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h  i g  h  l  i  g  h  t  s

• Campo  Rupestre  (CR)  occurs  in  the
ecotone  Cerrado-Atlantic  Forest  bio-
diversity  hotspots.

• CR  epitomizes the  conflicts  between
exploitative  and sustainable  socioe-
conomic  models.

• We  propose  and describe the  Action
Plan for  the Campo  Rupestre (APCR).

• The APCR aims to reconcile  the  socio-
economic and  environmental  values
in  the  CR.
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a  b  s  t  r a  c t

Global sustainability rests  on a  myriad  of benefits  provided  by  natural  ecosystems  that  support  human
livelihoods  and  well-being,  from  biodiversity  persistence  to climate regulation. The  undeniable impor-
tance of conserving tropical forests has drawn  most of the conservation  spotlight  towards it.  However,
open  ecosystems such  as the  Brazilian  Campo  Rupestre  (rupestrian  grassland), have  been  historically
overlooked  despite  their  high diversity  and  key associated  ecosystem services.  We highlight  major
current  threats to the  persistence  of the  Campo  Rupestre  emphasizing  its  ecological,  social,  cultural,  geo-
environmental,  and  economic importance. We  call  attention  to the  importance  of the  Campo Rupestre  as
a reservoir  of biodiversity  and  ecosystem services  and  offer priority actions  that  resulted  from discussions
involving scientists,  industry  representatives,  environmental managers,  and  other  members of civil  soci-
ety. Proposed  actions  include  efforts  related  to  ecological  restoration,  sustainable ecotourism,  protection
of traditional  ecological  knowledge,  identification  of emerging  research  questions,  and  development  of
tailored  public  policies.  Such  issues  are  integrated  into  a  framework  that  collectively  represents a road
map to safeguard the  Campo  Rupestre from  further  degradation and steer  its  historical  overexploitation
towards  sustainable  management.  Safeguarding the  future  of  non-forest  biomes  like this poses a  chal-
lenge  to  current  paradigms  of  nature conservation.  By establishing  priorities and guidelines,  we propose
an  actionable  plan,  which  we  hope  can  support  informed decision-making  policy  towards  a sustainable
use  of the  Campo Rupestre.

©  2020 Published by Elsevier  B.V.  on behalf of Associação  Brasileira  de  Ciência  Ecológica  e
Conservação.  This  is  an open  access article under  the  CC  BY-NC-ND  license  (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Undoubtedly, the benefits provided by  natural ecosystems, such
as climate regulation, food security and water provision, represent
a key asset of conservation science and practice (Pascual et al.,
2017; Díaz et al., 2019). Although tropical forests have attained
a forefront position, particularly due to their high biodiversity
and carbon sequestration potential, there is an increasing need to
appreciate the biodiversity and ecosystem services of other tropi-
cal ecosystems (Fernandes, 2016a; Overbeck et al., 2015; Veldman

et al., 2015). Indeed, millions of people in  Brazil and all over the
world directly or  indirectly depend on the services provided by
non-forest ecosystems such as savannas and grasslands (Fernandes
et al., 2018; Bond, 2019).  Here, we focus on an integrative con-
servation strategy for the rupestrian grassland (hereafter Campo

Rupestre,  in Portuguese), a megadiverse ecosystem that provides
essential services that  are threatened by current exploitation mod-
els (Fernandes, 2016a; Fernandes et al., 2018). Unless actions are
immediately taken to minimize threats, great losses to the Campo
Rupestre ecosystem are expected in the next decades (Fernandes
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Fig. 1. Landscape and vegetation typical of the Campo Rupestre. (A) Wide shot of the Campo Rupestre highlands showing mixed woody and herbaceous communities on a
rocky  habitat. (B) Vast grasslands with rock outcrops dominated by flowering Actinocephalus bongardii. (C)  Quartzitic gravel soil habitat immersed in a matrix of sandy and
rocky  grasslands. (D) Among rock outcrops, some larger species develop such as Vellozia gigantea. Photos by  A.  Gomes (A, C) and G.W. Fernandes (B, D).

et al., 2018). Our objective is  to provide a  goal-oriented strategy to
shift the fate of  the Campo Rupestre towards a  more sustainable
use. To this end, we first outline the biodiversity and conserva-
tion status of this ecosystem and analyze the feedback between its
abiotic and biotic features and the current anthropogenic threats
it is facing. Then, we provide a conceptual framework to foster
sustainable use of the Campo Rupestre. Finally, we  list a series of
actions that we deem imperative to the constitution of an Alliance
to Promote the Sustainability of the Campo Rupestre.

