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Ecosystem restoration on a 
landscape scale strengthens 
biodiversity conservation in 
protected areas.

This article focuses on the opportu-
nities for ecosystem restoration to 
contribute to biodiversity conser-

vation within and outside protected areas 
(as discussed, for example, in Brancalion 
et al., 2013a).

Ecosystem restoration on a landscape 
scale, alongside the sustainable management 
of other land-use types including agriculture, 
pasturelands, forestry, and the expansion 
and consolidation of protected areas, is 
increasingly recognized as a necessary part 
of a package of activities for biodiversity 
conservation, enhanced ecosystem services 
and sustainable development (SCBD, 2014; 

Aronson and Alexander, 2013; Menz et al., 
2013; Rey Benayas et al., 2009; Bullock 
et al., 2011).

The Convention on Biological Diversity 
(CBD) states that each Party shall, as far as 
possible, “rehabilitate and restore degraded 
ecosystems and promote the recovery of 
threatened species, including through 
the development and implementation of 
plans or other management strategies”.1 
To further the implementation of this 
provision and Aichi Biodiversity Targets 
14 and 15 (Box 1), the Conference of the 
Parties (COP) to the Convention adopted 
a comprehensive decision on ecosystem 
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Above: Blooming Handroanthus 
impetiginosus tree (Bignoniaceae) 
in the Brazilian Atlantic Forest

1	Article 8(f) of the Convention: http://www.cbd.int/ 
convention/text/.
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restoration in 2012,2 backed up by the 
Hyderabad Call for a Concerted Effort 
on Ecosystem Restoration.3 To provide 
support to developing-country Parties on 

of degraded land by 2020. On the margins 
of the UN Climate Summit in September 
20145 a number of governments, as well as 
civil society and private-sector organiza-
tions, signed the New York Declaration 
on Forests, extending the goal by an 
additional 200 million ha to be restored 
by 2030.6

implementing these decisions and achiev-
ing these targets, the Forest Ecosystem 
Restoration Initiative, supported by the 
Government of the Republic of Korea 
through the Korea Forest Service (KFS), 
was launched at CBD COP 12 in October 
2014.

These aspirations are reflected in the 
Bonn Challenge4 to restore 150 million ha 

5	 See http://www.un.org/climatechange/summit/. 
6	 See Panel-5 discussions at http://www.un-redd.

org/Portals/15/documents/Report%20on%20the 
%20Forests%20Pavilion%2023%20September 
%202014%20v2.pdf.

4	 http://www.forestlandscaperestoration.org/topic/ 
bonn-challenge; http://www.forestlandscape 
restoration.org/sites/default/files/topic/the_bonn_ 
challenge.pdf.

2	 Decision XI/16: http://www.cbd.int/decision/
cop/default.shtml?id=13177.

3	 The Hyderabad Call for a Concerted Effort 
on Ecosystem Restoration was made by the 
Governments of India, the Republic of Korea 
and South Africa (as then COP Presidents of the 
CBD, UNCCD and UNFCCC) and heads of a 
number of international organizations: http://
www.cbd.int/doc/restoration/Hyderabad-call-
restoration-en.pdf.

Box 1
Strategic Plan for Biodiversity 2011–2020 

The Strategic Plan for Biodiversity 2011–2020 was adopted by the CBD COP at its tenth meeting in Nagoya, Japan, in October 2010. It is 
supported by the other biodiversity-related conventions and by the United Nations. It thus provides an internationally agreed framework for 
action on biodiversity with a vision that foresees that:

By 2050, biodiversity is valued, conserved, restored and wisely used, maintaining ecosystem services, sustaining a healthy planet and 
delivering benefits essential for all people.	  

The Plan includes twenty Aichi Biodiversity Targets including Target 15:
	

By 2020, ecosystem resilience and the contribution of biodiversity to carbon 
stocks has been enhanced, through conservation and restoration, including 
restoration of at least 15 percent of degraded ecosystems, thereby contributing 
to climate change mitigation and adaptation and to combating desertification.

