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Abstract Coastal and inland waters are continuing to
decline in many parts of the world despite major efforts
made to restore them. This is due in part to the inadequate
role that ecological science has played in shaping restoration efforts. A significant amount of fundamental ecological
knowledge dealing with issues such as system dynamics,
state changes, context-dependency of ecological response,
and diversity is both under-used by managers and practitioners and under-developed by ecologists for use in realworld applications. Some of the science that is being ‘used’
has not been adequately tested. Thus, restoration ecology as
a science and ecological restoration as a practice are in need
of reform. I identify five ways in which our ecological
knowledge should be influencing restoration to a far greater
extent than at present including a need to: shift the focus
to restoration of process and identification of the limiting
factors instead of structures and single species, add
ecological insurance to all projects, identify a probabilistic
range of possible outcomes instead of a reference condition,
expand the spatial scale of efforts, and apply hierarchical
approaches to prioritization. Prominent examples of restoration methods or approaches that are commonly used
despite little evidence to support their efficacy are highlighted such as the use of only structural enhancements to
restore biodiversity. There are also major gaps in scientific
knowledge that are of immediate need to policy makers,
managers, and restoration practitioners including: predictive
frameworks to guide the restoration of ecological processes,
identification of social-ecological feedbacks that constrain
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ecosystem recovery and data to support decisions of where
and how to implement restoration projects to achieve the
largest gains. I encourage ecologists to respond to the
demand for their scientific input so that restoration can shift
from an engineering-driven process to a more sustainable
enterprise that fully integrates ecological processes and
social science methods.
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Introduction
Throughout much of the world, people have relied on the
network of freshwater tributaries and tidal waters for
recreation, clean drinking water, agricultural production,
hydropower, and fisheries. Unfortunately, human activities
have impacted watersheds worldwide such that countless
rivers are polluted and many coastal oceans have degraded
habitat or reduced fisheries. This is despite the tremendous
efforts that have been devoted to managing and restoring
watersheds and estuaries. Significant investments have been
made in improving environmental conditions in waterways
as diverse as those in the California Delta region of the
United States, the Baltic region in Europe, the subcatchments of Moreton Bay in Australia, and the Mekong River
Basin in Asia (Dudgeon 2005; Lotze et al. 2006; Bunn et
al. 2007; CalFed 2008).
Why have rivers and coastal waters such as these
continued to degrade despite large investments? A variety
of responses to that question are commonly heard.
Continued development and land use change are certainly
contributing factors. Population growth and the movements
of people typically lead to elevated pollutant loads and an
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increase in water extractions or diversions (Postel and
Richter 2003; Walsh et al. 2005). Over-harvesting of living
resources, particularly of keystone species such as bivalves,
has also been blamed for the decline of a number of coastal
watersheds (Grabowski and Peterson 2007). More recently,
this decline has been attributed to narrow management
approaches that do not rely on learning and adapting
policies in an iterative fashion or that do not apply the
precautionary principle (Boesch 2006). As Duarte and
Conley (2008) point out, some of the blame should be
placed on the scientific community, who in their desire to
present a clear enough message to prompt management
actions have probably over-simplified ecosystem dynamics.
In addition to these explanations, I assert that current
approaches to restoration are simply not sufficient and the
need for input from scientists has never been greater.
I argue for a major reform in watershed restoration because
much of the ecological science that has been produced is not
being applied to restore aquatic ecosystems, some of the
science that is being ‘used’ has not been adequately tested and
scientists have been slow to produce use-inspired knowledge.
By the latter, I mean ecological knowledge generated in
response to the immediate needs of restoration practitioners—
i.e. what Sarewitz and Pielke (2007) would call demanddriven science.
Given that restoration is a relatively young practice, it is
not surprising that the demands for science are high or that
restoration activities often precede field verification of
methods. However, it is surprising that the practice of
restoration is largely disconnected from many fundamental
ecological concepts because so much ecological theory is
directly relevant (Fig. 1). The reasons for the disconnect are
complex and may include insufficient communication of
scientific findings, a public and management community
often unwilling to act on science-based findings, and
scientists not producing knowledge that can be readily
Fig. 1 The science of restoration ecology draws from bodies
of theory in diverse disciplines
including ecology, hydrology,
geomorphology, and, more recently, social science. The goal
is to develop and test theories
that will contribute to the ecological restoration of habitats,
species, and entire ecosystems.
Specific examples of ecological
theory and their application to
various steps in a restoration
project are shown
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translated to real-world solutions. While science is not the
sole solution to our environmental problems, ecological
restoration must be grounded in science. Use of state-ofthe-art knowledge, methods for dealing with uncertainty,
predictive frameworks, and quantitative tests of alternatives
are core scientific tools essential to repairing damaged
ecosystems. Society cannot afford an ad hoc approach to
environmental management—the costs to the economy and
ultimately to human health will simply be too high.
I outline elements of a more rigorous approach to
restoration that requires scientists to identify when and how
fundamental ecological knowledge is under-utilized, to
scope out and test common restoration practices that have
been inadequately evaluated or are based on faulty scientific
logic, and to recognize the needs of practitioners then allow
those needs to stimulate new science. I begin by focusing on
three broad areas that encompass bodies of ecological
knowledge pivotal to successful restoration: system dynamics, scale and context-dependency, and diversity. For each, I
provide a brief overview of the relevant ecological theory,
concepts, and results from research then describe the
relevance to restoration in practice including the extent to
which theories are being applied, ignored, or misused. My
examples are admittedly biased toward my expertise, namely
running waters that make up the many tributaries feeding
coastal zones. Treatment of fisheries “restoration” is better
left to those more knowledgeable who can meld principles of
harvest management and stock assessment with ecosystem
restoration.