The local and global importance of the Campo Rupestre

biodiversity and ecosystem services

The Campo Rupestre is characterized by a  mosaic of open vege-
tation types. Its vegetation ranges from fire-prone natural grassland
and savanna environments mixed with ericoid shrublands to
scattered mountaintops, mostly associated with pre-Cambrian,
extremely-impoverished quartzite, metarenites or ironstone out-
crops (Fig. 1; Fernandes, 2016a). The Campo Rupestre occurs in
mountains with ancient geological formations, residual cores of
strongly weathered, folded, faulted, and eroded landmasses, later
subjected to regional uplift during renewed tectonic events of lower
magnitude (Schaefer et al., 2016). The Campo Rupestre is mostly
associated with the Espinhaç o Range, at the ecotone of the Cer-

rado, Atlantic Forest, and Caatinga. Disjunct, small areas are also
patchily distributed across these biomes, in Minas Gerais, Bahia
and Goiás states (Alves and Kolbek, 1994; Giulietti et al., 1997;
Vasconcelos, 2011), in  the Amazon forest including the Carajás
Range and the tepuis, and in isolated mountains in the extreme
west (Corumbá, Ricardo Franco Range) and northeastern Brazil
(Fig. 2; Barbosa and Fernandes, 2016; Mota et al., 2018; Mattos
et al., 2019; Zappi et al., 2019). The azonal, archipelago-like distri-
bution of the Campo Rupestre sites created sky islands (altitudinal
islands isolated by  a continuous matrix of lowland vegetation), that
promoted fast, geographically-structured diversification during the
Pleistocene (Vasconcelos et al., 2020).  The long-term isolation of
populations and species derived from the sky island pattern (see
De Bano et al., 1995) facilitated allopatric speciation resulting in
the highest endemism rate among Brazilian vegetation types (more
than 40% of plant species), with extremely high species turnover
among sites (Echternacht et al., 2011; Neves et al., 2018; Colli-Silva
et al., 2019; Mattos et al., 2019). The Campo Rupestre occupies an

area of less than 0.8% of Brazil’s surface area, yet it is home to more
than 15% of its flora (Silveira et al., 2016). Altogether, these data
suggest this ecosystem is the most critical hotspot of biodiversity
in Brazil (Fernandes et al., 2014, 2018).

Species found in the Campo Rupestre evolved on extremely
nutrient-poor soils (e.g., Abrahão et al., 2019; Fernandes, 2016b;
Oliveira et al., 2016)  derived from quartzites, sandstones and iron-
rich rocks, whose weathering gives rise to sandy substrates and
iron-oxide nodules (the latter being called canga in  Portuguese;
Ferrari et al., 2016). Its species are also adapted to  markedly
seasonal climates, which result in periodic droughts and fires
(e.g., Silveira et al., 2016). Such strong environmental filters have
favored the evolution of a vegetation with a functional signature
characterized by slow-growth, specialized strategies for resource
acquisition and conservation, low fecundity, and dispersal limita-
tion (Negreiros et al., 2014; Oliveira et al., 2016; Dayrell et al., 2018;
Le Stradic et al., 2018, see also Messias et al., 2012). The combination
of these functional traits highlights Campo Rupestre’s extremely
low resilience to exogenous disturbances such as soil removal (e.g.,
Buisson et al., 2019; Fig. 3). Despite recent advances on the ecology
of the Campo Rupestre plants, the ecology, evolution, and biogeog-
raphy of animal life in  this ecosystem are still poorly understood
(Fernandes et al., 2014, 2018; Chaves et al., 2015; Ramos et al., 2019;
Neves et al., 2020).

