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Forging a New Alliance Between
Succession and Restoration

Lawrence R. Walker. Joe Walker. and Roser del Moral

Key Points

l . Succession and restoration are intrinsically linked because succession com-
prises species and substrate change over time and restoration is the purposeful
manipulation of that change.
During succession both orderly and unpredictable patterns emerge but some
general rules offer theoretical and practical insights for restoration activities.
These insights are not often utilized due to inadequate communication and
a misconception that because restoration is focused on shorter temporal
scales and is more soal-oriented. then conceots from succession mav not
appry.

3. Restoration potentially offers succession practical insights into how com-
munities assemble, but a dearth of scientific protocols in the conduct of
restoration has hindered this linkaee.

1.1 Introduction

How does succession take place, after all, and what are the adaptive cycles, if any, and the
i-eedback systems, assembly rules and other inherent functional, evolutionary or simply
dynamic mechanisms that make ecosystems develop and interact in one way or another?
If we can sort these questions out-biome by biome-then we will unquestionably be
better placed to predict how much time, energy and capital of all sorts will be required,
or should be allocated, to ecological restoration and rehabilitation. (Aronson and van
-A.ndel 2006)

Human impacts on our planet are increasing exponentially, endangering our
Iifestyles and our survival. By one estimate, we would need another whole
planet to provide humans in developing countries with the resource base cur-
rently exploited by the developed nations (Wackernagel and Rees 1996). One
positive approach to ameliorate ecological impacts such as habitat loss and
environmental degradation involves the rapidly developing field ofrestoration
ecology. Within the past few decades, practitioners have formed an initial body
of theory, an international society, and several professional journals that are
helping them to organize the many examples of successful and unsuccessful
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effbrts to restore damaged ecosystems. Several recent books have explored the
theoretical basis of restoration ecology (walker and der Moral 200,3, Tempenon
et al' 2004, van Andel and Aronson 2006) and have better defined where it sits
in the integrated world of ecology.

Restoration ecology is a multidisciplinary approach that implements in a
practical way concepts drawn from a wide range of disciplines, incruding con-
servation biology, disturbance ecology, ecologicar succession, ecohydrology,
invasion biology, island biogeography, and randscape ecology (zeirer 2005,
Young e/ a\.2005, van Diggeren 2006). In addition, ."rtorution ecology in-
corporates many other ecological themes, for example, biodiversity, habitat
heterogeneity, resilience, and sustainability. Restoration often addrlsses po-
litical, economic, and sociorogical issues as welr. As a new subdiscinline of
ecology, restoration ecology has been driven primariry by the urgency ro re-
pair damaged landscapes. However, the success of restoration ecilogy in the
practical realm will depend on the strength ofthe ecological and procass-based
underpinnings. one key link is with ecological succession, a centrar concept in
ecology since warming (1895) and cowles (1g99 and 190r) recognizedthat
species change was related to the time since stabilization on dunes. succes-
sion theory now encompasses a large set of concepts useful for explaining the
mechanisms of plant community and ecosystem development (Glenn-Lewin
et al. 1992, walker and del Moral 2003). Restoration is fundamentalry the
manipulation of succession and frequently focuses on acceleration of species
and substrate change to a desirecr endpoint (Luken 1990). while successful
restoration intentionally repairs the processes driving succession, most other
studies of vegetation change (e.g., global climate change, invasion biology,
consequences ofregional and watershed degradation, and gap dynamics; Davis
et a\.2005) fbcus on the unintended factors that disrupt ,ucc.r..ion (Fig. l.l).
Yet, restoration often proceeds with more reliance on engineering, horliculture,
and agronomy than on ecology (young et at.2005). Is this because succession
does not have the answers, because restoration does not need succession, or
because of a lack of communication or irreconcilable differences between the
two disciplines?

This book contends that the overlap between restoration and succession has
yet to be adequately explored and that restoration and ecological succession
can and should forge a stronger alliance than exists today. Restoration will
develop more coherently if it better integrates ideas generated from a cen-
tury of studies of ecological succession. Additionally, restoration has great but
under-utilized potential to help elucidate the fundamental processeslontrol-
ling ecological succession by monitoring how key system b.iu... respond to
treatments. In this book, a range of restoration types will be identified that
difTer in spatial scales, ecological drivers, and restoration goals. Data will be
presented tiom restoration activities around the world that come from habitats
representing gradients of precipitation, temperature, soil age, and the stability,
fertility, and toxicity of substrates. By exploring such contrasting environments,
we will seek generalizations that link successional theory tolhe practice of
restoration.

