
Handbook of Ecological Restoration

The two volumes of this handbook provide a
comprehensive account of the rapidly emerging
and vibrant science of the ecological restoration
of both habitats and species.

Habitat restoration aims to achieve complete
structural and functional, self-maintaining
biological integrity following disturbance. In
practice, any theoretical model is modified by
a number of economic, social and ecological
constraints. Consequently, material that might be
considered as rehabilitation, enhancement,
reconstruction, or re-creation is also included.
Re-establishment and maintenance of viable,
self-sustaining wild populations are the aims of
species-centred restoration.

Restoration in Practice details the state of the
science in a range of biomes within terrestrial
and aquatic (marine, coastal and freshwater)
ecosystems. Policy and legislative issues on all
continents are also outlined and discussed. The
accompanying volume, Principles of Restoration,
defines the underlying principles of restoration
ecology in relation to manipulations and
management of the biological, geophysical and
chemical framework.

The Handbook of Ecological Restoration will be an
invaluable resource to anyone concerned with
the restoration, rehabilitation, enhancement or
creation of habitats in aquatic or terrestrial
systems, throughout the world.
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Stéphane McLachlan
Environmental Science Program
University of Manitoba
Winnipeg R3T 2N2, Canada

Russ P. Money
Wetland Research Group
Department of Animal and Plant
Science
University of Sheffield
Sheffield S10 2TN, UK

Carlos Ovalle
CRI Quilamapu
Instituto de Investigaciones

Agropecuarias (INIA)
Casilla 426
Chillán, Chile

Pauline M. Ross
Marine Biological Association UK
Citadel Hill
Plymouth PL1 2PB, UK
and
Faculty of Science and Technology
University of Western Sydney
Richmond
NSW 2753, Australia

Nirander M. Safaya
Reclamation Division
North Dakota Public Service Commission
Bismarck ND 58505, USA

Ilkka Sammalkorpi
Watercourse Planning and Restoration
Finnish Environment Institute
FIN-00251 Helsinki, Finland

Sue C. Shaw
Wetland Research Group
Department of Animal and Plant Science
University of Sheffield
Sheffield S10 2TN, UK

Sharon Shutler
National Oceanic and Atmospheric

Administration
Office of General Counsel for Natural

Resources
Silver Spring MD 20910, USA

Kevin S. Skinner
School of Geography
University of Nottingham
Nottingham NG7 2RD, UK

Alan J. A. Stewart
Department of Biology
University of Sussex
Brighton BN1 9Q J, UK

David J. Tongway
Gungahlin Homestead
CSIRO Sustainable Ecosystems
GPO Box 284
Canberra
ACT, Australia

Krystyna M. Urbanska
Geobotanisches Institut ETH
CH-8044 Zurich, Switzerland

Mohan K. Wali
OSU Environmental Science Graduate Program
and
School of Natural Resources
The Ohio State University
Columbus OH 43210, USA

Clive A. Walmsley
Countryside Council for Wales
Fford Penrhos
Bangor LL57 2LQ , UK

© Cambridge University Press www.cambridge.org

Cambridge University Press
978-0-521-04775-3 - Handbook of Ecological Restoration: Restoration in Practice, Volume 2
Edited by Martin R. Perrow and Anthony J. Davy
Frontmatter
More information

http://www.cambridge.org/0521047757
http://www.cambridge.org
http://www.cambridge.org


xii List of contributors

Nigel R. Webb
NERC Centre for Ecology and Hydrology
Winfrith Technology Centre
Dorchester DT2 8ZD, UK

Bryan D. Wheeler
Wetland Research Group
Department of Animal and Plant Science
University of Sheffield
Sheffield S10 2TN, UK

Scott D. Wilson
Department of Biology
University of Regina
Regina
Saskatchewan S4S 0A2, Canada

Ming H. Wong
Institute for Natural Resources and

Environmental Management
and
Department of Biology
Hong Kong Baptist University
Hong Kong SAR
People’s Republic of China

Joy B. Zedler
Botany Department and Arboretum
University of Wisconsin--Madison
Madison WI 53706, USA

© Cambridge University Press www.cambridge.org

Cambridge University Press
978-0-521-04775-3 - Handbook of Ecological Restoration: Restoration in Practice, Volume 2
Edited by Martin R. Perrow and Anthony J. Davy
Frontmatter
More information

http://www.cambridge.org/0521047757
http://www.cambridge.org
http://www.cambridge.org


Foreword

Ecosystem disturbance has been defined as an event
or a series of events that changes the relation-
ships between organisms and their habitats from
their natural states, both spatially and temporally.1

These changes may range from small to large, tem-
porary to permanent, and slight to severe. The
causative agents that lead to ecosystem degradation
are many, but a recent United Nations report at-
tributed the bulk of disturbance worldwide to five
primary causes (with percentage of disturbance for
each): overgrazing (35), deforestation (29), agricul-
tural activity (28), overexploited vegetation (7), and
industrial activity (1).2 Acting in concert with exten-
sive habitat loss (see below), the worldwide loss of
biological diversity is under way.