The scope of ecosystem services provided by the Campo
Rupestre extends far beyond its area of occurrence, reaching some
of the most populated areas of the country. Tens of millions of
people benefit from the water supply, hydroelectric energy gen-
eration, ecotourism, medicinal plants, native fodder production,
ecotourism, and belowground carbon storage provided by  the
Campo Rupestre ecosystem. The Campo Rupestre is home to  small
headwater streams, which often represent nearly 70% of total
stream length in any hydrological unit or river basin (Benda et al.,
2005). Mountaintops in  Canastra and Espinhaç o ranges are cradles
of some of the most important rivers that provide water to millions
of people living in the lowlands (Fernandes et al., 2018; Callisto
et al., 2019; Rodrigues et al., 2019).

Furthermore, carbon located in  underground storage organs of
plant species from Campo Rupestre (Buisson et al., 2019) may  rep-
resent globally relevant sources of carbon sequestration (see Jung
et al., 2020).  Additionally, the highest mycorrhiza diversity in the
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Fig. 2. The disjunct spatial distribution of the Campo Rupestre (black areas in the maps) across Brazilian Biomes. (A) South America focusing on the Brazilian territory. Two
small  portions of the Campo Rupestre are shown in panel A circles (Carajás and Serra Ricardo Franco), both contained in the AMZ. (B) A detailed panel of the Campo Rupestre
portions at the Northern Brazilian region, and (C)  at  the Northeastern and Southeastern Brazilian regions. Biomes classification according to  IBGE (2019): AMZ: Amazonia,
CAAT: Caatinga, CER: Cerrado, MAT: Mata Atlântica, PMP: Pampa, PTN: Pantanal.

Fig. 3. Major and minor regional factors that sustain the Campo Rupestre ecosystem
through their interactions. These factors are  color-categorized according to their
correspondent major driver (Microclimate, Habitat, Diversity, and Soil). The  multiple
interactions are represented through lines that were classified according to  their
significance in the ecosystem functioning (strong —, intermediate · · · · · ·, and weak
— interactions). For an in-depth discussion, including the interaction’s strength, see
Fernandes, 2016.

world is present in  the Campo Rupestre (Carvalho et al., 2012; Oki
et al., 2016) which can potentially help society to increase crop pro-
ductivity and safeguard food security. Finally, this ecosystem also

presents high aesthetic, religious, and cultural values (Giulietti and
Pirani, 1988a; Resende et al., 2013).

Major threats

The activities that pose significant threats to  the Campo
Rupestre biodiversity and ecosystem services provision are numer-
ous and are exemplified by ill planning of road construction
and urban growth, uncontrolled mining, artisanal mining and
ecotourism, afforestation with exotic trees (e.g., Eucalyptus),
unplanned occupation and tourism, cattle overgrazing, overhar-
vesting of ornamental species, and lack of governance (Barbosa
et al., 2010; Fernandes et al., 2014; Ribas et al., 2016; Silveira
et al., 2016; Batista et al., 2018; see reviews in  Fernandes, 2016c;
Fernandes et al., 2018). The history of degradation in the Campo
Rupestre dates back to the early 17th century with gold min-
ing, later  on by diamond and gems, and in the last decades, iron
and manganese extraction. Mining has contributed to increasing
wealth in a  global economy. It has also influenced and shaped the
demographic, ethnic, cultural, artistic, social, and environmental
aspects of Brazil (Neves et al., 2016). Among other activities that
have relentlessly affected the functioning of the Campo Rupestre
are urban growth and ecotourism. Altogether, these activities have
been associated with many environmental and social conflicts (e.g.,
Morcatty et al., 2013; Neves et al., 2016; Fernandes et al., 2018; Pena
et al., 2017; Zappi et al., 2019).

