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• Changes  in Brazil’s  legislation

threaten  conservation of ironstone

campos  rupestres.
• There  is  no ecological equivalence

between  ironstone  and quartzite

campos rupestres.
• Specific  offset methods  are  needed

to avoid  the destruction of ironstone

ecosystems.
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a  b  s  t  r a  c t

A  recent state  provision  allows quarzitic  campo  rupestre  (QCR)  set-asides  as  in-kind compensation  for

ironstone campo rupestre  (ICR) suppression  in the  Atlantic  Forest,  which  induces  out-of-kind  compen-

sation. However,  the  recently published  state provision  defines no  clear  parameters  to demonstrate

“ecological  equivalence”  as  an in-kind compensation.  We evaluated  whether  there is ecological  equiva-

lence  between and  ICR  and  QCR  in the  Brazilian  Atlantic  Forest.  We show marked  geological, pedological,

floristic,  structural,  and functional  differences  between  ICR  and QCR.  There  is evidence  that the  new

compensation  rules  only  partially  offset loss  of biodiversity  and  ecosystem  services  hosted  by  ICR,  deter-

mining  limited  effectiveness of the  legislation  for ICR  conservation  in the  Atlantic  Forest.  We conclude

that  the development  of clear  compensation  parameters based  on scientific  evidence and  quantitative

indicators  is a priority  gap for  the  conservation  of ICR under increasing mining pressure.
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Introduction

Brazil is recently experiencing a  series of changes in environ-
mental legislation and de-regulation processes that  threaten the
protection of its biodiversity, geodiversity and cultural heritage
(Bernard et al., 2014; Silveira et al., 2018; Carvalho et al., 2019;
Metzger et al.,  2019; Ferreira et al., 2020; Salvador et al., 2020).
Such changes reflect a  gap between ecological knowledge and con-
servation policy (Azevedo-Santos et al., 2017). A critical assessment
of assumptions of changes in  conservation legislation, and their
potential environmental setbacks is urgently needed to both inform
and support public policy.

A 2017 change in  the interpretation of environmental compen-
sation legislation threatens a  key ecosystem within the Atlantic
Forest domain in Minas Gerais State as the assumptions of these
changes have not been properly addressed. The Atlantic Forest is  a
vegetation mosaic comprising dense evergreen and semideciduous
rainforest, and open ecosystems such as coastal dunes and rocky
outcrop montane grasslands (Joly et al., 2014; Neves et al., 2017).
The Atlantic Forest was declared a “national heritage” by  the Con-
stitution of the Republic of Brazil (Brasil, 1988) and is  protected
by the federal Law 11.428/2006 (Brasil, 2006). The federal Atlantic
Forest Law mandates environmental compensation of suppressed
vegetation in a  like-for-like basis, i.e. vegetation with ecological
equivalence (as expressed by  its article 17). In-kind offsets refer
to compensatory mitigation that provides habitat, functions, val-
ues, or other attributes like those affected, whereas out-of-kind
offsets allow for different forms of compensation (McKenney and
Kiesecker, 2010).

Recently, in Minas Gerais state, the Provision n◦ 02/2017
(SISEMA, 2017)  (hereafter IS02/2017) gave a  new interpretation to
this matter. It has allowed out-of-kind compensation (in a differ-
ent vegetation type) in  half of the offsetting area, as long as there
is “ecological equivalence” between the suppressed vegetation and
the vegetation type to  be set-site for offsetting. More recently, State
Decree 47.749/2019 (Minas Gerais, 2019) allowed setting-aside
areas for compensation of Atlantic Forest with the same ecological
characteristics, including the following criteria: similar vegetation
structure, phytophysiognomy, successional stage, species richness
and endemism. Nevertheless, when areas with these similar char-
acteristics are unavailable, compensation may  be carried-out under
the assumption of an “environmental gain”, broadly defined in Art.
50 as “the set of conservation or recovery actions that promote
the reduction of habitat fragmentation and increase connectiv-
ity between areas”. Here, we address the loosely defined issue of
ecological equivalence in Atlantic Forest ironstone outcrops, a  key
ecosystem under anthropogenic pressure, especially iron-ore min-
ing.

