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PREFACE

Restoration is not only possible but
can prove highly profitable in terms
of public savings; returns and the
broad objectives of overcoming
poverty and achieving sustainability

Ecosystems, from forests and freshwater to coral reefs and soils, deliver essential services
to humankind estimated to be worth over USD 72 trillion a year – comparable to World
Gross National Income. Yet in 2010, nearly two-thirds of the globe’s ecosystems are considered degraded as a result of damage, mismanagement and a failure to invest and reinvest in their productivity, health and sustainability.
The loss of ecosystems and the biodiversity underpinning them
is a challenge to us all. But a particular challenge for the world’s
poor and thus for the attainment of the UN’s Millennium Development Goals.
Wetlands provide services of near USD 7 trillion every year. Forested wetlands treat more wastewater per unit of energy and have up
to 22 fold higher cost-benefit ratios than traditional sand filtration
in treatment plants. Many of the world’s key crops such as coffee,
tea and mangoes are dependent on the pollination and pest control services of birds and insects. By some estimates projected loss
of ecosystem services could lead to up to 25 % loss in the world’s
food production by 2050 increasing the risks of hunger. The loss
of mangroves, wetlands and forests increases vulnerability and is
a contributory factor as to why as many as 270 million people annually are being affected by natural disasters. Ecosystems, such as
sea-grasses; tidal marshes and tropical forests, are also important
in removing greenhouse gases from the atmosphere: their steady
decline may accelerate climate change and aggravate further countries and communities’ vulnerability to its impacts.

ics of Ecosystems and Biodiversity (TEEB) which is bringing
visibility to the wealth of the world’s natural capital. It documents over 30 successful case studies referencing thousands
of restoration projects ranging from deserts and rainforests to
rivers and coasts. The report confirms that restoration is not
only possible but can prove highly profitable in terms of public
savings; returns and the broad objectives of overcoming poverty and achieving sustainability. It also provides important recommendations on how to avoid pitfalls and how to minimize
risks to ensure successful restoration.
Dead planet, living planet: Biodiversity and ecosystem restoration
for sustainable development is part of UNEP’s evolving work on
the challenges but also the inordinate opportunities from a
transition to a low carbon, resource efficient Green Economy.

It is high time that governments systematically factored not
only ecosystem management but also restoration into national
and regional development plans.

The ability of six billion people, rising to over nine billion by
2050, to thrive let alone survive over the coming decades will
in part depend on investments in renewable energies to efficient mobility choices such as high speed rail and bus rapid
transport systems. But as this report makes clear, it will equally
depend on maintaining; enhancing and investing in restoring
ecological infrastructure and expanding rather than squandering the planet’s natural capital.

This report is a contribution to the UN’s International Year of
Biodiversity and is a complement to the UNEP-hosted Econom-

Achim Steiner
UN Under-Secretary General and UNEP Executive Director
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SUMMARY
Biodiversity and ecosystems deliver crucial services to humankind – from food security
to keeping our waters clean, buffering against extreme weather, providing medicines to
recreation and adding to the foundation of human culture. Together these services have
been estimated to be worth over 21–72 trillion USD every year – comparable to the World
Gross National Income of 58 trillion USD in 2008.
Human society is however living well beyond the carrying capacity of the planet and currently over 60% of ecosystem services and
their biodiversity are degrading, compromising sustainability,
well being, health and security. Environmental degradation is augmenting the impact of natural disasters such as floods, droughts
and flash floods affecting 270 million people annually and killing
some 124,000 people worldwide every year, 85% in Asia, and is,
in some cases, even a primary cause of disasters. Degrading and
polluted ecosystems are also a chief component in over 900 million lacking access to safe water. Poor management of activities
on land and sea is further exacerbated by changing climatic conditions. In some scenarios loss of ecosystem services are depicted
to result in up to 25% loss in the world’s food production by 2050
along with hunger and spread of poverty in many regions.
Restoring degraded ecosystems is a key challenge. Ecological
restoration is a critical component in the application of an ecosystem approach to management. It is the process of assisting
the recovery of an ecosystem that has been degraded, damaged,
or destroyed. It involves attempting to re-establish the ecosystem itself as well as targeting restoration of its services, such as
clean water, to humankind.
Effective conservation is the cheapest and most optimal option
for securing services, costing only from tens to a few hundred
USD per hectare. However, protected areas cover only 13%, 6%
and <1% of the planets land, coastal, and ocean area, respectively, and many are not under effective management. Of the remaining 80–90% of the planet, almost one-third of the world’s
ecosystems are already directly converted for human activities
such as for agriculture and cities, and another one-third have
been degraded to some extent. With such levels of degradation,
6

it is apparent that major improvements and efforts are needed
to restore and manage ecosystems also outside protected areas
at a much greater scale than today. Indeed, restoration costs
range from hundreds to thousands, or even hundreds of thousands of USD for every hectare restored, or over 10 fold that of
effectively managed protected areas. These numbers, however,
are dwarfed compared to the long-term estimated costs of loosing these ecosystem services.
Well planned, appropriate restoration, compared to loss of ecosystem services, may provide benefit/cost ratios of 3–75 in return of investments and an internal rate of return of 7–79%,
depending on the ecosystem restored and its economic context, thus providing in many cases some of the most profitable
public investments including generation of jobs directly and
indirectly related to an improved environment and health. Ecological restoration can further act as an engine of economy and
a source of green employment.
A world wide survey of studies looking at restoration and conservation of ecosystem services shows us that conservation and
restoration provides a highly profitable, low-cost investment
for maintaining ecosystem services. Increases in biodiversity
and ecosystem service measures after restoration are positively
related. Restoration actions focused on enhancing biodiversity
should support increased provision of ecosystem services, particularly in tropical terrestrial biomes. Conversely, these results
suggest that ecosystem restoration focused mainly on improving
services should also have a primary aim at restoring biodiversity.
Challenges of waste water management in rural areas, which
produce over half of the organic contamination of waste wa-

ter, can best be met by restoring ecosystem catchments, riparian zones and wetlands, the latter providing services of an
estimated 6.62 trillion USD annually. Challenges of disaster
mitigation and prevention from floods and storms are most effectively met by reducing deforestation of catchments, restoring wetlands, mangroves and coral reefs. Coastal wetlands in
the US which currently provide storm protection services have
been valued at 23 billion USD annually. In India, mangroves
serving as storm barriers have been noted to reduce individual
household damages from 153 USD/household to an average of
33 USD/household in areas with intact mangroves.

estimated halving of deforestation rates by 2030, cutting emissions by 1.5–2.7 Gt CO2 per year at a cost of USD 17.2 billion to
USD 33 billion/year, but with a long term benefits estimated at
USD 3.7 trillion in present value terms. At a global scale, CO2
emission from peatland drainage in Southeast Asia is contributing the equivalent of 1.3% to 3.1% of current global CO2
emissions from the combustion of fossil fuel. Conservation,
restoration and reforestation of peatlands drained and logged
for palmoil, timber or cropland are, along with restoration of
mangroves and seagrass communities, important climate mitigation measures.

Challenges of land degradation, erosion, overgrazing and loss
of soil fertility, pollination and natural pest control can be met
through more sustainable land use practices and restoration.
Exotic species infestations can in many case be addressed by
restoration, including re-establishing more organic based
farming systems. Organic farming systems have been estimated to provide at least 25% higher ecosystems services than
conventional.

A set of guidelines are recommended to avoid pitfalls of restoration projects. These pitfalls include among others 1) Unrealistic
goals or changes in restoration targets in the process; 2) Improper and partial restoration which creates monocultures with
little ecosystem service capacity compared to reference sites; 3)
Un-intended transplant of non-native invasive pests or species;
4) Lack of monitoring to ensure that restoration results in rising biodiversity and services in restored ecosystems; 5) Lack of
reduction in the pressures that lead to the loss of ecosystems in
the first place; 5) Lack of adequate integration of stakeholders
and socio-economic issues.

Improving the health and subsequent labor productivity of people suffering from water related diseases, currently filling nearly half of the Worlds hospital beds, can in part be met through
restoration of catchments and improved waste water management. Restoration of wetlands to help filter certain types of
wastewater can be a highly viable solution to wastewater management challenges. Forested wetlands treat more wastewater
per unit of energy and have a 6–22 fold higher benefit-cost ratio
than traditional sand filtration in treatment plants. Indeed, in
New York, payments to maintain water purification services in
the Catskills watershed (USD 1–1.5 billion) were assessed at significantly less than the estimated cost of a filtration plant (USD
6–8 billion plus USD 300–500 million/year operating costs).
Climate change mitigation and carbon sequestration can partially be met through conservation and restoration of carbon
sinks such as forests, more sustainable agriculture and marine ecosystems. The proposed REDD+ (Reducing Emissions
from Deforestation and Forest Degradation) could lead to an

However, as long as these pitfalls are given adequate attention, evidence from a diversity of ecosystem restoration projects across the world reveal positive results, typically restoring
25–44% of the original services and biodiversity provided in
comparable ecosystems. Restoration can therefore together
with conservation clearly improve damaged or previously lost
ecosystem services with major positive effects on primary development goals in nations worldwide.
Surveys of user and public attitudes also reveal high payment
willingness and public support to restoration projects. Restoration should therefore be considered an important component
and in some cases partial solution to major societal challenges
of development including poverty alleviation, labor productivity, generation of jobs and prosperity, health and disaster mitigation and prevention.
7

RECOMMENDATIONS

1) Prioritize to protect biodiversity and ecosystem service hotspots, even when partially degraded, to halt
further degradation and allow for restoration planning to commence. Conservation, within the context of
spatial planning, provides by far the most cost efficient
way to secure ecosystem services. This is particularly critical for areas with high degree of land pressures and development.
2) Ensure that investments in restoration are combined
with long-term ecosystem management in both restored and in surrounding areas to ensure gradual recovery. Overseas Development Agencies, International
finance agencies and other funders including regional
development banks and bilateral agencies should factor ecosystem restoration into development support; job
generation and poverty alleviation funding.
3) Infrastructure projects that damage an ecosystem
should set aside funds to restore a similar degraded
ecosystem elsewhere in a country or community. Payments for Ecosystem Services should include a proportion of the payment for the restoration and rehabilitation
of damaged and degraded ecosystems. One percent of
GDP should be considered a target for investments in
conservation and restoration.
4) Apply a multidisciplinary approach across stakeholders in order to make restoration investments
successful. Wise investments reduce future costs and
future public expenses, but it is imperative that the
driving forces and pressures behind the initial degradation are addressed in order to secure progressive recovery and that local stakeholders become involved and
benefit from the restoration process.
5) Ensure that restoration projects take into account
the changing world: Ecosystem restoration should be
implemented in consideration of scenarios for change in
8

a continually changing world, including climate change
and land pressures. Changes in surrounding areas or in
the prevailing environmental conditions will influence
both the rate of recovery and ultimate restoration success.
6) Restoration needs to address a range of scales from
intense hotspot restoration to large-scale restoration to
meet regional changes in land degradation. Degree of
biodiversity restored is often linked to quality of services obtained and is intrinsically linked to successful
outcome.
7) Ensure that ecosystem restoration is implemented,
guided by experiences learned to date, to ensure that
this tool is used appropriately and without unexpected
consequences, such as the unintended introduction of
invasive species and pests and sudden abandonment of
restoration targets in the process.
8) Apply ecosystem restoration as an active policy option
for addressing challenges of health, water supply and
quality and wastewater management by improving watersheds and wetlands, enhancing natural filtration.
9) Apply ecosystem restoration as an active policy option
for disaster prevention and mitigation from floods, tsunamis, storms or drought. Coral reefs, mangroves, wetlands,
catchment forests and vegetation, marshes and natural riparian vegetation provide some of the most efficient flood
and storm mitigation systems available and restoration of
these ecosystems should be a primary incentive in flood
risk and disaster mitigation planning.
10) Enhance further use of ecosystem restoration as a
mean for carbon sequestration, adaptation to and mitigation of climate change. The restoration targets for sequestration includes among other forests, wetlands, marine ecosystems such as mangroves, seagrasses and salt
marshes, and other land use practices.

CONTENTS

11) Improve food security through ecosystem restoration.
Given the significance of food production and its relations
to biodiversity and ecosystems loss, expanded recommendations are presented:
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INTRODUCTION –
ECOSYSTEM SERVICES
Ecosystems and our natural environment constitute the platform upon which our entire
existence is based (Costanza et al., 1997). The services on which we depend include not
only the air that we breathe and the joy of wildlife, but form the very basis of our food production, freshwater supply, natural filtering of pollution, buffers against pests and diseases and buffers against disasters such as floods, hurricanes and tsunamis. The MA (2005)
described four catagories of services, provisioning, regulating, supporting and cultural.
An Ecosystem is the dynamic complex of plant, animal and
micro-organism communities and the nonliving environment
interacting as a functional unit. It assumes that people are an
integral part of ecosystems (MA, 2005). Ecosystem Services are
the benefits that people obtain from ecosystems. They can be
described as provisioning services (e.g. food, water, timber);
regulating services (e.g. regulation of climate, floods, disease,
waste and water quality); cultural services (e.g. recreational,
aesthetic and spiritual) and supporting services (e.g. soil formation, photosynthesis and nutrient cycling) (MA, 2005).
Ecosystems ensure pollination, so crucial for agricultural production (Allenwardell et al., et al., 1998; Brown and Paxton,
2009; Jaffe et al., 2010), estimated at 153 billion USD in 2005
(Gallai et al., 2009) and it includes supply of water not only
for irrigation and household use, but also for cooling in industrial processes, dilution of toxic substances and a transportation route (UNEP, 2010). It is also critical to health, not only
through water supply and quality and through natural filtering of wastewater (UNEP, 2010). 80 % of people in developing
countries rely on traditional plant-based medicines for basic
healthcare (Farnsworth et al., 1985) and three-quarters of the
world’s top-selling prescription drugs include ingredients derived from plant extracts” (Masood, 2005), providing a string of
services from rich to poor alike, but with particular value to the
impoverished (Sodhi et al., 2010; UNEP, 2009).

dance of natural enemies present to counter the pest species
involved, such as in coffee production (Batchelor et al., 2005;
Johnson et al., 2010). Although biological systems are complex,
improved pest control is often founded on a diversity of natural
predators, and non-crop habitats are fundamental for the survival and presence of these biological control agents (predators,
parasitoids) (Zhang et al. 2007). Landscape diversity or complexity, and proximity to semi-natural habitats tends to produce
a greater abundance and species richness of natural enemies
(Balmford et al. 2008, Bianchi et al. 2006; Kremen & ChaplinKramer 2007; Tscharntke et al. 2007).

Pest control is another key ecosystem service underpinned by
biodiversity; it seems to be greatly determined by the abun-

Global change will alter the supply of ecosystem services that
are vital for human well-being (Schröter et al., 2005). Without
11
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Figure 1: Benefits from wetlands.
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Why is ecosystem restoration needed?
As ecosystems are removed or degraded through acute one off
events, or more often as a result of chronic contamination, degradation from development and other human activities – not
only does this lead to direct costs over time but also to problems such as lowered productivity, food insexurity and health
problems, thus threatening sustainable development.

functioning natural ecosystems, water supply for the world’s
food production would collapse, not only causing economic collapse and crisis in the entire financial system, it would also endanger health and lives of billions, and, hence, ultimately our
survival (UNEP, 2009). The economic value of these ecosystem
services were estimated at 16–54 trillion USD annually already
in 1997 or corresponding to ca. 21–72 trillion USD in 2008
(CPI/inflation adjusted) compared to an estimated World Gross
National Income (Atlas method, Worldbank) in 2008 of 58 trillion USD (Costanza et al., 1997). (N.B. Please note that there is
substatial uncertainty with regard to these numbers. Updated
figures are expected to be available by 2010/11).
At the same time, almost one third of the worlds ecosystems has
been transformed or destroyed, and another third heavily fragmented and disturbed, and the last third already suffering from invasive
species and pollution (UNEP, 2001; www.globio.info). Over 60% of
the ecosystems services are considered degraded (MA, 2005). The
big five human threats to the environment in the form of 1) habitat
loss and fragmentation; 2) unsustainable harvest; 3) pollution; 4)
climate change; and 5) introduction of exotic invasive species, are
combined or individually rapidly not only destroying and degrading our ecosystems, they are also depleting and ruining the very
services from them upon which we base our health and prosperity.
It is the vast and rapid loss of these ecosystems, and our dependence on these services, that require us to consider their restoration and rehabilitation. In this report, UNEP together with
partners address the ultimate challenge to sustainable development, namely ensuring that ecosystems will continue to support
human prosperity and well-being on a diverse planet.
The objective of this report is to provide an overview of some
of the most crucial services rendered by natural ecosystems to
humankind and how they can be restored as part of policy development to partially resolve key challenges of water, health,

Ecosystem connectivity and impacts on ecosystem services from human activities
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Figure 2: Ecosystem connectivity and impacts on ecosystem services from human activities.
environment, food security and disaster mitigation. It also addresses the key financial benefits involved in conservation, ecosystem restoration or ultimate loss of ecosystems and their role
in sustainable development. This includes not only the com-

plexities of ecological restoration, but also the importance of
integrating the multistaker community involved, influencing
and influenced by the initial degradation and in the benefits of
restoration (Brander et al., 2006; Granek et al., 2010).
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CASE STUDY #1