Unfortunately, existing protected areas are not large or efficient
enough to protect the Campo Rupestre biodiversity and safeguard
its ecosystem services (Pacheco et al., 2018).  Currently, less than
10% of the total ecosystem area is protected (ca. 7720 km2), which
is far below the 17% target suggested by the Convention on Biolog-
ical Diversity (DBD; https://www.cbd.int/sp/targets/) (Fernandes
et al., 2018). Even more worryingly is  the fact that many of these
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Fig. 4. A framework showing the conceptual basis of the Action Plan for the Campo Rupestre (APCR). The framework is divided into 3 sections: (A) major societal stakeholders,
(B)  proposed actions to  support the APCR, and C expected outcomes after implementing the APCR strategies. The ultimate goal is  to  promote human well-being benefiting
people  and nature. The framework also illustrates feedback loops that positively influence the  sustainable use of the Campo Rupestre.

protected areas have not been implemented effectively, the so-
called “paper protected areas” (see Di  Minin and Toivonen, 2015;
Metzger et al., 2019). Furthermore, some of these areas experience
significant land tenure issues, which has resulted in the disrup-
tion of livelihoods and retaliation by expropriated people against
protected areas. Hence, we argue that the current protected area
network is insufficient to  secure the sustainability of the Campo
Rupestre (Sonter et al., 2014; Pacheco et al., 2018). Thus, safeguard-
ing biodiversity and ecosystem services associated with the Campo
Rupestre requires the immediate engagement of various sectors of
society, including local communities and indigenous people, gov-
ernment representatives, protected area managers, entrepreneurs,
industry representatives, and the scientific community.

An alliance to  promote the sustainability of the Campo

Rupestre

We  propose the guidelines to  foster the constitution of an
evidence-based Action Plan for the Conservation and Sustainable
Management of the Biodiversity and Ecosystem Services of the
Campo Rupestre (in short, Action Plan for the Campo Rupestre,
APCR). We  are aware that, despite being an urgent task, the plan
needs to be discussed in  its concrete and governance aspects. The
APCR must be developed as a  platform aiming to bring together
stakeholders interested in  the conservation and sustainable use of
the Campo Rupestre, with the ultimate goal of reconciling socio-
economic and environmental benefits (Fig. 4A). The proposal was

discussed by a  multidisciplinary group of experts during the XI
Eugene Warming Lectures in Evolutionary Ecology (2017), hosted
by the Federal University of Minas Gerais (UFMG). This group is
formed by people intensely studying the ecology, evolution, and
conservation of the Campo Rupestre for the last four decades. The
group has been dealing with conservation conflicts, public poli-
cies discussions, and emerging scientific questions concerning the
conservation and sustainable use of the Campo Rupestre. Online
discussions followed the meeting, and here, we summarize the
products of these discussions to further support the debate and the
necessary multidisciplinary actions in conjunction with society.

While some conservation strategies for threatened plant species
have recently been proposed by the Southern Espinhaç o National
Action Plan (Pougy et al., 2015), a  broader approach to protect
biodiversity beyond plants is  still lacking (Monteiro et al., 2018).
The following proposals are in consonance with and have been
marked out for international sustainability agreements including
the CBD, and The United Nations 2030 Agenda for Sustainable
Development Goals (SDGs) and its associated targets. While many
different models or initiatives exist addressing the SDGs, The Eco-
nomics of Ecosystems and Biodiversity (TEEB) represents a  global
initiative focused on “making nature’s values visible” that fits our
goals for the Campo Rupestre. TEEB follows a  structured approach
to  valuation that helps decision-makers recognize the wide range
of benefits provided by ecosystems and biodiversity, demonstrate
their values in  economic terms and, where appropriate, capture
those values in decision-making (Sukhdev, 2008). This initiative’s
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principal objective is to  mainstream the values of biodiversity and
ecosystem services into decision-making at all levels.

In the APCR, we  offer a  list of activities to  develop public policies
that are rooted in  academia, local communities, industry, and gov-
ernment (see Fig. 4B for some examples). All social actors (including
the private sector) share responsibilities and are represented in
working groups that make collective decisions and recommen-
dations. The integrative approach of the APCR is  based on  three
strategies, (1) in situ and ex situ conservation, (2) sustainable use,
monitoring, and management, and (3) ecological restoration.