Ironstone campo rupestre (ICR, or canga vegetation) occurs on
substrates of ferruginous and banded iron formations (i.e. ironstone
geosystems) which have  been severely and rapidly degraded owing
to iron-ore mining. In the Atlantic Forest, ironstone campo rupestre

occurs mostly in the so-called Iron Quadrangle region in  Minas
Gerais, the largest mineral province in Brazil. The estimated original
area of ironstone geosystems in Minas Gerais is  1580 km2,  harbor-
ing 2933 known vascular plant species (Carmo et al., 2018), mostly
within the Atlantic Forest domain. ICR hosts geographically rare
micro-habitats that harbor a  threatened and endemic biota that
experience significant pressure from iron-ore mining (Jacobi et al.,
2007; Viana et al., 2016; Mota et al., 2018; Monteiro et al., 2018),
driven by the global demand for iron ore and steel (Sonter et al.,
2014a; Carmo and Kamino, 2015). Up to 2014, the canga ecosys-
tem at the Iron Quadrangle lost an overall 50% of its habitats (Jacobi
et al., 2011; Salles et al., 2018; Souza-Filho et al., 2019). Nonetheless,
information on potential offsetting in  such threatened ecosystem is
unclear (Sonter et al., 2014b; Carmo, F.F.  personal communication).

Our goal was  to  critically examine the scientific evidence for
the ecological equivalence concept in the new Minas Gerais State
legislation (State Decree 47.749/2019) encompassing the plant
communities in  ironstone and quartzite campo rupestre. We com-
pare ICR with QCR  because areas in the latter have been used to
compensate for the suppression of the former. First, we examine
the extent of similarities between ICR and QCR in  terms of geo-
morphology, pedology, floristic composition, vegetation structure
and function, and biogeographical patterns. Second, we  argue that
the out-of-kind compensation alternative seriously compromises
the persistence of endemic biodiversity and key ecosystem services
provided by ironstone outcrop geosystem. Finally, we discuss legal
issues concerning IS02/2017 and State Decree 47.749/2019 and
propose actions to steer legislation that  would secure biodiversity
and ecosystem services.

Geomorphological and pedological differences between

rocky outcrop types

Rocky outcrop vegetation is  typically characterized by  a  hetero-
geneous mosaic of grassland micro-habitats, marked by seasonal
water stress and an acidic condition of its neo-soils (Monteiro et al.,
2018), with low water-holding capacity (Silveira et al., 2016)  and
low fertility (Ranieri et al., 2012). However, geology and mineral-
ogy drive significant differences between QCR and ICR in  relation to
soil physical and chemical properties. These differences are specif-
ically related to higher concentrations of metallic minerals such
as iron and manganese, and clayey/silty textures in ICR; and the
sandy texture with greater exchangeable aluminum levels in  QCR
(Silveira et al., 2016). The strong pedological differences indicate
little ecological equivalence between the ICR and QCR ecosystems
(Benites et al., 2007; Messias et al., 2013; Carmo and Jacobi, 2016;
Schaefer et al., 2016; Mucina, 2018).

Differences in vegetation ecology and functioning between

ICR  and QCR

Local and regional floristic surveys comparing QCR and ICR have
found clear differences in  species composition between the two
ecosystems (Jacobi and Carmo, 2009; Messias et al., 2013; Carmo
et al., 2016). Zappi et al. (2017) recently compiled a nationwide
database comparing the floristic species of QCR and ICR. Their
comprehensive and updated database comprises 2920 species of
789 genera from 10,668 occurrences across 47 sampling sites. The
authoritative study by Zappi et al. (2017) shows unequivocal results
indicating strong floristic differentiation between QCR and ICR. Dif-
ferences in species composition between ICR and QCR are also
reflected in phylogenetic structure of plant communities (Zappi
et al., 2017, 2019), meaning that different evolutionary processes
drove community assembly between QCR and ICR. In the Espinhaç o
Range context, the levels of plant endemism support recognition of
a distinct biogeographic district for the Iron Quadrangle (Colli-Silva
et al., 2019).