Ecological Theory as a Foundation
for Restoration Science
Strictly speaking, ecological restoration is an attempt to
return a system to some historical state, although it is
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widely recognized that this is often difficult or even
impossible to achieve. A more realistic goal may be to
move a damaged system to an ecological state that is within
acceptable limits relative to a less-disturbed system. In this
sense, ecological restoration can be viewed as an attempt to
shift ecosystem composition, structure, and function to
within a range that is more desirable than current
conditions.
The scientific underpinnings of ecological restoration
can be found in ecological theory writ large. By the latter, I
mean to include the interactions of physical processes
(hydrological and geomorphic) with ecological processes
and players. Ecological science has a long history of using
theory to guide and advance knowledge and so today there
is a strong and diverse body of theory addressing many
aspects of ecological interactions (Weiner 1995; McGlade
1999; May and McLean 2007). These theories typically fall
into two groups: mathematical descriptions of phenomena
or conceptual descriptions of nature. Both are used to build
and test predictions. I will focus on the broader category of
ecological concepts and the extent to which they inform
restoration in practice, but I acknowledge that many
restoration efforts focused on single species have been
informed by population dynamics modeling that was a
direct outgrowth of ecological theory (Falk et al. 2006). For
example, population viability analysis can be used to
evaluate different restoration strategies (Maschinski and
Wright 2006).
Ecological theory as it applies to restoration includes
principles of population, community, and ecosystems
ecology with the former two contributing insights mainly
on the roles of recruitment, dispersal, and species interactions (Falk et al. 2006; Lake et al. 2007). At the
ecosystems-level, restoration ecology has chiefly been
influenced by research on the importance of natural
disturbance, energy flow, and nutrient cycles (Naeem
2006; Kaushal et al. 2008). Together these bodies of
knowledge have shaped the emergence of ecosystem
restoration as a science with a particular influence
played by at least three broad categories of theory,
concepts, and data: (1) equilibrium dynamics and state
changes; (2) scale and context dependency; and (3)
diversity and heterogeneity. However, what is being
done on the ground to restore ecosystems—ecosystem
restoration in practice—does not necessarily reflect an
acceptance of these concepts. Furthermore, some concepts have been adopted in a simplified form despite
little evidence to support the way in which they are
applied. Finally, even though restoration is fundamentally a human-directed enterprise, theoretical, and empirical treatment of these concepts with humans as
integral components of ecosystems is seriously underdeveloped (Palmer et al. 2004).
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Equilibrium Dynamics, Thresholds, and State Changes
The existence of definable states or conditions that systems
exhibit has formed the basis of a great deal of theoretical
work in ecology. The idea is that populations, communities,
and entire systems might move away from a recognizable
‘normal’ state following a disturbance but would ‘tend’
back toward the state after some period of recovery time
(Pimm 1991). The classic descriptions of population growth
given limiting resources (e.g. logistic growth) assumed that
there was some carrying capacity (k) or “equilibrium”
population level for a given habitat at a given point in time;
deviations from k suggest the resource base may have
changed and/or the population is not under densitydependent control.
The equilibrium concept has also been applied extensively
by community ecologists. For example, island biogeographic
theory predicts an equilibrium number of species in a habitat
as a function of the immigration and extinction rate
(MacArthur and Wilson 1967). Succession theory, which
has played a major role in plant community ecology (and in
terrestrial restoration), also assumes directional change
toward a single equilibrium point (Suding and Gross 2006).
A great deal of work on ecosystem stability and persistence
assumes equilibrium dynamics (Loreau and Behera 1999), as
do many basic ecosystem models for nutrient cycling
(Scoones and Toulmin 1998). In sum, a large amount of
ecological theory has been dominated by deterministic
perspectives in which internal feedbacks were assumed to
keep systems in balance.
The possibility that multiple, stable states may exist is a
concept that has been around for decades (e.g. Lewontin
1969); however, it has re-emerged as a topic of great
interest because of concerns over ecosystems crossing
“ecological thresholds” that result in abrupt state shifts that
are difficult to reverse (Carpenter et al. 1999). Some
scientists argue that most ecological systems have multiple
stable states which they tend toward under different
conditions (‘stable point attractors’) and these are separated
by unstable transient thresholds (sensu Walker and Meyers
2004). Under this assumption, the key to restoration and
management is not about keeping the system in the same
state—this is not possible. Instead, the key is identifying
what factors initiate changes that shift an ecosystem toward
a state that is unacceptable (a societal decision), and then
controlling those factors or enhancing ecosystem resilience
to changes in those factors (Walker et al. 2004). Not all
ecosystems exhibit threshold changes, but for those that do,
the question becomes: can we identify a threshold before it
is crossed? Answering this question is a central goal in the
study of coupled human-ecological systems. While we
currently have no theory or tools for predicting if and when
a system nears a threshold, there is a great deal of work
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underway, including a joint effort by the Santa Fe Institute
and the Resilience Alliance to build an empirical database on
regime shifts in ecosystems and coupled socio-ecological
systems (Walker and Meyers 2004).
Relevance to Restoration The equilibrium view is firmly
entrenched in ecosystem restoration in theory and practice
as evidenced by the dominant use of reference sites or
reference conditions to set restoration targets (e.g. Steyer et
al. 2003). In some cases, these targets relate to former
conditions such as historic population levels and community composition, while in many other cases nearby sites
that are considered undisturbed serve as the reference
(White and Walker 1997). A recent, high-profile example
relates to the search for an ideal reference channel form for
use in guiding stream restoration efforts (Montgomery
2008; Bain et al. 2008). The presence of agriculturally
derived, legacy sediment deposits in some river floodplains
of the mid-Atlantic US (Walter and Merritts 2008) has
stimulated interest in ‘removing’ these sediments in order to
restore stream channels back to their pre-settlement ‘natural’ (reference) condition (Gutshall 2004). This is despite
the massive regional changes in land-use and water
infrastructure that act as on-going ‘disturbance’ events and
may mean that historic fluvial forms can’t address
contemporary riparian restoration issues (Bain et al.
2008). Instead, channel morphology in many of these
regions may be in a perpetual state of disequilibrium as it
continues to adjust to changes in run-off and sediment
delivery. Thus, use of some ‘ideal template’ as a reference
to guide restoration projects may lead to failures or overengineered structures (Fig. 2).
The preoccupation with fixed reference sites ignores
a great deal of ecological theory that has come along
over the last 30+ years as ecologists began expressing
great discomfort with the equilibrium concept (Parker
and Wiens 2005). Problems include: application of the
concept requires that there is some form of self-regulation
that governs system dynamics; the concept typically does
not apply at the small spatial and temporal scales in which
most ecologists work; and the concept minimizes the
importance of history, disturbance, and stochastic factors
(DeAngelis and Waterhouse 1987; Wu and Loucks 1995).
There is usually very little understanding of what, if any,
internal regulating processes control the state of an
ecosystem in need of restoration (Mayer and Rietkerk
2004). In fact, there is growing evidence that regulating
processes may be ‘external’ to the nonhuman ecological
system and reside at the level of the socio-ecological
system—i.e. the ecosystem in its human context including
its anthropogenic stressors and the feedbacks between
ecosystem state and the sociopolitical management of its
stressors (Liu et al. 2007).