A central question of this book is: "what is the minimum amount of bio_
physical and successional information needed to restore a specific landscape or
area?" In addition, we can ask: "what target values or indicators offer the means
to evaluate the relative success or progress of par-ticular restoration strategies,/,,
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Unintended Disturbances

Invasion Bioloqy

Ecology

Plant Ecoloqy

Intended Restoration Activities

Rehabil i tat ion

Bioremediation

Reclamation

Reallocation

Figure 1.1 Plant succession (central box where community A proceeds to community
c over time) can be impacted by unintended disruptions originating from disturbances
that range in scale fiom global to local (top box) or by intended manipulations coming
from restoration actions (bottom box). Restoration includes reclamation (any site ame-
lioration), reallocation (alteration to a new function), rehabilitation (repair of ecosystem
function), and bioremediation (reduction of site toxicrrv r.

we will try to define what part of that information comes from successional
theory and which key environmental drivers can be used to improve and measure
restoration success. The urgency to repair damaged landscapes makes it critical
to search for generalizations about the process of restoration. we suggest that
examining restoration in the light of succession will aid in this search. Both
of these topics are central to ecology-succession as the study of temporal
dynamics and restoration as a critical application ofecological principles to an
urgent societal need.
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Restoration usually addresses shorter time scales than successional studies,
but is, nevertheless, dependent on the broader successional patterns ofchange
for its success (Palmer et al. 1997). Practicing restoration outside the frame-
work of succession may be likened to building bridges without attention to
the laws of physics. Patterns of successional development can offer reference
systems for the assessment of restoration actions and critical insights into the
roles of species dispersal, species interactions, plant-soil interactions, and soil
development. In turn, restoration offers a practical test of successional theories
in developing a stable, restored system within the constraints of socioeconomic
demands.

Both restoration and succession can focus on structure and composition (e.g.,
the vertical distribution and accumulation of biomass and species) or function
(e.g., ecosystem processes such as the flow of energy or cycling of materials).
However, while succession is generally confined to a given ecosystem, restora-
tion may address broader spatial scales and encompass adjacent ecosystems,
catchments, and landscapes.

When considering ways to restore a habitat, landscape, ecosystem, or wa-
tershed, we must address questions about why, where, how, what, and when.
The reasons why we want to restore are largely influenced by societal values
and the economic imperative for sustainable resources and services, and are ad-
dressed by social economics and governmental policies (Costanza et al. 1992).
Where to restore may be self-evident, but in many cases, the targeted area (e.g.,
a waterlogged area) is merely a symptom of a broader problem (e.g., extensive
tree clearing and increased recharge into the water table) that needs attention
at a larger spatial scale. How to successfully restore an area depends largely
on the level of understanding of the main drivers of the overall system, a clear
definition of endpoints, the level of degradation (perhaps a new system state),
available technologies, and economic constraints (Walker and Reuter 1996).
What is restored is determined by existing conditions, social attitudes, political
and economic demands, and by ecological constraints. Biodiversity, stability,
and ecosystem function are linked to the particular restoration goals such as
achieving a particular species composition, ensuring the duration of a certain
community type, and the provision of necessary or desired ecosystem goods
and services. Determining when to restore is complex and the decision can be
constrained by competing demands for funding or perceived threats to plants,
animals, and humans. From an ecological perspective, many sequential actions
over a long time-period are more likely to yield desired results than a sin-
gle action. Such incremental change over time defines ecological succession.
Finally, the evaluation of what constitutes successful restoration is most infor-
mative when placed in the broader ecological context of expectations based on
knowledge about succession.

In the next sections, we first define our perceptions about succession and
restoration and give a brief overview of each discipline. Then we discuss
how succession and restoration differ in scale, subject matter, and underly-
ing paradigms. Next, we explore in more detail how succession and restoration
are similar, what each discipline has to offer the other, and how they are both
limited by a common set of abiotic and biotic constraints. Finally, we intro-
duce a focal set of questions and provide a summa.ry of each of the following
chapters.