Corta Alloza and Utrillas coal
mine restoration, Spain
Before (1995, top) and after (2005, bottom) restoration views of
surface coal mine Corta Alloza (Andorra, Teruel, NE Spain). An
ecosystem restoration approach was applied to this case to reestablish the connectivity between terrestrial and aquatic habitats
and to provide ecossytems services for the human populations
living in the municipality.
Project and photos credit: Endesa S.A. & Francisco A. Comin, Instituto Pirenaico de Ecologia-CSIC
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What is ecosystem restoration?
Restoration can be defined as re-establishing the presumed structure, productivity and species diversity that
was originally present at a site that has been degraded,
damaged or destroyed. In time, the ecological processes
and functions of the restored habitat will closely match
those of the original* habitat (SER, 2004; FAO, 2005).
The concept of landscape restoration tackles the broader
range of issues and needs via a landscape-scale approach,
“a planned process that aims to regain ecological integrity
and enhance human wellbeing in deforested or degraded
landscapes” (WWF International 2007).
Reclamation aims to recover productivity (but little of
the original biodiversity) at a degraded site. In time, the
protective function and many of the original* ecological
services may be re-established. Reclamation is often done
with exotic species but may also involve native species.
(WWF/IUCN 2000)
The objective of rehabilitation is to re-establish the productivity and some, but not necessarily all, of the plant and animal species thought to be originally* present at a site. (For
ecological or economic reasons the new habitat might also
include species not originally present at the site). In time,
the protective function and many of the ecological services
of the original habitat may be re-established (FAO 2005).
Regeneration is often viewed as the growth or re-emergence
of the native species in a place after it has been destroyed
or degraded, resulting from the protection of an area from
biotic interference. Regeneration may come about naturally
or result from human intervention (CFIOR websites).
Recovery of a habitat is linked to the ecological succession of a site. That is the site returning naturally to the
state it had been before it had been degraded or destroyed
without any intervention from humans (CFIOR websites).
* While restoration-related definitions often focus on ‘original’ habitat
cover, it may be more appropriate in the future to focus on restoring
resilient natural habitats, for example through paying attention to connectivity and dispersal, rather than assuming that all ‘original’ species
will persist under changed conditions. From this point of view, ‘potential’ would be substituted for ‘original’ in the above definitions.
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GLOBAL LANDUSE CHANGE
AND SCENARIOS OF
BIODIVERSITY LOSS
Modern agricultural methods and technologies brought spectacular increases in food
production, but are also a primary cause of habitat loss and ecosystem destruction (Tilman et al., 2002). Clearance for cropland or permanent pasture has already reduced the
extent of natural habitats on agriculturally usable land by more than 50% (Green et al
2005), and much of the rest has been altered by temporary grazing (Groombridge and
Jenkins, 2002). Habitat modification already affects more than 80% of globally threatened mammals, birds and plants (Groombridge and Jenkins, 2002), with implications
for ecosystem services and human well-being. Of the world’s land, cosatal and ocean area,
only 13%, 6% and less than 1%, respectively, are within protcted areas (WDPA, 2010).
Despite its crucial role for providing ecosystem services agriculture remains the largest driver of genetic erosion, species loss and
conversion of natural habitats (MA, 2005). Globally over 4,000
assessed plant and animal species are threatened by agricultural
intensification (IUCN, 2008). A central component in avoiding
loss of biodiversity and ecosystem services, such as water, from expanding agricultural production and resource extraction is to limit
the trade-off between economic growth and biodiversity by stimulating to agricultural productivity and more efficient land use.
Most global scenarios project increased use of land for arable
crops and grazing. Scenarios from the Global Environmental
Outlook, The Millennium Assessment and the Global Biodiversity Outlook all show increases of land use as a result of a
growing population and increased economic development.
Further enhancement of agricultural productivity (‘closing the
yield gap’) and reduction of post harvest losses are key factors
in reducing the increased need for land and, consequently, the
rate of biodiversity loss (CBD, 2008). These options should be
implemented carefully in order not to cause new undesired
negative effects, such as emissions of nutrients and pesticides,

as well as risks of land degradation. An increase in protected
areas and change towards more eco-agricultural cropping systems and sustainable meat production could have immediate
positive effects on both biodiversity and water resource management, while increasing revenues from tourism.
A reduction of crop- and pasture land can only be achieved if drastic changes in diets are assumed. Some of these more extreme
scenarios are presented by Wise et al. (2009) and Stehfest et al.,
(2009). They suggest that if enhanced agricultural productivity
is assumed and the consumption of meat is greatly reduced then
large areas will become available for forest and natural grassland
recovery. Some scenarios also predict a shift of agricultural production towards different regions, resulting in a reduction of agricultural land in, for example, Europe. Recovery of biodiversity
is possible on abandoned land, but the rate and quality depend
on actions taken on these lands. In models like GLOBIO this
factor is not yet incorporated at this stage. Autonomous recovery is a slow process and is represented by the land use category
‘secondary forest’ in GLOBIO (Alkemade et al., 2009). Restoration activities for example plantations may speed up the recovery
process, but are not included in the GLOBIO model.
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Figure 3: Projected landuse changes 1700–
2050. Loss of biodiversity with continued agricultural expansion, pollution, climate change
and infrastructure development (GLOBIO)
(Alkemade et al., 2009)
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ECOSYSTEM RESTORATION
FOR BIODIVERSITY
CONSERVATION
The conservation of biodiversity is recognised as important due to the role biodiversity
plays in underpinning many of the ecosystem services which humans depend upon
form their well-being (MA 2005). Furthermore, it is well documented globally that habitat loss is a direct driver of species loss, and one mechanism to bring species diversity
back to a site is through restoration of the ecosystem or habitat (SER 2010). And while
it has been documented that restoration does not necessary achieve the same value
of biodiversity or ecosystem services found in intact ecosystems (Benayas et al 2009),
there are many good examples of were informed ecological restoration programmes
have been able to deliver biodiversity, including the recovery of threatened species and
ecosystems (Lindenmayer et al. In press).
The services humankind receives from complex ecosystems
include regulation of water supplies and water quality, maintenance of soil fertility, carbon sequestration, climate change
mitigation and enhanced food security, to mention a few. Provision of these services is dependent upon the functioning of
ecosystems, which is characterized by complex interactions
between organisms and their biological and chemical environments. The environmental degradation that has occurred in
many parts of the world has a negative impact on such functioning, and can reduce the provision of services on which human livelihoods depend.
Ecological restoration is increasingly being used to reverse
the environmental degradation caused by human activities.
One of the key objectives of such restoration is to improve the
functioning of degraded ecosystems, to increase both biodiversity and the ecosystem services provided to humankind.

Although ecological restoration is now being undertaken
throughout the world, evidence regarding the effectiveness of
such activities has been lacking. However, a systematic metaanalysis of 89 restoration assessments was recently published
in the journal Science, integrating the results obtained from
restoration actions in a wide range of ecosystem types from
throughout the world. Results indicated that ecosystem restoration was consistently effective in improving ecosystem
services (Banayas et al., 2009).
From the 89 studies, 526 quantitative measures of variables relating to biodiversity and ecosystem services were extracted and
incorporated into a database. The ecosystem services were classified according to the scheme developed by the Millennium
Ecosystem Assessment (MA, 2005), which distinguishes four
categories: 1) supporting (e.g., nutrient cycling and primary
production), (2) provisioning (e.g., timber, fish, food crops),
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Correlations between response ratios for biodiversity and for provision
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Source: Benayas, et al. Enhancement of Biodiversity and Ecosystem Services by Ecological Restoration: A Meta-Analysis, Science, 2009.

Figure 4: The relationship between biodiversity and degree of ecosystem service restored.

(3) regulating (e.g., of climate, water supply, and soil characteristics), and (4) cultural (e.g., aesthetic value). In the study
only the first three services were assessed, because cultural
services were not measured explicitly in any of the studies addressed. Measures of biodiversity were typically related to the
abundance, species richness, diversity, growth, or biomass of
organisms present.
The study revealed that ecological restoration increased provision of biodiversity and ecosystem services by 44 and 25%,
respectively across the 89 studies of different restoration projects. However, values of both remained lower in restored versus intact reference ecosystems, underlining the challenges
and timescales required to fully restore a degraded ecosystem.
Ecological restoration was particularly effective in tropical terrestrial areas, which hold the largest amounts of biodiversity
and are usually subject to high levels of human pressure.
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The meta-analysis revealed another crucial finding: increases
in biodiversity and ecosystem service measures after restoration were positively correlated. This indicates that restoration
actions focused on enhancing biodiversity should support increased provision of ecosystem services, particularly in tropical terrestrial biomes. Conversely, these results suggest that
ecosystem restoration focused mainly on improving services
should also have a primary aim at restoring biodiversity, as ecosystem services and biodiversity are intrinsically linked.
Ecological restoration can act as an engine of economy and a
source of green employment, so the results of this research give
policymakers an extra incentive to restore degraded ecosystems.

Î Figure 5: Ecosystem service response to restoration in different biomes.
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A FOCUS ON FORESTS
Extensive and ongoing deforestation during the past fifty years
has lead to loss of biodiversity and decline in the goods and
services for rural people (TEEB, 2008). Forests provide an array
of benefits, from clean water, regulation of climate and biodiversity protection to sources of income, fuel and food (Kaimowitz, 2003; Chazdon, 2008). An estimated 1.6 billion people in
the world rely heavily on forest resources for their livelihoods
(WRI, 2005; Chomitz, 2007). They range from multinational
companies to rural farmers. In a time of widespread global
poverty, increasing population and degraded ecosystems, these
benefits are increasingly important. However, the ability of
forests to deliver the economic, environmental and social benefits
we all needto
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growth of population, consumption patterns, development of
agriculture, urban construction and other related disturbances
as well as improper forest management, have resulted in large
and expanding areas of degraded forest ecosystems (Wenhua,
2004, TEEB, 2008). This trend can be reversed through restoration and rehabilitation forests of degraded forest ecosystems.
In both developed and developing countries, assisted restoration and unassisted forest regeneration are gaining momentum
(Sayer et al, 2004; Chazdon, 2008). Forests are being restored
for many purposes in many ways and at increasing rates by local communities, non-governmental organisations and private
agencies, as well as through state and national programmes.
The projects and programmes have differed in scale, objectives,

Some of the benefits of forest restoration
• Increased and higher quality habitats for animals and plants;
• A secure and high-quality supply of water;
• Prevention and reduction of land degradation;
• A secure source of biomass and biofuel energy;
• Environmentally sound and socially acceptable carbon sequestration;
• Adequate and sustainable income and employment opportunities for rural communities;
• Sustainable source of timber for forest industries and local
communities;
• Sound return on investment for forestry investors;
• Increased resilience and resistance to climate change;
• Additional sources of non-timber forest products such as
medicinal plants and marketable goods;
• Recreation and tourism opportunities;
• Increased property values near restored areas;
• Enhanced economic and environmental security and mitigation of risk form global economic and environmental
change.
Source: Global Partnership on Forest Landscape Restoration (GPFLR),
http://www.ideastransformlandscapes.org

Figure 7: Worldwide benefits from
biodiversity in Madagascar.
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implementation strategies, duration, and in how much they
considered socio-economic and institutional aspects, which
are essential for successful restoration (CIFOR, 2002). Forest
restoration can restore many ecosystem functions and recover
many components of the original biodiversity. Approaches to
restoring functionality in forest ecosystems depend strongly on
the initial state of forest or land degradation and the desired
outcome, time frame, and financial constraints (Fig. 6).
In many deforested, degraded and fragmented forest habitats
investments in restoration and rehabilitation forests can yield
high biodiversity conservation and livelihood benefits (Sayer et
al, 2003, Chazdon, 2008; TEEB, 2009; TEEB, 2009).

WHAT ARE THE BENEFITS TO
BIODIVERSITY/CONSERVATION FROM
FOREST RESTORATION?
Restoration in densely settled tropical areas can have more impact on biodiversity than further extension of “paper parks” in
remote, pristine forests and can also deliver important forest

goods and services to a wider range of stakeholders (Sayer et al,
2003). Retention of even small fragments of natural vegetation
is justified by their great potential value in providing the building blocks for future restoration programmes. Restored forests
can improve ecosystem services and enhance biodiversity conservation (Chazdon, 2008). Along the Mata Atlantica in Brazil
a non-profit organization named Instituto Terra undertakes active restoration of degraded stands of Atlantic Forest by establishing tree nurseries to replant denuded areas (Instituto Terra
2007). Benefits include biodiversity enhancement, water regulation, carbon storage and sequestration as well as preventing
soil erosion. In Vietnam, forest restoration thorough planting
indigenous tree species and fostering natural regeneration has
lead to increased water supply as well as increased and higher
quality habitats for animals and plants as shown in case study
2 (Poffenberger, 2006). Restoring eucalyptus woodlands and
dry forests on land used for intensive cattle farming in southeast Australia was found to yield numerous benefits including
reversing the loss of biodiversity, halting land degradation due
to dryland salinisation and thereby increasing land productivity
(Dorrough and Moxham, 2005).

CASE STUDY #2

Restoration of limestone forests in Phuc Sen in Northwestern Vietnam
In Son La District in Northwestern Vietnam, Tai and Hmong
communities have managed upland forests for generations.
Forests are classified according to function including old growth
protected areas (Pa Dong), younger secondary forests that are
part of long rotation swiddens (Pa Kai), early regenerating forests (Pa Loa) and bamboo forests (Pa). The lands are held under communal tenure and allow for a well-managed landscape
that supports considerable biodiversity. In Cao Bang Province, to
the North the Nung an ethnic community found that their limestone forests had degraded because of the growing fuelwood
and timber extraction pressures from State Forest Enterprises
and local villages. After biodiversity and hydrology began to deteriorate in the 1960s and1970s, the communities in Phuc Sen
organised to divide forest protection among the 12 villages. A
combination of planting with indigenous pioneering tree species
like mac, rac and more valuable timber species, combined with
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natural regeneration, has led to the reforestation of many of the
limestone hillocks in the area. The restoration of the limestone
forests has facilitated the reestablishment of spring flows that
provide water for the lowland rice fields. It has also allowed for
the return of many indigenous mammal species, including five
endemic and 26 rare species. The process is currently being replicated through a Community Forest Network operating at the
district and provincial level (Dzung et al., 2004). In many parts
of upland Southeast Asia, communities are organising to protect threatened upland forests. Part of these initiatives deal with
outside pressures from private sector timber enterprises as well
as from the expansion and commercialisation of agriculture. The
emergence of community forestry networks is apparent in upland areas of Indonesia, Vietnam, Thailand and Cambodia.
Source: Poffenberger, 2006 pg. 11

WHAT ARE THE HUMAN LIVELIHOODS/
HUMAN WELL-BEING IMPACTS OF FOREST
RESTORATION?
Forest restoration can also play crucial role in livelihood improvements and human well-being. These benefits include enhancing
adaptation capacity, contributing to food security and improving
the livelihoods of people depended on forest ecosystems, community empowerment among other things (CIFOR, 2002) .For
example, in the Shinyanga region of Tanzania, the HASHI program helped local people from 833 villages to restore 350,000 ha
of acacia and miombo woodland through traditional pastoralist
practices in only 18 years. The benefits to people livelihoods have
been significant. Ecological restoration can also improve productivity, livelihoods and economic opportunities through reducing
soil degradation, desertification and water loss. Experience from
these and other forest restoration projects, show that in most cases
it is of paramount importance that local communities are placed
in the centre of attention (i.e. considered as the key actors and involved in decision-making processes). Crucial issues to consider
when implementing forest restoration are land tenure, incentives,

access to resources and to management rights, natural versus
exotic species, and appropriate monitoring and evaluation instruments (CIFOR, 2002; WRI, 2005; Chazdon, 2008). Additionally,
enabling conditions are always strongly policy-related. Sometimes
they may have to be simple set-ups which strongly facilitate decision-making and implementation processes. Economic push and
pull mechanisms are needed to launch a policy dialogue, involving
both government representatives and the poorest

CHALLENGES
There are many challenges to successful forest restoration.
For example, a high rate of failure will result in plantations if
selected tree species are not suited to site conditions or if the
appropriate hydrological patterns are not also restored, too few
species are planted. Invasive species may establish more easily
in monoculture tree plantations and have greater susceptibility
to species-specific pathogens (Chazdon 2008).
The future implications of large-scale forest restoration on the
structure and composition of forests, landscapes and fauna is

CASE STUDY #3

Regenerating Woodlands: Tanzania’s HASHI Project
In the Shinyanga region of Tanzania, large areas of dense acacia
and miombo woodland were cleared by 1985, transforming the
landscape into semi-desert. The HASHI project, whose success
was recognized by the UN Development Programme with an
Equator Initiative prize in 2002, helped local people from 833
villages to restore 350,000 ha of acacia and miombo woodland
through traditional pastoralist practices in only 18 years. Its striking success stems from the rich ecological knowledge and strong
traditional institutions of the agro-pastoralist Sukuma people
who live in the region. By 2004, 18 years into the project, at least
350,000 hectares of ngitili (the Sukuma term for enclosures) had
been restored or created in 833 villages, encompassing a population of 2.8 million (Barrow and Mlenge 2004:1; Barrow 2005b).
Benefits of the restoration include higher household incomes,
better diets, and greater livelihood security for families in the region. Nature has benefited too, with a big increase in tree, shrub,
grass, and herb varieties, as well as bird and mammal species.

The Shinyanga case illustrates the importance of working with
local people. In the past, the state imposed its own solutions,
which often failed. The Shinyanga project has involved local
people in the entire process of landscape restoration. It has
built on local institutions rather than creating new ones. Villages
have been encouraged to pass their own by-laws to protect communal ngitilis (enclosures of acacia-miombo woodlands), and
traditional village guards monitor activities in the ngitilis. Local
involvement has been critical to the success of the project. Forest restoration has also strongly benefited from the Tanzanian
government’s push towards decentralisation, which involved the
allocation of clear land rights to local communities. Greater security of land tenure has engendered a sense of ownership and
responsibility among the Sukuma agropastoralists, whose large
herds of cattle now co-exist in a healthier environment.
Source: Monela et al, 2004
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CASE STUDY #4

Socio-economic benefits from grassland restoration projects,
South Africa
In the Drakensberg mountains, local communities depend
heavily on various ecosystem services for their livelihoods. By
restoring degraded grasslands and riparian zones and changing
the regimes for fire management and grazing, early results suggest that it may be possible to increase base water flows during
low-flow periods (i.e. winter months when communities are the
most vulnerable to not having access to any other source of water) by an additional 3.9 million m3. Restoration and improved
land use management should also reduce sediment load by 4.9
million m3/year. While the sale value of the water is approximately € 250,000 per year, the economic value added of the ad-

ditional water is equal to € 2.5 million per year. The sediment
reduction saves € 1.5 million per year in costs, while the value
of the additional carbon sequestration is € 2 million per year.
These benefits are a result of an investment in restoration that
is estimated to cost € 3.6 million over seven years and which
will have annual management costs of € 800,000 per year. The
necessary ongoing catchment management will create 310 permanent jobs, while about 2.5 million person-days of work will be
created during the restoration phase.
Source: Maloti Drakensberg Transfrontier Project (MTDP), 2007.

CASE STUDY #5

Limestone Quarry Restoration in Perth, Australia
Application of smoke to the topsoil seedbank within post-mined
restoration sites in Australia results in a trebling of seedling emergence success. Whilst ‘smoke tents’ were employed during the
research phase in the 1990’s (left), scientists have now discovered, isolated and have the capacity to synthesize the chemical
in smoke responsible for seed germination. This, together with
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other germination tools and techniques such as seed pelleting
and correct topsoil handling, paves the way for restoration practitioners to achieve high species return on ancient landscapes
within the biodiversity hotspot of southwestern Australia (right).
Photo credit: Deanna Rokich. Source: Wetland Care, Australia

not well understood. Also inadequately studied is the influence
of various restoration approaches on restoring ecosystem services, even though the links between biodiversity, functional traits,
and ecosystem services are well acknowledged (Chazdon 2008).
Even with an understanding of the dynamics of the forest ecosystem, restoration will not succeed without consideration and
awareness of interacting socioeconomic and political systems
(ITTO 2002).

OPPORTUNITIES
The opportunities for forest restoration is considerable, since
the extent of forest degradation in the tropics has been esti-

mated as 350–850 million ha, depending on the level of degradation (ITTO 2002). Indeed, The Global Partnership on Forest
Landscape Restoration (GPFLR) estimates that over 1 billion
hectares of previously forested lands are currently suitable for
broad scale or mosaic restoration, approximately 6% of the
earth’s total land area (GPFLR 2009).
Incentives for increasing carbon stocks in vegetation has lead
to increased motivation for a wide range of forest restoration
activities, but the choice of species in reforestation projects
have not always complemented long-term carbon sequestration. It is important to recognize that forest regeneration and
restoration are long-term processes, requiring 100 years or
more (Chazdon 2008).
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CASE STUDY #6

Restoring fish passage and tidal flows in the Clarence river
estuary, Australia.
After decades of being alienated from marine and estuarine waters, Shallow Channel in the lower Clarence river estuary, on the
east coast of Australia, has been reunited with tidal flows. Important seagrass beds and fish nursery areas in Shallow Channel
have been isolated from the main tidal habitats in Clarence river
estuary for over 80 years. The Clarence river estuary is one of
the largest deltas on Australia’s east coast and is noted for its
rich aquatic and migratory bird life. It is also home to numerous
threatened species including the black necked stork, mangrove
honeyeater, osprey and the black flying fox. It contains endangered ecological communities such as saltmarsh and subtropical
coastal floodplain forest and is listed on the Directory of Important Wetlands in Australia.
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The Shallow Channel causeway, in northern New South Wales,
was first constructed in the 1920s from logs. In the 1960s the
causeway was rebuilt as a modern road, but with no provision
to allow water to flow under the road. As a result of the blockage
of tidal flows sediments and nutrients began to build-up. This
caused algal blooms and raised temperatures in the still, shallow water, resulting in algal bleaching and death of the seagrass
beds. The causeway acted as a total barrier to fish passage, isolating the remaining (dwindling) fish populations from the main
estuary.
Re-establishing tidal flow-through and fish passage at Shallow
Channel causeway had long been identified as a major factor to

improve ecological processes in the lower Clarence estuary. In 2006,
after years of consultation, geotechnical studies and extensive stakeholder engagement, WetlandCare Australia initiated the installation
of a large doublecell box culvert. This design allowed the greatest
volume of tidal exchange and the best access for fish passage.
The completed culvert has dramatically improved connectivity between Shallow Channel and Oyster Channel for tidal flows and fish
passage. The once permanently-submerged sandbars and mudflats in Shallow Channel are now exposed at low tide and wading
birds have returned. Over time, sediment will be mobilised and
the channel structure reinstated. Nutrient and dissolved oxygen
levels are returning to normal, and the site no longer suffers de-

bilitating extremes of temperature. This has relieved the previous stresses on seagrass beds and other important aquatic
habitats, and vastly improved the overall ecological health of
Shallow Channel.
Fish passage has greatly improved, with recreational fishers
now regularly joining the active pelicans in Shallow Channel.
Numerous fish species including whiting, flathead, yellowfinned bream, eel and mullet have benefited from the improved
fish passage and habitat at Shallow Channel. The value of the
area as a food resource for resident and migratory shore birds
such as pelicans, oystercatchers, terns, egrets, sandpipers and
spoonbills has also increased.

