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Conservation government policies are main legal mechanisms
directly sharping landscape ecology. In Brazil, the two main
environmental public policies are the National System of
Conservation Units (Sistemma Nacional de Unidades de
Conservagdo, SNUC), which regulates the establishment
and management of public and sometimes privately owned
Protected Areas, and the Brazilian Forest Act (Federal Law
12,651, May 25, 2012 (Brasil 2012), the former Cédigo
Florestal, BFA), which regulates the conservation, restoration,
and natural vegetation clearing in privately owned lands.
As more than 70% of the Brazilian territory is privately
owned (IPEA 2011), the present article discusses the
recent substitution of the BFA of 1965 by Law 12,651 of
2012 (heretofore referred to as new BFA: NBFA) and their
potential effects on ecosystem conservation, restoration,
and landscape integrity. These changes have been justified
by agricultural lobbyists stating that compliance with the
previous policies would supposedly harm several agricultural
business sectors. However, studies have shown this is
not necessarily the case (Brancalion & Rodrigues 2010;
Sparovek et al. 2011).

The BFA defines two main mechanisms for the conservation
of natural vegetation on privately owned land: Areas of
Permanent Preservation (APPs) and Legal Reserves (LRs)
(Table S1). There is enough scientific evidence to support
these two legal instruments of the BFA (Metzger 2010), and
there is increasing scientific concern following the revision
of the BFA (Ferreira et al. 2012). Some of the controversial
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changes in the BFA are described in detail on Table S2.
Compliance with these regulations is the major driver of
large-scale ecosystem restoration and conservation on
privately owned lands in Brazil, and the recent changes in the
BFA both exclude a significant portion of previously protected
areas and reduce the extent of mandatory restoration areas.
By reducing APP and LR requirements and/or allowing
other than restoration of the natural vegetation methods
to solve the no-conform areas such as the plantation of
forest crops, the NBFA has effectively amnestied mandatory
restoration for large areas (Metzger et al. 2010), despite an
apparent commitment from different sectors of society to
large scale restoration in Brazil.

Initiatives such as the Atlantic Forest Restoration Pact,
which aims to restore 15 million ha of Atlantic Forest by
2050 (Calmon et al. 2011) need to be strengthened by the
government and civil society to overcome the challenges
presented by the implementation of the NBFA (Melo et al.
2013). To demonstrate the negative effects of the NBFA on
forest conservation, ecosystem restoration, and landscape
integrity, we present two case studies quantifying the changes
in APP and LR extent resulting from the new policies. The
first case study quantifies the difference in the delimited
APP from maximum water bed (i.e., BFA) and from regular
watercourse bed (i.e., NBFA - see Table S2), for two Water
Resource Management Units (Unidades de Gestdo de
Recursos Hidricos, UGRHI; Figure S1) in the state of Sao
Paulo, where most of the land has been classified as having
high priority for restoration (Joly et al. 2010). The second
study case evaluates the reduction in APP, considering the
changes in minimum required APP widths, and in RL extent
within consolidated agricultural lands, for multiple rural
properties distributed across four Brazilian states (Figure S2).
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Both studies examine fragmented landscapes within the
Cerrado and Atlantic Forest biomes. Methodological details
are included as supplementary material. **

Case Study 1

For this study, we evaluated two Water Resource Management
Units in the state of Sdo Paulo: one within the Cerrado
biome (UGRHI-12), 724 thousand hectares in size, and
another within the Atlantic Forest biome (UGRHI-20),
1.32 million ha in size. APPs within each UGRHI were
mapped following the remote sensing methods proposed
by Rudorft et al. (2012).

NBFA regulations largely reduced the extent of APP required
in the evaluated UGRHIs showing a reduction of potential
area available for restoration. This reduction was larger for
the smaller UGRHI-12, with a 56% reduction in total APP
area, versus 43% for UGRHI-20 (Figure 1b).
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Figure 1. a) APP quantification methodology from the largest
(red line: APP maximum water bed level, the limit from which
the APP was established in the previous BFA) to the narrowest
(yellow line: APP maximum water bed level, the limit from
which the APP was established in the previous BFA) seasonal
watercourse bed (red line: APP minimum water bed level, the
limit from which the APP is established in the NBFA) to the
narrowest. b) Reduction in total extent of Areas of Permanent
Protection (APPs) resulting from changes in the definition of
watercourse limits from the largest to the narrowest seasonal
watercourse bed in the NBFA, for two Water Resource
Management Units (UGRHISs) in the State of Sao Paulo.