One of the central tenets of the APCR is  the development
of precise quantitative indicators and unequivocal definitions
for long-term monitoring, supporting conservation strategies and
restoration success. Systematic monitoring during all stages is  key
for effective policy development and the implementation of all the
actions and measures (see Kollmann et al., 2016). Each conservation
strategy has its value and purpose, but in situ conservation is  the
preferred choice. Ex  situ conservation is also relevant and should be
used whenever possible to  aid the achievement of the conservation
goals. Ecological restoration of the Campo Rupestre is crucial for
securing ecosystem services and biodiversity. While recent stud-
ies have shown good progress for the Campo Rupestre (reviewed
in Fernandes et al., 2016, see also Gomes et al., 2015), there are
still numerous challenges to be overcome for tropical grasslands in
general, as shown by  Buisson et al. (2019).

Although the APCR proposed here still needs to be debated into
its concrete actions, given governance and practical contingencies,
we argue that it is mandatory that all steps and decisions of the
APCR should be guided by scientific evidence. A  shift towards the
effective application of science is necessary to support an adaptive
flow of processes. The successful implementation of the APCR is
expected to protect biodiversity and ecosystem services, which in
turn, would provide positive, long-lasting benefits to our society
(see Fig. 4C for some examples of the expected outcomes).

Public policies

Current rates of land-use changes in the Campo Rupestre remain
largely unknown, due to poor legal requirements for monitoring.
Yet, drastic impacts have been documented since the discovery of
gold and diamonds in the early 18th century and the increase of
iron ore mining from World War  II  onwards (Neves et al., 2016).
Unlawful occupation of rural areas for leisure and farming, unreg-
ulated expansions of quartzite quarrying mining in  Diamantina
plateau, but also the plantation of eucalyptus, coffee and mango
on shallow soils and peatlands, the irregular occupation of areas
around springs are just a  few examples of poorly documented by
land use changes that put the long-term conservation of the Campo
Rupestre at risk. Public policies concerning the Campo Rupestre
should address the following:

i. A TEEB-kind of analysis and economic valuation of the Campo
Rupestre biodiversity and ecosystem services to  support the
decision-making process stakeholders’ claims of the wide range
of benefits provided by ecosystems and biodiversity;

ii. Tightening and enforcing current regulation coupled with the
development of new and specific legislation that takes into
account the features of non-forest vegetation and includes the
most endangered species within the Campo Rupestre. This
can be achieved through each regional State Council for Envi-
ronmental Policy, which are collegiate groups of people of a
consultative normative and deliberative nature. Thus, within
the scope of their competence, they can put out normative
proposals on the sustainable management and quantitative
indicators for long-term monitoring, conservation, and restora-

tion strategies (e.g. art. 214, §7  and art. 57 of State Law MG
20.922/2013). Such Councils must discuss specific legislation
with technical-academic support to review the criteria for
licensing and financial compensation (Miola et al., 2019,  see
also Fernandes et al., 2020);

iii. Despite the widely acknowledged key role of science in
supporting evidence-based decision makings, resources avail-
able for research funding in Brazil are still scant (Fernandes
et al., 2017). We argue that a  fairly reasonable alternative
is that private investments could provide additional funding
for conservation research projects. We propose the develop-
ment of legal instruments that make it possible to  support
long-term scientific studies by reverting part of the financial
resources obtained from compensations, royalties from the
mining sector, and conservation fees charged upon the sus-
tainable tourism exploration of protected areas. A potential
financial source is the Compensation for Mineral Resources
Exploitation (Compensaç ão Financeira pela Exploraç ão de Recur-

sos Minerais – CFEM in  Portuguese), which comprises funds paid
by the mining companies to the Federal Government that are
partially returned to the municipalities that host the mining
activities (Brazilian federal laws 7990/1990 and 8001/1990 and
Decree 01/1991). Unfortunately, the current overly centralized
approach by the Federal Government states that between ca.
35% of the CFEM funds remain at the federal and state level.