(far left, top) Shallow Channel causeway, showing Shallow
Channel on the left and Oyster Channel on the right (Photo
– Google Earth). Tidal flow has been blocked since the 1920s,
causing significant damage to seagrass beds, mudflats and fish
habitat. A large decline in shorebirds, fish species and overall ecosystem productivity has since occurred, a process which is being
reversed since the installation of a large double cell box culvert.
(far left, bottom) Recreational fishers enjoying the new culvert in
the Shallow Channel Causeway. Prior to the culvert being built
the area was not used by recreational fishers at all, a reflection of
the extremely low fish stocks present at that time. Photo credit:
Alan Cibilic, WetlandCare Australia
(left) Shallow Channel mudflats have been restored by the return
of tidal flows through the culvert. Photo credit: Alan Cibilic, WetlandCare Australia
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CASE STUDY #7

Restoring wetlands following agricultural expansion:
Lake Wales Forest Restoration, Polk County, Florida USA
Much of the world’s existing agricultural lands are converted native wetland and upland habitats that for a variety
of ecological and economic reasons should be considered
for ecosystem restoration. The 400 acre Lake Wales Forest Mitigation and Net Ecosystem Benefit Site (LWF) successfully restored a complex mosaic of hardwood swamp
forests, freshwater marshes and xeric scrub habitat on the
Lake Wales Ridge to compensate for impacts related to the
installation of a gas pipeline by Gulfstream Natural Gas
Systems in near-by sections of the state.
The Ridge is one of the most distinctive natural regions in
the US forming a north-south oriented area of sandy uplands at the center of the Florida peninsula. It is a series of
relict dunes, reflecting its origins 2 million years ago as a
shoreline feature during pre-Pleistocene sea level rises, and
at times it was an archipelago. This isolation contributed to
the evolution of the numerous, rare endemic plant species
and animals of the Ridge, many of which are now on state
and Federal endangered species lists. Native xeric uplands
are dominated by pines, shrubby oaks, and hickory with bare
open sandy areas. This property was selected for restoration
due to its location on the Ridge and the rare xeric scrub habitat intermixed with wetlands that once existed on the site.
The site was systematically drained, cleared and put into
improved pasture in the 1950’s and 60’s, eliminating native habitats and reducing wildlife utilization as a result.
In 2001, Kevin L. Erwin Consulting Ecologist, Inc. imple-
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mented multiple restoration and management methodologies to accomplish the parameters required by the complex
diversity of target habitats once found on the property. The
historic ground and surface water levels were restored by
strategically placing a series of water control structures in
the drainage canal system raising levels 2 to 3 meters. Once
appropriate hydrology had been achieved, native habitats
were restored through plantings and direct seeding of native vegetation. In total, approximately 143 acres of wetland
forests, 34 acres of freshwater marsh, and more than 220
acres of uplands (including approximately 170 acres of rare
xeric scrub habitat) have been restored on this site which
now includes 20 species of listed plants. Ecologists have
documented 97(8 listed), 18(3 listed), 33(4 listed) and 18,
bird, mammal, reptile and amphibian species respectively,
all utilizing the restored habitats including 8 listed bird species, 3 listed mammal species, 4 listed reptile species, and
20 listed plant species. In addition to funding the restoration Gulfstream will establish a long term management
fund and then transfer the restored property to conservation entity for long term protection.
Lake Wales Forest demonstrates that agricultural lands
can be successfully restored to native ecosystems providing biodiversity conservation for rare or threatened habitats
and species while providing appropriate compensation for
unavoidable ecological impacts to similar areas.
Source: Kevin L. Erwin Consulting Lnc.
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CASE STUDY #8

Wetland restoration: Little Pine Island, Lee County, Florida, USA
By the early 1990’s, forty years of drainage canal impacts resulting
from extensive mosquito ditching of this 4670 acre island, had
resulted in the complete loss of freshwater habitats and extensive infestations of exotic plant species. Recognizing the ecological significance of this island which is now strategically located
within the 40,000 acre Charlotte Harbor State Park, the State of
Florida acquired the island in 1974 as its development was being
planned, however the state had no plans to attempt any restoration activities due to the anticipated cost. In the early 1990’s the
new concept of mitigation banking appealed to both the State
of Florida and a private developer, Mariner Properties Development, Inc. In 1997 restoration activities began, undertaken as a
public private partnership that was formed between Mariner and
the State as the Little Pine Island Wetland Mitigation Bank. One
of the first of its kind in the US the bank has privately financed
over 12 million USD in habitat restoration and its perpetual maintenance, ultimately from the sale of bank credits. Without this innovative financial arrangement it would not have been possible to
undertake the carefully planned and phased restoration designed
and monitored by Kevin L. Erwin Consulting Ecologist, Inc. Approximately 60 tons of biomass per acre was removed over nearly
2000 acres, consisting mostly of melaleuca (Melaleuca quinquenervia), Australian pine (Casuarina equisetifolia), and Brazilian

January 2005
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pepper (Schinus terebinthifolius). These exotic trees dominated
the island after drainage impacts occurred often forming a dense
canopy and completely displacing the native plants and wildlife.
As the exotic vegetation was removed in each phase, a deliberate
process of backfilling the drainage canals commenced to restore
the interior freshwater system and the natural tidal flows along
shore. Recovery of the restored fresh and saltwater marshes,
mangroves and slash pine wetland habitats has been remarkable.
Following exotic removal and the restoration of natural hydropatterns, seeds of native wetland vegetation that for decades had
been dormant in the soil have sprouted to produce well-balanced
native ecosystems replete with wildlife (11, 109, 17, 7, 13 and 95
species of mammals, birds, reptiles, amphibians, fish and aquatic macro-invertebrates, respectively.
Little Pine Island Mitigation Bank is an excellent example of a
highly successful, cost effective, risk free wetland restoration
project consisting of regionally significant ecosystem restoration
that will be perpetually maintained at absolutely no cost to the
public. (Biodiversity Conservation, Financial Benefits of Innovative Ecosystem Restoration)
Source: Kevin L. Erwin Consulting Lnc.

October 2009

CASE STUDY #9

Marks from vehicles in Arctic tundra
In Arctic tundra, vehicles from seismic exploration, military
training, mining or recreational 4wd ATVs may leave heavy
marks in tundra and permafrost, lasting for decades or even

centuries. Many restoration programmes focus on transplanting local plants to accelerate natural processes.

Fresh off-road vehicle tracks through sedge-moss tundra in the
Nenets Autonomous Okrug, Arctic Russia. Such ruts form easily,
yet tend to regenerate naturally relatively quickly in the absence
of any slope or fluvial erosion. Vehicle tracks remain common in
the Russian Arctic despite an official ban on their use in summer,
when the ground surface is thawed, since the 1980s. Roads have
the effect of reducing such traffic, yet lead to other, indirect impacts that may persist for decades, such as blowing sand, dust and
changes in hydrology and chemistry in the vicinity of the road (see
Forbes et al. 2001).

Graminoid-dominated strip characteristic of off-road vehicle
tracks that have regenerated naturally. Disused for 520 yr at the
time of the photo, these are visible as linear features in very high
resolution satellite imagery (see Forbes et al. 2009). Shrubs are
completely displaced by such activity as the initial mechanical
disturbance removes woody biomass and this is replaced by fastgrowing, clonal graminoids (grasses, sedges) that can then occupy
the patch indefinitely. On drier ground, regeneration of a complete
plant cover may take decades, or not occur where nutrients and
moisture are inadequate.
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ECOSYSTEM RESTORATION
FOR WATER SUPPLY
Forests play a key role in global water supply. At present 75% of globally usable freshwater supplies come from forested catchments (Fischlin et al. 2007), therefore water
is critically linked to forests in much of the developing world. Forests are also crucial
for flow regulation and in hindering flash-floods from water originating in mountains
or in extreme rainfall events (UNEP, 2004; 2010, in press). This is crucial in terms of
providing predictable water supply to crop areas, such as through retention of water in
wetlands and forests buffering both droughts and floods (Bruijnzeel 2004; UNEP, 2005;
ICIMOD, 2009). Forests also have a key function in climate regulation through influencing weather and rainfall, as well as in capturing rain- and mist water, such as in cloud
forests (UNEP-WCMC, 2004) and in filtering water.
Mountain regions all over the planet are crucial water towers:
Indeed, the Hindu Kush Himalayas supply water for over 55%
of Asia’s cereal production or near 25% of the Worlds cereal
production (UNEP, 2009; UNEP 2010). Increased irrigation
schemes were a key component of the former Green revolution in Asia, and 70–90% of the world’s water consumption is
indeed consumed by irrigation (UNEP, 2009; 2010). Riparian
vegetation helps buffer erosion, prevents and mitigates agricultural run-off, while trees, shrubs and plants are crucial in hindering erosion of hill slopes and the loss of nutrients.
Meandering rivers and wetlands serve not only to slow speed of
water, but also to allow gradual sedimentation of organic matter, sediments and create spawning habitat for fish and habitats for amphibians and reptiles, insects and birdlife. Wetlands
have been estimated to provide ecosystem services of a value
of around 5,000–20,000 USD/ha/year (Costanza et al., 1997;
Zhao et al., 2005; both in 2010 USD) or globally over 6,615 trillion USD per year.
In some regions, diversion of water for agricultural and other
purposes has reduced river flow to drylands, coastal areas, with

severe impacts on these drylands, coastal habitats and estuarine-dependent species. For example, damming of the Colorado River has drastically changed what used to be an estuarine
system into one of high salinity and reduced critical nursery
grounds for many commercially important species including
shrimp (Aragón-Noriega and Calderon-Aguilera 2000).There
are many well-documented examples where diversion of water for agriculture has degraded and reduced the extent of inland water bodies (e.g. Aral Sea and Tarim river, China)(UNEP,
2004), affecting fish spawning and migration and causing a
collapse of the fishing industry and a loss of species diversity
(MA 2006). Intensifying agriculture also erodes ecosystem
services: From 1961 to 1999 the area of land under irrigation
nearly doubled; the use of nitrogenous and phosphate fertilizers increased by 638% and 203%, respectively, and the production of pesticides increased by 854% (Green et al. 2005), and
improving irrigation efficiency is crucial to restoring ecosystem
services (Crossman et al., 2010).
Restoration towards securing water supply and filtering must,
however, not only take into account trees and riparian vegetation, it must also address the naturally occurring species and
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CASE STUDY #10

Mine Restoration, New Jersey, USA
Princeton Hydro staff developed a design for the re-vegetation of the
mine and the restoration of a 25-acre Coastal Plain wetland in Salem
County, NJ. Of the 25 acres of wetland to be restored, 17 acres were
mined for over 20 years and an estimated 4 million cubic yards of
gravel and clay were removed.
Project and photos credit: Princeton Hydro.

CASE STUDY #11

Restoring vegetation, forest and water resources from abandoned
Bauxite Mines in Western Australia
Alcoa World Alumina Australia operates two bauxite mines
at Willowdale and Huntly in the Darling Range of southwestern Australia, 80–140 kilometers south of Perth. The
mine pits range in size from one hectare to tens of hectares. Alcoa has been rehabilitating its bauxite mines since
1966; today some 550 hectares are mined and rehabilitated

annually. The technology of rehabilitation has been improved continuously over the years – from plantations of exotic pine trees to
a sophisticated state-of-the-art rehabilitation program. Alcoa’s aim
after bauxite mining in these areas is to re-establish all the pre-existing land uses of the forest: conservation, timber production, water production and recreation. Re-establishing a jarrah forest on the
mined areas that is as similar to the original forest as possible was
determined to be the best way to achieve this goal.
Some 200 million USD were invested from 1996–2007 and over
10,500 ha were restored. The restored jarrah forest has high conservation and biodiversity value and is the basis of a major sawmilling
industry, and is widely used for recreation pursuits.
Alcoa has been successful in reaching its goal. In 2000, the company
documented that, on average, 100 % of the indigenous plant species
found in representative jarrah forest sites would also be found in a
15-month-old rehabilitation, with at least 20 % of those found being
from a recalcitrant species priority list. The goal now is to maintain
this good record and thus the botanical richness of mined areas after
mining operations have ceased.
Source: SER, 2010 www.globalrestorationnetwork.org/database/case-study/?id=141
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CASE STUDY #12

Restoration of Flood Meadows along the northern Upper Rhine
Flood-meadows (alliance Cnidion) are one of the most endangered plant communities in Central Europe. Many species typical to these meadows are already extinct or close to extinction
in the project area. This process was accelerated by intensified
drainage, structural changes in agriculture and a series of dry
years during the 1970s and 1980s which further accelerated the
conversion of the alluvial grassland into arable fields. As a consequence, many rare and endangered river corridor plants are
restricted to small remnant populations in a few permanently
non-intensively managed meadows as well as to the fringe of an
extensive system of drainage ditches. In general, flood meadows
are of high biodiversiy conservation value. Certain types of these
meadows (e. g. alliance Cnidion) are protected by the Fauna Flo-

ra Habitat Directive of the European Union (92/43/ECC). Due to
the distribution patterns of Cnidion-meadows in Central-Europe,
Germany has a high responsibility for the conservation of this
meadow type. Starting in the mid 80s large areas (ca. 400 ha)
along the northern Upper Rhine where left to passive restoration with the aim to re-establish riparian forests and species-rich
flood plain meadows on former arable land. Even after 20 years
the grassland that developed from the former arable land is still
characterised by rather common grassland species while species
and plant communities typical to river corridors are still missing
at most restoration sites. Most likely this is due to seed and dispersal limitation of many species under present-day conditions
along strongly confined rivers in Central Europe.

CASE STUDY #13

Kent Dam River Restoration – Kent, Ohio, USA
A 1999 Total Maximum Daily Load (TMDL) study conducted
by the Ohio Environmental Protection Agency (OEPA) identified water quality problems in the Cuyahoga River behind Kent
Dam in the City of Kent, Ohio. A feasibility study was conducted
to evaluate alternatives to meet water quality objectives in the
TMDL report while also addressing concerns raised by the Kent
community. It was agreed that the design should modify the
Kent Dam/Dam Pool and restore the Cuyahoga to a free flowing
reach alongside the dam. The river flows through this channel

to satisfy OEPA aquatic habitat and fish passage criteria, as well
as enhancing amenity and recreational values including opportunities for kayak/canoe passage through the stretch of river
and bank revegetation upstream of the dam. Construction for
the Kent Dam restoration project was completed in early 2004
satisfying all initial OEPA objectives and providing a center of
gravity for urban renewal in the town of Kent, Ohio.
Source: Biohabitats, www.biohabitats.com
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flora and fauna that are crucial in the natural cycling of these ecosystems,
thus ensuring their long-term function. Indeed, many rivers are straightened and wetlands and marshes drained or dried out behind dikes to ensure
agricultural expansion, however, this invariably causes higher water velocity,
higher risk of floods, and increased organic pollution further downstream
(Bruijnzeel 2004; UNEP, 2005). These ecosystems also help buffer global
climate change (Nepstad 2007). Hence, restoration must not address the
catchments in terms of forests and riverine vegetation including ground
layer, but must also ensure the natural meandering pathways and the flood
marshes and wetlands to ensure proper filtration and buffering mechanisms against extreme flows. Worldwide, nearly 900 million people still do
not have access to safe water (UNDESA 2009)
Restoration to re-establish diverse grazing and cropping systems, partially
restoring naturally supplementing plants and trees in more diversified cropping and grazing systems, combined with green technology in irrigation
efficiency, could help drastically reduce the 70–90% of the water currently
consumed and partly wasted by agriculture. This, in turn, would increase
water availibility to cities, improve water quality, as well as make more water
available for irrigation. Such cropping systems capture more water through
wetlands, marshes and lakes during flood seasons, rather than this causing
floods and marine pollution as a result of seasonally extremely high velocity and volume. This is particularly important for countries like Pakistan,
where a near doubling in population from 184 million people in 2010 to a
projected 335 million people by 2050 (UN population division, 2007) – and
already facing water scarcity and flood challenges. Pakistan is one of many
states that will need to address new ways to secure sufficient water supply
for upholding food security in the future.
Restoration is financially viable (TEEB, 2009): Cities like Rio de Janeiro,
Johannesburg, Tokyo, Melbourne, New York and Jakarta all rely on protected areas to provide residents with drinking water. They are not alone
– a third of the world’s hundred largest cities draw a substantial proportion
of their drinking water from forest protected areas (Dudley and Stolton
2003). Forests, wetlands and protected areas with dedicated management
actions often provide clean water at a much lower cost than man-made substitutes like water treatment plants for example in Venezuela: the national
protected area system prevents sedimentation that if left unattended could
reduce farm earnings by around USD 3.5 million/year (Pabon-Zamora
et al. 2008).
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ECOSYSTEM RESTORATION
FOR HEALTH AND WASTE
WATER MANAGEMENT
Over half of the organic water pollution and initial wastewater production takes place
outside of cities – largely a result of loss of wetlands, increasing erosion and run-off resulting from clearing of natural vegetation along field edges, streams, villages and slopes
due to activities such as deforestation, overgrazing and intensive or unsustainable agriculture (UNEP, 2010). Restoration of wetlands to help filter certain types of wastewater
can be a highly viable solution to wastewater management challenges (Ko et al., 2004).
Forested wetlands treat more wastewater per unit of energy and have a 6–22 fold higher
benefit-cost ratio than traditional sand filtration (Ko et al., 2004).
Securing safe water and reducing the unregulated discharge
of wastewater are among the most important factors influencing world health. WHO estimates that worldwide some 2.2
million people die each year from diarrhoeal disease, 3.7 %
of all deaths and at any one time over half of the world’s hospitals beds are filled with people suffering from water related
diseases (UNDP 2006). Of the 10.4 million deaths of children
under five, 17 % are attributed to diarrhoeal disease, i.e. an
estimated 1.8 million under-fives die annually as a result of
diarrhoeal diseases (UNEP, 2010). Unmanaged wastewater is
a vector of disease, causing child mortality and reduced labor
productivity, but receives a disproportionately low and often
poorly targeted share of development aid and investment in
developing countries.
However, while there is some increased focus on the need
for treatment plants and operational maintenance over time
(UNEP, 2010; UN-HABITAT, 2010), the role of ecosystem restoration has sofar not received the attention it deserves – while
providing the most viable operational, practical, cheapest and
most effective solution for improving water quality in rural areas and into urban centers.

