the Geraizeiro agrosilvopas-
toral social-ecological system and through a particular
focus on the raising of livestock and the use of fire, we have
sought to make two general points. First, Geraizeiro use of
cattle and fire is very different in form, function, and effects
to those of large agribusiness. Not only are the low-level
controlled burns associated with Geraizeiros management
distinct from the indiscriminate and/or destructive burning
associated with large-scale conversion of forests to pasture,
but such local forms of fire management are potentially use-
ful elements in the prevention of uncontrolled wildfires and
in the effective management of savanna.

Second, and relating to the above, the resilience and
viability of the Geraizeiro agrosilvopastoral system reflects
and relies on its ability to change, adapt, and transform some
of its components. The ecological diversity of the Cerrado
environment, characterized by the chapada-tabuleiro-baixa
triad, is critical in this regard, as is the fact that most families
in Americana have access rights to all of these. Underpin-
ning the entire system is the sophisticated knowledge and
familiarity that people have with their lived environment,
including their emotional attachment to the savanna and to
the traditional practices that confirm their social identity.

The notion that such local agrosilvopastoral systems play
an important role in supporting livelihood needs and con-
servation goals is supported by other case studies (Batista et
al., 2018; Carvalho, 2013; Eloy et al., 2018b; Licio, 2013).
The resilience framework, with its recognition of the role
and importance of local social actors and institutions as
agents of adaptive change and transformation, is a useful
heuristic in light of the fact that regional and global capitalo-
genic climate and environmental change are introducing new
kinds of risks and uncertainties (Folke, 2016). The unprec-
edented crisis signaled by novel fire and climate regimes
highlights the need to encourage adaptive responses that
promote socio-ecological resilience at multiple scales of
governance (Gillson et al., 2019; Ostrom & Janssen, 2004).

We hope these considerations will translate into more
attention by researchers - and thus better understanding
of the system and its potential - and to a greater degree

sensibility and caution by environmental managers and
policy makers, whose attitudes to Geraizeiros, cattle, and
especially fire, are sometimes not attuned to these impor-
tant differences. It would be doubly ironic, if not tragic, if
Geraizeiros and other local resource managers were being
sanctioned for the effects of cattle and fire that are not only
of their own doing, but which are in fact the product of the
very forces and interests that are threatening the Geraizeiro’s
own capacity to continue to sustain the anthropogenic land-
scape that is the Cerrado.

Acknowledgements We acknowledge all farmers of the Americana
Settlement, especially Maria Elei N. Souza (in memorian), Aparecido
(A) Souza, Jodo Altino Neto and Cristovino F. Neto. Embrapa Cenar-
gen provided technical and logistic support. Aelton (B) Giroldo, Juarez
P. Amaral, José M. Mendonca, Nilton F. Barbosa, Joao Benedito, Pedro
Vasconcelos and Elisa Pereira helped with fieldwork. We appreciate the
revision and valuable contributions by Bruno Ubiali, Igor H. Carvalho,
and three anonymous reviewers.

Funding This research was funded by Funbio/TFCA and the Bem
Diverso Project (Embrapa/GEF/UNDP). ILPL received fellowships
from CNPq and CAPES.

Data Availability The datasets developed and analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

Declarations

Conflict of Interest The authors declare they have no conflict of inter-
est.

Informed Consent Informed consent was obtained from members of
Americana Settlement community.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alencar, A., Shimbo, J. Z., Lenti, F., Balzani, C. M., Zimbres, B., Rosa,
M., & Alencar, 1. (2020). Mapping three decades of changes in the
Brazilian savanna native vegetation using landsat data processed
in the google earth engine platform. Remote Sensing, 12(6), 924.

Arantes, A. E., Ferreira, L. G., & Coe, M. T. (2016). The seasonal
carbon and water balances of the Cerrado environment of Brazil:
past, present, and future influences of land cover and land use.
Journal of Photogrammetry and Remote Sensing, 117, 66-78.

@ Springer


http://creativecommons.org/licenses/by/4.0/

Human Ecology

Batista, E. K. L., Russell-Smith, J., Franca, H., & Figueria, J. E. C.
(2018). An evaluation of contemporary savanna fire regimes in
the Canastra National Park, Brazil: outcomes of fire suppression
policies. Journal of Environmental Management, 205, 40-49.

Bernard, R. H. (2006). Research methods in anthropology: qualitative
and quantitative approaches. Oxford — UK: Altamira Press.

Bilbao, B., Leal, A., & Méndez, C. (2010). Indigenous use of fire and
forest loss in Canaima National Park, Venezuela. Assessment of
and tools for alternative strategies of fire management in pemoén
indigenous lands. Human Ecology, 38, 663-673.

Bliege Bird., R. (2015). Disturbance, complexity, scale: new
approaches to the study of human-environment interactions.
Annual Review of Anthropology, 44, 241-257.

Bond, W. J., & Keeley, J. E. (2005). Fire as a global ‘herbivore’: the
ecology and evolution of flammable ecosystems. Trends in Ecol-
ogy and Evolution, 20, 387-394.