**see supplementary material available at abeco.org.br.

Case Study 2

For the second study, we evaluated 57 privately owned
properties within the states of Mato Grosso, Brasilia, Bahia,
and Minas Gerais, 60% of which are smaller than four
fiscal modules (FMs). To determine the actual extent of
consolidated agricultural areas within each property, land
cover maps were obtained from The Nature Conservancy
(TNC) non-governmental organization, and the delineation
of APPs was performed according to the NBFA guidelines.

We found a reduction in restoration potential of 54% and
60% in APP and LR area, respectively, considering the NBFA
regulations for consolidated agricultural areas (Table S4).
However, former regulations did not legislate for direct
‘active restoration’ of APPs, but for ‘passive restoration’
(e.g., unassisted recovery via natural recolonization after
land abandonment) as the former law provided for only
isolation of degradation factors (cattle, fire, selective
extraction, etc). In this sense, the clear obligation for APP
restoration in the NBFA is positive. Potential reduction
in restoration area was larger for properties of up to four
FMs, as the NBFA exempts these properties from having
minimum LR requirements (Figure 2). Moreover, under the
NBFA medium and large properties are allowed to include
existing APP extent when calculating total LR area for the
purpose of meeting minimum requirements, unlike the
previous version of the BFA. The combination of these new
regulations implies that mandatory conservation/restoration
areas are also significantly reduced for properties larger than
10 FMs (54%) that include consolidated agricultural lands
(see detailed results on supplementary material). It is worth
noticing that although only 10% of all rural properties in
Brazil are larger than four FMs, they represent about 76%
of the country’s area (IPEA 2011).

Discussion and Conclusion

Overall, results show an average reduction of 50% in total
restoration area owing to changes related to APP limits (i.e.,
now defined in relation to regular watercourse beds) and 57%
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Figure 2. Decreased area (%) for restoration in Legal Reserves
(LRs) and in Areas of Permanent Preservation (APPs) based
on standard APP and LR requirements and considering eligible
exemptions in the BFA 2012.
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owing to minimum restoration area requirements for APP
widths and LRs. Hence, the implementation of the NBFA
will potentially lead to a reduction in preserved areas and
especially in the extent of required restoration areas through
BFA enforcement. This reduction was not only tied to specific
biomes and physiographic landscape characteristics (relief
and size of watercourses), but also to rural property size.
Furthermore, considering the particulars of the seasonal
flood regimes observed for large Brazilian wetlands, such
as the Pantanal, Araguaia, and Amazon regions, as opposed
to the Atlantic Forest and Cerrado areas considered in the
present study, changes in APP quantification from the
largest to the regular seasonal watercourse bed will likely
have huge effects on the conservation and restoration of
these ecosystems.

Our results show that APP delineation based on the regular
watercourse bed will affect mainly regions of flat topography,
since areas with more pronounced relief and deeply seated
rivers have low seasonal variability in watercourse width.
Also, steep slopes (which are also defined as APPs) may
be significantly affected by the NBFA changes, as all
consolidated rural activities are allowed on slopes between
25 to 45 degrees, hilltops, plateaus, and in areas over 1800
meters for ‘small rural properties” (from 20 to 440 hectares
depending on the region) and activities such as farming,
forestry, and grazing for all properties maintaining crops
adapted to high relief conditions. Nevertheless, the highest
acceptable slope is 12% for planting crops like sugarcane, a
typical crop that is extensive in the evaluated UGRHIs and
in the former Atlantic Forest landscape. This emphasizes
the impacts of the NBFA in increasing the potential for
agricultural areas to expand significantly in the future.

Under the NBFA, ecosystem restoration will be compromised
by the new requirements. Given the changes in watercourse
definition, loss of planted vegetation is likely to occur owing
to seasonal flooding and edge effects, especially on flat
areas, as restoration sites will now be established within the
active river floodplains. Considering that plant community
composition will be largely determined by the relative size
of the fragments in relation to the active river floodplain
width (e.g., fragments completely contained within the
floodplain will only bear species adapted to temporary
flooding conditions, while fragments that encompass
upland areas will also house species characteristic of these
drier environments) (Metzger et al. 1997), restoration areas
based solely on wetland areas will be subject to ecological
limitations for flood-intolerant species. As a result, basing
the definition of APP extent on the regular watercourse
bed will protect mostly riparian vegetation, decreasing or
even excluding upland vegetation and leading to losses of
functional connectivity between corridors. Riparian buffers
are also essential to ensure animal movement along the
landscape (Lees & Peres 2007), and the placement of APPs
within the floodplain may prevent organism movement
during the wet season because of flooding, reducing the
role of protected vegetation as fauna and flora corridors.