Wetlands, river deltas, lakes and marshes play a crucial role not
only in sedimentation of pollutants and organic matter, cultures
and harvest of fish and provision of nesting or feeding habitat
for birdlife all across the planet, they also serve as important
filters for pollutants. Intensive management to increase agricultural production – through irrigation and the application of
fertilizers and pesticides – can further reduce the water quality
available for consumption. Such intensification has had major
direct impacts on biodiversity, such as on farmland birds and
aquatic species, but also on algae blooms and water quality, and
in return, on people’s health.
Run-off from agricultural and livestock production may result
in the eutrophication or pollution of aquatic ecosystems (Seitzinger and Lee 2008). Aquatic ecosystems are also being affected by food production in terrestrial areas, mainly through high
nutrient input and alteration of freshwater flows. In the NW
Gulf of Mexico, nutrient enrichment mainly from fertilizer use
in the Mississippi Basin, has accounted for the world’s largest
hypoxic or dead zone (Turner & Rabalais 1991, Rabalais et al.
1999; UNEP, 2008). Without significant nitrogen mitigation
efforts, marine areas will be subjected to increasing hypoxia
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Wastewater, Health and Human well being
Investing in water supply and sanitation
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Figure 9: Wastewater, health and human well being.

and harmful algal blooms that will further degrade marine
biomass and biological diversity (Sherman and Hempel 2008;
UNEP, 2008).
At least 1.8 million children under five years die every year
due to water related disease, or one every 20 seconds (WHO,
2007). Estimates of the global burden of water-associated hu44

man diseases provide a simple index hiding a complex reality. For an estimated 88 % of diarrhoea cases the underlying
cause is unsafe water, inadequate sanitation and poor hygiene.
Moreover, it is estimated that 50 % of malnutrition is associated with repeated diarrhoea or intestinal worm infections.
Childhood malnutrition is at the root of 35 % of all global child
mortality (WHO, 2007).

CASE STUDY #14

Revegetation of a road cut, Glacier National Park, B.C., Canada

Restoration of a new railroad grade in Glacier National Park BC Canada followed natural successional processes by using a local pioneering species (Alnus viridis ssp. sinuata) as the dominant initial cover.

Project and photos credit: Polster Environmental Services.

CASE STUDY #15

Ecosystem restoration in the Golden Horn, Turkey
In the Golden Horn Estuary, at the center of Istanbul, Turkey, over
40 years of uncontrolled industrial and urban growth caused major damage to local water resources in this city of over 11 million
people. Filling one-third of the estuarine surface area to establish
factories and tenements with no waste provisioning had resulted
in thick layers of anoxic sediment, industrial contamination, toxic bacteria, consistently low water clarity, “unusable” dissolved
oxygen levels (by US EPA standards), and a strong hydrogen
sulfide odor. These unhealthy conditions led to an ecologically
unlivable environment, fisheries collapse, and low quality of
life. Restoration of the once-again iconic Golden Horn Estuary
in Istanbul has been one of the world’s largest such projects,
given the complexity of the situation and need for a multifaceted,
staged approach. This substantial political, logistical, ecological,
and social challenge demonstrates the wide-ranging and longterm considerations frequently required for successful restoration. The major components of this rehabilitation, which took
place over two decades, included (1) demolition and relocation
of industries and homes along the shore, (2) creation of waste-

water infrastructure, (3) removal of anoxic sludge from the estuary, (4) removal of a floating bridge that impeded circulation,
and (5) creation of cultural and social facilities. This restoration
presents a prime example of a developing country ameliorating
environmental problems in spite of inadequate management
funds, institutions, policies, and legal structure. In this case, reorganizing and strengthening municipal institutions proved critical in reversing the effects of pollution. The sum of these efforts
was largely successful in revitalizing the area through dramatic
water quality improvement. Consequently, the estuary is once
again inhabitable for aquatic life as well as amenable to local
resource users and foreign visitors, and Istanbul has regained
a lost sense of cultural identity. For more information, see Coleman et al. (2009). The paper focuses on literature review and
personal interviews to discuss the causes of degradation, solutions employed to rehabilitate the estuary, and subsequent physicochemical, ecological, and social changes.
Source: Coleman et al., 2009
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CASE STUDY #16

Lake Hong case in the Yangtze: Restoring the Lake Hong
for fisheries, biodiversity and water supply
The amazing scenery of the Lake Hong has described in a
classic Chinese ballad, but most people have never seen
it. In the 1990ies millions of bamboo posts were standing
in the Lake for intensive enclosed fishery, some 43% of the
wild fish species were gone or nearly gone, the water was
infested and polluted with algae blooms, and the migratory birds vastly gone. More than 70% of the Lake was fully
fenced by fishing nets, and was divided into small farming
plots. Consequently, a serious ecological crisis was threatening the Lake Hong: degradation of water quality, loss of
aquatic plants, decrease of fishery resources, and loss of
biodiversity such as water birds.
With support of WWF-HSBC Programme – Restoring the
Web of Life in the Central Yangtze, a wetland restoration demonstration project in the Lake Hong was initiated in 2003.
Through tailored interventions, e.g. removing fishing nets,
reintroducing local fish species for farming, plantation of
aquatic grasses, aquatic vegetation on the pilot area was fully
restored, with aquatic grass coverage raising to 80 %, water
quality improved from Grade V (for agriculture use only) to
Grade II (drinkable after simple treatment). Some rare birds
e.g. Purple Swamphen and the globally endangered species
Oriental White Stork returned back to the Lake Hong after 20
years absence. Moreover, the incomes of fish farmers participating in the project tripled within three years as a result of
improved environmental conditions. Inspired by this successful pilot, in 2005, the Hubei provincial government decided
to allocate a budget of near 1 million USD (7.3 million RMB)
to restore the entire lake by removing all fishing nets and ap-
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plying other restoration methods. Wintering water birds
from the North have returned back to the lake. In 2006,
the Lake Hong won the award of The Best Practice of
Lake Protection of the Living Lakes Network at the eleventh Living Lake Conference, and was designated as a
RAMSAR site by the Chinese government in 2008.
Source: Lifeng Li, WWF International and Gang Lei, WWF China personal communication, 2010.
Photo credits: Zhang Yifei, WWF China.
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ECOSYSTEM RESTORATION
FOR FOOD SECURITY
Continuing loss of ecosystems services at current rates through land degradation, reduced
amount of water for irrigation, nutrient depletion, declining pollination and lower natural
pest control such as of invasive species could seriously jeopardize world food production
and depress required production by up to 25% by 2050 (UNEP, 2009). Loss of pollination alone has been estimated to account for a value of 9.5% of the global agricultural output used for human consumption in 2005 (Allen-Wardell et al. 1998; Brown and Paxton,
2009; Gallai et al., 2009). Restoration of ecosystems and reversing land degradation are of
particular importance to the impoverished, so dependent upon the environment for their
productivity, food security and health (Lal, 2009; UNEP, 2009; Sodhi et al., 2010).
Restoration for improving food security not only includes
land management of forests, ecotones along field edges and
streams, but also in supporting more diversified and resilient
eco-agriculture systems that provide critical ecosystem services
(water supply and regulation, habitat for wild plants and animals, genetic diversity, pollination, pest control, climate regulation), as well as adequate food to meet local and consumer
needs (UNEP, 2009; Sandhu et al., 2010). This includes managing extreme rainfall and using inter-cropping to minimize
dependency on external inputs like artificial fertilizers, pesticides and blue irrigation water and the development, implementation and support of green technology also for small-scale
farmers (UNEP, 2009; 2010). More efficient irrigation systems
can reduce water consumption by 15–20% without a yield decline (Boumann et al., 2007).
Wild crop relatives (UNEP, 2009) can be important in restoring degraded agricultural lands and genetic diversity is likely to
become in creasingly important in future restoration projects.
FAO defines food security as follows: ‘Food security exists
when all people, at all times, have physical and economic access to sufficient, safe and nutritious food for a healthy and
active life (FAO, 2003). This involves four dimensions:

• adequacy of food supply or availability;
• stability of supply, without fluctuations or shortages from
• season to season;
• accessibility to food or affordability;
• utilization: quality and safety of food.
Ecosystems are the very foundation of all agricultural production. UNEP has, in the “Environmental food crisis” (UNEP,
2009), described how environmental degradation may lead to
up to 25% reduction in global food production by 2050, higher
food prices, greater volatility and greater regional inequality,
with the greatest impacts on the impoverished and particularly
in Africa. Restoring degraded lands is therefore an utmost priority (Lal, 2009).
Restoration for food security must address 5 components mainly:
• Restoration to reduce infestations of invasive species, pests
and diseases, and restore natural enemies by diversification
of production and species and natural habitats along edges
and in fields including diversified and resilient eco-agriculture systems, including establishing host-plants for natural
predators or active biological control. Indeed, the ecosystem
services value of organic compared to conventional farming
has been estimated 1,610–19,420 USD/ha/year compared to
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CASE STUDY #17

Restoration of abandoned plantations, Proyecto Naturaleza y
Comunidad, Costa Rica
The Nogal-La Selva local Biological Corridor (NSBC) is located in
Sarapiquí, in the northern Caribbean lowlands of Costa Rica, Central America. The NSBC is an effort which intends to connect forest fragments from the Nogal Private Wildlife Refuge (252 acres),
a natural private reserve owned by Chiquita Brands International,

1,270–14,570 USD/ha/year, or 22–25% lower for conventional farms. Non-market values were 460–5,240 USD/ha/year
for organic farmland compared to only 50–1,240 USD/ha/
year for conventional (Sandhu et al., 2008).
• Restore water supply and reduce effects of extreme flows including droughts and floods by restoring natural pathways,
riverine and catchment vegetation and wetlands.
• Reduce evapotranspiration, improve weed control and increase soil fertility and biological life in soils through more
organic based production systems, including, where appropriate, perennials (Vieria et al., 2009; UNEP, 2009).
• Reduce sedentary and intensified grazing systems and promote grazing diversity to reduce overgrazing and depletion
of range diversity which increases probability of invasive species infestations.
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to La Selva Biological Station (3,900 acres), an ecological research
station owned by the Organization for Tropical Studies (OTS).
Project and photos credit: Chiquita Brands International/GTZ/MIGROS/
Rainforest Alliance

• Develop alternatives to the use of cereals in animal feed by
recycling of waste or new technology to reduce the effect that
near 1/3 of all cereals are used for animal feed, rising to near
50% by 2050, thus reducing the pressures on cropland expansion – both locally into natural edges, as well as into pristine habitats (UNEP, 2009).
Changing the meat consumption habits and developing an alternative to the use of cereals in animal feed is actually a prerequisite necessary for restoring much lost raindforest and
wetlands cleared and drained to support cattle production. This
demonstrates once again that in restoration one must not only
address the restoration of the ecosystem at hand, but also address the socio-economic driving forces that led to degradation
in the first place.

Total agricultural R&D spending in developing countries increased from USD 3.7 billion (1991) to USD 4.4 billion (2000),
or by 1.6 % annually (IFPRI, 2008). This spending was largely
driven by Asia, where annual spending increased by 3.3 %. In
Africa, agricultural R&D expenditure actually declined slightly,
by 0.4 % a year. As a result, the regions of the world are sharply
divided in terms of their capacity to use science to promote productivity growth to achieve food security and reduce poverty
and hunger and in a more sustainable manner including restoring pest or weed infested lands.
Invasive alien species are now thought to be the second-gravest
threat to global biodiversity and ecosystems next to habitat destruction and degradation (Mooney et al., 2000; CBD, 2001; Kenis
et al., 2009). The steady rise in number of alien species is predicted to continue under many future global biodiversity scenarios
(Sala et al., 2000; Gaston et al, 2003; MA, 2005), although environmental change may also cause non-alien species to become
invasive. Environmental change, (for example rising atmospheric
CO2, increased nitrogen deposition, habitat fragmentation and climate change) may facilitate further invasions (Macdonald, 1994;
Malcolm et al., 2002; Le Maitre et al., 2004; Vilà et al. 2006; Song
et al., 2008). As invasive or foreign species compose over 70%
of all weeds in agriculture (estimated in the USA)(Pimentel et al.,
2004), a continued growth in invasive species poses a major threat
to food production (Mack et al 2000; MA, 2005; Pimentel et al.,
2005; Chenje and Katerere, 2006; van Wilgen et al, 2007).
Restoration attempts will need to address causes for the spreading, ranging from the marine spilling of ballastwater in shipping
containing numerous exotic and even invasive marine species
(UNEP, 2007) to spreading with land transport, to addressing pollution, landuse patterns and socio-economic variables
influencing the initial loss of the ecosystems involved (King et
al., 2009). In many cases, re-establishing partial natural cycles,
such as storm-burning reducing invasive species like Melaleuca
viridiflora on grasslands, but leaving fire-adapted vegetation,
could help reduce such invasive pests (Crowley et al., 2009). It
is also very well known from agriculture that re-establishment of
ecotones or restoring diverse field edges significantly influences the survival of natural pest controlling insects, birds, or that
biological control systems (Zhang and Swinton, 2009). This includes among other introducing insects, pathogens, enzymes or
establishing natural host plants for pest-predators can effectively
reduce infestations such as for example in coffee (Batchelor et
al., 2005); tea (Todokoro and Isobe, 2010), banana (Ting et al.,

2010) and mango production (Braimah and van Emden, 2010).
Insects or insect-borne diseases in biological control, such the
transmission of a pathogenic virus carried by an eriophyid mite
Phyllocoptes fructiphilus to control the weed Rambler rose (Rosa
multiflora) infesting grazing ranges in China, Japan and Korea,
have also proven effective (Smith et al., 2010).
Restoration is also crucial in relation to maintaining soil fertility, restoring degraded soils and reducing compaction (Batey,
2009; Lal, 2009; UNEP, 2009).
It is therefore clear that restoring ecosystem services can involve
quite complex measures. Ecosystem services are therefore essential parts of the benefits in more organic or diversified ecoagricultural based systems (UNEP, 2009; Sandhu et al., 2010).
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CASE STUDY #18

Chilika Lake – from Montreaux record to Ramsar Conservation Award
Lake Chilika spanning between 906 – 1,165 km2 is the largest
coastal lagoon on the east coast of India. It is a hotspot of biodiversity and harbours several endangered and endemic species including those listed under the Red List. Over one million
migratory birds commonly winter here. It is also one of only two
lagoons in the world that support Irrawaddy Dolphin populations. The diverse and dynamic assemblage of fish, invertebrate
and crustacean species found within Chilika provide the basis of
a rich fishery which supports over 200,000 local fisherfolk and
generates over 6% of the state’s foreign revenue.
Chilika underwent rapid degradation during 1950 – 2000 owing
to increasing sediment loads from degrading catchments and
reduced connectivity with the sea. As salinity declined, the lake
fisheries went down by over 80% during 1985–2000, along with
an increase in area under invasive weeds and shrinkage in area
and volume of the lake. This had tremendous impact on the livelihood of communities, especially fishers who depended on lake
for sustenance. The lake was put under Montreaux Record of
the Convention in 1993. Realizing the problems of Chilika Lake,
Government of Orissa created the Chilika Development Authority
(CDA) in 1992 for restoration of the ecosystem. CDA undertook
several measures for lake remediation including catchment area
treatment, hydrobiological monitoring sustainable development
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of fisheries, wildlife conservation, ecotourism development, community participation and development and capacity building at
various levels. In 2000, CDA in partnership with Wetlands International and a network of organizations carried a major hydrological intervention by opening a new mouth to the Bay of Bengal
which helped improve salinity levels, enhanced fish landing, decrease of invasive species and overall improvement of the lake
water quality. The initiative rejuvenated the lake ecosystem and
improved livelihoods of communities dependant on its resources
for sustenance. Based on the restoration measures undertaken,
the Government of India requested the Ramsar Convention Bureau to consider removal of Chilika Lake from the Montreaux Record. The lake was finally removed from the Montreaux Record
in 2001 and the restoration recognized with a Ramsar Award to
the CDA in 2002. As per assessments in 2009–10, lake fisheries
stood at 11,955 MT. Additionally, 158 dolphins were counted and
over 0.9 million waterbirds used the lake as habitat.
CDA and WISA are currently designing an integrated plan to ensure effective management practices for the lake conservation
and providing economic incentives to stakeholders through coordinated actions at river basin level integrating coastal processes.
Source: Wetlands International, Personal communication, 2010

CASE STUDY #19

Rock Creek and Ignacio Creek Stream Restoration, La Plata County,
Colorado, USA
The effects of overgrazing near southwestern Colorado’s Rock
Creek resulted in major erosion with banks up to eight feet high
in some places. Biohabitats has conducted a feasibility study
with the Southern Ute Indian Tribe to address this problem
through a series of four projects along the creek including bank
stabilization, habitat and re-vegegation.
Sequential project phasing accommodated funding cycles and
provided opportunities to modify and improve restoration techniques. These projects were dependent on successful engagement and collaboration with the tribal community and volunteers. To ensure local cultural and environmental relevance of
the solution required modification of methods and approaches,
selection of appropriate materials and species. Work is continuing to work with the Tribe’s water quality department on the restoration of nearby Ignacio Creek.
Source: Biohabitats, www.biohabitats.com

CASE STUDY #20

Enhancing sustainability through the use of crop wild relatives
Crop wild relatives – species or other taxa more or less closely related to crops, that include most of the progenitors of our domesticated types – have made an extremely significant contribution to
modern agricultural production through the characteristics that
they have contributed to plant cultivars.
Over the last 100 years crop wild relatives have become increasingly important as sources of useful genes. For example, they
have contributed pest and disease resistance (e.g. resistance to
late blight in potato and grassy stunt virus in rice which came
from a single accession of Oryza nivara found in Orissa, India)
and abiotic stress resistance. They have also increased nutritional values such as protein and vitamin content. The economic returns from investment in CWR can be striking; for example,
genetic material from a tomato wild relative has allowed plant
breeders to boost the level of solids in commercial varieties by
2.4 %, which is worth USD 250 million annually to processors in
California alone (FAO, 1998).

The natural populations of many crop wild relatives are increasingly
at risk. They are threatened primarily by habitat loss, degradation
and fragmentation. Moreover, the increasing industrialization of
agriculture is reducing populations of crop wild relatives in and
around farms. They are often missed by conservation programmes,
falling between the efforts of agricultural and environmental conservation actions. A major global effort, coordinated by Bioversity
International and supported by UNEP GEF to find ways of securing the improved conservation of crop wild relatives is in progress
in 5 countries (Armenia, Bolivia, Madagascar, Sri Lanka and Uzbekistan) in collaboration with a number of international agencies
(FAO, UNEP-WCMC, IUCN, Botanic Gardens Conservation International – BGCI). Restoring wild crop relatives and using them in
restoration has sofar received little attention, but may be crucial in
order to meet future food insecurity in a changing environment.
FAO, 1998. The State of the World’s Plant Genetic Resources for Food and Agriculture. FAO, Rome. (Adopted from UNEP, 2009: The environmental food crisis).
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CASE STUDY #21

Shellfish Reefs United States oyster restoration case study –
enhancing fisheries
Shellfish reefs – physical habitats built by the accumulation of
masses of mollusk shells – may be the world’s most threatened
marine habitats. Once widespread in estuaries and lagoons, a conservative estimate suggests that 85% have been lost to overfishing,
poor river basin management and pollution1 (Beck et al., 2009).

recovery of other important habitats such as seagrasses. In some
locations the large physical structures of shellfish reefs even protect
coasts from wave action. Such services are of growing social, economic and political relevance as pollution and sea level rise are of
increasing concern world-wide.