Brazil, Cédigo Florestal Brasileiro (2012). http://www.planalto.gov.
br/ccivil_03/_ato2011-2014/2012/1ei/112651.htm. Accessed in
May 2021.

Calle, A., Montagnini, F., & Zuluaga, A. F. (2009). Farmer’s percep-
tions of silvopastoral system promotion in Quindio, Colombia.
Bois et Forésts des Tropiques, 300, 79-94.

Calle, Z., Murgueitio, E., & Chara, J. (2012). Intensive silvopastoral
systems integrate forestry, sustainable cattle ranching and land-
scape restoration. Unasylva, 239, 11-20.

Carrara, A. A. (2007). Reconversdao Agroextrativista: perspectivas
e possibilidades para o Norte de Minas Gerais. Dissertation,
Universidade de Brasilia.

Carvalho, I. S. H. (2012). Assentamento Americana e Grupo Agro-
extrativista do Cerrado: uma experiéncia agroecolégica no
Norte de Minas. Brasilia/DF: Instituto Sociedade Populacio e
Natureza.

Carvalho, I. S. H. (2013). Campesinato e biodiversidade no Cerrado:
um estudo sobre o Assentamento Americana a luz da agroecolo-
gia. Dissertation, Universidade Estadual de Campinas.

Colding, J., & Barthel, S. (2019). Exploring the social-ecological
systems discourse 20 years later. Ecology and Society, 24(1).

Cordeiro, R. C., Turcq, B., & Moreira, L. S. (2014). Palaeofires in
Amazon: interplay between land use change and palaeoclimatic
events. Palaeogeography, Palaeoclimatology, Palaeoecology,
415, 137-151.

Dagang, A. K., & Nair, P. K. R. (2003). Silvopastoral research and
adoption in Central America: recent findings and recommenda-
tions for future directions. Agroforestry Systems, 59, 149-155.

Dayrell, C. A. (1998). Geraizeiros e biodiversidade no Norte de
Minas: a contribuic@o da agroecologia e da etnoecologia nos
estudos dos agroecossistemas. Dissertation, Universidad Inter-
nacional de Andaldcia.

Durigan, G., & Ratter, J. A. (2016). The need for a consistent fire
policy for Cerrado conservation. Journal of Applied Ecology,
53, 11-15.

Eloy, L., Bilbao, B. A., Mistry, J., & Schmidt, I. B. (2018a). From
fire suppression to fire management: advances and resistances
to change in fire policy in the savannas of Brazil and Venezuela.
The Geographical Journal, 1-13.

Eloy, L., Schmidt, I., Borges, S. L., Ferreria, M. C., & Santos, T. A.
(2018b). Seasonal fire management by traditional cattle ranch-
ers prevents the spread of wildfire in the Brazilian Cerrado.
Ambio. Advance Online Publication. https://doi.org/10.1007/
$13280-018-1118-8.

FAO. (2009). The state of food and agriculture: livestock in the bal-
ance. Roma: FAO.

Folke, C. (2016). Resilience (Republished). Ecol. Soc, 21(4), 44.

Ganba, O. S., Tonello, K. C., Garcia-Leite, H., Burguet, M., Taguas,
E. V., & Teixeira-Dias, H. C. (2016). Hydrological balance in a

@ Springer

eucalyptus plantation watershed in Minas Gerais (Brazil). Soil
Science, 181(7), 347-357.

Gillson, L., Whitlock, C., & Humphrey, G. (2019). Resilience and
fire management in the Anthropocene. Ecology and Society,
24(3).

Hoffmann, W. A., & Moreira, A. G. (2002). The role of fire in popu-
lation dynamics of woody plants. In Oliveira, P. S., & Marquis,
R.J. (Eds.), The Cerrados of Brazil: ecology and natural history
of a neotropical savanna (pp. 159-177). New York: Columbia
University Press.

INMET, Instituto Nacional de Meteorologia. http://www.inmet.gov.
br/portal/. Accessed 20 June 2015.

Leslie, P., & McCabe, J. T. (2013). Response diversity and resilience
in social-ecological systems. Current Anthropology, 54(2),
114-143.

Lima, I. L. P., Scariot, A. O., Medeiros, M. B., & Sevilha, A. C.
(2012). Diversidade e uso de plantas do Cerrado em comuni-
dade de Geraizeiros no norte do estado de Minas Gerais, Brasil.
Acta Botanica Brasilica, 26(3), 675-684.

Lima, I. L. P., Scariot, A., & Giroldo, A. B. (2013). Sustainable har-
vest of mangaba (Hancornia speciosa) fruits in northern Minas
Gerais, Brazil. Economic Botany, 67(3), 234-243.

Lima, I. L. P., Scariot, A. O., & Giroldo, A. B. (2017). Impacts
of the implementation of silvopastoral systems on biodiversity
of native plants in a traditional community in the Brazilian
Savanna. Agroforestry Systems, 91, 1069—-1078.

Licio, S. L. B. (2013). Gestao participativa e conflitos socioambien-
tais em areas protegidas no Cerrado mineiro: pecuaria de solta
na RDS Veredas do Acari/MG. Dissertation, Universidade de
Brasilia.