The causative agents outlined function through
at least seven major activities of disturbance: ex-
tensive clearing of natural vegetation for agricul-
ture, abandonment of unproductive land, selective
harvesting of desirable species and introduction of
alien ones, mining, draining of wetlands, introduc-
tion of chemicals in the environment, and the im-
pact of war.3 Other activities, such as extensive
urban expansion, can also be added to this list.
The scales of these disturbances are often seen as
local or regional, but, as Harlan Cleveland noted,
‘Private decisions are partly public; domestic af-
fairs are partly international; local issues are partly
global.’4

Though estimates abound, the exact extent of
land that is now disturbed or degraded by hu-
man activities is not known. Nonetheless, such es-
timates make it clear that ecosystem disturbance is
a widespread phenomenon. Ecologists estimate that
between one-third and one-half of the earth’s land
surface has been transformed by human action.5

Recent studies calculate global ecosystem distur-
bance at well over 5000 million ha,6 with nearly
550 000 ha degraded per day (an area larger than
New York City), and approximately 200 million ha
per year (an area larger than Poland).7 Such stagger-
ing figures are corroborated by scientists separately

studying agricultural, dryland and tropical ecosys-
tems. Regardless of the exact figure for the area of
disturbance, there is little doubt that many produc-
tive ecosystems are already seriously degraded.

The impact of human-induced global change
looms large on the environmental horizon, which
may make ecosystem restoration even more diffi-
cult than it is now. Most experts agree that climate
change is occurring at a pace unprecedented in geo-
logical history. Changes, both in the physical nature
of the earth (such as temperature regimes and melt-
ing of glaciers) and in its biota (such as changes
in the phenology of animals and plants and the
loss of coral reefs), provide compelling evidence that
temperature changes afoot will have detrimental,
unpredictable and unintended consequences. The
effects of changing climate on the ecological ampli-
tudes of biotic populations and species along envi-
ronmental gradients will be crucial for restoration.

During the past three decades or so, a vast body of
impressive scientific investigation has addressed the
problems, practices and strategies for the rehabilita-
tion and restoration of ecosystems from diverse re-
gions of the world. Among these, ecological studies
of drastic disturbances (such as mining) stand out.
From diverse ecosystems, these have included such
investigations as the nature of newly excavated geo-
logical materials and their weathering, lack of nu-
trients, mobilisation of toxic elements, patterns and
processes of vegetation colonisation of new habitats,
the diversity and stability of newly formed ecosys-
tems, ecological succession, and ecosystem mod-
elling. Our knowledge base has advanced enough,
I believe, that we should be able to make predic-
tions, with reasonable accuracy, on the course of
establishing biological productivity for most ecosys-
tems in the world.

However, our success in conveying the results
of these investigations to policy makers, never so
critical as now, has been much poorer than de-
sirable. Granted that the scientists and decision-
makers operate in disparate settings with vastly

xiii
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xiv Foreword

different traditions and modus operandi, both must
work together more effectively. For while finding so-
lutions to problems lies within the purview of scien-
tists, mandating applications from the findings of
science lies with the policy-makers and legislators;
thus, science becomes a social enterprise. The art
of true governing and leadership, in my view, rests
on three basic attributes: communication, persua-
sion, and action. Active participation in all three
on the part of the scientific community -- ecolo-
gists in particular -- is crucial in making such public
policy.

Although gaps in ecological knowledge exist,
these should not be viewed as a serious limitation to
the development and implementation of appropri-
ate restoration, rehabilitation, or reclamation strate-
gies. Indeed, a new applied field of science -- Restora-
tion Ecology -- has already emerged. It endeavors to
examine the nature and extent of environmental
disturbances and provide solutions for both prevent-
ing and mitigating the harmful effects of human
activities on land and water resources.