The value of shellfish for food has been recognized for millennia,
however it is only in recent decades, as the resources have become scarce, that other services provided by shellfish reefs have
been realized. Through their complex structure, shellfish reefs
greatly enhance commercially important fish and crab stocks. In
sufficient quantities they can measurably reduce nitrates and turbidity in coastal waters. In so doing they also allow growth and

In the US, recognition of these valuable services has led to a surge
in interest in the restoration of oyster reefs nation-wide. The federal National Oceanic and Atmospheric Administration, through
numerous partnerships, has supported over 128 oyster and shell
bottom restoration projects in twenty states since 1998. Many other
restoration efforts have been undertaken by state agencies, NGOs
and community groups.

Virginia Coast restoration sites
Communities on the east Virginia coast have a long history of
oyster harvesting, however the eastern oyster Crassostrea virginica finally became commercially extinct in the region in the
early 1990’s. In 2006 a public-private community partnership
was formed between the Virginia Marine Resources Commission and The Nature Conservancy which, in collaboration with
local businesses and community volunteers, made significant
steps to restoring oyster reefs in Smith Island Bay. Local contractors dredged over 1188 tonnes of fossil shell, depositing
them in shallow areas to form two ~0.8 ha reefs. The rapid
colonization and growth of new oysters on the reefs has catalyzed further restoration projects. To date the larger Seaside
Bays Restoration Project on the Virginia Coast, of which Smith
Island Bay is a part, has successfully restored 1.7ha of intertidal
oyster reef, with a further 5.5ha planned. An estimated 47 jobs
will be maintained or created by oyster restoration work as a
result of this project.
Virginia Coast restoration sites are continually monitored, and
have been showing significant recruitment since their construction. Research is being undertaken to determine the filtration
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A critical precursor to restoration has been to establish secure management to prevent degradation or loss of restored areas. This has
been achieved though the establishment of legal sanctuaries, and
through private ownership or leasing of intertidal and subtidal lands.
A broad range of restoration techniques have been developed and
tested. Where recovery is limited by habitat availability (young oyster
“spat” need to settle on hard substrates), restoration techniques focus on the provision of “cultch”, or areas of hard bottom. Elsewhere,
where recruitment is a limiting factor, juveniles need to be returned to
the environment. In both cases experimental work has identified the
importance of vertical relief, hydrodynamics, and a wider understanding of meta-populations in restoring reefs to levels that are self-sustaining and ecologically significant. Systematic approaches, based on

the best science, are leading to successful restoration across the
country, such as the restoration by the US Army Corps of Engineers
of over 297ha of oyster reef since 2001 within the Chesapeake Bay,
North America’s largest estuary. Increasingly ambitious programs
are being established; the recent Chesapeake Bay Executive Order
(2009) resulted in the goal of restoring oyster populations in 20 of
35–40 candidate tributaries of the Chesapeake by 2025. This is an
immense challenge given that oyster reefs were close to ecological extinction in this Bay just a few years ago.
Source: Philine zu Ermgassen and Mark Spalding, The Nature Conservancy
and Cambridge University, Personal communication, 2010.
Photo credits: Mark Spalding.

benefits of successful oyster restoration on the Eastern Shore.
Along the South Eastern United States, fin-fish and decapod
fisheries benefits derived from restored oyster reefs have been
estimated at 2.6kg/10m2/year, while in Louisiana and North
Carolina restored intertidal reefs have locally reduced the rate
of shoreline retreat. Work is in process to determine how such
benefits may vary between locations.
The success of projects such as those on the Eastern Shore
of Virginia provided a major impetus for encouraging the US
government to provide USD 150 million in a 2009 national
stimulus package for large-scale restoration projects, including several other oyster reef projects. More science is needed,
notably to gain a better understanding of the final targets for
restoration. How much restoration will be needed to achieve
measurable and useful levels of water purification or increased
fisheries production? Where and how should reefs be arrayed
to maximize coastal protection benefits? Enough is already
known, however, for the work to commence, and the research
is running in parallel, enabling benefits to be derived even as
understanding of the complex ecological story is refined.
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ECOSYSTEM RESTORATION
FOR CLIMATE CHANGE
MITIGATION
All living matter (biomass) – from grasses and trees to salt marshes and plankton –
stores carbon. Terrestrial biomass carbon stores are often referred to as “green carbon”.
Worldwide, terrestrial vegetation, soil and detritus currently store 2261 Gigatonnes of
carbon (GtC; IPCC, 2007)1. Approximately half of terrestrial biomass carbon stocks
are found in forest (IPCC, 2007). The oceans and coastal vegetation also store a large
amount of carbon (often known as “blue carbon”), which is thought to be approximately 38334 GtC (IPCC, 2007), though there is uncertainty about the precise quantity
(Nellemann et al., 2009).
Much recent attention has been given to the potential of ecosystems, especially forests, to take up (sequester) additional
carbon and hence mitigate climate change. Unfortunately, this
process is disrupted when natural ecosystems are converted for
agricultural use. This releases much of the carbon stored in
plants and soil, and also alters the physical and biological effects of the landscape on the climate (Bala et al., 2007).
Some of these effects warm the climate, whilst others cool it.
The high albedo (reflectivity) of grassland and deserts plays a
role in atmospheric cooling (Hansen et al., 1998; Thompson,
1998). High rates of evapotranspiration (release of water into
the atmosphere) from tropical forest reduce surface air temperature and increase rainfall (Bonan, 2008). The structure of
vegetation also influences the regional climate: for example, a
study in Australia found that land cover change (mainly defor1 To illustrate how substantial these ecosystem stores of carbon are, the
global annual emissions of carbon dioxide from human activity in 2004
totalled 38 Gigatonnes (IPCC 2007).2 Services include provisioning (e.g.
fish and minerals), regulating (e.g. role in climate), supporting (e.g. role in
water cycle) and cultural (e.g. tourism, recreation)

estation) explained up to 50% of the observed warming and
changes to rainfall patterns due to reduced surface roughness
(Pitman et al., 2004).
The marine environment also has a key role in climate regulation. The oceans store and conduct heat, while ocean chemistry is important in regulating carbon uptake (IPCC, 2007;
Reid et al., 2009).
Restoration of terrestrial and marine ecosystems therefore
protects and enhances the climate regulating services of ecosystems as well as the carbon stocks that aid climate change
mitigation.
Many ecosystems are currently carbon sinks (they store more
carbon than they lose). The IPCC Fourth Assessment (AR4)
Report suggests that the size of the terrestrial sink is approximately 0.5–1.5 GtC per year while the marine sink is approximately 1.8–2.6 GtC per year (IPCC, 2007). However, land use
change and degradation damage the terrestrial sink as well as
generating carbon emissions (Ong, 1993; Anser et al., 2005;
Eliasch, 2008; Lal, 2008).
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It is especially relevant that the negotiations on reducing emissions from deforestation and forest degradation (REDD) in developing countries under the UN Framework Convention on
Climate Change (UNFCCC) have expanded to include other
forest activities (“REDD+”). It is possible that new funds for
carbon-focused restoration, afforestation or reforestation efforts could emerge (Miles, 2010).
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Ecosystem restoration can therefore play a role in mitigating climate change, mainly through increasing carbon sequestration
and storage. Forests, typically the most carbon-dense terrestrial
ecosystems, often receive most attention in climate policy.
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Forest restoration usually involves either reforestation or managing degraded forests with the aim of bringing them back
towards a ‘natural’ state. Restoration can be achieved either
through controlling pressures on forests, such as fires, invasive species or unsustainable harvest, or through techniques to
speed forest recovery such as planting programmes or attracting seed dispersers.
Other reforestation or afforestation approaches, such as commercial tree plantations using non-native species or intensive
management techniques, fall short of ecosystem restoration
objectives but do also sequester carbon. These new forests are
less likely to provide other ecosystem services or biodiversity
benefits, and may be less resilient to the effects of climate
change on their carbon stores.
Sometimes forest restoration or afforestation is undertaken with
support from carbon finance in recognition of its role in climate change mitigation. For example, in the Scolel Te project in
Mexico, farmers planted over 700 ha of trees on degraded land
to sequester carbon, funded by the carbon offset market which
generated USD 180 000 in 2002 (Tipper, n.d.). Carbon credit
sales were also used to restore 36500 ha of Caribbean pine forest in Belize, creating a 0.013 GtC benefit over 55 years, as well
as protecting wildlife and enhancing soil quality (Walden, n.d.).
Carbon stored in soils forms a large part (~81%) of the total
terrestrial store (IPCC, 2001, 2007), but has been degraded
over wide areas. Depletion of soil organic carbon (SOC) may
Figure 11: The role of ecosystems in the global carbon cycle.
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have emitted 78 GtC to the atmosphere between 1850–1998
(Lal, 2004). Restoring degraded soils enhances soil carbon sequestration and promotes biomass growth (Lal, 2008). SOC
content can recover over time with restoration of degraded soil
through revegetation and good management practices (Lal,
2004; 2008). For example, dryland restoration could bring
global carbon sequestration in arid ecosystems up to 0.8–1.9
GtC per year (Keller and Goldstein, 1998; Lal, 2009).

ing emissions from the degraded peat of about 1.15 GtC per year
(Society for Ecological Restoration International, 2009), and
enhancing sequestration. Restoration of wetlands can therefore
increase carbon storage as well as maintaining other climate regulation services. At a global scale, CO2 emission from peatland
drainage in Southeast Asia is contributing the equivalent of 1.3%
to 3.1% of current global CO2 emissions from the combustion of
fossil fuel (Hooijer et al., 2010)

Wetlands and peatlands are rich in carbon. Peatlands, although
forming only 3% of the world’s land surface, contain 30% of all
global soil carbon (Parish et al., 2008). Large areas of wetland and
peatland have been drained or disturbed, releasing CO2 into the
atmosphere. Restoration could reverse this process and prove to
be a low-cost greenhouse gas mitigation strategy (IPCC, 2007),
though restoration of very degraded areas can be a slow process
(Lal, 2008). A successful forest peatland restoration project in
Indonesia restored approximately 60000 ha of peatland, reduc-

Restoring wetland, watershed and river ecosystems also indirectly contributes to climate change mitigation by protecting coastal
vegetation and the ocean from excessive sediment and nutrient
flows. Protecting, improving management and restoring coastal
and marine carbon sinks (blue carbon) would prevent the release
of up to 0.45 GtC per year (Nellemann et al. 2009).
Vegetated coastal habitats, such as mangroves, salt marshes
and sea grass meadows, sequester carbon in their biomass and
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Figure 12: Blue carbon: Uptake of CO2 in different oceans worldwide (Sommerkorn and Hassol 2009).
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In Costa Rica, a mixed-species reforestation carbon offset project
is estimated to absorb 24 tonnes of CO2 every year for each ha of
planted forest for 25 years. Tree planting © Reforest the Tropics
http://reforestthetropics.org/

the sea floor (Nellemann et al., 2009). Coastal vegetation is estimated to take up an average of 0.11–0.13 GtC per year (Cebrián
and Duarte, 1996; Duarte et al., 2005; Bouillon et al., 2008).
Mangroves are large carbon sinks (~0.018 GtC per year globally) and highly productive in terms of primary productivity and
wildlife (Bouillon et al., 2008; Laffoley and Grimsditch, 2009).
Coastal habitats can also be crucial for climate change adap-

tation, such as coastal defence, and provide many resources
important to livelihoods. In Vietnam, a mangrove restoration
programme found that the economic value of such benefits
outweighed the costs (Table 1; Tri et al., 1998).
Salt marshes sequester ~0.06 GtC per year globally and 1.51
x10-3 GtC/ha/year (Duarte et al., 2005), a great proportion of
which is sequestered in the soil (Chmura et al., 2003); as such

CASE STUDY #22

Peatland restoration in Central Kalimantan for climate,
biodiversity and livelihoods
The peatswamp forests of Central Kalimantan have heavily been
degraded by logging and drainage for conversion into agricultural lands and oil palm and pulp plantations (UNEP, 2007).
This situation leads to incredible carbon dioxide emissions and
annually long lasting fires, causing smoke and health problems.
The peatlands in Central Kalimantan constitute some of the
poorest areas in Indonesia, largely because of unsuccessful developments, large scale environmental destruction and peat fire
disasters. The poverty rates in the area are 2 to 4 times higher
than in other areas of Indonesia.

duced emission of at least 4 million tonnes of carbon dioxide
per year by reducing decomposition only. These emissions
would, without these restoration activities, have continued for
some decades until they would gradually phase out as a result
of the overall decimation of the peat store. Additionally reduced
emissions resulting from fires were achieved; around 250,000
hectares of peatland now has improved security from fires and
fire-fighting capacity has been improved in 25 villages. A total of
1500 ha of the hydrologically restored area was replanted with
indigenous tree species.

Peatland degradation will continue unless action is taken. So
far 12 million hectares of peatland are currently deforested and
mostly drained in Southeast Asia, including over 1.5 million hectares in Central Kalimantan, with severe consequences for global
climate, biodiversity and local communities. Peatland conservation and restoration is therefore extremely urgent. A consortium
made up of the Borneo Orang Utan Survival Foundation (BOSF),
CARE, the World Wide Fund for Nature (WWF), Wetlands International and the University of Palangka Raya therefore worked
closely with the provincial and local authorities to help.

Another focus of the project was to conserve any remaining
peat swamp forests. This work was complemented by a range of
efforts to reduce poverty, including improving local health facilities, the development of an alternative livelihood strategies and
investments in socioeconomic development through the development of sustainable fisheries, agriculture and forestry. On a
global level the project has strongly increased awareness about
the peatland problems in Indonesia. The proposed REDD policy
under the UN climate conference (deforestation in developing
countries; status after Copenhagen 2009) now opens the road
to also address peatland loss; with funds provided by developed
countries to reduce deforestation and forest degradation in developing countries.

The priority of the project was peatland rehabilitation, which
involved the restoration of the hydrology of the drained peatswamp forests, reforestation efforts and fire control. The project resulted in the establishment of 18 dams in large drainage
canals and over 150 blocks in small drainage channels, contributing to the restoration of thehydrology of 10,000 ha in the Sebangau area and over 50,000 hectares of drained and degraded
peatlands in the Ex-Mega Rice area. In total we estimate a re-

With its innovative approaches, CKPP can be seen as an example
for provincial and country authorities, institutions and NGOs of
how to integrate the principles of sustainable development into
policies and programmes for large scale restoration of logged
and drained peatlands and for the protection of intact area.
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they provide a larger carbon sink than mangroves which sequester 1.39 x10-3 GtC/ha/year (Duarte et al., 2005). However,
they are also considerable sources of methane, but over a long
time period (~500 years) remain a greenhouse gas sink (Whiting and Chanton, 2001).
Seagrass meadows are particularly good carbon sinks, as the
leaves last much longer than other marine biomass such as
phytoplankton (Duarte et al., 2005) and because they deposit
carbon into the ocean soil, resulting in long-term sequestration
(Romero et al., 1994).
The greatest oceanic absorption of CO2 occurs in cold waters
or in areas with high organic matter (Barry and Chorley, 1998).
The carbon cycle in the oceans is influenced by physical and
biological processes (Reid, 2009). Global ocean services2 may
be worth about USD 23 trillion a year, only slightly less than
the world’s GNP (GESAMP, 2001) and therefore maintaining
healthy ecosystems is economically important. There is also
evidence that healthy functioning marine ecosystems are necessary to enable the continued marine sequestration of carbon
from the atmosphere (e.g. EC 2009; Herr and Galland 2009;
Laffoley and Grimsditch 2009).
Climate change is in itself a driver of ecosystem degradation
and affects carbon sequestration and storage. Climate change
impacts on ecosystems and on mitigation efforts should be
taken into account during restoration activities to ensure long2 Services include provisioning (e.g. fish and minerals), regulating (e.g.
role in climate), supporting (e.g. role in water cycle) and cultural (e.g. tourism, recreation)

Mangrove planting in Indonesia 2008–2009 © Sahabat Alam

Table 1: Costs and benefits of direct and indirect use values of mangrove restoration (adapted from Tri et al. 1998)
Discount rate

Benefits
(direct – marketable products; indirect –
avoided maintenance cost of sea dyke system)

Costs
(of establishment and extraction)

Overall benefit-cost ratio

Present value, million Vietnam Dong/ha
3
6
10
64

19.66
13.12
8.47

3.45
2.51
1.82

5.69
5.22
4.65

How to mitigate climate change: The role of
natural ecosystems
‘Brown carbon’: industrial emissions of greenhouse gases
that affect the climate.
‘Green carbon’: carbon stored in terrestrial ecosystems e.g.
plant biomass, soils, wetlands and pasture and increasingly
recognised as a key item for negotiation in the UNFCCC (in
relation to forest carbon and mechanisms such as REDD,
REDD-Plus, or LULUCF).
‘Blue carbon’: carbon bound in the world’s oceans. An estimated 55% of all carbon in living organisms is stored in mangroves, marshes, sea grasses, coral reefs and macro-algae.
‘Black carbon’: formed through incomplete combustion of
fuels and may be significantly reduced if clean burning technologies are employed.
Past mitigation efforts concentrated on brown carbon, sometimes leading to land conversion for biofuel production which
inadvertently increased emissions from green carbon. The
proposed REDD (Reducing Emissions from Deforestation
and Forest Degradation) instrument is based on payment for
carbon storage ecosystem services and could lead to an estimated halving of deforestation rates by 2030, cutting emissions by 1.5–2.7 Gt CO2 per year. The estimated costs range
from USD 17.2 billion to USD 33 billion/year whilst the estimated long-term net benefit of this action in terms of reduced
climate change is estimated at USD 3.7 trillion in present value
terms (Eliasch 2008). Delaying action on REDD would reduce
its benefits dramatically: waiting 10 more years could reduce
the net benefit of halving deforestation by USD 500 billion (Eliasch, 2008; McKinsey 2008; TEEB, 2009).

result in the recovery of important services, such as their capacity to oxygenate coastal waters, serve as nurseries helping restore
world fish stocks or the shelter the shoreline from storms and
tsunamis (Hemminga and Duarte 2000; Danielsen et al., 2005).
For instance, the ongoing national wetland conservation action
plan in China has been estimated to involve a potential for an
increased carbon sequestration by 6.57 Gg C year-1 (Xiaonana
et al., 2008). Andrews et al. (2008) calculated that the net effect
of returning of returning some 26 km2 of reclaimed land in
the UK to intertidal environments could result in the burial of
about 800 ton C year-1.
A first involves the regulation of activities responsible for their
global loss, including coastal reclamation, deforestation of
mangrove forests, excess fertilizer application on land crops
and inputs of urban effluents of organic matter, siltation derived from deforestation on land, unsustainable fishing and
fixing of coastlines through coastal development (e.g. Borum
et al., 2004; Hamilton and Snedaker 1984; Melana et al., 2000;
Duarte, 2002; 2009).

RESTORATION OF SEAGRASSES AND
MANGROVES

A second step should involve efforts for the large-scale restoration of the lost area, which is likely of the same order (if not
larger) than the area currently still covered by these aquatic
habitats (Duarte 2009; Waycott et al., 2009). For instance,
some countries in SE Asia have lost almost 90% of their mangroves over the last 60 years (Valiela et al., 2001). Large-scale
restoration projects have been successfully conducted for mangroves. The single largest effort probably being the afforestation of the Mekong Delta forest in Vietnam, completely destroyed by the use of Agent Orange in the 1970’s and replanted
by the Vietnamese people (Arnaud-Haond et al., in press). Saltmarsh restoration is also possible and has been applied largely
in Europe and the USA (e.g. Boorman and Hazelden 1995).
Restoring lost seagrass meadows is more complex, as the labor
required to insert transplants under the water increases cost
(Duarte et al., 2005b), so has to be supported in parallel with
actions to remove the pressures that caused the loss in the first
place. While green forest can only grow upwards, seagrasses
can spread horizontally at exponential rates.