1.2 Concepts

1.2.1 Definitions
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1.2 Concepts

1.2.1 Definitions

Succession is the change in species composition and associated substrate
changes over time. It is a dynamic process that is studied with descriptive,
experimental, theoretical, and modeling approaches (Mclntosh 1985). Formal,
descriptive studies of succession began in the late lgth and early 20th cen-
turies (warming 1895, cowles 1899 and 1901, clements 1916). and were an
extension of observations by natural historians, foresters, and agriculturalists
during the previous several centuries (e.g., that ditches fill in with sediment
and plant growth, that abandoned pastures gradually become forests, that sta-
bilized dunes are colonized by plants). Experimental work began in the middle
of the 20th century (Keever 1950) and continues to explore the mechanistic
basis for species change [(reviewed as "neo-reductionism" in walker and del
Moral (2003)1. Theoretical studies of succession have had peaks of activity in
the 1920s and 1930s (Ramensky 1924, Gleason 1926, Clements l92g), and
again later in the century, emphasizing holism (odum 1969), species life his-
tories (Drury and Nisbet 1973, Huston and smith 1987). reductionist models
(Connell and Slatyer 1977 , Pickett et at. 1987 , Walker and Chapin l9g7), and
process-based computer models (Shugart and west 1980). Some current topics
in succession include facilitation (Holmgren et at. 199r, Bruno er a\.2003,
walker et al.20o3), competirion (walker et at. l989,wilson 1999, walker and
del Moral 2003), herbivory (Davidson 1993, Fagan and Bishop 2000, Bishop
et al.2oo5), invasive species (Sheley and Krueger-Mangold 2003,Davis et al.
2005, Reinhart et al.2oo5), priority effects (Samuels and Drake 1997, corbin
and D'Antonio 2004, Daehler and Goergen 2005), urban dynamics (Sukopp
and Starfinger 1999, Robinson and Handel 2000, Sukopp 2004) and plant_
soil interactions at both short-term (De Deyn et a\.2003, De Deyn et a\.2004,
Bardgettet aL 2005) and long-term scales (walker et at.20ol,Hedinet aI.2003,
wardle et aI. 2004). Many of these topics are shared by other subdisciplines
within ecology but succession is specifically concerned with their influence on
temporal dynamics. There is some agreement on the basic principles that drive
succession but still no overarching paradigm for the myriad possible outcomes
of succession (Mclntosh 1999, Walker and del Moral 2003).

Restoration, in a broad sense, is the manipulation of a disturbed habitat or
landscape to a desired condition. It is therefore more focused on specific out-
comes than studies of succession, which attempt to understand the nature of
vegetation change. Restoration has been part of agricultural and forestry activ-
ities and other human impacts on ecosystems for a long time, as with shifting
agriculture or efforts to replenish eroded soils. Restoration ecology attempts
to bring some ecological principles into restoration actions and focuses almost
entirely on habitats impacted by or relevant to human activities. Restoration
ecology is a more practical management science than the study of succession
and is more integrated with socioeconomic and political realities. Restoration
ecology is also a younger scientific discipline than succession, with conceptual
origins in the 1940s (e.g., Leopold 1949), but formalization as a field of study
only in the 1980s (Bradshaw and chadwick 1980, Cairns 19g0, Jord,an et al.
1987). while still largely descriptive, each restoration action is, in practice,
an experiment. Integration of experimentation and restoration activities with
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the intent to seek generalization is increasingly common (Dobson et al. 199'7,

Gilbert and Anderson 1998, ZedIer and Callaway 2003). Formal development

of the theoretical basis of restoration ecology is, however, still in its early stages
(Cairns and Heckman 1996, Hobbs and Norton 1996, Young et a|.2005).

In this book, we will use very broad definitions of succession and restora-

tion. In this way, succession encompasses severely damaged or new substrates
(primary) and more intact ones (secondary). Succession also addresses many
possible trajectories (e.g., retrogressive, direct regeneration, divergent, conver-
gent) and types of organismal change (e.g., of animals, plants, or microbes). We

are also not limited by the disturbance type that initiates succession, although

the bias will be toward disturbances of most relevance to humans and restora-

tion efforts. Restoration will be used in the broadest sense as well (Fig. 1.1;

Aronson et al. 1993), incorporating reclamation (any site amelioration), re-

allocation (alteration to a new function), rehabilitation (repair of ecosystem

function), and bioremediation (reduction of site toxicity). Our use of restora-
tion sensu lato does not encompass the full recovery of an ecosystem to its
pre-disturbance structure and function (restoration sensu stricto), as we regard

that goal as generally unrealistic.