Actions to achieve the Aichi Targets should be undertaken in a coherent and 
coordinated manner. In particular, efforts to achieve Target 15 on ecosystem 
restoration should be closely linked to those aimed at halving deforestation 
and reducing the loss and degradation of other natural habitats (Target 5), pro-
moting sustainable agriculture and forestry (Target 7) and protecting at least 
17 percent of terrestrial areas through a system of protected areas integrated 
into the wider landscape (Target 11). Achieving these targets will together help 
to protect threatened species (Target 12), genetic diversity (Target 13) and eco-
system services (Target 14). The full text of the Targets is available at: http://
www.cbd.int/sp/targets/default.shtml.

At the national level, implementation of the Strategic Plan for Biodiversity is promoted through national biodiversity strategies and action 
plans. Attaining the Aichi Biodiversity Targets will in most cases require the implementation of a package of actions, typically including legal 
or policy frameworks, socioeconomic incentives aligned to such frameworks, public and stakeholder engagement, monitoring and enforce-
ment. Coherence of policies across sectors and the corresponding government ministries is also necessary.

Meeting the Aichi Biodiversity Targets would contribute significantly to broader global priorities addressed by the post-2015 development 
agenda, namely: reducing hunger and poverty; improving human health; ensuring a sustainable supply of energy, food and clean water; 
contributing to climate change mitigation and adaptation; combating desertification and land degradation; and reducing vulnerability to 
disasters (SCBD, 2014). 
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Efforts to restore ecosystems also contrib-
ute to other internationally agreed goals, 
including ecosystem-based adaptation and 
climate change mitigation under the United 
Nations Framework Convention on Climate 
Change (UNFCCC),7 land-degradation 
neutrality under the United Nations 
Convention to Combat Desertification 
(UNCCD),8 the wise use of wetlands under 
the Ramsar Convention on Wetlands,9 and 
the four Global Objectives on Forests of 

the United Nations Forum on Forests.10 
Ecosystem restoration is also recognized 
in the Sustainable Development Goals.11

Ecosystem restoration at the landscape 
scale reflects a paradigm shift in conserva-
tion science, putting spatial pattern and 
scale at the centre of conservation strate-
gies, where, instead of focusing exclusively 

on reserves, conservation efforts maximize 
the value of rural landscapes for biodiver-
sity persistence, preventing extinctions, 
and for the provision of ecosystem ser-
vices (Chazdon et al., 2009). This shift 
was also reflected in the discussions and 
outcomes of the 5th International Union 
for Conservation of Nature (IUCN) World 
Parks Congress in 2003 under the overarch-
ing theme of “Benefits beyond boundaries”, 
as well as in the goals and activities of the 
Programme of Work on Protected Areas 
adopted under the CBD in 2004.

WHY LANDSCAPE RESTORATION 
IS NEEDED FOR BIODIVERSITY 
CONSERVATION
Significant efforts have been made in 
recent years to develop protected area net-
works within the framework of the CBD’s 
Programme of Work on Protected Areas. 
The world is now on track to protect 17 per-
cent of terrestrial areas by 2020, in line 
with Aichi Biodiversity Target 11 (SCBD, 
2014). However, achieving a well-managed 
and representative network will require 
greater efforts. Moreover, extrapolations 
of current trends indicate that pressures 
on biodiversity will continue to increase 
and the status of biodiversity will continue 
to decline. Analysis of the major primary 
sectors indicates that drivers linked to agri-
culture account for some two-thirds of the 
projected loss of terrestrial biodiversity 
(SCBD, 2014). 

Many protected areas are embedded 
within human-modified landscapes 
(Melo et al., 2013a), where agriculture 

7	 http://unfccc.int/2860.php.
8	 http://www.unccd.int/.
9	 www.ramsar.org.

10	www.un.org/esa/forests.
11	For details, see https://sustainabledevelopment.

un.org/sdgsproposal, and in particular for resto-
ration targets 6.6 (water-related ecosystems), 
14.2 (marine and coastal ecosystems), 15.1 (ter-
restrial and inland freshwater ecosystems), 
15.2 (degraded forests), and 15.3 (degraded land 
and soil).