Fig. 2 Over the last decade, one of the most common approaches
used to design river restoration projects is based on the assumption
that constructing a channel whose form is similar to a historic or leastdisturbed reference site will result in a stable stream. In the eastern
USA, the reference condition is often assumed to be a highly sinuous
channel such as the one shown in the top (photo by A. Eckert). This
has led to extensive channel manipulation and sculpting of the
landscape as shown in the bottom photo (photo by S. Smith); this
stream restoration effort was a dramatic failure (Smith and Prestegaard
2005)

With respect to spatial extent, restoration efforts typically involve taking only a small ‘piece’ of an ecosystem and
assuming that given suitable treatments, it can recover to
“equilibrium” (reference level) conditions despite its landscape/watershed context. Rarely are restoration actions
taken over large temporal and spatial scales. Even if the
desire is to restore an entire estuary, actions that are
informed by ecological theory are typically implemented
at the scales of hundreds of meters of shoreline, single
oyster reefs, and sections of tributaries (Luckenbach et al.
1999; Zedler 2000; Bernhardt et al. 2005). Yet ecosystem
processes like nutrient cycling, that involve the movement
of many constituents, occur at much larger scales and in
some cases over entire watersheds.
The important role that disturbances such as hurricanes
and floods play in maintaining the ecological health of
coastal wetlands, estuaries, streams, and river floodplains is
extensively documented and yet countless restoration efforts
attempt to minimize or eliminate geomorphic change in these
ecosystems (Simenstad et al. 2006). While this is understandable if people and homes are at risk, efforts to suppress
change in a system once it is restored are common even in
areas where such risks are not an issue. For example, many
stream restorations use a method called ‘natural channel
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design’ (Rosgen 1996) which is based on estimating channel
dimensions that will prevent erosion or deposition of
sediment even if the stream is on undeveloped land with
ample room for channel migration (Kondolf 2006).
In contrast to viewing restoration goals as static endpoints, Suding and Gross (2006) have argued that stochastic
events such as disturbances could be combined with
deterministic processes to design restoration and monitoring programs if the focus is on variation in trajectories of
recovery. In fact, in severely degraded ecosystems Zedler
(2000) has argued it is particularly important to consider
many possible pathways to restoration because assuming an
ecosystem can be returned to some historical or reference
condition may divert attention from the need to identify
internal feedbacks that are operating to keep the system in a
degraded state. Restoration may require novel pathways
because the dynamics of the degraded system may be very
different from the desired state and the recovery trajectory
can be quite different from the collapse trajectory (Fig. 3)
(Hobbs and Norton 1996; Suding et al. 2004; Chambers
and Linnerooth 2001; Duarte and Conley 2008).