QCR and ICR are not only different in terms of species composi-
tion, evolutionary history, functional identity, and biogeography
but  also in lithostratigraphic and geomorphologic features. ICR
hosts one of the most rare and threatened habitats: the subter-
ranean iron cave system (Ruchkys et al., 2015). These formations,
composed by macro, meso and micro-caves, are common subter-
ranean components of ICR, but are extremely rare in QCR. The
presence of iron cave networks provides underground connectivity
for endemic and threatened species, i.e. troglobites harbored by the
ICR (Ferreira et al., 2015). Some singular ecosystem processes occur
on the iron substrates of ICR. The micro-topographic heterogene-
ity favors the development of root system through cracks, pores,
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crevices, and small channels on ironstones (Carmo et al., 2016)
and rarely form rhizothemes and root tussocks structures. Such
underground plant biomass forms a specific trophic base to resident
fauna, including endemic ICR cave invertebrates (Ferreira et al.,
2015). Furthermore, the underground root systems and microor-
ganisms are directly associated with the iron biogeochemical cycle
as part of reduction and oxidation cycles, which contribute to the
geomorphological evolvement of ironstones and its subterranean
heterogeneity (Levett et al., 2016). Given such unique properties of
ICR, attempts to offset its loss through QCR set asides will inevitably
result in biodiversity loss, especially of troglobite fauna (Ruchkys
et al., 2015).

Disruption of ecosystem services–water security

To apply ecological equivalence between ecosystems, we  must
examine whether there is equivalence in  ecosystem services pro-
vided by each. Due to outstanding lithostratigraphic differences,
QCR and ICR strongly differ in quality and quantity of water
recharge capacity and provision of underground water. The geolog-
ical formation composed by banded iron formation (i.e. itabirites)
covers only 13% (90.800 ha) of the total 700.000 ha of the Iron
Quadrangle region (Vasconcelos, 2014; Schaefer et al., 2016).  This
geological formation is the most important aquifer of Metropolitan
Belo Horizonte Region (the third largest Brazilian city) and con-
tains 80% (4 × 109 m3)  of subterranean water reserves of the region
(IBRAM, 2004).  The ICR are associated with cangas that have higher
water-recharge potential than quartzites in QCR due to their poros-
ity, microfractures and permeability (IBRAM, 2004; Carmo et al.,
2016). Compensating lost ICR with QCR areas will likely fail  to
secure water recharge and provision.

Legal issues of IS02/2017 and State Decree 47.749/2019

ICRs in the Atlantic Forest biome are protected by  both Federal
Law N◦11.428/06 (the Atlantic Forest Law) and Article 225, §4,  of
the Brazilian Constitution (Brasil, 1988). In cases where legislation
allows vegetation suppression of the biome, its art.17 establishes
the obligation to  compensate an equivalent extension of area with
ecological equivalence. However, the publication of IS02/2017 and
Decree 47.749/2019 clearly violates the provision of the aforemen-
tioned Federal standard.

When trying to define the meaning of “same ecological
characteristics”, state regulations create a  new criterion called
“environmental gain”, which has nothing to do ecological equiv-
alence. According to  art. 50 of the Decree, the environmental gain
would be the set of conservation or recovery actions that promote the

reduction of habitat fragmentation and the increase of connectivity

between systems, with the purpose of reinforcing the ecological impor-

tance of the area, through creation or increasing ecological corridors

and recovery of anthropized areas. The Decree allows that, once the
unavailability of areas with the same ecological characteristics is
determined, the compensation is  made 100% considering only the
criterion of environmental gain, that is, without minimally guaran-
teeing ecological similarity between the areas suppressed and the
one intended for conservation.