Community-managed agroforests made 
up of banana, manioc and juçara (an 
endangered native palm, the fruits of 
which are exploited for pulp production), 
at the borders of the Serra do Mar State 
Park in the Atlantic Forest of São Paulo, 
Brazil. Such agroforests supply food and 
provide income to traditional populations 
living around the protected area, thus 
avoiding illegal harvesting of wood and 
non-wood forest products in the reserve. 
In this context, forest restoration and 
rehabilitation are useful to reduce human-
mediated disturbances in protected 
areas and to improve the connectivity of 
landscapes that embrace protected areas
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and urbanization have determined land-
scape structure and may represent major 
disturbances to natural ecosystems. 
Habitat loss and fragmentation is a major 
threat to biodiversity conservation in 
this context. Recent studies have shown 
that below certain percentages of habitat 
cover, human-modified landscapes show an 
abrupt decline in biodiversity as a result of 
the lack of connectivity among remaining 
habitat patches (Rappaport et al., 2015). 
Thus, when embedded in landscapes with 
very low habitat cover – predominant in 
many regions – protected areas without 
connectivity to the surrounding landscape 
have a limited potential to avoid further 
species extinctions. The critical habitat 
cover for biodiversity conservation varies 
according to ecosystem type, landscape 
matrix, and focus organisms (Fahrig, 2001) 
and, although theoretical research has 
indicated 20–30 percent habitat cover as 

a relevant threshold,  further empirical test-
ing is required (Fahrig, 2003). For example, 
forecasting by Ferro et al. (2014) found 
that most protected areas in the Brazilian 
Atlantic Forest would become climatically 
unsuitable for maintaining the diversity of 
tiger moths (Arctiinae) by 2080. Climate 
change will likely impose additional chal-
lenges for biodiversity confined to reserves. 
Some species may be forced to shift their 
geographical ranges in order to find cli-
mate refuges. For example, not only are 
marsupial species in Brazil forecast to shift 
ranges towards the southeast of the coun-
try, culminating in high species richness in 
that area, but most species will also experi-
ence significant range contraction and loss 
of climatically suitable areas within their 
geographic range (Loyola et al., 2012). 
Thus, protected areas increasingly need to 
be functionally connected to other habitat 
patches in the landscape to allow species 

movement to more favourable sites. In a 
changing world, we have to improve the 
dynamic interaction between protected 
areas and the other components of the 
inter-habitat mosaic (Hobbs et al., 2014). 
In other words, we have to manage the 
system (i.e. the landscape), and not only 
its parts (i.e. protected areas and other 
patches of natural habitat). 

Thus, to sustain desirable levels of 
connectivity and foster biodiversity conser-
vation in protected areas, the maintenance 
and restoration of smaller remnants in the 
landscape need to be taken into account, 
and in highly fragmented landscapes 
may be the only option available. In such 
conditions, landscape restoration is vital 
to support biodiversity conservation over 
time, complemented by improved cover-
age of isolated semi-natural habitats in 
landscape management plans. In human-
modified landscapes, the conservation 
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focus thus needs to move beyond the 
protection of existing remnants, while 
addressing landscape constraints and 
interactions to support the persistence of 
biodiversity (Gardner et al., 2009).

Such an approach is consistent with Aichi 
Biodiversity Target 11, which calls for 
“effectively and equitably managed, eco-
logically representative and well-connected 
systems of protected areas and other effec-
tive area-based conservation measures 
[…] integrated into the wider landscape 
and seascape”. The CBD Programme of 
Work on Protected Areas elaborates on 
the concept of integrating protected areas 
into wider land- and seascapes,12 and 

Ervin et al. (2010) have produced a relevant 
guide in the CBD Technical Series. 