1.2.2 Differences

Succession and restoration differ in scale, subject matter, and underlying
paradigms. Succession most commonly addresses time intervals between 10

and 200 years, encompassing the life times of most perennial vascular plants.

Restoration typically focuses on periods between I and 20 years, or the duration
of human involvement in most projects. Both can, of course, address a wider
range of temporal scales, particularly successional trajectories that can extend
to thousands of years (Walker e t al. 1 98 l, Crews et al. 199 5, Wardle e t al. 2004).
The use of chronosequences, or space for time substitutions (Pickett 1989), is
essential for longer time scales and is well established in successional studies
but is not commonly used for restoration planning (Walker et a|.2001, Hobbs
2005). Spatial scales can differ also, with succession often focusing at smaller
scales.

The subjects that the field of succession most often addresses are tightly
linked to either specific disturbances (often natural ones) or the disturbance
regime (the composite of all disturbances in a region). The link to humans is not
a prerequisite, although more successional studies address changes following
agriculture or logging (Glenn-Lewin et al.1992) than natural processes such as
glacial melt or volcanic eruptions (Walker and del Moral 2003). In contrast, most

studies of restoration tackle only those disturbances most relevant to humans.
Succession focuses on changes within one successional sequence (sere), and
remains within one ecosystem. Restoration, on the other hand, often addresses
adjoining ecosystems, such as those within a watershed, urban area, or landscape
(Holl et a|.2003). In this way, restoration can encompass multiple seres such as
those that follow from agriculture and logging within the same landscape (van

Diggelen 2006).
It is evident throughout this account that many of the basic paradigms of

succession and restoration differ substantially. Succession, with its roots in nat-
ural history and observations about habitat changes over time, has developed a
conceptual framework entrenched in scientific methodology and motivated to
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understand mechanisms of species change. This is a classic supply paradigm,
with a proliferation of information that may someday be useful. Restoration
has developed closer links to the practical concerns of managers and is more
action-oriented with motivation to achieve particular results. This is a classic de-
mand paradigm, with the practical issues of day-to-day management demanding
sustainable practices based on environmental knowledge. Restoration ecology
has begun to develop a stronger conceptual framework but the application of
successional studies to practical management issues is still inadequate.

1.2.3 Similarities and Linkages

Despite the different origins and approaches noted above, succession and
restoration share many traits that make stronger linkages an achievable propo-
sition (Table 1.1). Both are concerned with responses to disturbance (especially
human-initiated ones). They both deal with a subset of the landscape and are
dependent on knowledge about ecosystem function, community structure and
dynamics, and species attributes in order to proceed. In addition, both are con-
cerned with the modeling and prediction of the sequence of discrete events
called successional trajectories. We next explore these linkages in terms of
what each discipline offers the other.

1.2.3.1 Succession to Restoration
Because of a century of study in many areas of the globe, the discipline of
succession can offer substantial contributions to the discipline of restoration.
succession offers both a long-term perspective and short-term predictions on
species dynamics and provides a reference system for restoration that can sug-
gest likely outcomes following management actions (Aronson and van Andel
2006). Methods developed within or used in studies of succession that are
or can be incorporated into restoration include, for example, functional plant
groups (vital attributes), species filters, ecosystem assembly, state and transi-
tion models, ftzzy set theory, Markov processes, and biogeochemical model-
ing. Succession contributes to an understanding that multiple trajectories are

Thble 1.1 Topics that link succession and restoration. Studies of succession and restoration share
much overlap in subject matter. Succession offers restoration insights into: responses to different
disturbance regimes; how responses to various ecosystem functions reflect changes in community
structure and dynamics as measured by species attributes; generalizations about possible trajectories;
and models that predict possible outcomes of succession. Restoration offers succession practical data
on amelioration of infertility and other abiotic constraints as well as input about species interactions in
particular circumstances and the sustainability of various successional communities.
Topic Shared Information
Disturbance
Ecosystem Function

