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As global trends in conversion and degradation of natural
and near-natural ecosystems continue, restoration ecology
is considered an increasingly important area of research,
while ecological restoration becomes an essential part of
environmental policy. Restoration not only contributes
to biodiversity conservation, but also to maintenance of
important ecological services for humankind, even though
the relation between species diversity and ecosystem
services is complex and generalizations difficult (MEA
2005, Bullock et al. 2011a). In the past decades, restoration
ecology has emerged as a new scientific discipline in Brazil
(e.g. Kageyama et al. 2003a), and the restoration of degraded
lands was included as one of the principles in the Brazilian
National Environmental Policy Law in 1981 (Brazil 1981).
More recently, the Brazilian Ministry of the Environment
announced a plan to create, until 2015, two reference centers
for restoration of degraded ecosystems within each of the six
biomes of the country, with the objective of promoting the
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development of biome-specific knowledge and technologies
in ecological restoration (Brazil 2012).

Restoration ecology thus has made considerable progress
in Brazil, both as a scientific discipline and as an area of
applied technology and environmental policy, contributing
to biodiversity conservation and sustainable land use in
Brazil. However, up to now, the focus of restoration ecology
has been principally on forest vegetation or on the woody
component of non-forest vegetation types such as Cerrado
(Kageyama et al. 2003b, Zamith & Scarano 2006, Durigan
2007, Sampaio et al. 2007), while open vegetation types
have been largely neglected. Even though the largest part of
Brazil’s natural vegetation is forest, different types of open
vegetation cover substantial parts of the country, such as
in the Cerrado (e.g. ‘Campo limpo, ‘Campos rupestres’),
in the Pantanal, in parts of the Mata Atlantica (‘Campos
de altitude’), and in the ‘Campos sulinos’ (South Brazilian
grasslands). The latter, included in the Pampa biome and
the southern part of the Mata Atlantica (Atlantic Forest)
biome, are the focus of this contribution. Just as other regions
dominated by tropical and subtropical grasslands around
the world (Bond & Parr 2010), grasslands in southern Brazil
have not been, until quite recently, considered as priority
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for research and conservation (Overbeck et al. 2007), and
restoration of these grasslands has not been an issue so far.
This seems to be principally a consequence of a general
lack of concern with conservation of non-forest vegetation
in Brazil, a bias probably induced by the massive rates of
deforestation seen in the Amazon and Atlantic forest biomes
in the 20™ century, when ecological consciousness emerged.

The grasslands in southern Brazil (i.e. in the states of Rio
Grande do Sul, Santa Catarina and Parand) are very rich in
biodiversity (Bencke 2009, Boldrini 2009). For grasslands
in Rio Grande do Sul alone (i.e. considering areas included
both in the Pampa and the Mata Atlantica biome), about
2,500 vascular plant species have been recorded. That is five
times the number of native tree species occurring in the
state, and 20% of these species are endemics (Boldrini et al.,
in prep.). Grasslands composed of native species support
traditional livestock production, which still is the basis of the
Gaucho culture, and contribute to the scenic beauty of many
landscapes in southern Brazil. However, in the past decades
the grassland area has decreased rapidly, principally due to
land use transformation (Crawshaw et al. 2007), causing
not only direct losses, but also increasing fragmentation
of grassland remnants. The Pampa biome has suffered a
complete replacement of original vegetation in 54% of its
area. Together with the Caatinga biome, which holds the
same value for loss of original vegetation, the Pampa biome
thus is listed second to the Mata Atlantica biome regarding
relative magnitude of land use changes (IBGE 2012).
Rates of transformation and degradation are not uniform
throughout Rio Grande do Sul (Cordeiro & Hasenack 2009).
While grasslands have remained relatively intact in regions
with less potential for intensive agriculture, they have been
almost completely destroyed in other regions, mostly due to
soybean or rice production. More recently, afforestation with
non-native tree species (often eucalypts or pines) has led to
substantial landscape changes in regions with poorer soils.
Furthermore, even grasslands under grazing management
are threatened by different degradation processes, such as
invasion by non-native species. It has been estimated that
the most problematic species, the C, grass Eragrostis plana,
introduced from Africa, occurs in more than one million
hectares in Rio Grande do Sul (Medeiros & Focht 2007).

Reference

These degradation processes not only lead to losses of
biodiversity, but also reduce important ecosystem services
provided by grasslands, such as carbon storage in soil, erosion
control, water infiltration into the soil and forage production
(White ef al., 2000 and references therein, Tornquist & Bayer,
2009; Pillar et al., 2012). It is mostly unknown to which
extent these functions or services can return to near-natural
conditions under unassisted recovery, given that former
grassland areas become available for such recovery following
logging of pine or eucalypt plantations, or cessation of
intensive arable use (Figure 1). Grassland restoration is
especially important within priority areas for conservation
or close to conservation units. The obligation to restore areas
in the ‘Reserva Legal, defined in the Brazilian Forest Code
(‘Codigo Florestal’), on the other hand, turns restoration
into an important topic throughout the country, and thus
makes new concepts for widespread grassland restoration
necessary. In this context, it is important to recognize that
restoration needs to consider not only biodiversity, but also
the most essential ecosystem functions (Aerts & Honnay
2011, Bullock et al. 2011a). In most grasslands, forage
production is one of these. However, it may not always be
possible to restore the full ‘functionality’ of the ecosystem.