iv. The creation of legal instruments for payment for ecosystem
services (PES) prioritizing water and food security, biodiversity
conservation and carbon storage. The PES can follow examples
such as the water farmers in  the municipality of Extrema, Minas
Gerais, Brazil (Programa Produtores de Água) or  PES programs
related to the dam disaster in  Mariana, Minas Gerais, Brazil;

v. The establishment of policies and development of protocols
to monitor and minimize the impact of infrastructure-related
threats including biological invasions and soil erosion (Barbosa
et al., 2010);

vi. The establishment of an open-data network of  biodiversity
inventories of the Campo Rupestre biota to  support environ-
mental assessment studies. This platform should also integrate
and strengthen scientific collections from different institutions
and provide online, georeferenced information of all records;

vii. More sustainable mining to  mitigate the trade-offs between
mining, environmental and socio-economic aspects (Neves
et al., 2016; Collins and Kumral, 2019). To achieve this, a set
of actions should be fostered. For example, the revision of
legislation to  better compensate municipalities from which
minerals were extracted is desirable as long as legal measures
are set to guide the allocation of these resources. These financial
resources could be used by local governments to  stimulate sus-
tainable development in  their municipalities, including actions
to  conserve or  increase the provision of key ecosystem ser-
vices to the region, mitigate the social impacts from mining
activities, as well as create positive synergies among min-
ing and other sectors such as social assistance and education
(Barbieri et al., 2014; Neves et al., 2016). Considering that the
mining taxes are not enough to  compensate for the loss of
ecosystem services (Domingues et al., 2012), social and envi-
ronmental costs of mining should be included in the accounting
of the municipalities with mining activities (e.g. by  using the
Genuine Progress Indicator: Berik, 2020). Incorporating the
socio-economic dimension in the decision-making process is
a  paramount step towards more sustainable mining. In addi-
tion, all societal sectors should be encouraged to establish new
protected areas aiming to improve in situ conservation of the
Campos Rupestre and complement the protected areas net-
work managed by the government.
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Conservation, management and restoration of  biodiversity

and ecosystem services

Restricted geographical distribution, small populations, and
habitat specificity, together with increasing human-caused distur-
bances, result in  a high level of threatened species (Pougy et al.,
2015). For the long-term conservation of the Campo Rupestre bio-
diversity and its associated ecosystem services, activities should
include:

i. Development and maintenance of existing long-term monitor-
ing programs to  secure the conservation of endangered species
involving both in situ and ex  situ conservation strategies;

ii. Stimulation and nurturing of programs for the research, reg-
istration and protection of cultural heritage, especially those
linked with the traditional knowledge of ecosystem man-
agement by  communities that allow current biodiversity
conservation (Gavin et al., 2015);

iii. The mapping and establishment of biodiversity baselines
programs to monitor the effect of global change drivers of bio-
diversity, and the provision of ecosystem services (Fernandes
et  al., 2018; Callisto et al., 2019; Chase et al., 2020);

iv. Identification of (bio)indicators to  monitor landscape
integrity;

v. The assessment of the ecological integrity of the Campo
Rupestre’s current protected areas and its effectiveness for the
current and future safeguarding of its biodiversity and ecosys-
tem services;

vi. The allocation of priority areas for the further expansion of
current protected areas to  achieve a  more effective landscape
planning supporting the sustainable development and interna-
tional protection of the Campo Rupestre, taking into account,
through a multi-stakeholder committee, the various conserva-
tion attributes, as well as the demands of indigenous and local
communities and of industry representatives;

vii. The development and implementation of integrated fire man-
agement protocols to  maintain biodiversity in heterogeneous
landscape mosaics, where fire-prone plant communities often
coexist with fire-sensitive communities (Figueira et al., 2016;
Batista et al., 2018; Rodrigues et al., 2019).

viii. The development of strategies for integrating local commu-
nities in long-term programs of environmental education
including citizen science programs, schools, land-owners,
tourism companies, and religious communities, stimulating
the participation and employment of local people as agents
of education (Franç a et al., 2019).