Loss ofbiological legacy (severity), disturbance regime
Energy flow, carbon accumulation and storage, nutrient dynamics, soil properties,

water cycle
Community Structure and Biomass, vertical distribution of leaf area, leaf area index, species richness, species

Composition evenness, species density, spatiat aggregation
Community Dynamics Facilitation, inhibition, dispersal (priority effects and entrapment), sustainability
Species Atffibutes Lit-e history characteristics (pollination syndrome, germination, establishment,

growth, longevity)
Rates and targets
Generalizations about processes

Trajectories
\ Iodels
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possible so restoration goals must remain flexible and open to change. suc-
cession theory also suggests that reconstruction of dynamic ecosystems must
incorporate responses to changes from within the system (typicalry from species
interactions) and from disturbances from outside (typically from modifications
to abiotic variables but also from biotic invasions). These kinds of changes,
some predictable, others less so, mean that restoration must follow an adaptive
management style (Zedler and callaway 2003). Insights from succession can
elucidate various ecosystem functions for restoration, including local hydrol-
ogy, soil development, energy flow, nutrient dynamics, and carbon accumulation
and storage (Table l.l). At the plant community level, structural insights from
succession include information on biomass, leaf area distribution, l eaf area
indices, species richness, species evenness, species density, and spaiial aggre-
gation that can help restoration ecologists. community dynamics, a common
topic for successional studies, helps explain the type (plant/soil, plant/prant, and
plant/animal) and mode (facilitation, competitive rnhiuition; oi.pe"ie, inter-
actions as well as insights into dispersal (priority effects, entrapment). Succes-
sional studies also offer information about varirous life history characteristics
(pollination' germination, establishment, growth, longevity) of key species as
well as many other plant traits. Modeling species ctrange can heli generalize
lessons about restoration from site-specificitudies to reach more bioadly ap-
plicable conclusions. Many of these concepts can help the people working on
restoration projects to organize data collection, determine immediate restoration
activities, estimate rates ofchange, and plan the long-term search for appropn-
ate development of generalizations and understanding of mechanisms.

1.2.3.2 Restoration to Succession
Restoration studies potentially can provide a wealth of information to improve
our understanding of succession. practical tests of successional theory are ob-
vious outcomes if the restoration activities use normal scientific protocols such
as inclusion of a control, quantitative data collection, planned treatment com-
parisons, statistical analysis, and peer-reviewed publication of results. Resrora-
tion can also provide insights into both historical and biological links among
landscape components as well as potential details on impacts to the water
cycle or on substrate changes. Efforts to address soir toxicity and infertility,
as well as efforts to promote propagure dispersal to the siie, are activities
that can contribute to u.nderstanding the ptrysiotogy and life histories of key
species. Restoration activities can also help inform us about community struc_
ture (species richness, evenness, density, spatial aggregation) and community
sustainability. Species performance in restoration offersinsights into life history
characteristics, perhaps generating more information than ,i.r.uy successional
studies. Finally, restoration has much to teach succession uy asHng practical
questions about trajectories and targets. For example, can certain successional
stages be skipped in order to jump-start succession or hasten the establisnment
of a desired community?

1.3 Common Constraints

succession and restoration are limited by a similar set of abiotic and biotic con-
straints that include plant dispersal, germination, and growth, as well as species
turnover and ecosystem resilience. overcoming these constraints is a major part
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Chapter I Forging a New Alliance Between Succession and Restoration 9

ofthe task ofany successful restoration. Successional studies can explain how
such constraints are naturally overcome, both for short-term restoration tactics
to establish vegetative cover and for long-term efforts to restore ecosystem re-
silience relative to the prevailing disturbance regime (Walker and del Moral
2003). Although site-specific solutions are the most dependable resolution to
each set of interacting constraints, we offer a few generalizations below and
some examples that illustrate how succession can assist restoration efforts in
overcoming the constraints. Later chapters will expand on many of these topics.