There is sufficient evidence to support that reversing the global
decline of vegetated coastal habitats and recovering the lost area
of blue forests would provide a very large improvement in the
ecological status of the global coastal environment. This could

Most efforts to restore blue forests have been driven by the
need to restore coastal protection by vegetated habitats and
their value as habitats for key species (Boorman and Hazelden,
1995; Fonseca et al., 2000; Danielsen et al., 2005).

term resilience (Harris, 2006; Erwin, 2009). It is also crucial
to ensure that restoration objectives are consistent with local
needs and aspirations, to ensure long-term success. In this way,
ecosystem restoration can provide an effective climate change
mitigation strategy.
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CASE STUDY #23

Mekong Delta mangrove forest restoration
Large-scale restoration of mangrove forests are feasible and
affordable. The largest mangrove restoration was that of the

mangrove forest in the Mekong Delta completely destroyed by the
US Air Forces in the 1970’s (above) and subsequently restored by
the Vietnamese government.
Black and white insert: “Results of Defoliation Operation”, illustration from
‘Vietnam Studies: Tactial and Material Innovations’, by Lieutenant General
John H. Hay, Jr.; www.army.mil/cmh-pg/books/Vietnam/tactical. Colour image: Professor Nguyen Homg, Universidad de Hanoi, Vietnam.

The costs to successfully restore both the vegetative cover and
ecological functions of a mangrove forest have been reported
to range from USD 225/ha to USD 216,000/ha (Lewis, 2001).
Mangrove restoration projects have been classified into three
categories (Lewis, 2001; 2005): (1) planting alone, (2) hydrologic restoration, with and without planting, and (3) excavation
or fill, with and without planting. The first type, planting only,
although inexpensive (e.g.: USD 100–200/ha) usually does
not succeed due to a failure to appreciate the physiological tolerances of mangroves to tidal inundation. The second type,
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hydrologic restoration, can be done for similar costs, and with
proper planning has a high success rate. Successful restoration of abandoned shrimp aquaculture ponds is an example
of this method. Planting should only be done if natural recolonization fails, and can double the cost of a project. Scientific
data indicates that using this method, ecological functions are
quickly restored, with fish populations typically reaching reference site diversity and densities within 5 years. The third type,
excavation and fill, is the most expensive due to the high costs
of large scale earthmoving.

CASE STUDY #24

The West African Mangrove Initiative (WAMI)
The West African seaboard from Mauritania to Sierra Leone including Senegal, the Gambia, Guinea Bissau and Guinea, is rich
in mangrove formation. The riparian populations of this area
draw substantial revenues from the exploitation of wood, fishing, rice farming, the extraction of salt and other activities, notably the collection of honey and medicinal plants. Even though
these activities are important for livelihoods, they also have a
negative impact on the mangroves; an impact which is increasing today in parallel with the demographic growth on the coast
and climate change through changes in rainfall and duration
of rainy season. As for the impact of economic activities, these
are more and more acute and affect all the countries. The most
significant anthropogenic threats to mangrove areas are:
Clearing for Agriculture (rice) and aquaculture (shrimp), fish
smoking, Saliculture (Guinea, Sierra Leone, Guinea Bissau), Shellfish calcination (Gambia, Senegal), Urban domestic needs (Freetown, Conakry, Kamsar, Bissau, Banjul.), Rural domestic needs.
The situation is critical and requires reversing the trend in order to maintain the ecological function of the area. An initiative
was developed to rehabilitate the mangroves, help harmonize
national policies for its sustainable management and improve
the well being of the communities who depend upon the mangroves. A joint initiative through IUCN Senegal and Wetlands
International Africa form the West African Mangrove Initiative
(WAMI), working hand in hand with the Swiss MAVA Foundation and National forestry institutions in Mauritania, Senegal,
Gambia, Guinea Bissau, Guinea and Sierra Leone.
WAMI activities include the rehabilitation of areas of deteriorated
mangrove, develop demonstration projects, build national mangrove conservation policies, help draft the Charter and Action
Plan, and seek funding for the latter. Replanting operations drew
on the lessons learnt in the 2008 campaign. Improvements were
made through the capacity building of the players, site selection
and meeting the planting schedule. Since the project started,
the total re-planted mangrove area in Senegal, Gambia, Guinea,
Guinea Bissau and Sierra Leone covers 20 ha. The vulgarisation
of beekeeping in Gambia continued and the first harvests of hon-

ey meant that community training on the post-harvest handling
of honey was able to begin. As for the construction of improved
ovens for the smoking of fish in Guinea Bissau, work is in the
final phase in three of the four scheduled sites.
In terms of the mangrove management policy, stress was placed
on consolidating the Preliminary draft of the regional charter
and action plan. The document was submitted for review to several specialists and their remarks and suggestions were incorporated into the final version. It has now been submitted to the
different countries for their opinion.
In addition, the project developed partnerships with various
conservation players, in particular: the NGO Océanium in its
reforestation programme in Senegal funded by Danone; the Adaptation to Climate and Coastal Change (ACCC) project for the
replanting of the mangrove in the Palmarin area, funded by the
UNDP and UNESCO, and ENSA (Ecole Nationale Supérieure
d’Agriculture) in Thiès for evaluating growth conditions and the
carbon sequestration capacity of the replanted sites around the
village of Dassalamé Sérer in the Saloum Delta.
Source: Wetlands International, Personal communication, 2010
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ECOSYSTEM RESTORATION
FOR DISASTER PREVENTION
AND MITIGATION
Ecosystems play a crucial role in reducing, mitigating and avoiding major hazards and disasters worldwide – while their destruction and degradation may both exacerbate or even
cause catastrophes: Every year 270 million people in the world, 85% of them in Aisa are
exposed to natural disasters and some 124 000 people are directly or indirectly killed.
Natural ecosystems that help prevent disasters include natural vegetation and forests on slopes and hill sides and catchment forests hindering erosion and slowing passage of water
from rainfall (Zhao et al., 2009), wetlands providing buffers for
floods (Costanza et al., 2008), riparian zones influencing water chemistry (Dosskey et al., 2010); mangroves and coral reefs
for waves, tsunamis and storms (Badola and Hussain, 2005;
UNEP, 2007; 2009), vegetation in drylands hindering erosion
(UNEP, 2006; Lal, 2009), forests and mangroves in estuaries buffering flood effects (Tallis et al., 2008) not to mention
the function of ecosystems in buffering further land degradation and providing live-able conditions for people and animals
worldwide by protecting the local climate.
The value of coastal wetlands for hurricane protection has
been estimated at 250–51,000 USD/ha/year, with an average
of 8240 USD/ha/year, with coastal wetlands in the US currently providing storm protection services valued at 23.32 billion
USD annually (Costanza et al., 2008). Mangroves have been
estimated to reduce damage of storm floods to impoverished
by an average of 33.31 USD/household compared to unprotected villages with damages over 153.74 USD/household (Badola
and Hussain, 2005).
Potential damage from storms, coastal and inland flooding and
landslides can be considerably reduced by a combination of
careful land use planning and maintaining/restoring ecosys-

tems to enhance buffering capacity. Planting and protecting
nearly 12,000 hectares of mangroves cost USD 1.1 million but
saved annual expenditures on dyke maintenance of USD 7.3
million.(Tallis et al., 2008; TEEB, 2009).
Table 2: Number of people affected by natural disasters in Asia
(row 1–4) and the world (row 5) 1998–2008
Type of disaster

No. affected/year

No. killed/year

Flash floods
Seasonal floods
Droughts
All natural hazards
WORLD

100 000 000
80 000 000
230 000 000

5000
4000
30 000
100 000

ca. 270 000 000

ca. 124 000

Source: FAO 2001, Benniston 2003, Jianchu et al. 2007, USAID 2007, UNU-IAS
2008, Eriksson et al. 2009 a, b. ICIMOD 2009, Pacific Disaster Center 2009, World
Disaster Report 2009.

Table 3: Relative vulnerability to floods across continents (1998–
2008) (World Disaster Report 2009)

Affected
Killed

Africa

Americas

Asia

Europe

22 173 000
7623

14 315 000
38 281

801 634 000
38 735

1 273 000
1245
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CASE STUDY #25

Restoration of mangroves in Andra Pradesh, India

This project was launched in Andhra Pradesh with the aim of inducing concerted action towards conservation and sustainable
management of the mangrove wetlands on the east coast of
India. The restoration, with a budget of 3.010 million USD successfully restored mangroves on over 520 ha from 1997–2004.
Until 1972, mangroves were clear felled in many parts of the region, and these areas have not been able to regenerate due to
topographic changes. Not only that, the Krishna river is one of
the heavily utilized rivers in peninsular India and is exploited for
a variety of purposes. As a result, there has been a reduction in
fresh water flow over a period of time, which has had a telling
impact on the growth and regeneration of mangroves.
Another important contributor to ecosystem degradation is the
rapid siltation and pollution of Kakinada Bay, as evidenced by a
recent hydrographic study. With increased developmental activities and the establishment of fertilizer units, some effluents are
being discharged into the bay. This has resulted in high amounts
of ammonium and nitrate in bay waters, which may be contributing to degradation. Furthermore, the present depth of the
bay is very low, and there is hardly any lateral mixing of waters.
Therefore, there is a lot of stagnation in the bay which may also
be affecting the mangroves. A variety of anthropogenic activities has compounded these environmental conditions and has
helped hasten the decline of the mangroves. Coastal villagers
utilize mangroves for their basic needs such as firewood, fodder,
fencing, house construction, thatching and fishing poles. Mangrove forests are also being converted into aquaculture ponds,
salt pans and paddy fields with increasing frequency.
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The project employed canal techniques, instead of simple plantation
of seedlings, and a fish bone pattern of canals was utilized. This fishbone design was shown to be a more efficient method of facilitating
tidal flushing than the rectangular pattern used by the Forest Department. Thus, this technique has now been adapted and recommended by the Government of India for other restoration projects.
The bio-diversity of the area has been positively impacted by
the restoration. The crab population in the restored areas has
increased due to the increased water regime. As biodiversity
has improved and the denuded patches have been covered with
mangroves, populations of larger animals like otters have also
increased substantially. In addition to this, the bird population
has shown an increase since the project began.
With the improvements made in hydrology, further degradation of
mangroves has stopped. Mangroves are now naturally regenerating,
and the canopy cover has become denser, as evidenced by remote
sensing images taken recently. The newly established water regime
has increased the population of edible crabs in the restored areas,
and this is a benefit for the livelihood of local communities. There
has also been good growth of fodder grass which has helped the
local community in feeding their livestock. The newly established
water regime has increased the population of edible crabs in the restored areas, and this is a benefit for the livelihood of local communities. There has also been good growth of fodder grass which has
helped the local community in feeding their livestock.
Source: SER, 2010 www.globalrestorationnetwork.org/database/case-study/?id=141

Average cost of natural disasters
by region, 1990-2008
North and
South America

Asia

CASE STUDY #26

Butterfly Valley at Coega, Port
Elizabeth, South Africa
Top: Erosion gullies in a hot, steep, calcrete slope (part of the
ancient Coega River Estuary) scarred by old livestock tracks,
deeply scoured by wind and rain, lead down to a freshwater
earth dam. Bottom: 2 years after slope rehabilitation using endemic plants salvaged from adjacent Deepwater Port development. Rainwater is channelled into the hillside where backfilled
terraces now support buck, small mammals, reptiles, birds and
insects. Trees and shrubs are coming back via these animals.
Project and photos credit: Linda Redfern Landscape & Environmental Services.

Asia

Asia

Europe
Billion US Dollars, 2008
25

Europe
5
1

Droughts

North and
South America
North and
South America
Asia

Storms
Floods
Hearthquakes

Europe
North and
South America

Source: EM-DAT, The International Disasters Database, CRED, 2009.

Figure 13: Average cost of natural disasters per region 1990–2008
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THE FINANCIAL BENEFITS OF
ECOSYSTEM RESTORATION –
GREEN ECONOMY
An analysis of 89 major ecosystem restoration projects worldwide concluded that ecological restoration increased provision of biodiversity and ecosystem services increased by 44
and 25%, respectively (Benayas et al., 2009). Increases in ecosystem services and biodiversity were positively related. In a survey of managers of 317 river restoration projects in the
US, nearly two-thirds believed the projects to be completely successful. At the same time, a
series of investigations have shown extraordinary high willingness to pay and support for
restoration in certain public questionnaires, up to 78% of the interviewees, suggesting high
awareness and low risk for these investments in terms of public feedback (Brander et al.,
2006; Cao et al., 2009; Dehghani et al., 2010; Sodhi et al., 2010).
Table 4: Estimates of costs and benefits of restoration projects in different biomes
Biome/
Ecosystem

Coral reefs
Coastal
mangroves
inland wetlands
Lakes/rivers
tropical forests
other forests
Woodland/shrubland
Grasslands

Typical cost of restoration (high scenario)

Est. annual benefits from
restoration (avg. scenario)

Net present value of
benefits over 40 years

Internal rate
of return

Benefit/cost
ratio

USD/ha

USD/ha

USD/ha

%

Ratio

542,500
232,700
2,880
33,000
4,000
3,450
2,390
990
260

129,200
73,900
4,290
14,200
3,800
7,000
1,620
1,571
1,010

1 ,166,000
935,400
86,900
171,300
69,700
148,700
26,300
32,180
22,600

7%
11%
40%
12%
27%
50%
20%
42%
79%

2,8
4.4
26.4
5.4
15.5
37.3
10.3
28.4
75.1

Source: TEEB, 2009. Please note that there is substatial uncertainty with regard to these numbers. Updated figures are expected to be available by 2010/11.
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However, while there is general public recognition of the benefits
of restoration, policymakers needs to become more aware of the
financial aspects associated with either conservation (where possible), restoration or, ultimately, continued degradation or loss of
ecosystem services. In general the cost of conservation lies around
500 USD/ha on average (range 0.01–1,000 USD/ha/year), compared to a few thousand to up to several hundred thousand USD/
ha in restoration costs for the same areas. These costs, however, are
dwarfed by the cost of the services provided over decades, which
amount to tens of thousands and even millions of dollars per ha.
It is in simple terms much more financially profitable to protect
than to restore where possible, but even restoration compared to
loss provides a benefit/cost ratio of 3–75 in return of investments
and an internal rate of return of 7–79%. Thus, avoiding loss of ecosystems by initial conservation, particularly of forests, mangroves,
wetlands and the coastal zone, including coral reefs, should be a
primary objective from a cost-benefit analysis (Dodds et al., 2008).

ness and support. The implementation, however, requires
broad multi-sectoral and multi-staker involvement to ensure
proper success. This relates also to careful consideration to
payer-systems and public-private partnerships (Holl and Howarth, 2000), as multiple sectors will benefit.
The cost of conservation and required management, while
highly variable, is typically USD 0.01–1,000 per hectare per
year, commonly around 10–15 USD/ha/year (). In comparison,
the cost of restoration is from a few hundred dollars to 554,000
USD/ha for coral reefs as the most costly (TEEB, 2008, high
scenario), compared to annual benefits from ecosystem services of 1,010 USD/ha/year to 129,200 USD/ha/year.
A survey of 62,108 river restoration projects in the US reported a total spending of 1.6 billion USD or an average of 25,761
USD per river (O’Donnell and Galat, 2007), with water quality
improvement as the most common primary purpose. In comparison, 7.8 billion USD was invested in restoring the Florida
Everglades ecosystem. It is however also important to monitor the effect of the investments and compare lower-intensity
restoration with intensive restoration measures to evaluate the

As large shares of the world’s ecosystems are already degraded
or even lost, ecosystem restoration provides a low-risk, beneficial, cost-effective and financially sound investment providing
excellent internal rates of return – and with high public aware-
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Figure 14: The values of ecosystem services (Costanza et al, 1998).
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CASE STUDY #27

Rancho Humo: Wetland Restoration Model in Costa Rica
Rancho Humo is a private reserve of 1068 hectares located in
the lower basin of Tempisque River, one of the most important
water systems in Costa Rica. It is surrounded by 30 000 hectares
of protected areas, including Palo Verde National Park and Barra Honda National Park and Wildlife Refuges Corral de Piedra,
Mata Redonda and Cipancí. These wetlands were declared of
International Importance under the Ramsar International Convention on the Palo Verde site.
The protection and restoration of wetlands in Rancho Humo is
of vital importance to the area to function as a biological corridor
between protected areas to be the interface between mangrove
forests and the last holdouts of Mesoamerican tropical dry forest located in the highlands and limestone hills of the Nicoya
Peninsula. Rancho Humo is an important feeding site for birds,
including jabiru mycteria and falco peregrinus, endangered species under CITES. Additionally, it adjoins Isla Pájaros, Central

America´s most important nesting colony of aquatic birds. The
vast majority of fish species that feed the Gulf of Nicoya reproduce in these wetlands, contributing to sustain the health of the
highest fish production site in the country, which guarantees the
preservation of employment in the region and food source for
the entire country.
Since 2006 Rancho Humo is undergoing a restoration process
of 800 hectares of wetlands; diminished decades ago by extensive cattle ranching and subsistence agriculture held by the
population of the area. This project has been conceived from its
origins as a model sustainable development, involving communities in the process of environmental education and the principles of sustainable tourism; contributing to one of the most
important pillars of Costa Rica´s economy.
Source: M. Briceño, Rancho Humo, Personal communication, 2010.
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most optimal benefit-cost ratio (Frimpong et al., 2006). Restoration of coastal ecosystems in the Biscayne Bay, Florida, from
invasions of exotic damaging plants is another good example
of success. The annual benefit of restoration was estimated at
1.7 million USD, giving a long-term value of some 41 million
USD. The costs of the restoration projects were approximately
16 million USD. This gave a net gain of 41 million USD, with
an internal rate of return of 11% (Lee and Bwenge, 2009).
Worldwide, 8–10 billion USD are invested annually in conservation, mainly in protected areas (James et al. 2001, Pearce
2007). It has been estimated that for an annual investment of
around 45 billion USD per year into protected areas alone could
secure ecosystem services worth an estimated five trillion USD
(Balmford et al., 2002; TEEB, in press). In the US, the total value of ecosystem services provided by the refuge system likely
exceeds the value derived from pure recreational activities, and
is estimated at around 26.9 billion USD annually (Ingraham
and Foster, 2008). In Menglun, Xishuangbanna, Southwest
China, loss of ecosystem services from deforestation to clear
for rubber plantations was estimated at 11.4 million USD or
27% across 18 years (Hu et al., 2008).

Ecosystem restoration cost ranges
Thousands Euro per hectare (logaritmic scale)
10 000

Coral
reefs

1 000

Marine

100

Lake and
rivers

10
1
0,1
0,01
0

Tropical
forest

Grassland Rangeland

Coastal
systems
Woodland shrubland
Inland
wetlands

Temperate
forest

Source: TEEB, The Economics of Ecosystems and Biodiversity for National
and International Policy Makers, 2009.