Moreover, enhanced edge effects may occur along narrow
channels, leading to degradation of riparian vegetation and
favoring the colonization by invasive alien species, as well as
leading to increased direct sunshine, higher temperatures,
and enhanced sediment deposition or erosion, affecting
the aquatic fauna (Richardson et al. 2007; Casatti 2010;
Tundisi & Tundisi 2010).

Changes in compensation policies will also negatively affect
environmental services and conservation. The NBFA allows
compensation of insufficient LR area through the purchase
of forested land in regions distant from where native forest
amount in the farms is not conform with the requirements
established in the NBFA, as long as it is located within the
same biome, while the BFA only allowed compensation
within the same watershed. Differences in land pricing will
result in compensation areas being prioritized according
to cost, instead of environmental value, leading to loss
of opportunity for maximizing ecosystem services and
biodiversity gains at a regional scale (Menz et al. 2013),
and triggering landscape degradation. Hence, considering
that restoration actions on degraded areas or altered
forests can enhance ecosystem functions, biodiversity, and
landscape connectivity (Chazdon 2008), compensation
established near the place where native forest was removed
or degraded would be an opportunity. However, instead of
increasing connectivity via compensation areas in fragmented
landscapes, this change will continue to compromise future
persistence of biodiversity in several areas.

Finally, the new act drastically reduces the extent of
restoration in areas of low agricultural potential, mainly
in LR areas, which if restored could drastically improve
local landscape quality, biodiversity conservation, and
environmental services, with negligible losses in productivity.
Moreover, it will limit the establishment of new forest
patches that could be used by fauna as stepping stones or to
maximize the remnant coverage area, reducing edge-effects
and improving remnant nuclear areas. The configuration of
the landscape after fragmentation, the proximity to forest
fragments, and the landscape diversity (heterogeneity) are
essential to increase environmental suitability for birds
and mammals (Ferraz et al. 2012; Prist et al. 2012). One
strong alternative to offset this problem would be the actual
enforcement of government incentive packages to encourage
restoration of these less productive areas by landowners.

As the directives for forest restoration under the NBFA are
based upon property size, enforcement of these regulations
will be hindered by the current lack of property boundary
data for the Brazilian territory (INCRA 2013; IPEA 2011),
and compounded by the lack of accurate topographic,
hydrographic, and land cover mapping that already cripples
land use planning and management in Brazil (Ribeiro et al.
2010; Sparovek et al. 2011). To overcome this enormous
challenge, the Rural Environmental Registry (Cadastro
Ambiental Rural, CAR) has been created under the NBFA,
as a nationwide electronic public registration system,
mandatory for all rural properties, aiming to register farm
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environmental information. The implementation of the
CAR is undoubtedly the first and most important challenge
to be overcome to enable large scale restoration programs
around Brazil. The incentives packages for restoration and
conservation of critical areas, prescribed by the NBFA are
important opportunities to help connectivity, but most of
the landholders were not in compliance with the former
BFA, as the government did not enforce full compliance
with the law. The main reason is that full compliance is
costly, given the requirements for large-scale restoration
and the resulting losses in productive area (Sparovek et al.
2012). If compliance with legal APP restoration obligations
is enforced, Brazil can have one of the world’s largest
privately-run riparian restoration programs.

The present study shows two concrete examples of how
recent changes in the BFA can severely affect conservation
and restoration efforts, and can be worse if the incentives
provided by the Program for the Environment Regularization
(Programa de Regularizagdo Ambiental, PRA), also included
in the NBFA, are not implemented satisfactorily. Hence,
government should prioritize public policies that encourage
full APP and LR recovery, including mechanisms for
payment for providing ecosystem services, production of
timber and other forest products (Brancalion et al. 2012).

Brazil houses globally important biomes and biodiversity
hotspots, such as the Cerrado, the Atlantic Forest, and
the Amazon Rainforest, and has taken a leading role
in international negotiations on environmental issues.
One of the highlights of the Conference of the Parties on
Biological Diversity (COP 10) was Brazil's commitment to
restore at least 15% of degraded ecosystems, ensuring the
provision of environmental services and contributing to
mitigation and adaptation to climate change. The NBFA
certainly brings challenges to achieve this goal, especially
if the incentive measures for restoration and conservation
also provided in NBFA are not quickly implemented.
Furthermore, economic incentive policies such as payment
for environmental services to landowners to restore and
conserve priority areas will be fundamental to safeguard
natural Brazilian ecosystems.
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