1.3.1 Abiotic Factors and Their Amelioration

Generalizations about colonization, plant growth, and succession are highly de-
pendent on climate and the nutritional and physical properties of the substrate.
Vascular plant establishment and growth are frequently restricted by water avail-
ability (Cody 2000). Restoration in dry, cold conditions often involves addition
of mulches to conserve water and promote mineralization such as on gold mine
spoils in central Alaska (Densmore 1994). Restoration in dry, hot conditions
can sometimes be improved by decompaction of soils to increase permeability,
as on a chronosequence of abandoned roads in the Mojave Desert (Bolling and
Walker 2000). Poor establishment and slow growth under either temperature
extreme can be aided by microclimate amelioration using other vegetation as
nurse plants to provide shade or windbreaks and surface contouring. However,
the positive effect of a vegetative cover decreases as the environment becomes
more favorable (Callaway and Walker 1997, Holmgrcn et al. 1997). Therefore,
solutions appropriate to early stages of succession may not work in later, more
fertile stages.

Substrate quality, measured by age, stability, fertility, and toxicity, can affect
restoration success. Very old soils are often low in phosphorus (Walker and
Syers 1976, Crews e/ al. 1995, Wardle et a\.2004). Poor nutritional starus due
to weathering and leaching (Gunn and Richardson 1979), structural decline,
crusting, and the acidification of the topsoil are also characteristics of old soils
(Russell and Isbell 1986). Restoration on older soils, such as are found in
many parts of Australia, can be a very difficult proposition because of the
long-term accumulation ofsalt from atmospheric accession and its subsequent
mobilization (Williams et al. 2001).

Substrate stability depends on slope, rainfall amount and intensity, soil texture
and erodability, vegetative cover, and grazing type, frequency, and intensity. Re-
curring disturbances will also impact stability and therefore restoration efforts.
On landslides in Puerto Rico, restoration efforts include a variety of physical
and biotic interventions from mulches to planting to recontouring the whole
hillside, each adjusted to the disturbance regime of a particular landslide. De-
spite all these restoration efforts, the dense growth of native vine-like ferns that
invade via clonal growth from the edges appear to be the best stabilizers (walker
2005). The drawback with the ferns is that they can delay succession for sev-
eral decades (walker et al. 1996). Dunes provide another example of recurring
disturbances where stabilization is critical before succession can proceed. Re-
duction of human impacts, planting rather than sowing grasses or fast-growing
trees, and artificial stabilization are all possible methods of accelerating dune
succession (Nordstrom et al. 2000).
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Grazing is a major cause ofsoil erosion in such praces as Iceland and china.
In Iceland, 1000 years of heavy grazing have left rittle protection from wind,
rain,and ice heaving. Native ground cover and fences to exclude grazers allow
Betula forests to develop within 50 years (Aradottir and EysteinsJon 2004)b.,t
pressure from sheep farmers foropen grazingland, especially in the vulnerable
uplands, keeps most oflceland deforested. Th" Lo"r, plateau in centrar china
has experienced even longer agricultural activities than Iceland (>2000 years).
Cultivation and the highly erodable, aeolian soils have led to severe erosion
problems and huge sediment loads in the yellow River (Mcvic r et ar.2002).
The most actively eroded areas are being replaced with perennial vegetation.
Some 150,000 km2 of eroded land has been controlled by various conslervation
measures (Rui el a\.2002).

Substrate fertility is a very common constraint for restoration, especially
where little or no topsoil remains. Loss of organic soil reduces nitrogen lev-
els critical for revegetation (classen and Hogan 2002). organ" luye., can be
eroded or leached where rainfall is sufficient such as on Hiinalayan landslides
(Pandey and singh I 985) or hardpans may develop at the surface where evapora-
tion exceeds precipitation in arid lands (Zougmore et at.2003).To resrore such
soils, a balance is needed between sufficient fertilization that promotes suc-
cession and excessive fertilization that favors strong competitors that reduce
biological diversity and inhibit further succession (Frach tol+, uu.qu ez and
Allen 1996, walker and del Moral 2003). For example, fertilization of nonnative
grasses delayed recolonization ofnative tundra species on the Alaskan pipeline
corridor by several decades (Densmore 1992).rnsuch cases, restoration goals
were limited to simply providing vegetative cover and failed to address species
interactions and successional dynamics.