Martin, G. L. (1995). Ethnobotany: a people and plants conservation
manual. London: Chapman & Hall.

McAlpine, C. A, Etter, A., Fearnside, P. M., Seabrook, L., & Laurance,
W. F. (2009). Increasing world consumption of beef as a driver of
regional and global change: a call for policy action based on evi-
dence from Queensland (Australia), Colombia and Brazil. Global
Environmental Change, 19, 21-33.

McGregor, S., Lawson, V., Christophersen, P., Kennett, R., Boyden,
J., Bayliss, P., & Andersen, A. (2010). Indigenous wetland burn-
ing: conserving natural and cultural resources in Australia’s
world heritage-listed Kakadu National Park. Human Ecology,
38, 721-729.

Miranda, H. S., Bustamante, M. M. C., & Miranda, A. C. (2002).
The fire factor. In Oliveira, O. S., & Marquis, R. J. (Eds.), The
Cerrados of Brazil: ecology and natural history of a neotropical
savanna (pp. 51-68). New York: Columbia University Press.

Miiller-Hansen, F., Heitzig, J., Donges, J. F., Cardoso, M. F., Dalla-
Nora, E. L., Andrade, P., & Thonicke, K. (2019). Can intensifi-
cation of cattle ranching reduce deforestation in the Amazon?
Insights from an agent-based social-ecological model. Ecologi-
cal Economics, 159, 198-211.

Nogueira, M. C. R. (2009). Gerais a dentro e a fora: identidade e
territorialidade entre Geraizeiros do Norte de Minas Gerais.
Dissertation, Universidade de Brasilia.

Ostrom, E., & Janssen, M. A. (2004). Multi-level governance and
resilience of social-ecological systems. In Spoor, M. (Ed.),
Globalization, poverty and conflict (pp. Kluwer Academic,
pp. 239-259). Dordrecht

Pivello, V. R. (2011). The use of fire in the Cerrado and Amazonian
rainforests of Brazil: past and present. Fire ecology, 7(1), 24-39.

Preiser, R., Biggs, R., De Vos, A., & Folke, C. (2018). Social-ecolog-
ical systems as complex adaptive systems: organizing principles
for advancing research methods and approaches. Ecology and
Society, 23(4).


http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
https://doi.org/10.1007/s13280-018-1118-8
https://doi.org/10.1007/s13280-018-1118-8
http://www.inmet.gov.br/portal/
http://www.inmet.gov.br/portal/

Human Ecology

Pyne, S. (2019). Fire: a brief history (Second Edition). Seattle: Uni-
versity of Washington Press.

Ramos-Neto, M. B., & Pivello, V. R. (2000). Lightning fires in a
Brazilian savanna national park: rethinking management strate-
gies. Environmental Management, 26, 675-684.

Ribeiro, J. F., & Walter, B. M. (2008). As principais fitofisiono-
mias de Cerrado. In Sano, S. M., Almeida, S. P., & Ribeiro, J.
F. (Eds.), Cerrado: ecologia e flora (pp. 151-212). Planaltina:
Embrapa Cerrados.

Savadogo, P., Sawadogo, L., & Tiveau, D. (2007). Effects of grazing
intensity and prescribed fire on soil physical and hydrologi-
cal properties and pasture yield in the savanna woodlands of
Burkina Faso. Agriculture, Ecosystems and Environment, 118,
80-92.

Sawyer, D. R. (2009). Politicas ptblicas e impactos socioambientais
no Cerrado. In Galinkin, A. L., & Pondaag, M. C. M. (Eds.),
Capacitagdo de liderangas do Cerrado. Brasilia: TechnoPolitik.

Schieltz, J. M., & Rubenstein, D. I. (2016). Evidence based review:
positive versus negative effects of livestock grazing on wild-
life. What do we really know? Environmental Research Letters,
11(11), 113003.

Schmidt, I. B., Moura, L. C., Ferreira, M. C., Eloy, L., Sampaio, A.
B., Dias, P. A., & Berlink, C. N. (2018). Fire management in
the Brazilian savanna: first steps and the way forward. Journal
of Applied Ecology, 55, 2094-2101.

Spinola, J. N., & Filho, A. C. (2019). Criagao de gado em Reservas
Extrativistas: ameaga ou necessidade? O caso da Reserva Extra-
tivista tapajos-Arapiuns, Para, Brasil. Desenvolvimento e Meio
Ambiente, 51, 224-246.

Welch, J. R., Brondizio, E. S., Hetrick, S. S., & Coimbra, C. E. A.
(2013). Indigenous burning as conservation practice: neotropi-
cal savanna recovery amid agribusiness deforestation in central
Brazil. PLoS One, 8(12), e81226.

Westley, F., Carpenter, S. R., Brock, W. A., Holling, C. S., & Gunderson,
L. H. (2002). Why systems of people and nature are not just social
and ecological systems. In: Gunderson, L.H. & Holling, C.S. (eds.),
Panarchy: Understanding Transformations in Human and Natural
Systems, (pp.103-119), Island Press, Washington DC.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