Scale and Context Dependency of Ecological Response
The dynamics of individual species, the composition of
entire assemblages, and the rates and form of ecosystem
processes vary spatially not only because of local conditions
but because of the movement of individuals and the flux of
materials. The arrangement of habitats across the landscape,

Mesotrophic
High Oxygen
Seagrass thrives

Degradation

P/R

Eutrophic
Hypoxia
Fish kills

Recovery

Nutrient levels

Fig. 3 Degradation of a coastal ecosystem due to excessive levels of
nutrients is represented here as a decline in the system production/
respiration ratio (P/R). The system is stressed with higher and higher
levels of nutrients until it reaches some threshold point at which
oxygen plummets and kill-offs begin. The path to degradation is
however not necessarily the same path it will take as it is restored;
nutrient levels may need to be reduced far below the level at which the
system-level degradation was first apparent in order for the system to
recover

spatial population structure, dispersal abilities, and the
magnitude and direction of material flows all act to
determine ecological patterns and processes, and so it is
not surprising that ecologists have abundant evidence that
species may perform differently in different environments—
i.e. performance is context-dependent (Power et al. 1996).
Environmental conditions determine if a species is physiologically capable of living in a particular region; subtle,
within-region differences in these conditions along with
biotic interactions may enhance the survival and reproduction of a species (i.e. its performance). These ‘optimal
patches’ may serve as sources of colonists to other patches
while suboptimal patches may act at sinks (high mortality);
the degree of dispersal among these regions may determine
population sizes and risk of extinction (Mouquet and Loreau
2003; Hanski and Gaggiotti 2004). For some species, there
are critical thresholds of patch connectivity needed to ensure
a supply of colonists (Turner and Gardner 1991).
Spatial and temporal environmental heterogeneity also
influence the functional role species play in ecosystems
(Wellnitz and Poff 2001). For example, both facultative
feeding and changes in species interactions are known to be
associated with changes in flow in both marine and
freshwater systems (Cardinale et al. 2002; Cardinale and
Palmer 2002; Hentschel and Larson 2005). This contextdependency of performance or interaction strength can
influence ecosystem-level processes such as production and
resource utilization (Cardinale et al. 2001; Stachowicz et al.
2007). Changes in such key processes can have cascading
effects on nearby ecosystems, particularly in river networks
where the movement of materials can effectively link very
distant ecosystems (e.g. headwater streams to coastal
marshes). For this reason, ecologists have increasingly
focused research on broader spatial contexts and multi-scale
processes. For example, some ecosystems receive substantial
inputs of nutrients or organisms that act as ecological subsidies
(Palumbi 2003). Nakano and Murakami (2001) showed that
across-habitat prey flux accounted for 25.6% and 44% of the
total annual energy budget of bird and fish assemblages in a
Japanese stream. Subsidies such as these have been extensively studied both theoretically and empirically (e.g. Polis
and Hurd 1996), but there are also unwanted forms of
‘ecological commerce’, particularly in the case of pollutants
or other inputs that arise from human activities (Palumbi
2003; Palmer et al. 2004). Subsidies whether positive or
negative, can exert tremendous control over ecological
systems and for watersheds. Because the delivery of subsidies
may be controlled by the dendritic network configuration of
river channels the study of material fluxes and the persistence
of species can be complex (Grant et al. 2007).
Relevance to Restoration Given the potentially large spatial
variability in a species performance in heterogeneous
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environments, the selection of restoration sites is critical.
The position on the landscape or seascape may mean
the difference between success and failure of newly
established populations. Just as theory predicts there
may be an optimal number and size of marine reserves
that must be spatially arranged to maximize the
persistence of a species (McCarthy et al. 2005),
optimization of the size and position of a restoration
project is important (Palmer et al. 1997; Craig et al. 2008).
Smith and Lamp (2008) found that as urbanization
proceeds in a watershed, insect taxa unique to headwater
streams were at the greatest risk of extirpation and the
authors suggest that once taxa are lost, the supply of
dispersing adults from other headwaters may limit the
success of headwater restoration projects. Unfortunately,
we know very little about dispersal dynamics of freshwater and coastal species such as their maximum dispersal
distance or preferred dispersal routes because faunal
movements are so difficult to measure. It is therefore not
surprising that decisions on the spacing and size of
restoration efforts have only generally considered the
potential for dispersal limitation (Lake et al. 2007).
Site selection for restoration projects is mostly
opportunity based and not informed by factors such as
metapopulation structure, ecological subsidies, or health
of adjacent waterways. In fact, despite common acknowledgement among managers that watershed and landscape
context are critical to restoration, only a small fraction of
stream and river restoration projects throughout the USA
have been initiated because of a broader river or
watershed management plan (Bernhardt et al. 2007). For
most projects, sites are selected based on land availability
even though this does little to ensure project success, and in
some cases results in the selection of sites that are clearly
suboptimal. For example, restoration efforts to remove flow
barriers and enhance the migration of anadromous fish in
watersheds that are impaired, have contaminated sediments
behind the barrier, or have non-native species that will
extend their range must be viewed as foolhardy or, at best,
as a trade-off (Stanley and Doyle 2003). While dispersal
(migration) is important, the most basic elements of
survival given the local environmental context can not be
ignored.
Problems stemming from opportunity-based site selection are often compounded by a stove-piping approach to
environmental management when it comes to agencies and
funders that focus programs on specific habitat types not
broad regions. Site selection and design of most restoration
projects are done in a compartmentalized fashion such that
tidal marshes, freshwater tributaries, and parcels of land are
restored or conserved independently of their link to one
another. Rarely are efforts coordinated at whole watershed
scales to maximize environmental benefits even though the
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value of targeted watershed approaches is being increasingly recommended. Political pressure and jurisdictional
issues remain huge obstacles to implementing the scale of
efforts restoration scientists’ advise. Coordinated large-scale
restoration is also impeded because of a mismatch in how
freshwater vs. marine ecosystems are assessed and by lack of
data on factors that link these ecosystems. For example, in
the Chesapeake Bay region, measures of stream health for
prioritizing restoration efforts are most often based on
invertebrate diversity or loss of sensitive insect species