Figure 15: Ecosystem restoration cost ranges.
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Estimated costs and benefits of restoration
projects in different biomes
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Figure 16: Costs and benefits of restoration projects.
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RESTORATION AND RECOVERY OF ERODED
AND OVERGRAZED ARID GRASS AND
SHRUBLANDS
Overgrazing, deforestation or cutting of shrubs for firewood
are primary causes of land and wind erosion in drylands, such
in the Sahel, Eastern and Southern Africa, Central Asia, China, ranges of Argentina and Chile, the Mediterranean and in
southern and southwestern US (UNEP, 2006; Ibanez et al.,
2007; Hoshino et al., 2009). In some areas, like in the Mediterranean and in Australia, where wildfires are common, not
only aboveground biomass, but also root biomass, is extremely
important, and restoration must carefully select or copy natural local vegetation to ensure that restoration efforts are not
short-lived (De Baets et al., 2009). Shrubs, so crucial in drylands, dominating the largest share of the modest 15–30% total
vegetation cover (Li Xr et al., 2009), must be a crucial component in restoration processes. In addition, it is often necessary
to establish purely physical “dead” wind erosion networks to
hinder erosion and establish a first barrier for creating viable
conditions for plant growth. Where terrain with gullies and
slope shave been overgrazed or cleared of vegetation, run-off
and subsequent erosion (Descroix et al., 2008) or even flashfloods can have detrimental effects on both people, livestock,
infrastructure and wildlife (UNEP, 2004, 2006). Restoring
vegetation must also carefully address the initial causes of land
degradation, such as overgrazing (Su et al., 2005, Zhang et al,
2005). Restoration is a particular valuable tool in drylands for
restoring livable conditions for plants, wildlife and people, as

natural regeneration may take at least 50–300 years, and full
restoration of ecosystem services as much as 3000 years (Lovich and Bainbridge, 1999).

Overgrazing near roads and villages in the
Bayanbulak range, Xinjiang, China
Vegetation cover, percentage
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Source: Nellemann, C., et al., Fall of the water, UNEP, 2004.

Figure 17: Overgrazing by domestic animals concentrates along
road corridors and new settlements, with resultant drop in grass
coverage and increase in erosion on plains and slopes close to
roads. Each black dot represents a randomly selected site (with
five vegetation plots each) on the Bayanbulak range, East Tian
Shan, Xinjiang, China. Fenced control areas protected against
grazing across a 20 year period are shown as open circles. Areas impacted can however in some instances be up to 30 km
from major settlements as those people that still retain more
traditional lifestyles are forced to use more marginal lands in
dry seasons 15–30 km away from their traditional now-occupied
ranges close to new settlements (Source: UNEP, 2005).
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CASE STUDY #28

Erosion in drylands
Overgrazing, deforestation or cutting of shrubs for firewood
are primary causes of land and wind erosion in drylands,
such in the Sahel, Central Asia, China, ranges of Argentina

and Chile, the Mediterranean and in southern and southwestern US (UNEP, 2006; Ibanez et al., 2007; Hoshino et
al., 2009).

79

CASE STUDY #29

Biorights – linking ecosystem restoration and livelihoods
Ecosystem restoration is often constrained by the fact that at
several instances, degradation or unsustainable resource use
is often an outcome of short term livelihood need. This in
turn deteriorates critical life-supporting ecosystem services.
There is a need of approaches that can incentivize safeguarding natural resources through transfer of benefits that emanate
from healthy ecosystems to communities. Wetlands International has pioneered an innovative financial mechanism called
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Biorights which addresses poverty trap by integrating sustainable
development and environmental conservation. In return for provision of micro-credits, local community involves in ecosystem protection and restoration. Upon successful delivery of conservation
services, these microcredits are converted in definitive payments.
Thus the approach enables community involvement in conservation while providing sustainable alternatives to harmful development practices.

CASE STUDY #30

One of the early pilot sites for this approach was Central Java in Indonesia. Mangroves of the Pemalang District in Central Java fell prey to
extensive development of shrimp culture in the 1980s, as was the trend
in entire Southeast Asia. However, spread of disease led to rapidly declining productivity and ultimately abandoning of shrimp ponds by the
investors, leaving behind completely devastated mangrove belts. Recognizing these challenges, a local NGO Mitra Bahiri, facilitated by Wetlands International and District Forest Agency initiated a mangrove restoration programme in late 1990s. In 1998, Biorights was introduced
as an implementation approach. Community groups were formed and
mangrove restoration plans were developed by these groups, which included identification of appropriate species and locations. Appropriate
livelihood programmes were also selected by the communities based
on development needs and local feasibility. Bioright contracts were developed with respective community groups. Intensive implementation
support was provided in the form of technical expertise, capacity building and adaptation based on local conditions. Monitoring performed
by local communities and local programme manager demonstrated
survival rates well above 75% upon termination of the contract period,
leading to conversion of all grants to definitive payments. Approximately 10 years after planting of the first seedling, the mangroves have
grown into impressive heights of 4 – 8 meters. Number of commercial
fish species has increased from 2 to 6. Slow land accretion is being
observed. Local communities have also benefitted tremendously. Increase in household incomes and decrease in vulnerability have been
recorded. Access to physical and financial capital has also increased.
Although Biorights contracts have ended in 2005, communities have
continued with rehabilitation since then. Convinced of the benefits of
restoration, the groups still meet to discuss restoration plans and have
undertaken more ponds for rehabilitation.

Forest habitat restoration on
Ile Aux Aigrettes, Mauritius

When the Indian Ocean Tsunami of December 2004 badly hit the
coastal areas of Sumatra, Wetlands International replicated the experiences of Java to restore mangroves in Aceh Province. Until June 2009,
nearly 1000 hectares of coastal area has been rehabilitated (with an
average seedling survival rate of around 83% or 1.66 million of the 2
millions planted) through the planting of mangrove and beach vegetation in Aceh and Nias. In the long run, this project will also contribute
to the demand for climate change mitigation and adaptation and in return will leverage long-term improvements of local coastal ecosystem
and ensuring long-term sustainability community livelihoods.

Managed and leased by the Mauritian Wildlife Foundation
(MWF), Ile aux Aigrettes is a 25-hectare island just off the
southeast coast of mainland Mauritius that contains the
last remnant of Mauritian coastal ebony forest. Exotic plant
and animal species had driven the ecosystem to the brink
of extinction by the 1980s, and it was then that MWF began its ongoing restoration program. Initial interventions
included the removal of non-native plant species, revegetation with nursery-reared seedlings, and the eradication of
rats, cats and mongooses. Several endemic and critically
endangered species were subsequently reintroduced to
the island, and diligent monitoring has reflected steadily
increasing populations. Besides helping to conserve irreplaceable resources and safeguard Mauritius’s natural
heritage, MWF’s work on Ile aux Aigrettes has made signifi
cant contributions to local livelihoods. Activities directly associated with the restoration effort have afforded employment and training opportunities, and the development and
promotion of ecotourism on the newly restored island has
generated additional income for local communities.

Source: Personal Communication Pieter van Eijk, Wetlands International; Nyoman
Suryadiputra, Wetlands International – Indonesia Programme

Source: SER, 2010 http://www.globalrestorationnetwork.org/database/case-study/?id=265
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ECOSYSTEM RESTORATION AND
REHABILITATION – LESSONS LEARNT

There are several pitfalls that should be given carefull attention when attempting to restore ecosystems. These pitfalls include among other 1) Unrealistic goals or changes in
restoration targets in the process; 2) Improper and partial restoration creating monocultures with little ecosystem service capacity compared to reference sites; 3) Unintended
transplant of non-native invasive pests or species; 4) Lack of monitoring to ensure that
restoration does result in rising biodiversity and services in restored ecosystems; 5) Lack
of reduction in initial pressures leading to the loss of the ecosystems in the first place; 5)
Lack of adequate integration of stakeholders and socio-economic aspects.
There are numerous examples that non-native species becomes
invasive pests. Restoration should therefore always carefully
address and re-establish the endemic or natural species with
particular attention also to potential contamination of specimen with unwanted diseases.
The goal of restoration is to set in motion process-based ecosystem recovery that leads to a regeneration and maintenance
of resilient natural ecosystem processes. In turn, these processes generate desirable ecosystem structures (e.g. habitats)
and linkages (flows and connectivity of sediment, water, nutrients and biota) and restore ecosystem functions (e.g. flood
attenuation, shorebird habitat, fisheries, recreation, clean water
maintenance and carbon sequestration). Because ecosystem
restoration processes cover land, water, air interfaces and wetlands connect terrestrial, tidal and marine ecosystems, a major
theme of any recovery plan is consideration of site-specific design and planning within the wider landscape context, including socio-economic aspects, a broad stakeholder community,
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adressing the initial pressures and not the least avoid new risks
associated with unintended transplants of new species or pests.
Sometimes restoration is easy, the site has not been too heavily disturbed and a functional habitat rapidly returns. However, typically, substantial level of planning and design is often
required to provide for cost-efficient and effective ecosystem
rehabilitation, particularly in urbanized or fragmented landscapes.
Planning complexity can be increased when restoring large
areas, though very attractive beneficial ecological and socioeconomic economies of scale result. Some simple lessons for
ecosystem restoration and rehabilitation include (e.g. Simenstad and others, 2006; Crooks and Sharpe, 2007):
1) Develop a learning curve. Restoration should be based
upon a clear understanding linking restoration actions, through
physical processes to desired ecological outcome.

2) Recognize the value of eco-engineering design. Investing in design work is sometimes seen as an unnecessary expense. However, an appropriate level of eco-engineering design
can save construction costs, reduce the need for adaptive management or post-project remediation, and greatly improve the
ecological value of the restored habitat. Given that land acquisition costs are often the largest financial burden to a restoration
project, there is a positive benefit/cost ratio to restoring higher
quality habitat per unit area of land,
3) Maximize geomorphic and ecological benefits. Restoring the physical integrity of the habitat offers the best opportunity for restoring ecological integrity. One key to effective restoration is preparing the site appropriately to encourage a natural
evolution. Effective restoration allows for natural response to
infrequent, dynamic disturbance events. Consideration of ecological functioning under atypical environmental conditions
will increase restoration resilience.
4) Restore the landscape. Place restoration projects to maximize ecosystem mosaics and connectivity across a landscape,
and with size of project economies of scale result. Restoring
wetlands through an estuary and catchment can help maintain
staging areas for migratory fish and birds, as well as support
wider ecology, particularly in systems were this connectivity
has been degraded or lost. Apparent redundancy of habitat elements is an important aspect of natural landscapes; during infrequent disturbance events, such as floods or fires, these less
obvious habitat features may offer critical refugia. Restoration
projects should be phases across a landscape and over time to
maximize benefits of interim habitat as part of a landscape mosaic. In coastal areas space is a scarce and critical resource.
On river floodplains removing levees and restoring wetlands

reduces flood levels system wide leading to ecological benefits
and reduced flood risk to local communities.
5) Involve the community. Community awareness, education and support greatly enhances the level of funding and
political backing for habitat restoration activities. Community
outreach, education and involvement are important of many
successful restoration activities. Simple measures such as involvement with planting projects or stream clearance can help
build awareness. In California, grassroots organizations such
as “Save the Bay” have been particularly effective in educating local populations and keeping environmental restoration
in the spotlight. Currently more than 70% of the Bay Area
population not only support local wetlands restoration but are
willing to pay additional taxes towards the process. Increasing
level of public outreach may, over time, lead to shifts in public
perception of restoration to one of a social gain rather than
loss, and so lead to political support for widespread restoration. This is also crucial for addressing the initial pressures
leading to degradation in the first place, such as pollution or
unsustainable harvest.
6) Be patient and monitor. Ecosystem restoration takes time
to progress along evolutionary trajectories and to re-establish
complexity in form and function. However, delaying to restore
a landscape can increase level of effort or result in restoration
of former habitats being unachievable.
7) Avoid transplantation of non-indigenous species and
diseases/pests – and pay particular attention to the risk of
exotic species invasions, unintended transfer of diseases and
pests, even when translocating apparently similar or identical species.
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CASE STUDY #31

Transplanting and rehabilitating gorillas from eastern Democratic
Republic of Congo, Rwanda and Uganda – a success in avoiding
disease transfer
Grauer’s gorillas (Gorilla beringei graueri) are classified as “endangered” by the International Union for Conservation of Nature’s Red List, and, like mountain gorillas, are considered at
high risk for extinction within several decades. A recent publication by UNEP and INTERPOL, supported by a series of scientists
highlighted that perhaps less than 5,000 Grauer’s gorillas may
remain in the wild, down from over 17,000 in the mid 1990s,
though challenged with scarcity of data in the conflict zone in
Eastern DRC. The gorillas are at great risk due to the conflict
in Eastern DRC, illegal logging, mining and habitat destruction,
as well as threats from diseases or direct killing by militias as a
result of park rangers attempting to halt the illegal burning and
cutting for charcoal in gorilla habitats (UNEP, 2010).
The Gorilla Rehabilitation and Conservation Education
(GRACE) center, Dian Fossey Gorilla Fund International (the
Fossey Fund), in partnership with the Pan African Sanctu-

ary Alliance (PASA), Tayna College for Conservation Biology
(TCCB),Disney’s Animal Programs, the Disney Worldwide Conservation Fund, the U.S. Fish and Wildlife Service, and the national
parks authorities of DR Congo and Rwanda, has established the
first permanent rescue and rehabilitation center for orphaned gorillas in East Africa. The GRACE center is a project of the Fossey
Fund’s Africa Programs, but coordinates activities within a wide
variety of partnerships.
A UNEP-INTERPOL report launched in March 2010 recommended strengthened involvement of the UN peacekeeping forces in
halting illegal exploitation of resources financing the militia warfare and destroying gorilla habitats. On April 27th and on June
10th, 2010, MONUC, the UN peacekeeping forces in Eastern
DRC, offered helicopter transport of a total of 10 orphaned gorillas rescued from poachers in Rwanda and Congo. The gorillas
were airlifted by a Mi-8 to GRACE, the Gorilla Rehabilitation and
Conservation Education Centre located at Tayna, Kasugho, DRC.
The GRACE centre is located next to some 222,000 acres of forest
in the fully protected community-managed Tayna Nature Reserve.
The land for GRACE was donated by TCCB and is only 10kms from
the Tayna Reserve. Hopefully, in the future when the gorillas are
old enough and the security in the region prevails, the gorillas will
be released into the Tayna Nature Reserve. The reserve was established by local Congolese leaders through a partnership with the
Fossey Fund as part of a corridor of such reserves between Maiko
and Kahuzi-Biega National Parks with Conservation International
as the landscape leader. Tayna was the first reserve to obtain official protected reserve status from the Congolese national government. The GRACE centre will offer educational and economic
resources to the people of the region, and will make a priority of
training and hiring local people.
Re-introduction, rehabilitation and subsequent restoration of wild
populations can involve risks including the spreading of diseases
and must be given careful attention. One of the reasons for the
success of the Fossey Fund and Mountain Gorilla Veterinary Project (MGVP), who have managed over the past 7 years to save all
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the orphans that have come into their care, has been strict protocols set by MGVP to reduce disease transmission and stress. The
same risks of disease transmission in wild populations may be
mitigated by the Fossey Fund’s Ecosystem Health and Community Development program that works to eliminate parasites and
other public health issues in the rural villages in close proximity
to protected areas.

Contributors: Pan African Sanctuary Alliance (PASA); The Gorilla Rehabilitation and Conservation Education (GRACE) center;
Tayna College for Conservation Biology (TCCB); Disney’s Animal Program; Disney Worldwide Conservation Fund; U.S. Fish
and Wildlife Service; Institut Congolais pour la Conservation de
la Nature (ICCN) ; Office Rwandais du Tourisme et des Parcs
Nationaux (ORTPN).
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CASE STUDY #32

Introduction of reindeer to Western Greenland – transplant of
parasites to wild caribou
In Western Greenland, where many West-Greenland caribou
(Rangifer tarandus groenlandicus) populations had been depleted
through excessive hunting, European wild reindeer (Rangifer tarandus tarandus) were introduced for the first time in 1952 to support
this traditional food for local indigenous inuit hunters, for both
herding and hunting (Cuyler, 1998). Reindeer and caribou are the
same species (Rangifer tarandus), but different sub-species. However, the transplantation attempt also had one unintended result:
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The reindeer from Europe brought with them the skin warble fly
(Oedemagena furandi) and nasal bot fly (Cephenemyia trompe),
which were not occurring in eastern Greenland at that time, and
subsequently spread to the remaining wild caribou, which in turn
led to deteriorated condition of the caribou and increased mortality
rates (Klein, 1980). A similar case was observed with the disease
Brucelloisis which apparently increased in wild caribou in Alaska’s
Seward peninsula after the introduction of reindeer (Klein, 1980).

CASE STUDY #33

Too good to be true? The dangers of short cuts to restoration in
coral reefs
Coral reefs cover only 0.2% of the sea floor and yet are amongst
the most productive ecosystems on the planet. Close to shore
and increasing human activity, they are disappearing rapidly.
Nearly a fifth of all coral reefs have already been lost, a figure
that could rise to above one third of all reefs within the next 20
years (Wilkinson, 2008). In addition to the long term and persistent pressures threatening the health of coral reefs, they are
faced with periodic natural events, such as hurricanes, storm
surges and destructive tsunamis.
The 2004 Indian Ocean tsunami devastated the region, wiping
out whole communities, as well as infrastructure, of both the
built and natural environment. In the aftermath, the international community attempted to respond to the many different needs
of the affected countries. The coral reef community, through the
International Coral Reef Initiative and its operational networks
rallied to estimate the scale of the damage and to guide governments on the best course of action for sustained recovery
(Wilkinson et al, 2006) in areas that depended heavily on their

coral reefs for the services they provide such as supporting international tourism revenue and fisheries, the very things that
underpin the livelihoods of these coastal communities. At a time
where there was great pressure to act fast and rapidly assess
and repair damage, a number of “too good to be true” solutions
arrived on the market claiming to hold the answer to enhance
coral reef recovery. As attractive as these solutions appear (from
artificial reefs, to electric reefs, re-cemented reefs and transplantation) without comprehensive consideration of cost, scale
scientific grounding and relevance these proposals can be inappropriate and distract from the principal task of improving management and reducing the chronic stressors that inhibit natural
regeneration. In response to these concerns, the International
Coral Reef Initiative Resolution developed guidance on artificial
coral reef restoration and rehabilitation as well as assistance to
help implement appropriate restoration of coral reefs.
The full document is available online at http://www.icriforum.org/sites/default/files/ICRI_resolution_Restoration.pdf.
Photo © Wolcott Henry 2005/Marine Photobank
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CASE STUDY #34

Conservation, restoration and rehabilitation of fragmented wild
reindeer populations in Norway: Successes and failures
Conservation efforts have secured the partial recovery of Europe’s wild reindeer (Rangifer tarandus tarandus), although
only in 24 separate fragments of their original range, now separated by resorts and roads (Nellemann et al., 2003; Vistnes
and Nellemann, 2009). A unique science-based broad support
in the parliament and by the Norwegian Government has resulted in a rise in protected areas, so important for the reindeer
that otherwise reduce use or even entirely avoid areas subject
to hydropower, roads and resorts. However, full recovery of the
original range will require restoration of migration routes across
developed or disturbed areas to reestablish former migration
(Vistnes et al., 2004), especially under climate change where
western areas may become increasingly inaccessible during
winter due to extreme snow and ice conditions in the future.
Restoration of a major former military bombing range at
Hjerkinn, Norway, has resulted in controversies over removal
of former military road infrastructure, where local commercial
and recreational interests want to use the road infrastructure for
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business development inside the National Park, thereby jeopardizing a key feature of the restoration goals, namely full rehabilitation
of the lost winter ranges for wild reindeer in the region. Unless efforts are taken to fully implement the restoration goals, a failure
could make this a classic textbook example of how restoration processes may fail when restoration targets are changed and partly lost
during the restoration process.
This possible restoration failure is contrasted by the more strict
conservation regime and restoration attempts in the vicinity of the
neighboring national park in Rondane. Here, reindeer had generally
avoided a 5–15 km zone around most resorts during winter due to extensive webs of recreational ski trails. A relocation and movement of
both a major skitrails and a tourist cabin resulted in near immediate
response in the reindeer distribution during winter: Reindeer moved
into a formerly disturbed, but intact part of the winter range (Nellemann et al., 2009). By regulating trails and re-locating infrastructure,
in this case trails and cabins, it was possible to effectively restore lost
habitat while still promoting recreational development.