Nonetheless, the Brazilian constitution and the requirement for
compensation by  the Atlantic Forest Law are clearly intended to
protect and ensure that the use of any ecosystems associated with
this hotspot biome does not increase the risks of species extinction.
IS02/2017 and the Decree clearly aim at addressing this princi-
ple.  Considering the species richness, endemism, and restricted
distribution in the Brazilian territory, compensating ICR areas by
complying with strict equivalence criteria, which can guarantee the
ecosystem’s long-term survival, has become increasingly difficult

in Minas Gerais. This difficulty explains the flexibilization of state
norms conflicting with federal law and scientific criteria.

ICR conservation should be prioritized due to irreplaceable geo-
logical and biological characteristics (Carmo and Jacobi, 2013; Zappi
et al., 2017). Degradation or loss of ICR habitats may be irreversible
in geological and ecological terms. Hence, out-of-kind compensa-
tion is  unlikely to guarantee no-net-loss of relevant environmental
attributes let  alone result in net-positive outcomes, as proposed
by IS02/2017. Out-of-kind compensation is  unlikely to decrease
the extinction risk of endemic species from the suppressed ICR
ecosystem. Furthermore, Decree 47.749/2019 does not make the
assessment ecosystem services mandatory in  the process of  ecolog-
ical characterization, nor provides clear or evidence-based metrics
to  guide compensation (Miola et al., 2019). Therefore, there is  a  clear
possibility that “residual impacts” in  ICR may  have exceeded limits
to what can be set-aside for offsetting, despite the lack of  system-
atic assessments of threshold criteria. The international standards
for conservation best practices recommend the application of the
precautionary principle in scenarios of uncertainty (BBOP, 2012).

IS02/2017 regulates administrative procedures concerning
compensation for vegetation suppression permits in the Atlantic
Forest in Minas Gerais. ICRs do not have a  specific standard for
their characterization. Due to the absence of a  specific norm  for
ICR, CONAMA Resolution 423/2010, which regulates compensa-
tion of a  different ecosystem, is  being adopted, resulting in  serious
errors during the process of vegetation suppression permitting and
environmental compensation in  ICR (Miola et al., 2019). Therefore,
ICR are vulnerable to  compensation mechanisms that may  lead
to extinction of its rare natural habitats, ecological processes, and
biodiversity.

Additionally, the protection and compensation of Atlantic For-
est ecosystems should not be dealt with by the Executive Branch
through a  state policy (i.e., State Decree and Provisions)  in con-
traction to Federal legislation. In legal terms, this matter has a
constitutional importance and should be treated only after a  judi-
cious democratic engagement process involving all stakeholders,
considering researchers’ scientific evidence and citizens’ opinions.
Any regulation allowing suppression of Atlantic Forest remnants
without compulsory like-for-like compensation violates the prin-
ciples of the Brazilian Constitution.

Conclusions

By scrutinizing the scientific literature, we conclude that there
is no  empirical evidence to support the notion of generalized eco-
logical equivalence between ICR and QCR habitats, and that the
flexibilization in environmental compensation within Atlantic For-
est biome does not guarantee proper protection of biodiversity and
ecosystem services. The out-of-kind compensation proposed by  the
IS 02/2017 and the State Decree 47.749/2019 lacks consideration
of solid geological and ecological scientific knowledge about these
habitats, as well as a juridical foundation to  accept the compensa-
tion equivalences between the distinct types of rock outcrops.

The overall area covered by ICR is decreasing steeply at local and
national scales (Salles et al., 2018; Souza-Filho et al., 2019). There-
fore, promotion of no-net loss of its biodiversity is urgently needed
(Sonter et al., 2014b). Unfortunately, there are only a few protected
areas that provide full legal protection status to  ICR habitats. If the
mining development trends continue in its current pace, significant
biodiversity loss is expected given the high levels of endemism in
both fauna and flora of ICR (Jacobi et al., 2007). Marked decreases
in delivery of key ecosystem services will also follow the loss of
ICR, especially compromising water recharge provision. Owing to a
critical lack of knowledge on restoration of ICR (Silveira et al., 2016;
Miola et al., 2019), and the steep loss of the original area covered by
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Box 1

Suggestions to  improve the compensation analysis for
Atlantic Forest Ironstone campo rupestre.