In identifying possible areas for res-
toration, consideration should be given 
to improving the extent, quality and 
connectivity of high-biodiversity areas, 
including areas that are home to threat-
ened or endangered species, and those 
that deliver important ecosystem services 
(Tambosi et al., 2014). Restoration must 
be informed by a vision of enhancing 
native ecosystem functions and avoiding 
further reduction or conversion of natural 
habitat cover, or loss in other natural eco-
systems (Latawiec et al., 2015). Vulnerable 
areas with the potential to contribute to a 
matrix of conservation and sustainable 
use can be accorded appropriate levels of 
protection and targeted for restoration as 
needed. Areas can be protected against 
human-mediated disturbances and recon-
nected to other habitat remnants in the 
landscape. In addition, the hospitability 
of the agricultural landscape “matrix” 
(within which protected areas and other 
areas of native vegetation are embedded) 
to species that may move among these 
natural patches can be improved through 
various forms of landscape restoration. 
This may include forest restoration and 
interventions to increase tree cover in agri-
cultural landscapes, such as agroforestry, 

“living fences”, and the establishment of 
appropriate tree plantations.

Brancalion et al. (2013b) proposed an 
approach in which forest and landscape 
restoration (FLR) supports biodiversity 
conservation in protected areas embedded 
within human-dominated landscapes. The 
approach is based on the premise that, in 
many tropical areas, forest remnants large 
enough to receive public investments for 
strict protection have become scarce, 
while small- and medium-sized, privately 
owned fragments may play a significant 
role in conserving stressed biodiversity. 
Historically, the conservation role of such 
small remnants has been underestimated 
by conservationists because these areas 
may harbour far lower levels of biodiversity 
than do the larger protected or otherwise 
conserved remnants. This reflects a limited 
view of biodiversity conservation, as small 
remnants can serve as ecological corridors 
or stepping stones. The approach, which 
the authors call “restoration reserves”, 
uses the following multi-scale decision-
making scheme:
1.	 definition of priority areas for increas-

ing landscape connectivity through 
ecological restoration at the regional 
scale;

2.	 selection of a given landscape where 
ecological restoration shows high 

12	Goal 1.2 of the Programme of Work on Protected 
Areas: http://www.cbd.int/protected/.
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A large part of the Vassununga State Park 
in the Brazilian Atlantic Forest burned 
in a fire that began at the borders of 
the road that crosses the park. Climate 
change tends to intensify and increase 
the frequency of forest fires in tropical 
regions, representing an important 
risk for protected areas. If protected 
areas are connected to other remnants 
in the landscape through ecological 
corridors established by restoration 
interventions, fauna can better escape 
from areas submitted to human-mediated 
disturbances, and the recolonization 
process of destroyed or disturbed parts  
of protected areas can be facilitated
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potential for increasing landscape 
connectivity, using this to define the 
boundaries of the area within which 
landscape-scale restoration is to be 
promoted; and

3.	 implementation of ecological resto-
ration activities aimed at increasing 
biodiversity conservation and land-
scape connectivity within these areas, 
such as
•	 protection of existing forest 

remnants;
•	 restoration of degraded areas of 

native vegetation;
•	 increasing of the size and/or 

improvements to the shape of 
remnants to reduce edge effects; and

•	 restoration of some lands that have 
been converted to agriculture, 
especially degraded or low-
productivity lands, to establish 
ecological corridors and stepping 
stones or to enlarge existing cor-
ridors (Figure 1).

Ecosystem restoration is not a substitute 
for conservation, nor should it be used 
to justify degradation or unsustainable 
use. Old-growth forests and other areas 

of near-pristine native vegetation are the 
main repositories of biodiversity in human-
modified landscapes, and are a necessary 
source of biodiversity for colonizing resto-
ration sites within agricultural landscapes.

Indeed, although restoration has been 
effective in increasing biodiversity levels 
in degraded sites, it has not been enough to 
achieve the reference values of conserved 
ecosystems (Rey Benayas et al., 2009). 
Consequently, a main premise of landscape 
restoration should be to halt habitat loss, 
especially of those ecosystems that provide 
essential ecosystem services and have a 
higher potential to retain their biological 
composition and functions. Although some 
tropical landscapes have experienced a 
forest transition where forest gains have 
surpassed deforestation and thus brought 
about a net gain in forest cover, old-growth 
forest remnants have nevertheless often 
been replaced by crop fields and pasture-
lands in areas favourable for agricultural 
production (Ferraz et al., 2014). This sig-
nificantly affects the viability of species in 
existing and future restoration sites, as well 
as pollination, pest control, and other eco-
system services mediated by biodiversity 

in agroecosystems. Restoration outcomes 
are also affected by landscape structure, 
land-use history and disturbance regime, 
which increase the risk of using restora-
tion to offset biodiversity losses in natural 
ecosystems (Maron et al., 2012).