(EPA 2006), yet assessments in large coastal rivers and tidal
creeks largely focus on dissolved nitrogen and suspended
sediment (e.g. CBP 2007). While diversity is undoubtedly
important for stream ecosystems, it tells one little about the
ability of a stream to reduce the downstream flux of nitrogen
or sediment. There is no statistically significant relationship
between insect diversity and stream nitrogen levels unless
nitrogen concentrations reach levels rarely seen (EPA 2006),
and the relationship between suspended sediment and insect
diversity are only generally known (Berry et al. 2003;
Matthaei et al. 2006).
This myopia or ‘my habitat’ focus flies in the face of
widespread acknowledgement of the importance of watershed
perspectives in management plans and agency documents. In
fact, the extent to which the spatial scale (area) of a restoration
effort influences restoration success has not been extensively
studied even though the failure of some projects has been
attributed, at least in part, to the size of the project (Ehrenfeld
and Toth 1997; Hughes et al. 2005). In some cases, the area
of restored habitat is simply too small compared to the size
of nearby degraded habitat or the flux of water from
upstream degraded habitat overwhelms efforts. There are
numerous examples of stream and river restoration projects
designed to reduce erosion but I know of no examples in
which the net flux of sediment reaching tidal waters has been
shown to be reduced through a stream restoration project.
Identifying hotspots within watersheds that act as net sources
or sinks of sediments would allow one to target small
restoration sites, but such strategic, science-based selection
of sites for restoration is simply not occurring today.
Furthermore, it is worth questioning the assumption that all
sediment movements are detrimental. Actually, sediment flux
is a natural geomorphic process that is ecologically very
important and further, reducing sediment flux below historic
levels would be atypical with respect to how coastal
receiving ecosystems evolved (Carter and Woodroffe 1994;
Florsheim et al. 2008).
In sum, ecological understanding of the importance of
material exchanges, spatial variability, and multi-scale
interactions is significant but has had little influence on
restoration in practice; it is not that the science is buried but
that it is simply not being used. I briefly discuss sociopolitical issues that may be driving this later.
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Diversity, Heterogeneity, and the Maintenance of Species
Assemblages
The issue of what promotes diversity and why it matters
ecologically has probably received more attention theoretically and empirically than any other issue in ecological
science. Genetic diversity, species diversity, and habitat
diversity have all been extensively studied. Genetic
diversity allows organisms to adapt to environmental
variation and reduces inbreeding depression thus contributing to the maintenance of populations (Lowe et al. 2004).
Entire books have been written on this important topic so
the reader can look elsewhere for an overview of theory and
empirical work on the importance of genetic diversity.
Ecologists have argued that a primary reason that species
diversity is important is because it may contribute to
community stability and ecosystem function (Naeem et al.
1994; Tilman et al. 1996). The link between diversity and
ecosystem function has been hotly debated, particularly
over whether it is driven by one or a few species or if it is
even a statistical artifact (Hooper et al. 2005). The current
view on the link is that function probably does decline as
species are lost but the reasons for this vary dramatically
among systems and the magnitude of the effect is
determined by the identity of the species lost (Cardinale et
al. 2006). Thus, increasing attention has focused on the
contribution of individual species to ecosystem functions,
with the most focus on the role of species in rates of
primary productivity. A meta-analysis of work in eight
different European grasslands suggests that different species have a disproportionate impact on different functions
so that maintenance of multi-functional ecosystems may
require maintenance of high species diversity (Hector and
Bagchi 2007). If both functional diversity and response
diversity within functional groups are high, an ecosystem
may exhibit a great deal of resilience in the face of
environmental changes (Elmqvist et al. 2003).
Stability of ecosystem function does not mean that the
species composition never changes. Whether or not more
diverse ecosystems are also more stable in terms of
exhibiting little change in species composition over time
is debatable (McCann 2000). Current thinking is that
community stability may be strongly associated with
diversity because as long as species are only weakly
interacting, diversity buffers communities from the impacts
of a disturbance as species responses to the disturbance will
vary. But the nature of the relationship between diversity
and stability is complex and varies with system and
environmental conditions (Shurin et al. 2007). In some
settings or under some conditions, low diversity is
associated with high levels of stability, not vice versa. The
links between diversity and stability are difficult to study
because temporal species turnover may be linked to
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environmental stability and seasonality, not diversity, and
these can be hard to separate (Keitt 2008).
Working on the assumption that diversity is important
to functionality and potentially to stability, ecologists
have sought to understand what promotes diversity.
Theoretical and empirical work on species diversity dates
to the early days of ecological icons such as Hutchinson
(1959) and MacArthur and MacArthur (1961). Of particular
interest is the large body of ecological research on the link
between species diversity and habitat heterogeneity (Tews
et al. 2004) because this research has played an important
role in the theory and practice of restoration (Palmer et al.
1997). In fact, central to many restoration efforts is the
assumption that rehabilitation of physical habitat diversity
will lead to the restoration of biological communities (Brown
2003; Spanhoff and Arle 2007).
The term heterogeneity has been used very loosely by
ecologists—it may refer to habitat complexity (technically
the spatial arrangement of patches), habitat diversity (the
number of types of habitats in an area), and sometimes even
environmental variability within a habitat over time (Li and
Reynolds 1995). Species diversity has been shown to
increase with habitat heterogeneity for a variety of species
ranging from birds and mammals to insects and demersal
fish (MacArthur and MacArthur 1961; Murdoch et al.
1972; Kaiser et al. 1999). The mechanisms are numerous
and not necessarily mutually exclusive: habitat heterogeneity may provide more physical space, refuge, resource
availability, and open niches for members of a community,
thus promoting diversity. A great deal of work has focused
on the role of niche fractionation in promoting diversity and
the role of refuges in time and space minimizing competitive exclusion and mediating predator–prey interactions
(Grabowski 2004; Willis et al. 2005).
Relevance to Restoration The goals and approaches of
many restoration efforts reflect the deeply held view that
diversity is important—whether this is genetic diversity,
habitat (patch) diversity, or species diversity. Restoration