Another common constraint is toxic surfaces such as found on randfills and
mine tailings. Under such conditions, restoration goals are usualry relaxed and
any cover is considered a success. Approaches include sealinj the surf-ace,
topsoil and mycorrhizal additions, conversion to wetlands, sowin! with grasses
that are tolerant of the toxins, and planting trees (Bradsh aw 1952, wari 1992,
cooke 1999). Bioremediation, or the direct amelioration of toxic conditions
with plants and microbes, is a growing field, but one that has not yet been
incorporated into successionar frameworks (walker and del Moral 2003).

1.3.2 Estabtishment

The first stage of succession invorves successful dispersal of prant reproduc-
tive units to the site of interest, whire restoration involves deiiberate sowrng
of those same plants or appropriate plant introductions, but usually after some
site preparation. Preliminary assessment of the viability and quantiiy of natural
seed rain can determine if introductions are needed. wh"." iirp"rrut is deter-
mined to be a limiting factor, perches can encourage introduction of rerativery
heavy, bird-dispersed seeds, as on landslides in puerto Rico (Shiels and walker
2003). In other cases, assessment ofpollination and seed production at the site
or in the vicinity will also be required. For exampre, restoration of the perennial
rosette Argyroxiphium sandwicense in Hawaii was improved by studies that
g:te_rmined thar ir was polfinator limired and largely seti-incompatibre (powelr
1992). These discoveries led to artificial pollin-atron to increase seed set and
clustered out-plantings to improve cross-foilination. Existing seed banks are
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another variable to evaluate, as they do not always reflect the existing or pre-
disturbance vegetation. For example, in native Hawaiian forests most of the
seed bank is composed of alien plants (Drake I 998). If no viable seeds exist in
the soil or there is no seed rain, desirable species can be sown or transplanted to
accelerate both restoration and succession (piirlel et at. l99g).Germination and
early survival are the final steps to establish initial populations. Germination re-
quirements vary enormously among plants with the most known about species
ofagricultural interest. conditions for seedling survival are more generic: pro-
tection from herbivory and adequate warmth, nutrients, and water. Vegetative
reproduction can aid restoration, especially in primary succession, and oypass
many of the constraints noted above (del Moral and Jones 2002). Successional
contributions, aside from direct experience with particular species, will largely
be to provide an overall demographic context for restoration efforts.

1.3.3 Growth and Species Interactions

once plants have survived their first growing season at a site, new factors be-
come the focus of both succession and restoration. Adequate growth will be
assessed according to the goals of the restoration project. In most cases, rapid
growth is desired. Belowground growth helps promote substrate stabilization
and deters desiccation of seedlings while rapid growth aboveground can help
reduce surface erosion and deter losses from ground-dwelling herbivores. Suc-
cessional studies help identify bottlenecks to successful growth and potential
effects of species interactions. Many studies of succession have focused on the
relative balance between competition and facilitation and have direct relevance
to restoration. one general lesson suggests that facilitation will be more impor-
tant for species change (and restoration) in severe habitats while competition
dominates more fertile, mesic, and stable habitats (callaway and walkei 1992).
However, many species interactions embody the whole suite of competitive
to facilitative effects on each other (Bronstein 1994) and the relative balance
of these can shift during the life span of each species (Bruno 2000, walker
et al. 2003), particularly as relative growth rates or sizes change (callaway
and walker 1997). For example, the shrub Mimosa luisana initially facilitates
establishment of the cactus Neobuxbaumia tetetzo blt eventually the cactus
inhibits the shrub's growth and reproduction (Flores-Martinez et al. 1994).rn
contrast, Alnus sinuata shrubs in Alaska initially inhibited germination of picea
sitchensis trees but the nitrogen added by A. sinuata facilitated later growth of
P. sitchensis (chapin et al. 1994:). Species interactions, whether facilitative or
inhibitory, are often site- and species-specific. Nevertheless, restoration activi-
ties can improve recruitment and survival rates when they incorporate the latest
relevant information about species interactions.