Diversity between and within species is 
important for effective ecosystem restora-
tion, not only to promote high conservation 
value in the restored ecosystems but also 
to ensure the success of the restora-
tion process itself (Thomas et al., 2014; 
Bozzano et al., 2014). Restoration activities 
should also be undertaken in a manner 
consistent with the ecosystem approach 
developed under the CBD.13 In particu-
lar, forest landscape restoration should 
only be undertaken where ecologically 
appropriate. Although afforestation and 
reforestation are part of forest-restoration 
strategies, such measures should be criti-
cally assessed in natural ecosystems. 
Working across the whole landscape with 

1
Priority areas for restoration at the 
landscape level from a biodiversity 
conservation perspective.
Dark green areas (1) depict areas of 
native vegetation (e.g. remnants of old-
growth forest). These areas are a priority 
for conservation and may already be 
included in protected areas. The areas 
shown in yellow (2) and bounded by dark 
green lines represent degraded native 
vegetation. Ecological restoration of these 
areas would improve the integrity of the 
associated high-conservation areas. Areas 
shown in mid-green, bounded by broken 
brown lines (3–6), depict priority areas for 
restoration from agriculture or rangeland 
areas, with the following rationales: 
improving the integrity of existing areas 
of native vegetation (3) by reducing edge 
effects and increasing size; providing 
ecological corridors (4) or stepping stones 
to improve connectivity (5); and protecting 
riparian areas from erosion (6). Finally, the 
hospitability of the agricultural landscape 
matrix may be improved through 
agroforestry. 

13	Ecosystem approach operational guidance: 
https://www.cbd.int/ecosystem/operational.shtml 
and Principles: http://www.cbd.int/ecosystem/
principles.shtml.
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a mosaic of land uses requires assessments 
of the ecological conditions, sociocultural 
dynamics and other enabling factors in 
order to assess trade-offs and adjust land-
use plans accordingly. Each country needs 
to determine what is ecologically appropri-
ate and establish its baseline maps, with 
monitoring systems in place to track and 
guide progress in the various ecosystems. 
Countries will need to assess opportuni-
ties for restoring deforested and degraded 
landscapes and factor in the rehabilitation 
of degraded agricultural lands to improve 
productivity in mosaic landscapes, without 
causing loss or conversion of native forests, 
grasslands or other natural ecosystems 
(Veldman et al., 2015).

THE CASE OF THE BRAZILIAN 
ATLANTIC FOREST
Despite growing international recognition 
of the importance of ecological restora-
tion, large-scale FLR programmes are 
only at their beginning, which limits 
our understanding of the real needs 
and success factors of such activities 
for complementing biodiversity conser-
vation in protected areas. To improve 
understanding, we selected the restora-
tion of the Brazilian Atlantic Forest as 
a case study. The study provides local 
lessons in ecosystem conservation and 
restoration with regard to protected-area 
management, and is a concrete example 
of a contribution to globally agreed goals 

under the Strategic Plan for Biodiversity 
2011–2020 and the emerging Sustainable 
Development Goals. It was chosen on the 
basis of the biological importance of the 
biome concerned, which is among the 
top five Global Biodiversity Hotspots 
(Laurance, 2009), and the existence of 
a large-scale, successful programme for 
FLR: the Atlantic Forest Restoration Pact 
(Melo et al., 2013b).