efforts are also largely based on the view that it is native
species and habitats as well as wild genotypes that are
desirable. Of course, this begs the questions, “desirable to
whom?” and “what is the definition of native?” If
ecosystems continue to perform functions that support
valued ecosystem services such as the provision of clean
water, perhaps the presence of non-natives is irrelevant.
Dramatic events in which native species are lost due to the
invasion of a non-native tend to be well remembered even
though they are not necessarily very common relative to the
number of non-natives that reach an area unnoticed. The
use of non-native species in restoration efforts is not new
and some have even argued that now is the time to consider
moving species beyond their native range as a pre-emptive
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measure for species unable to disperse or adapt fast enough to
keep up with climate change (Hoegh-Guldberg et al. 2008)
Restoration efforts for fisheries and wildlife populations,
particularly endangered or threatened species, routinely
consider a myriad of genetic issues and, in fact, the goal is
often to enhance genetic diversity with the hope of reducing
the risk of extinction (Machado-Schiaffino et al. 2007). But
aside from valued fisheries or threatened species, there has
been only scant research on the role of genetics in restoration
success and this is mostly on plants. Travis et al. (2002) found
that Spartina alterniflora that naturally colonized restored
marshes had levels of genetic diversity as high or higher
than reference sites. However, when plants are collected
elsewhere and brought to a site, genetic diversity is not
always as desired as was the case for eelgrass (Williams
2001). In the last decade, increasing attention has been given
to the genetic composition of individual plants or animals
that are brought to a restoration site, but the application of
genetics theory to restoration is still in its infancy.
Interest in establishing diverse assemblages of species by
restoration ecologists stems from the tenet that an ecosystem’s ability to withstand disturbances (i.e. be more stable)
may be central to its long term survival following
restoration, and that this ability is enhanced when species
diversity, and thus functional redundancy, is high (Lake et
al. 2007). This suggests that a restoration practitioner needs
to carefully evaluate community level attributes and those
factors that promote species diversity. Yet, the historical
fishery-science approach of managing single stocks as well
as societal preferences for certain iconic species have
resulted in a huge number of freshwater and marine
restoration efforts focused on only one or a few species
(e.g. species of migratory salmon in the Pacific Northwest
and oysters in the mid-Atlantic US). Despite their costs,
these projects are common even where there is little
evidence that efforts have resulted in measurable improvements (e.g. for salmon, Katz et al. 2007; for Eastern oysters,
Mann and Powell 2007). As I elaborate on later, such
projects are far more successful when they move away from
structural fixes and focus on process-based restoration and
identification of those factors limiting recovery of a fishery
(e.g. as in Bottom et al. 2005).
When we turn our attention away from restoration of
commercially important fisheries, species diversity as a
stated restoration goal is actually quite common and is often
assumed to be associated with increasing habitat heterogeneity (Palmer et al. 1997; Larkin et al. 2006). For example,
an increase in the size and abundance of transient fish over
oyster reefs in the Chesapeake Bay has been assumed to be
due to an increase in the structural complexity of the habitat
(Harding and Mann 2001). Topographic heterogeneity of
freshwater wetlands has been implicated as critical to
restoration of a variety of wetland species because small
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variations in elevation can shift hydrologic conditions and
biotic responses (Vivian-Smith 1997). In tidal marshes,
adding topographic heterogeneity in the form of multiple
vegetative zones and mixtures of pools and creeks is
believed to enhance restoration of invertebrates and fish
(Larkin et al. 2008). Finally, a number of studies on sea
grass ecosystems have suggested that the diversity of
epifaunal communities increases as structural complexity
of sea grass increases so long as the total habitat area is held
constant (Sirota and Hovel 2006). While direct tests in an
actual sea grass restoration project have not yet been
published, there is a growing consensus that the arrangement of sea grass in space is critical (Bostrom et al. 2006).
These studies and many others suggest that the focus on
habitat heterogeneity that has occupied ecologists for so long
has largely been adopted in the field of restoration ecology.
In some aquatic habitats, efforts to enhance physical habitat
heterogeneity are so pervasive that hundreds of millions of
dollars are spent annually on just the habitat aspect of the
restoration process despite lack of evidence it works. For
example, restoration of many streams has largely consisted
of placing and sculpting in-stream structures in the name of
‘habitat improvements’, yet studies to date have not
routinely confirmed that increasing habitat heterogeneity
results in increasing species diversity or even restoration of
individual taxa (Roni et al. 2002; Lepori et al. 2005). For
example, stream fish are widely assumed to respond to an
increase of in-stream habitat structures such a log jams,
boulders, rock-filled gabions, and gravel, without definitive
evidence this is true (Pretty et al. 2003; although see
Schneider and Winemiller 2008). If increases in fish
abundance are actually observed, they may be due as much
to aggregation around the structures as to recovery of
populations (i.e. successful reproduction and recruitment).
Despite the widespread focus on maximizing habitat
heterogeneity and the suggestion that for wetlands and tidal
marshes this may actually contribute to more diverse
assemblages, it is not clear whether heterogeneity per se
(i.e. habitat diversity and spatial arrangement of patch
types) is what promoted restoration or it is just the presence
of critical habitats or an increase in area (MacNally and
Watson 2006). Just as there are keystone species in some
ecosystems, there may be keystone habitats (Davidar et al.
2001) that are critical to the success (long-term persistence)
of a restoration effort; such habitats need much more study
by ecologists. Some of these habitats are the direct result of
keystone species that act as ecosystem engineers. This is
particularly obvious in aquatic systems in which oysters,
coral, or beaver create complex habitat over extensive
areas. In fact, these species are being increasingly used as
‘tools’ to enhance or stimulate restoration of bays, estuaries
and wetlands (Bunt et al. 1993; Gorshkov et al. 1999;
Nelson et al. 2004). However, it is not clear if desirable
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ecosystem-level effects that such keystone species produce
are the result of increased habitat heterogeneity or other
factors. Furthermore, we do not yet know if there are
thresholds of habitat area and connectivity that must be
restored to sustain populations and communities. Certainly,
for stream restoration projects, the lack of any evidence to
justify manipulations of habitat heterogeneity could be a
threshold issue since most stream restoration projects are
small in scope (Bernhardt et al. 2005).