Regional socio-economic development and territorial

planning

Many of the Campo Rupestre sites occur in areas with low
potential for large-scale agriculture, due to adverse environmen-
tal circumstances and poor soil  conditions (Almada et al., 2016).
As a consequence, human populations have derived their liveli-
hood mainly from family agriculture and cattle ranching, hunting,
extraction of minerals and harvesting of ornamental plants, includ-
ing endangered species (Giulietti et al., 1988b; Almada et al.,
2016). However, cattle grazing associated with anthropogenic fires
(Batista et al., 2018), Eucalyptus plantations (Ribas et al., 2016),
and agriculture have expanded into the Campo Rupestre sites.
Silviculture and agriculture rely on fertilizers, liming, and pes-
ticides, dramatically affecting the nutrient-poor Campo Rupestre
soils, facilitating biological invasions and changing the natural fire
regimes (Barbosa et al., 2010).

Targeted use of the Campo Rupestre biological resources can
help to reconcile conservation and economic goals in  the long-
term if well planned under a  solid scientific basis. In  this regard,
the implementation of an economic system supported by the use
of renewable resources in  a sustainable matter such as the bioecon-
omy  may  represent a potential strategy for achieving sustainability
in this ecosystem (Aguilar et al., 2019; Ladu et al., 2020). From
the perspective of socio-economic development of the Campo
Rupestre and the maintenance of its natural capital, it is necessary
to:

i. Develop bioeconomy models consistent with the conservation
and sustainable use of ecosystem resources according to the
livelihoods of local communities (Aguilar et al., 2019);

ii. Promote the unification of urban and regional master plans of
all municipalities that encompass the Campo Rupestre vegeta-
tion for the better planning of urban development, and increase
landscape connectivity;

iii. Evaluate the current status of Cadastro Ambiental Rural - (Rural
Environmental Registry, in English) and take legal measures to
develop strategies towards normalizing and implementing Per-
manent Preservation Areas and Legal Reserves in private areas of
municipalities covered by the Campo Rupestre to some extent.

iv. Modelling multiple off-setting scenarios aiming at reaching a tar-
get of no-net biodiversity loss for impacting activities (Sonter
et al., 2014) to guide decision making.

v. Identify social, cultural and economic characteristics of  tradi-
tional communities including quilombolas (i.e. communities of
people who  resisted the Brazilian slave regime; maroons in
English) and work in tandem with their ethnoecological knowl-
edge to  reduce overharvesting.

Towards sustainable ecotourism

Although mountains are desired destinations for tourism,
demanded by visitors seeking scenic beauty and adventure,
unplanned tourism expansion has been a source of high environ-
mental impact to the Campo Rupestre (Fernandes, 2016c). While
an essential attribute for tourists who  visit the Campo Rupestre is
related to recreation (Resende et al., 2017), overexploitation of the
visited areas leads to landscape degradation in  its trails, waterfalls,
washes, rivers, and roadsides. For this reason, a  positive agenda for
the development of sustainable ecotourism requires:

i. Development of quantitative indicators for monitoring and reg-
ulating tourism impacts;

ii. Determination of carrying capacity of touristic sites in  protected
areas;

iii. Development of local environmental education initiatives,
including participatory monitoring (citizen science) with local
school students and teachers;

iv. Development of scientific training of tourist guides and locals,
sharing benefits and knowledge;

v.  Promotion of science outreach activities to tourists and local
communities (e.g. bird watching and wildlife tourism that com-
bine income generation and conservation).

Towards engaged scientific and local communities

Increasing the engagement of the scientific community in  the
decision-making process is  vital to ensure evidence-based, long-
lasting, sustainable solutions. Increasing the engagement of  local
communities is important as well to  ensure on the one hand that
their needs are being properly addressed and on the other hand
to incorporate their traditional and valuable knowledge in the
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decision-making process. Unbalanced political and administrative
representativeness is likely to fail in reconciling the interests of
various stakeholders. To improve the outcomes, we need to:

1. Broaden academic representation in watershed committees,
advisory councils of protected areas and councils in environmen-
tal and regulatory agencies;

2. Encourage the articulation of academia with environmental
agencies, decision-makers, and legislators through courses,
technical training, unified events, and technical-scientific coop-
eration agreements.