This Handbook documents the state-of-the-science
of restoration ecology. It presents the underlying
Principles of Restoration (Volume 1) and in this Volume
2, Restoration in Practice, pointing to the direction of
future efforts. Besides bearing testimony to the hard
work and unswerving persistence of their editors,
the volumes may prove to be a landmark with which
future efforts are judged and, more importantly,
may enhance the efficacy and speed of restoration.
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Preface

Few would deny the need for ecological restoration
in a world that sees the continued impoverishment
of our natural resources and habitats, coupled with
the extinction of our fellow life-forms: earth’s bio-
diversity. Inevitably, we are all driven by short-term
goals in our daily lives, irrespective of whether these
are for basic needs such as food, water and shelter
or whether they are something rather more materi-
alistic in nature. Particularly in more developed so-
cieties, however, we have little excuse for forgetting
our responsibilities towards the planet and its other
inhabitants. Despite the admirable efforts of the
many environmental and ecological activists who
seek to secure the future of the planet’s habitats
and biodiversity, and the advances made by recent
international agreements, notably at the Earth Sum-
mit in Rio in 1992, future generations still face the
prospect of ecological impoverishment.

Periodic crises, such as wars and other conflicts,
and unwillingness to deviate from selfish short-term
goals, perhaps for economic or political gain (for
example the US avoidance of the Kyoto protocol)
should not be allowed to obscure our vision. When
crises have past and policies have been reversed,
even though many things may have changed, the
longer-term ecological problems and trends will re-
main to be faced. Scientists could fairly be accused
of not doing enough. Thorough scientific investiga-
tion of complex issues rarely proceeds fast enough
for the needs of practitioners faced with immedi-
ate problems. Nor have researchers always been as
effective as they could have been at communicat-
ing the practical value of their findings. A number
of recent events have highlighted the need for sci-
entists to earn and justify the trust of society at
large. However, restoration ecology has broken away
from its early and ultimately sterile preoccupation
with definitions of change and ‘original’ state. We
recognise that change is continual and an integral
part of the backdrop of our activities. The realities
of global climate change and the increasing inter-
vention in the genetic make-up of crops, amongst

many other things, ensure that we cannot go back
to some fixed, utopian state. Our efforts will be best
directed forwards, armed with scientific knowledge
of the interactions between taxa, trophic levels and
the wider environment, a holistic understanding of
what has happened in the past and a keen desire
for improvement.

Perhaps for the first time an approach or phi-
losophy has emerged that cuts across the disci-
plines, uniting peoples from a wide variety of back-
grounds -- a look at the delegate list of any Soci-
ety of Ecological Restoration (SER) conference will
verify this -- under a common banner of trying to
make things better. Restoration ecology embodies
that movement and SER is doing a fine job in pro-
moting the message.

This handbook, organised in two volumes, aims to
produce a comprehensive account of the burgeon-
ing and vibrant science of restoration ecology. Al-
though it largely documents science, the book is
intended to present the science in practical terms
for those who may describe themselves primarily
as practitioners, engineers or conservationists and
includes a wealth of information on planning and
legislative tools for planners or managers. Rather
presumptuously, we have sought to inspire all con-
cerned with restoration. Even the most hardened re-
ductionists -- the ‘watchmakers’ or more accurately
‘watchdismantlers’ -- must have been inspired by
Tony Bradshaw’s words: ‘the acid test of our under-
standing is not whether we can take ecosystems to
bits on pieces of paper, however scientificially, but
whether we can put them together in practice and
make them work’.

Practice is the essence of this second volume.
The first part, Part 6 in the work as a whole, out-
lines restoration policy and infrastructure across
continents, using the Americas, Europe, Africa, Asia
and Oceania as divisions. Cultural and political at-
titudes to restoration, the institutional and legal
framework for restoration and application (success-
ful or not) of such a framework to the restoration

xv

© Cambridge University Press www.cambridge.org

Cambridge University Press
978-0-521-04775-3 - Handbook of Ecological Restoration: Restoration in Practice, Volume 2
Edited by Martin R. Perrow and Anthony J. Davy
Frontmatter
More information

http://www.cambridge.org/0521047757
http://www.cambridge.org
http://www.cambridge.org


xvi Preface

of particular biomes are the central themes dis-
cussed. The breadth of this subject matter could
easily warrant a book on each region with contribu-
tions from many authors. Expecting a complete trea-
tise on each aspect from a single or a few authors,
given the constraints on space, is clearly inappropri-
ate. Moreover, the resource base for applying policy
and legislative instruments is highly variable in dif-
ferent parts of the world, as is the underpinning
cultural attitude. At the very least, an increased un-
derstanding of how restoration may be applied in
different regions has emerged. The illustration of
the strengths and weaknesses of the different po-
litical and legislative frameworks in which restora-
tion is undertaken has produced a fascinating mix
of principles and potential models that could be ap-
plied in a wealth of circumstances.