Initiatives for restoration of grassland ecosystems in southern
Brazil face five serious challenges:

o The overall legal setting for conservation and
restoration is directed at forest vegetation. Even
though the Brazilian Forest Code actually obliges
landowners to restore all types of native vegetation,
this is often unknown or not acknowledged by
landowners;

» No experience on grassland restoration is available in
Brazil, and approaches developed for other vegetation
types most likely are not appropriate, as structure and
dynamics of grasslands and forests are very different.
For example, plantation of trees and establishment
of forest nuclei as a way to attract animal dispersers
and thus promote succession processes are common
techniques for restoration of forest, but unsuitable for
grassland vegetation;

Restorable?

Abandoned grassland

Managed natural grassland

Abandoned arable land Logged pine plantation

Figure 1. Managed natural grassland (reference ecosystem for restoration) and examples of three degradation stages (abandoned
pasture, logged plantation and abandoned arable land) in the highlands of southern Brazil, Rio Grande do Sul (Photos: J.-M. Hermann,

Jan. 2012).
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o Itis currently impossible to commercially obtain seeds
of even the most common native grassland species,
while seeds from non-native species (some of them
invasive) are easily available. This is a serious obstacle
for any grassland restoration project;

o The notion that disturbances like grazing and fire are
vital for grassland maintenance and diversity under
climatic conditions suitable for forest succession is not
widely recognized in Brazilian conservation policy.
Introduction of management, such as grazing, in
grassland restoration projects, as known from many
other regions of the world, is something not discussed
so far. Vegetation management for conservation is
still rarely considered by the public or in conservation
policy;

o The necessity of restoration of grassland vegetation is
still poorly recognized in Brazil, just as the benefits of
restoration for large-scale conservation of biodiversity
and ecosystem services.

The good news is that many examples of successful grassland
restoration have been developed in other countries, for
grasslands under a wide range of climatic conditions, different
management regimes and degradation processes (e.g.
Packard & Mutel 2005, Kiehl et al. 2010, Bakker et al. 2012).
A large proportion of studies, principally in the Northern
Hemisphere, come from regions where management (by
grazing, cutting or burning) is essential for conservation
of grasslands composed by native species (Bullock et al.
2011b, Bakker et al. 2012). Current research indicates that
this is also true for South Brazilian grasslands (Pillar & Vélez
2010). Thus, the experiences made in grassland restoration
around the world could be used as a basis for developing
and testing grassland restoration in Brazil, even though we
should be prepared to find that the specific conditions will
call for adaptation of concepts. It has been recognized that
restoration of ecosystems depends on knowledge from a
broad range of scientific areas, including landscape ecology,
conservation biology and socioeconomic research (Cairns
& Heckman 1996; Young 2000; Zerbe et al. 2009). For the
South Brazilian grassland ecosystems, it seems especially
important to include knowledge from forage science and
rangeland management, because grassland restoration will
only be successful, when conducted in a way that allows
for reasonable productivity as an economic basis for local
farmers - if possible, already during the restoration process.
Additionally, as in restoration of other ecosystem types,
the landscape context needs to be considered. Restoration
success may critically depend on landscape features that
allow for colonization by target species, i.e., permit dispersal,
and minimize possible negative impacts from other land
uses in adjacent areas, such as spread of invasive species.

We conclude that it is time to broaden the Brazilian
perspective on restoration ecology in science as well as in

practice by including non-forest vegetation types. We believe
that new concepts and improved experience in restoration
of non-forest vegetation can help reducing and eventually
stopping further losses in biodiversity, ecosystem services and
characteristic landscapes, not only in the ‘Campos sulinos,
but also in other parts of Brazil. Grassland restoration needs
anew set of concepts and techniques, and conservation of
grasslands, in contrast to many other Brazilian ecosystems,
often depends on suitable management to be successful in
the long run.

So, is there a conflict between the aims of grassland and
forest restoration? We do not think so, as the choice of a
reference system that helps to define restoration targets
and methods is not an arbitrary choice between forest and
grassland (or any other ecosystem type, for this matter), but
a question of the ecological context, the specific conditions
and history of the site to be restored. In consequence,
different restoration objectives will exist within biomes
or even vegetation types. No standard procedures exist for
restoration, but restoration strategies that consider the full
diversity of Brazilian ecosystems and their characteristics
will contribute significantly to conservation of biodiversity
and ecosystem functioning throughout the country.
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