A group of wild reindeer reluctant to cross the road in the former military firing range of Hjerkinn, Norway. Centuries of pitfall-trapping systems
and later modern hunting have made wild reindeer highly skeptical to human infrastructure. Full restoration to recover lost reindeer winter
ranges by removing disturbing roads reducing migration may become a partial failure as commercial interests want to preserve the former
military roads for business purposes and initial restoration targets waver. Changes in or downplaying restoration targets during the restoration
process is a common textbook cause of restoration failures.
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RESTORATION OF A DEPLETED CRAYFISH
FISHERY IN EUROPE – LESSONS LEARNT
The world´s biodiversity of freshwater crayfish are threatened
by numerous factors, including loss and degradation of habitat,
overharvesting, climate change and introduction of alien species
of crayfish and associated diseases (Taylor 2002, Holdich et al.
2009), and more than one-third of the world´s crayfish species
are likely threatened with population decline or extinction (Taylor
2002). Ironically, introduction of alien crayfish species, also in
restoration projects aiming to compensate for lost native stocks,
is regarded among the most serious threats to indigenous crayfish populations (Taugbøl & Skurdal 1999, Lodge et al. 2000).
The commercially important crayfish fisheries of Europe were
heavily depleted during the last century, especially of the noble
crayfish (Astacus astacus), which was reduced to near 10 % of
“historical” catches (Westman et al. 1990). One of the main
reasons for this decline was the spreading of crayfish plague
(Apahnomyces astaci) throughout Europe after its introduction
in Italy in 1859 (Söderhäll & Cerenius 1999), most likely as a
result of importation of infected North American crayfish (Alderman & Polglase 1988).
In 1959 a small batch of signal crayfish was introduced to Sweden from California, USA (Svärdson 1995). The signal crayfish

was considered resistant to the crayfish plague and to occupy
the same ecological niche and therefore presumably able to
restore the recreational and commercial important crayfish
fishery in the plague affected areas. The fact that it was also a
natural host of the oomycyte Aphanomyces astaci (the causative
agent of crayfish plague) was probably unknown at the time
(Unestam 1972). Trials were successful and in 1967–69 a large
number of signal crayfish were imported from USA and introduced into Swedish and Finnish waters (Svärdson 1995, Westman 1995). These were followed by secondary introductions,
mostly from Sweden, to many European countries (Lowery and
Holdich 1988, Holdich et al. 2009). This led to an increase in
the number of crayfish plague outbreaks, and 65 % of the registered incidences of crayfish plague in Sweden from 1907 –
2004 have occurred after the increased introduction of signal
crayfish from 1969 (Bohman et al. 2006)
To alleviate the problem of reduced stocks of indigenous species, the plague carrying North American species Orconectes
limosus and Procambarus clarkii is also widespread in Europe,
and are now established in 21 and 15 countries/territories respectively (Holdich et al. 2009)
In Europe, three of the five recognized indigenous species are
on the IUCN red-list (Baillie & Groombridge 1996), and some
countries are establishing “ark-sites” (secure sites) in an attempt to protect indigenous crayfish species (Sibley et al. 2007,
Horton 2009). Restoration of many European crayfish fisheries with transplants of North American crayfish species may
be regarded as a success in terms of establishing new plague
resistant stocks for harvest (Ackefors 1999), but has been detrimental for the indigenous crayfish species of Europe (Holdich
et al. (2009). Extreme caution and careful planning must be
conducted when restoring ecosystems to ensure the use of indigenous species and that no infestations or invasive species
are introduced unintentionally.

Î Figure 18: The distribution and main spreading route of the

Signal crayfish in Europe.
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CASE STUDY #35

Use of traditional management – Forest Restoration in the
Shinyanga Region, Tanzania
In 1986, the government of Tanzania launched the Shinyanga Soil
Conservation Programme (HASHI) with the aim of restoring severely degraded woodlands in the Shinyanga Region and providing
local villagers access to important natural resources. Under this
programme, the ngitili, a traditional resource management system, is being employed as the engine for remediation. Ngitilis are
carefully managed tracts of land, held individually or communally,
that are excluded from grazing during the wet season and then
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used for fodder at the peak of the dry season. The ngitili has been
found to represent an easily instituted and highly effective means
of investing villagers in the long-term goals of restoration and conservation and ensuring the cooperation of village institutions at all
levels of planning and implementation.
Source: SER, 2010 http://www.globalrestorationnetwork.org/database/casestudy/?id=95

CASE STUDY #36

Introduction and spread of the “Russian-Doll Salmon Killer” in
Norway following salmon transplant
in attempts to eliminate the parasite and
prevent further spread. It has been estimated that without control measures,
reduction in Norwegian salmon fisheries
would sum up to 15% (Johnsen and Jensen 2003).

Since its introduction the monogenean
ectoparasite Gyrodactylus salaris has had
devastating effects in Norwegian Atlantic
salmon (Salmo salar) populations over the
past four decades. In this period, the infection has spread to some 46 rivers. The
parasite lives and reproduces in fresh- or
slightly brackish water only, and the major
mechanism for spread among geographically separate regions has been directly
related to movement of live fish between
rivers or hatcheries. Today’s routines
regulated by adjusted local legislation as
well as EU legislation aims to preserve
local populations and thus avoid mixing
between geographically isolated strains
as well as it aims to avoid spread of disease and pathogenic organisms. Unfortunately, a slip in these principles during
the 1970’ies, led to the sad story of the
“Russian-Doll Salmon Killer” in Norway.
Gyrodactylus salaris is found parasitizing several populations of salmon in the
Baltic, a geographic region to which it is
considered endemic. It was first observed
in Norway in 1975. Later it has been concluded that it was introduced from the
Baltic on several occasions, and that at
least three of these introductions led to
persisting epidemic outbreak (for recent
literature, see e.g. Hansen et al. 2003 and
Bakke et al. 2007). In Norway, the parasite
generally reduces affected salmon populations by 80–90%. In six populations, the
parasite is considered having eliminated
the salmon by driving the populations
below sustainable density levels. Norwegian management authorities spend vast
amounts every year on control measures

Gyrodactylus salaris has been referred
to as the “Russian-Doll Salmon Killer” due to its mode of reproduction.
Throughout their lifespan these hermaphroditic flukes they switch from
asexual to sexual reproduction. A firstborn of an individual is always asexually derived. Furthermore, any newborn
individual carries a nearly fully developed offspring inside, again carrying a
developing embryo – thus the reference
to a Russian-Doll. In the picture, the
nearly fully developed attachment organ (the opisthaptor consisting of two
large hooks; the hamuli and 16 smaller
hooks; marginal hooks) of the daughter and the developing opisthaptor of
the granddaughter can be seen.

All known introductions of G. salaris to
Norway are results of transport of live fish.
One of these transports was destined a
central hatchery and farming facility from
which salmon parr were distributed to
several local hatcheries. In a recapture of
the Gyrodactylus story in Norway, Johnsen
and Jensen (1986) pointed out that of 14
geographically isolated regions in which G.
salaris was found by 1985, 11 had received
fish from hatcheries that were secondarily
infected from the central one. After establishment in new regions, further spread has
in most cases probably taken place by fish
movement through brackish water. Thus,
the combination of lacking knowledge in
the 1970’ies concerning the potential risks
of moving even closely related fish stocks
and the entering-point in a centralized
hatchery turned out catastrophic.
The story of the “Russian-Doll Salmon
Killer” in Norway has led to massive focus from parasitologists and freshwater
biologists over the past four decades (see
Bakke et al. 2007). Despite the lesson
learned and increased knowledge gained,
the occasional surprising discovery of the
parasite on new hosts and in new localities gives an uncomfortable hint as to how
little is really known about this and other
potentially emerging diseases and pathogenic organisms.
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CONCLUSIONS AND
RECOMMENDATIONS
Restoration is not a substitute to conservation, but if done with adequate planning and
multi-stakeholder involvement, can provide an effective tool for restoring lost ecosystem
services. The result should also provide great returns on these investments. However,
there are examples where restoration projects have failed or resulted in new problems
such as introducing pests or invasive species. The guidelines in this chapter are aimed at
reducing these risks.
Various guidelines for restoration projects have been developed, including strategies from the Society for Ecological Restoration (SER) International (SER, 2010). While such guidelines are available, it is imperative to stress the importance of
stakeholder involvement and particularly raising the awareness
of services provided by the ecosystems and the current and future costs associated with their degradation and ultimate loss.
It is essential to raise awareness among the general public,
policy makers and environmental managers on the crucial role
ecosystems and biodiversity play in providing ecosystem services. This includes a particular focus on water filtration and
supply, waste water cleaning, flood and storm barriers, pollination, nutrients, pest- and erosion control, food security and
public health and poverty alleviation.
It is imperative that awareness is raised in relation to the costs
associated with ecosystem degradation, lost labor productivity, lost incomes from tourism and increased expenses in
production.
As many ecosystems are already degraded to some extent, of
the cost-savings, benefits and not the least potential solutions
to common political challenges that restoration can contribute
to. Already at this stage it is important to consider the stakeholders involved.

If this awareness is available as the basis for decision making – the actual implementation process also requires direct
considerations, which will vary highly from each specific site,
case and stakeholders involved: This includes (adopted from
SER, 2010):
Conceptual planning identifies the restoration project site,
specifies its current state of health and the goals of restoration,
and provides relevant background information including stakeholder involvement. Conceptual planning is conducted when
restoration appears to be a feasible option but before a final
decision has been made to exercise that option. Conceptual
planning provides preliminary information on the habitat or
ecosystem such as the identification of stressors, the extent/
health of its connectivity to the larger landscape, the need for
engineering and biotic interventions, and representative measurements and surveys.
Preliminary tasks are those upon which project planning depends. These tasks form the foundation for well-conceived
restoration project design. Preliminary tasks include the documentation of existing site conditions (biotic and abiotic) including baseline measurements, the establishment of a reference
model to guide the project work towards its intended goals,
planning for experimental plots within the large project, and
the appointment of a project manager and team with expertise
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RECOMMENDATIONS

in all aspects of the project. Restoration should not follow a
monolithic, top-down plan that treats all projects the same and
should encourage public and stakeholder participation whenever possible. This is absolutely crucial for success.
Implementation plans describe the tasks that will be performed to realize project objectives. These tasks collectively
comprise the project design that includes all activities, treatments, and manipulations to be executed, including decisions
to avoid intervention. Performance standards and monitoring
protocols are typically part of the project design that allow for
projects to be evaluated and subjected to adaptive management practices.
Project implementation is the phase in which tasks are executed according to the project design. Project boundaries are
demarcated and monitoring equipment is setup. Site maintenance and protection are also important during the implementation phase. Adaptive management as a restoration strategy
is highly recommended, if not essential,because what happens
in one phase of project work can alter what was planned for
the next phase. This applies to social, cultural and economic
outcomes as well.
Evaluation and publicity are also critical components of a successful restoration project. Thorough assessments are periodically necessary to ensure the on-going fulfillment of project
objectives and goals. However, monitoring, adaptive management practices and site maintenance must be ongoing. The
project is publicized for public outreach as well as academic
and professional feedback.

1) Prioritize to protect biodiversity and ecosystem service hotspots, even when partially degraded, to halt
further degradation and allow for restoration planning to commence. Conservation, within the context of
spatial planning, provides by far the most cost efficient
way to secure ecosystem services. This is particularly critical for areas with high degree of land pressures and development.
2) Ensure that investments in restoration are combined
with long-term ecosystem management in both restored and in surrounding areas to ensure gradual recovery. Overseas Development Agencies, International
finance agencies and other funders including regional
development banks and bilateral agencies should factor ecosystem restoration into development support; job
generation and poverty alleviation funding.
3) Infrastructure projects that damage an ecosystem
should set aside funds to restore a similar degraded
ecosystem elsewhere in a country or community. Payments for Ecosystem Services should include a proportion of the payment for the restoration and rehabilitation
of damaged and degraded ecosystems. One percent of
GDP should be considered a target for investments in
conservation and restoration.
4) Apply a multidisciplinary approach across stakeholders in order to make restoration investments
successful. Wise investments reduce future costs and
future public expenses, but it is imperative that the
driving forces and pressures behind the initial degradation are addressed in order to secure progressive recovery and that local stakeholders become involved and
benefit from the restoration process.
5) Ensure that restoration projects take into account
the changing world: Ecosystem restoration should be
implemented in consideration of scenarios for change in
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a continually changing world, including climate change
and land pressures. Changes in surrounding areas or in
the prevailing environmental conditions will influence
both the rate of recovery and ultimate restoration success.

11) Improve food security through ecosystem restoration.
Given the significance of food production and its relations
to biodiversity and ecosystems loss, expanded recommendations are presented:

6) Restoration needs to address a range of scales from
intense hotspot restoration to large-scale restoration to
meet regional changes in land degradation. Degree of
biodiversity restored is often linked to quality of services obtained and is intrinsically linked to successful
outcome.

a. Strengthen natural pest control: Restoration of field
edges, crop diversity and wild crop relatives, forests and
wetlands is a tool for improving natural weed, pest and
disease control in agricultural production. This should
be combined with biological control including establishment and facilitation of natural predator host plants and
insects, enzymes, mites or natural pathogens.

7) Ensure that ecosystem restoration is implemented,
guided by experiences learned to date, to ensure that
this tool is used appropriately and without unexpected
consequences, such as the unintended introduction of
invasive species and pests and sudden abandonment of
restoration targets in the process.
8) Apply ecosystem restoration as an active policy option
for addressing challenges of health, water supply and
quality and wastewater management by improving watersheds and wetlands, enhancing natural filtration.
9) Apply ecosystem restoration as an active policy option
for disaster prevention and mitigation from floods, tsunamis, storms or drought. Coral reefs, mangroves, wetlands,
catchment forests and vegetation, marshes and natural riparian vegetation provide some of the most efficient flood
and storm mitigation systems available and restoration of
these ecosystems should be a primary incentive in flood
risk and disaster mitigation planning.
10) Enhance further use of ecosystem restoration as a
mean for carbon sequestration, adaptation to and mitigation of climate change. The restoration targets for sequestration includes among other forests, wetlands, marine ecosystems such as mangroves, seagrasses and salt
marshes, and other land use practices.

b. Improve and restore soil fertility: Research and Development funds into agriculture should become a primary
investment source for financing restoration of lost and
degraded soils, improve soil fertility and water catchment capacity, by investing in small-scale eco-agricultural, agro-forestry- and intercropping systems
c. Support more diversified and resilient agricultural systems
that provide critical ecosystem services (water supply and
regulation, habitat for wild plants and animals, genetic diversity, pollination, pest control, climate regulation), as well
as adequate food to meet local and consumer needs. This
includes managing extreme rainfall and using inter-cropping to minimize dependency on external inputs like artificial fertilizers, pesticides and blue irrigation water. Support
should also be provided for the development and implementation of green technology for small-scale farmers.
d. Improve irrigation systems and reduce evapo-transpiration in intercropping and green technology irrigation or
rainfall capture systems.
e. Improve water supply and quality and wastewater management in rural, peri-urban, and urban areas through
restoration of field edges, riparian zones, forest cover in
catchments, extent of green areas and wetland restoration.
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GLOSSARY
Biodiversity (Contraction of biological diversity)
The variability among living organisms from all sources, including terrestrial, marine, and other aquatic ecosystems and the ecological complexes of which they are part. Biodiversity includes diversity within species, between species, and between ecosystems.
Land Use, Land Use Change and Forestry (LULUCF)
A greenhouse gas inventory sector that covers emissions and removals of greenhouse gases resulting from direct human- induced
land use, land-use change and forestry activities (UNFCCC 2009).
Landscape restoration
A broader range of issues and needs via a landscape-scale approach, “a planned process that aims to regain ecological integrity and enhance human wellbeing in deforested or degraded
landscapes” (WWF International 2007).
Mitigation
A human intervention to reduce negative or unsustainable uses
of ecosystems or to enhance sustainable practices (e.g. in the context of climate change reduce the sources of or enhance the sinks
for greenhouse gases (Department of Climate Change 2008)).
Progenitor
A direct ancestor or pre cursor.
Reclamation
Reclamation aims to recover productivity (but little of the original biodiversity) at a degraded site. In time, the protective function and many of the original* ecological services may be reestablished. Reclamation is often done with exotic species but
may also involve native species (WWF/IUCN 2000).
Recovery
Recovery of a habitat is linked to the ecological succession of a
site. That is the site returning naturally to the state it had been
before it had been degraded or destroyed without any intervention from humans (CFIOR websites).
Regeneration
The growth or re-emergence of the native species in a place
after it has been destroyed or degraded, resulting from the protection of an area from biotic interference. Regeneration may
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come about naturally or result from human intervention (SER
and CFIOR websites).
Rehabilitation
To re-establish the productivity and some, but not necessarily all,
of the plant and animal species thought to be originally* present at a site. (For ecological or economic reasons the new habitat
might also include species not originally present at the site). In
time, the protective function and many of the ecological services
of the original habitat may be re-established (FAO 2005).
Restoration
Re-establishing the presumed structure, productivity and species diversity that was originally present at a site that has been
degraded, damaged or destroyed. In time, the ecological processes and functions of the restored habitat will closely match
those of the original habitat (FAO 2005).
Riparian
Of, on, or relating to the banks of a natural course of water.
Sequestration
The removal of atmospheric carbon dioxide, either through
biological processes (for example, photosynthesis in plants
and trees, see Biosequestration), or geological processes (for
example, storage of carbon dioxide in underground reservoirs)
(Department of Climate Change 2008).
Sink
Any process, activity or mechanism that removes a greenhouse
gas, an aerosol or a precursor of a greenhouse gas or aerosol
from the atmosphere (IPCC 2007c).
Source
Any process, activity or mechanism that releases a greenhouse
gas, an aerosol or a precursor of a greenhouse gas or aerosol
into the atmosphere (IPCC 2007c).
Sustainability
A characteristic or state whereby the needs of the present and
local population can be met without compromising the ability
of future generations or populations in other locations to meet
their needs (Chopra et al. 2005).

ACRONYMS
€
CO2
CPI
CWR
EPA
EU
FAO
GDP
GEF
GHG
GLOBIO
GLOF
Gt
Ha
IAS
IPCC
IUCN
Km2
MA
MDG
N
NGO
REDD

Euro
Carbon Dioxide
Consumer Price Index
Crop wild relatives
Environmental Protection Agency
European Union
Food and Agriculture Organization of the United Nations
Gross Domestic Product
Global Environment Facility
Green House Gas
Modelling human impacts on biodiversity
Glacial Lake Outburst Flood
Giga tonnes
Hectare
Invasive alien Species
Intergovernmental Panel on Climate Change
International Union for the Conservation of Nature
Square Kilometres
Millennium Ecosystem Assessment
Millennium Development Goal
Nitrogen
Non-governmental organization
The United Nations Collaborative Programme on Reducing Emissions
from Deforestation and Forest Degradation in Developing Countries
SOC
Soil Organic Carbon
TEEB
The economics of ecosystems and biodiversity
UN
United Nations
UNEP
United Nations Environment Programme
UNEP-WCMC UNEP World Conservation Monitoring Centre
USD
US Dollar
USA
United States of America
WHO
World Health Organization
WI
Wetlands International
Yr
Year
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