Restoration Reform
What I have attempted to do is illustrate the ways in which
ecological theory and concepts could inform the practice of
restoration and the limitations of that to date. I have provided
examples in which well-accepted scientific findings and
theory are not being used, where theory has been adopted to
the point of almost being dogma even though there is scant
scientific evidence to support its use in a restoration context,
and where we simply lack enough data or theory to effectively
inform restoration (Table 1). As restoration science and
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practice develop, it is imperative that we examine and
reexamine the assumptions and scientific evidence (or lack
thereof) that underlie restoration efforts.
In some cases, managers simply need to be made aware of
the latest science while in other cases scientists need to test
methods that have not been scientifically evaluated but are
widely used in restoration projects. Unless we can move
ecological theory into more predictive modes, the most
practitioners can do is apply basic ecological concepts in the
general ways I outline below in “science in need of
application”. Until these concepts are developed into relationships with predictive power, scientists must stress the
importance of using the least interventionist and least
expensive restoration approaches and then, only after weighing the potential risks vs potential benefits. There is also a
great deal of new research that is critical if science is to play a
useful role in restoring coastal watersheds and I outline some
of these below in “applications in need of science”. For
scientists to accomplish these tasks, routine tracking of
methods and concomitant outcomes in restoration projects
across diverse environmental and social contexts is required.
Documenting failures is as important as successes and will
accelerate the science and practice of ecological restoration.