1. To develop clear and specific policy guidelines and indi-
cators on how to  implement the ecological equivalence in
compensation for the ICR based on international best prac-
tices of mitigation hierarchy and biodiversity offsetting, and
no-net-loss concept.

2. To implement a  discussion of  compensation limits for
restricted habitats within the biome (risk vs. irreplaceability)
with different multipliers for compensation.

3. To allow free public access to  a registry that describes how
compensated actions are achieving their promised results.

ironstone outcrops (Salles et al., 2018),  we may  be rapidly coming
to a point-of-no-return, in  which the remaining ICR areas will no
longer hold the ecological processes for biodiversity and ecosystem
services.

There is a pressing need for the establishment of reliable eco-
logical equivalence metrics to  better support offsetting of Atlantic
Forest ICR. Evidence-based compensation is likely to improve our
ability to promote no net loss of biodiversity and to effectively
secure ecosystem services provided by  ICR. Evidence-based indi-
cators and metrics should consider that multiple floristic groups
may be recognized in ICR based on distinct species composition
and environmental conditions, primarily related to substrate and
climate (Neves et al., 2018). Discussions between the scientific
community, legislators, and decision-makers are urged to develop
effective indicators (see suggestions in Box 1). We  call for an inclu-
sive debate to reassess the assumptions of IS02/2017 and State
Decree 47.749/2019 to reconcile economic activities with conser-
vation of biodiversity and ecosystem services for people and nature.
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patrimônio cultural e  serviç os ambientais. 3i Editora, Belo Horizonte.

Carmo, F.F., Mota, R.C., Kamino, L.H.Y., Jacobi, C.M., 2018. Check-list of vascular
plant communities on ironstone ranges of south-eastern Brazil: dataset for
conservation. Biodivers. Data J.  6,  e27032,
http://dx.doi.org/10.3897/BDJ.6.e27032.

Carvalho, W.D., Mustin, K., Hilário, R.R., Vasconcelos, I.M., Eilers, V., Fearnside, P.M.,
2019. Deforestation control in the  Brazilian Amazon: a  conservation struggle
being lost as agreements and regulations are subverted and bypassed. Perspec.
Ecol.  Conserv. 17, 122–130, http://dx.doi.org/10.1016/j.pecon.2019.06.002.

Colli-Silva, M.,  Vasconcelos, T.N., Pirani, J.R., 2019. Outstanding plant endemism
levels strongly support the recognition of campo rupestre provinces in
mountaintops of eastern South America. J. Biogeogr. 46  (8), 1723–1733,
http://dx.doi.org/10.1111/jbi.13585.

Ferreira, M.C., Perillo, L.N., Drumond, M.A., Rodrigues, F.H.G., 2020. Collapse of
National Protected Areas in  Brazil: the example of Minas Gerais State. Parks (in
press).

Ferreira, R.L., Oliveira, M.P.O., Silva, M.S., 2015. Biodiversidade subterrânea em
Geossistemas Ferruginosos. In: Carmo, F.F., Kamino, L.H.Y. (Eds.), Geossistemas
ferruginosos do Brasil: áreas prioritárias para a  conservaç ão da diversidade
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Brazil. Acta Bot. Bras. 26  (3), 632–641,
http://dx.doi.org/10.1590/S0102-33062012000300012.

Ruchkys, U.A., Travassos, L.E.P., Rasteiro, M.A., Faria, L.E. (Eds.), 2015. Patrimônio
Espeleológico em rochas ferruginosas: propostas para sua conservaç ão  no
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