Only 1.05 percent of the original extent 
of the Brazilian Atlantic Forest is protected 
in reserves, which are mostly embedded 
in highly fragmented landscapes (Ribeiro 
et al., 2009). Since less than 12 percent 
of the original Atlantic Forest cover 
(1.2 million km²) remains today, these 
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protected areas are frequently isolated 
from neighbouring forest remnants and, 
considering the small size of the reserves, 
are often part of landscapes below the 
habitat-cover threshold required to avoid 
an abrupt loss of biodiversity. For instance, 
Banks-Leite et al. (2014) observed in this 
biome an abrupt decline in the commu-
nity integrity of vertebrates when habitat 
cover fell to approximately 30 percent. 
Consequently, maintaining existing pro-
tected areas is not enough, in this case, for 
the long-term persistence of biodiversity. 
Nor is creating new, formally recognized 
protected areas on a significant scale a 
feasible solution, since forest remnants 
large enough to receive public investments 
for strict protection have become scarce. 
However, conserving small- and medium-
sized, privately owned fragments, while 
restoring small areas around protected 
areas, has been shown to improve the 
connectivity of landscapes (Brancalion 
et al., 2013b). In addition, improving 
tree cover in agricultural landscapes, for 
example through agroforestry and com-
mercial tree plantations, may also lead to 
increased landscape hospitability to some 
endangered species. Further, in highly 
fragmented landscapes, protecting small 
remnants and restoring others may be the 
only option available to reach an adequate 
level of representativity: this is the case in 
the protected area network of the Atlantic 
Forest, where six of its seven biogeographi-
cal regions are poorly protected. In such 
conditions, FLR is even more crucial to 
support biodiversity conservation over 
time.

To address this need, a coalition of non-
governmental organizations (NGOs), 
private companies, governments, and 
academia launched in 2009 the Atlantic 
Forest Restoration Pact, which currently 
consists of more than 300 institutions 
working together to restore 15 million ha 
of forests by 2050, including a pledge of 
1 million ha within the framework of the 
Bonn Challenge (Melo et al., 2013b). If this 
restoration target is met, the Atlantic Forest 
would reach 30 percent of forest cover, 

achieving the estimated minimum threshold 
for biodiversity persistence, in association 
with the maintenance and improvement of 
the protected areas network.

The Pact has developed methodologies 
for identifying priority areas for resto-
ration that take into account the factors 
discussed in the previous section (see also 
Figure 1) with a view to optimizing the 
contribution to biodiversity conservation 
without neglecting socioeconomic factors. 
This view incorporates a well-developed 
framework for land-use planning, in order 
to create space for large-scale restoration 
in agricultural areas and avoid displac-
ing agricultural activities that may cause 
deforestation elsewhere (Latawiec et al., 
2015). To achieve its goal, the Pact devel-
oped a thematic map of potential areas for 
restoration, in which nearly 7 million ha of 
less productive pasturelands (slope >15°) – 
with a low opportunity cost (less than 
US$50/ha/year) due to their low productiv-
ity and returns to farmers – were targeted 
for restoration (Pinto et al., 2014). The 
Pact proposes that the implementation of 
restoration models designed to produce 
timber and non-wood forest products, as 
well as to receive payments for ecosystem 
services, can be profitable and overcome 
the opportunity costs of less productive 
pasturelands (Brancalion et al., 2012). 
Maps of priority regions for increasing 
landscape connectivity have also been 
produced (Tambosi et al., 2014), which 
may optimize restoration efforts, especially 
in the regions more recently affected by 
deforestation. In addition, to increase the 
cost-effectiveness of restoration through 
spatial planning, the Pact also looks at 
the quality of restoration interventions. A 
reference book summarizing most of the 
technical and scientific information avail-
able on forest restoration in the Atlantic 
Forest provides scientific guidance to 
practitioners on environmental diagnosis 
and planning, restoration methods and 
operational interventions, seed and seed-
ling production, including genetic issues, 
and monitoring (Rodrigues et al., 2009). 
More recently, a monitoring protocol was 

launched to assess the ecological, socio-
economic and management effectiveness 
of restoration projects and programmes 
developed by Pact members, and to identify 
the key obstacles to successful restoration 
and provide collective solutions (Pinto 
et al., 2014). 

The Atlantic Forest Restoration Pact 
has been integrated not only into global 
initiatives such as the Bonn Challenge, 
focusing on large-scale restoration, but 
also into new laws and policies supporting 
forest restoration in Brazil. The consequent 
development of innovative models to trans-
form restoration into an economically and 
socioecologically viable land-use option 
thus opens promising perspectives.