1.3.4 Ecosystem Resilience

The ultimate goal of a restoration project is to have a self-sustaining community
that includes natural species turnover and resilient responses to the local distur_
bance regime (Table l.l). Both succession (Glenn-Lewin et at. 1992, walker
and del Moral 2003) and restoration (Temperton et a\.2004, van Andel and
Aronson 2006) are moving away from the notion of a static climax community
toward a more dynamic view of communities. In this dominant view. commu-
nities actively change in response to such internal processes as species change

l1
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(driven largely by species longevity, competition, facilitation, or invasions) and
external drivers including historical climate change (McGlone 1996) and distur-
bances that alter structure by damaging or removing biomass. Few restoration
projects have recreated such ideal conditions. Indeed, those that come clos-
est are probably those with the least human intervention. Nonetheless, many
principles gleaned from studies of succession can provide a good foundation
for restoration programs, including the restoration of novel ecosystems domi-
nated by new combinations of native and nonnative species (Aronson and van
Andel 2006) and the possibility of developing natural ecosystem mimicry in
agricultural landscapes (Leroy et al.1999).

1.4 Book Outline

Each chapter in this book will focus on a set of central questions in order to
develop both new theoretical advances in the field ofecosystem restoration and
practical tools to improve ecosystem management. These questions are:

l. what site and landscape factors are likely to determine and/or limit restora-
tion?

2. What do observations from the study of succession offer for improved
restoration practice?

3. How can restoration practices be improved across many sites and landscapes
with the application of these successional concepts?

4. How can restoration practices inform our understanding of succession?

By addressing these questions for a wide variety of ecosystems we hope to
accomplish the following goals:

l. Provide the latest understanding of linkages between successional theory
and restoration practice.

2. Increase potential restoration effectiveness by providing instructive models
from natural recovery processes.

3. Consider applications from local to landscape scales.
4. For the first time, consider landscape ages as key drivers linking succession

and restoration.
5. Link the emphasis on general plant traits and results (e.g., ecosystem func-

tion) to succession and restoration.
6. Examine restoration and management of ecohydrological issues and how

they are l inked to succession.
7. Integrate the crucial role of soil biota as a means to manipulate trajectories

with other aspects of system manipulation.

Chapter 2 (R. del Moral, L. Walker, J. Bakker) examines the lessons and in-
sights gained from practical experiences in succession that can improve restora-
tion results. The focus is on processes such as dispersal, germination, compe-
tition, and herbivory that can be easily manipulated and the bottlenecks that
must be overcome in order to restore an optimal balance between ecosystem
structure and function.

Chapter 3 (D. Wardle, D. Peltzer) examines the restoration of soil ecosystems
within the context of fertility and soil biota. This chapter addresses the role
of sequential changes that occur during the development of soils following
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disturbance and how to best manipulate and use soil biota as engineers of
restoration success.

Chapter 4 (J. Walker, P. Reddell) asserts that succession and hence restora-
tion endpoints on old landscapes differ from succession and restoration actions
on young landscapes. This chapter highlights retrogressive succession and ad-
dresses how temporal and spatial scales impact the linkages between succession
and practical restoration efforts. old landscapes are contrasted with more recent
surfaces to bridge many temporal scales. A tropical forest in northern Australia
and salinized landscapes in semiarid Australia are used as examples.

Chapter 5 (J. Schrautzer, A. Rinker, K. Jensen, F. Mi.iller, p. Schwartze,
K. DierBen) addresses the utility of broad ecosystem-based management and
the contributions of successional concepts and catchment scale dynamics to
restoration of European fens. Modeled values for key ecosystem variables are
used to contrast retrogressive succession following increased disturbance in-
tensity and progressive succession following abandonment of former fens.

Chapter 6 (K. Prach, R. Marrs, P. Py5ek, R. van Diggelen) explores the degree
to which we can manipulate succession. when is it best to let succession proceed
without intervention? when is it best to arrest succession? what must be done
to integrate the reality of invasive species into restoration plans?

Chapter 7 (R. Hobbs, A. Jentsch, V. Temperton) explores the linkages be-
tween restoration and succession using the concepts of species assembly and
disturbance. Do assembly rules and self-organizational principles help restora-
tion planning and increase restoration effectiveness?

Chapter 8 (R. Hobbs, L. Walker, J. Walker) integrates the concepts covered
in this book, attempts to answer our core set of questions, and explores how
succession can assist restoration planning, our understanding of species trajec-
tories, and temporal changes in ecosystem functions.

Acknowledgments: Comments by Peter Bellingham, Viki Cramer, Karel prach,
Vicky Temperton, and Sue Yates greatly improved this chapter. Lawrence
walker acknowledges sabbatical support from the university of Nevada Las
Vegas and Landcare Research, New Zealand.
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