The second Part of the volume (Part 7 of the
work) outlines state-of-the science practice in the
restoration of a broad range of biomes in 19 chap-
ters. These inevitably focus on systems in which
practical restoration and associated research have
been most active. The first series of six chap-
ters deals with systems in or associated with the
sea (‘Marine and coastal ecosystems’; ‘Seagrasses’;
‘Coral reefs’; ‘Beaches’; ‘Coastal dunes’; and ‘Salt-
marshes’). The aquatic motif continues with chap-
ters on ‘Rivers and streams’, ‘Lakes’ and ‘Freshwater
wetlands’. The main contributions on lake restora-
tion have been on shallow lakes and the chapter re-
flects this. Cold biomes are represented by chapters
on ‘Polar tundra’ and ‘High-elevation ecosystems’.
Another series of chapters covers terrestrial biomes
more or less limited by water supply and graz-
ing (‘Atlantic heathlands’; ‘Calcareous grasslands’;
‘Prairies’; ‘Semi-arid woodlands and desert fringes’;
and the particularly distinctive ‘Australian semi-
arid lands and savannas’). The final three chapters
tackle the special challenges of restoring forest sys-
tems (‘Temperate woodlands’; ‘Tropical moist forest’;
and ‘Tropical dry forest’).

The themes of each chapter are essentially the
same with: (i) the distinctive features and processes
of the biome concerned outlined in an introduc-
tion; (ii) the rationale for restoration determined by
the interplay between the value (in ecological, soci-
ological and economic terms) of the biome and the

nature and extent of previous degradation; (iii) de-
scription and application of the principle strategies,
techniques and tools for restoration, amply illus-
trated by case studies; and (iv) concluding remarks
outlining what has worked or not worked and the
direction of future efforts. The only notable devia-
tion from this structure is the final chapter where
the long-running and important restoration of Area
de Conservación Guanacaste, a tropical dry forest
in northwestern Costa Rica is documented. Differ-
ences in the nature and extent of the problem,
the level of understanding of ecosystem functioning
and the nature of the works required mean there
are, inevitably, differences in the balance between
the chapters. Constraining our authors in a struc-
tural strait-jacket would have been inappropriate.

What has also become clear is the difference in
the depth, efficacy and predictability and style of
restoration practice. In some habitats, restoration
may be focused upon physical manipulation, re-
moving constraints and encouraging natural recov-
ery processes. Utilising flow and sediment dynam-
ics in the restoration of rivers, vegetation succes-
sion in the restoration of forests and colonisation
of invertebrates in the restoration of coral reefs all
spring to mind. Other restorations require the pre-
vention of similar processes, for example setting
back or restriction of succession in the restoration
of heathland. The manipulation of the biota within
food webs may also be necessary. Nowhere is this
more advanced than in lake ecosystems, where it is
centred upon the biomanipulation of fish commu-
nities to initiate cascading trophic responses. The
state-of-the-science is clearly far more advanced in
some systems than others, with consequences for
predictability of outcome that ultimately affect op-
portunities for restoration, because those holding
the purse-strings like some guarantee of success.
We hope that readers will take heart from experi-
ences in other systems outside of their own and that
there will be cross-fertilisation of ideas, principles
and techniques.

Recording experiences in all possible habitats was
clearly beyond the scope of even such a substantial
handbook. We have striven to be as complete as pos-
sible and to make a statement about current knowl-
edge and practice. We have also aimed to point the
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way forward, so that restoration can continue to
learn from mistakes born of a lack of understand-
ing. Consequently, we have tried to incorporate a
range of habitats, concentrating on broad types, but
including more specific, limited -- in geographical
terms -- habitats where considerable effort has been
made (e.g. calcareous grassland and Atlantic heath-
land). We hope that readers who do not find an ac-
count of the system they are concerned with will
find relevant experiences in other systems, and be
able to apply them.

Our contributors provide the strengths in the
book. Any weaknesses in its structure and scope
are ours. We are deeply indebted to all those that
have contributed their time and efforts in what has
proved to be a massive undertaking. It has been an
honour to have Tony Bradshaw, John Cairns Jr. and

Erik Jeppesen on the editorial board and we are
grateful for their unfaltering support throughout
the project’s long history. We are grateful to CUP for
taking up the challenge when we needed a new pub-
lisher, and particularly to Alan Crowden, who made
the transition seamless. Shana Coates provided edi-
torial assistance from the press. We are also grateful
for the skilled copy-editing of Anna Hodson and for
the essential support and hard work of Mark Tom-
linson of ECON in the preparation of manuscripts.
We thank the reviewers, many of whom were also
authors, for generously sharing their insights and
suggesting improvements to chapters This book
was born out of what was a difficult time in
both our lives; perhaps nothing worthwhile is ever
easy. We hope it will inspire current and future
restorers.

Martin Perrow and Tony Davy
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