Conclusions  
Ecosystem restoration at the landscape 
level is an essential part of efforts to protect 
biodiversity and contribute to sustainable 
development. To be successful in this 
regard, ecosystem restoration must:

•	 help to protect the integrity of 
existing areas of native vegeta-
tion, including protected areas, by 
increasing the size of such areas 
and reducing edge effects;

•	 improve connectivity in the land-
scape, for example by providing 
ecological corridors or “stepping 
stones” between existing areas 
of native vegetation, including 
protected areas; 

•	 make use of a wide diversity of 
species in restored areas, taking 
into account genetic diversity;

•	 complement efforts to reduce deg-
radation and habitat loss, thereby 
protecting old-growth remnants and 
other near-pristine habitats; and 

•	 be implemented in an ecologically 
appropriate manner, avoiding, for 
example, afforestation of non-forest 
natural ecosystems. 

Efforts are needed at the landscape level 
to manage the system rather than just its 
individual components. This includes not 
only manipulating its biophysical com-
ponents, but involving the socioeconomic 
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drivers of both habitat degradation and 
loss and ecosystem restoration. A key step 
towards the implementation of effective 
ecosystem and landscape restoration 
programmes is to develop governance 
mechanisms that enable restoration 
advocates to provide better conditions and 
incentives for restoration activities, while 
creating barriers to stop degradation. But 
overcoming socioeconomic thresholds can 
be even more challenging than tackling 
biophysical factors.

Concerted actions for ecological res-
toration in forest and other landscapes, 
together with biodiversity conservation in 
protected areas and a range of complemen-
tary interventions to promote sustainable 
agricultural, rangeland and forest produc-
tion, will help meet the needs of today and 
ensure sustainable development for future 
generations. u

References

Aronson, J. & Alexander, S. 2013. Ecosystem 
restoration is now a global priority: time to 
roll up our sleeves. Restoration Ecology, 
21(3): 293–296. 

Banks-Leite, C., Pardini, R., Tambosi, L.R., 
Pearse, W.D., Bueno, A.A., Bruscagin, R.T., 
Condez, T.H., Dixo, M., Igari, A.T., 
Martensen, A.C. & Metzger, J.P. 2014. 
Using ecological thresholds to evaluate the 
costs and benefits of set-asides in a biodiversity 
hotspot. Science, 345(6200): 1041–1045.

Bozzano, M., Jalonen, R., Thomas, E., 
Boshier, D., Gallo, L., Cavers, S., 
Bordács, S., Smith, P. & Loo, J., eds. 
2014. Genetic considerations in ecosystem 
restoration using native tree species. In 
Bozzano, M. et al. (eds.), Genetic considera-
tions in ecosystem restoration using native 
tree species. State of the World’s Forest 
Genetic Resources Thematic Study. Rome, 

FAO and Bioversity International (available 
at http://www.fao.org/3/a-i3938e.pdf).

Brancal ion, P. H. S. ,  Melo, F. P. L. , 
Tabarelli, M. & Rodrigues, R.R. 2013a. 
Biodiversity persistence in highly human 
modified tropical landscapes depends on eco-
logical restoration. Tropical Conservation 
Science, 6(6):705–710.

Brancal ion, P. H. S. ,  Melo, F. P. L. , 
Tabarelli, M. & Rodrigues, R.R. 2013b. 
Restoration reserves as biodiversity safe-
guards in human-modified landscapes. 
Natureza & Conservação, 11(2): 186–190.

Brancalion, P.H. S., Viani, R.A.G., 
Strassburg, B.B.N. & Rodrigues, R.R. 
2012. Finding the money for tropical forest 
restoration. Unasylva, 63(239): 25–34.

Bullock, J.M., Aronson, J., Newton, A.C., 
Pywell, R.F. & Rey-Benayas, J.M. 2011. 
Restoration of ecosystem services and bio-
diversity. Trends in Ecology and Evolution, 
26: 541–549.