3. Create mechanisms to  assure the representation and empower-
ment of local communities.

Emerging scientific issues and technical knowledge

Although the number of studies on the Campo Rupestre has
increased significantly in  the last three decades (reviews in
Fernandes et al., 2018; Morellato and Silveira, 2018), severe knowl-
edge gaps persist. A number of emerging priority questions can
be identified that are fundamental for informed-decisions that
will benefit both nature and people associated with the Campo
Rupestre.

Relevant actions to  fill knowledge gaps include the formula-
tion of calls for funding long-term multi- and interdisciplinary
scientific research by  private and government funding agencies.
Pressing issues include: (1) a solid inventory and quantification
of ecosystem services provided by the Campo Rupestre, (2) cli-
mate change monitoring showing the impacts, vulnerability, and
necessary adaptations, (3) fire monitoring and management, (4)
assessments of land-use conversion, (5) determination of ecosys-
tem resilience, (6) the development of scientific knowledge in
ecological restoration, (7) inventorying biodiversity on poorly sam-
pled areas, (8) implementation of ex  situ conservation protocols for
threatened taxa, (9) integration of traditional and scientific ecolog-
ical knowledge for community-based management, 10) promotion
of environmental justice and public participation through bioecon-
omy  models.

Synthesis and the way forward

The APCR may  provide the spark to trigger a large-scale and
innovative program on bioeconomy in Brazil, in  light of the increas-
ing anthropogenic threat and current erosion of the natural and
cultural heritage of the Campo Rupestre. The measures and synergic
actions of the APCR can contribute to change the current Brazil-
ian conservation paradigm and protect one of its most threatened
ecosystems. Such actions have the potential to increase socioe-
conomic benefits through income generation and the creation
of employment of ecologically and economically viable alterna-
tive activities. The APCR proposes a  series of concrete measures
that, if implemented and integrated, can lead to  a  positive change
in land and water use models, thus allowing the sustainable
use/development of the Campo Rupestre and its associated people.

The APCR suggests specific mechanisms to advance and syn-
ergize the engagement among stakeholders to enact specific
legislation leading to the conservation and sustainable use of the
Campo Rupestre. While we acknowledge that the proposed actions
do not cover all relevant needs, we  believe the APCR can be an
effective science-based platform to develop and implement further
adaptive changes needed. We posit that this integrative alliance
can be a cornerstone for the conservation and sustainable use of
the Campo Rupestre that will ultimately benefit both nature and
people.
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CRBio. LPCM thanks the Fundaç ão de Amparo à Pesquisa do Estado
de São Paulo (FAPESP) for grants #2013/50155-0 #2010/51307-0.
RSO was supported by FAPESP-NERC (2019/07773-1). GWF, RSO,
LPCM, MC,  FSN, RS, and FAOS received a  research productivity fel-
lowship from CNPq, NCS received a  Ph.D. scholarship from CAPES.
RD was supported by Stanford’s School of Humanities and Sciences
through the Biology Department and the Center for Latin American
Studies.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.pecon.2020.10.004.

References

Abrahão, A., de Brito Costa, P.,  Lambers, H., Andrade, S.A.L., Sawaya, A.C.H.F., Ryan,
M.H., Oliveira, R.S., 2019. Soil types select for plants with matching nutrient-
acquisition and use traits in hyperdiverse and severely nutrient-impoverished
campos rupestres and cerrado in Brazil Central. J. Ecol. 107, 1302–1316,
http://dx.doi.org/10.1111/1365-2745.13111.

Aguilar, A., Twardowski, T., Wohlgemuth, R.,  2019. Bioeconomy for sustainable
development. Biotechnol. J. 14, 1–11,
http://dx.doi.org/10.1002/biot.201800638.

Almada, E.D., Anaya, F.C., Monteiro, F.T., 2016. The people of the mountains: the
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