Chazdon, R.L., Harvey, C.A., Komar, O.,  
Grif f ith, D. M., Ferguson, B.G. , 
Martínez-Ramos, M., Morales, H., 
Nigh, R., Soto Pinto, L., van Breugel, M. 
& Philpott, S.M. 2009. Beyond reserves: a 
research agenda for conserving biodiversity 
in human modified tropical landscapes. 
Biotropica, 41(2): 142–153.

Ervin, J., Mulongoy, K.J., Lawrence, K., 
Game, E., Sheppard, D., Bridgewater, P., 
Bennett, G., Gidda, S.B. & Bos, P. 2010. 
Making protected areas relevant: a guide 
to integrating protected areas into wider 
landscapes, seascapes and sectoral plans 
and strategies. CBD Technical Series No. 44. 
Montreal, Canada, Convention on Biological 
Diversity.

Fahrig, L. 2001. How much habitat is enough? 
Biological Conservation, 100: 65–74.

Fahrig, L. 2003. Effects of habitat fragmen-
tation on biodiversity. Annual Review of 
Ecology, Evolution and Systematics, 34: 
487–515.

Ferra z ,  S . ,  Ferra z ,  K. N. P. M. B. , 
Cassiano, C.C., Brancalion, P.H.S., 
Luz, D.T.A., Azevedo, T.N., Tambosi, L.R. 
& Metzger, J.P. 2014. How good are tropical 
forest patches for ecosystem services provi-
sioning? Landscape Ecology, 29(2): 187–200.

Ferro, V.G., Lemes, P., Melo, A.S. & 
Loyola, R. 2014. The reduced effectiveness 
of protected areas under climate change 
threatens Atlantic Forest Tiger Moths. PLoS 
One, 9(9): e107792.

Gardner, T.A., Barlow, J., Chazdon, R., 
Ewers, R.M., Harvey, C.A., Peres, C.A. 
& Sodhi, N.S. 2009. Prospects for tropical 
forest biodiversity in a human-modified 
world. Ecology Letters, 12: 561–582.

Hobbs, R.J., Higgs, E., Hall, C.M., 
Bridgewater, P., Chapin III, F.S., 
Ellis, E.C., Ewel, J.J., Hallett, L.M., 
Harris, J., Hulvey, K.B., Jackson, S.T., 
Kennedy, P.L., Kueffer, C., Lach, L., 
Lantz, T.C., Lugo, A.E., Mascaro, J., 
Murphy, S.D., Nelson, C.R., Perring, M.P., 
Richardson, D.M., Seastedt, T.R., 
Standish, R.J., Starzomski, B.M., 
Suding, K.N., Tognetti, P.M., Yakob, L. 
& Yung, L. 2014. Managing the whole 
landscape: historical, hybrid, and novel 
ecosystems. Frontiers in Ecology and the 
Environment, 12(10): 557–564.

Latawiec, A.E., Strassburg, B.B.N., 
Brancalion, P.H.S., Rodrigues, R.R. & 
Gardner T. 2015. Creating space for large-
scale restoration in tropical agricultural 
landscapes. Frontiers in Ecology and the 
Environment, 13: 211–218.

Laurance, W.F. 2009. Conserving the hottest 
of the hotspots. Biological Conservation, 
142(6): 1137. 

Loyola, R.D., Lemes, P., Faleiro, F.V., 
Trindade-Filho, J. & Machado, R.B. 2012. 
Severe loss of suitable climatic conditions 
for marsupial species in Brazil: challenges 
and opportunities for conservation. PLoS 
One, 7(9): e46257.

Maron, M., Hobbs, R.J., Moilanen, A., 
Matthews, J.W., Christie, K., Gardner, T.A., 
Keith, D.A., Lindenmayer, D.B. & 
McAlpine, C.A. 2012. Faustian bargains? 
Restoration realities in the context of 
biodiversity offset policies. Biological 
Conservation, 155: 141–148.

Melo, F.P, Arroyo-Rodríguez, V., Fahrig, L., 
Martinez-Ramos, M. & Tabarelli, M. 
2013a. On the hope for biodiversity-friendly 
tropical landscapes. Trends in Ecology and 
Evolution, 28: 462–468.