Table 1 Many scientifically well-accepted and fundamental ecological principles are under-utilized in restoration efforts while simultaneously
some restoration practices in common use have not been adequately tested by the scientific community. The list is meant to be illustrative, not
exhaustive. Examples of some of the most obvious consequences are also provided
Implications
Under-utilized principles
Ecosystems often exhibit nonlinear, nonequilibrium dynamics

Can not assume an ecosystem will return to a former state or reference
condition or that restoration trajectory is similar to degradation path
Processes critical to restoration typically reside at the level of the socio- Manipulating just the physical environment will not usually lead to
ecological system
sustainable environmental change
Regional scale processes often swamp local processes
Ecological systems are spatially structured
The dynamic character of natural systems is important to their health
Multiple, interactive factors control ecological systems
The exchange of material across systems (ecological subsidies) is
critical to the health of many ecosystems
Inadequately tested practices
Physical habitat heterogeneity promotes restoration of biological
diversity
The beneficial effects of many small restoration projects are additive;
recovery will occur steadily as stressors are removed and sites
restored
Created and restored ecosystems support rates of ecological processes
similar to natural systems
Streambank stabilization projects result in a net decrease in sediment
flux to coastal waters

Unlikely that small areas embedded in a larger, degraded system can be
restored in isolation
Spatial context of a project is fundamental to restoration success;
critical thresholds of connectivity among restored sites may exist
Fixed structures typically fail or lead to a degradation of ecological
processes and biota
Single-fix approaches (e.g., restore habitat, re-stock species) rarely
work
Fundamental changes in the natural movement of material (propagules,
energy, organic matter) will interfere with restoration

Diverts attention away from other factors that may be more important
to restoring diversity; costly
Many small projects may be easier to fund and implement but may not
be as effective as larger projects; public expectations may go unmet
If processes are not supported, environmental benefits of project will be
limited
Projects are very costly, may have little impact on sediment flux but
negative impact on stream biota
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Science in Need of Application: Well-accepted Concepts
not being used
1. Focus on processes and limiting factors not structures
or single species.
Roni et al. (2002) emphasize the need to shift the focus of
river and estuarine restoration from structural interventions to
efforts to restore hydrologic, geologic (sediment delivery and
routing), and riparian processes. Only once these are restored
should in-stream habitat enhancement be used. The lack of
focus on the restoration of processes is the single most
important scientific concept that is currently missing from
restoration efforts. Partly this is a result of how difficult it is
to translate general theory on ecosystem processes to specific
ecosystems and species assemblages without a great deal of
life history and system-level information. But that can not
explain the widespread practice of applying structural
approaches to restore ecological communities rather than
process-based approaches. Examples of process-based restoration include restoration of hydrologic flow paths and flow
regimes that enhance biogeochemical and physical processes
to help purify water moving into streams and estuaries. This
could be in lieu of using existing funds to replant oysters in
polluted bays or in lieu of re-configuring coastal streams
using large boulders to keep channels fixed in place, or in
lieu of restoring salmon habitat on river segments without
removing upstream barriers. As a final example, many
wetland restoration and creation projects have the stated
objective of restoring hydrological processes, but few
actually measure processes such as denitrification and carbon
sequestration (Cole 2006; Euliss et al. 2008). Instead, the
assumption is typically made that structural attributes such as
those in the widely used Hydrogeomorphic Approach to
wetland assessment are adequate surrogates for function
(Rheinhardt et al. 1997).
2. Add ecological insurance to all projects
The science of restoration is a very young discipline, yet
the need for it is already urgent. This means that projects will
take place before we have fully tested many theories. To
maximize environmental benefits, it makes sense to be
conservative when it comes to using high risk approaches
and to be liberal in incorporating options into designs that may
provide benefits but certainly won’t do harm. For example, the
probability of ecological damage due to the intentional
introduction of a non-native species may be small but the
consequences dire and stream restoration projects that are
highly interventionist potentially result in more harm than
good; both restoration approaches should only be done with
great caution. In contrast, logic suggests that efforts to restore
the full suite of native species to a site are wise even though
we do not fully understand the link between diversity,
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ecosystem function, and ecosystem stability. High diversity
may serve as a kind of ‘insurance’ against ecosystem collapse,
if it buffers change in functional composition of the
community. Furthermore, communities with high diversity
may be less susceptible to invasions by ‘weedy’ non-native
species (Shurin 2000). Other types of ecological insurance
include developing science-based prioritization and sitescreening tools that can be used to manage the risk of
ecological failure of a particular project (Craig et al.
2008). These tools might be based on information at the
site level (e.g. percent invasive cover, water quality), the
landscape (e.g. adjacent land use, susceptibility to sea
level rise, or hydrologic regime), or on knowledge of
stochastic events (e.g. probability of natural or anthropogenic disturbances).
3. Identify a probabilistic range of possible outcomes
instead of a reference condition
Incorporating nonequilibrium dynamics into restoration
planning suggests that many pathways are likely possible
and may depend on restoration actions (Duarte and Conley
2008) and thus, it is important for restoration “targets” to be
based on an array of possible outcomes or states. As
Hughes et al. (2005) have argued, using reference systems
can give a false sense of predictability of ecological
outcomes. Rather than selecting reference ‘endpoints’, a
desired trajectory should be defined that takes into account
a range of values for key system attributes that are
inherently variable; e.g. ranges of flow and sediment inputs,
variability in the location and number of habitat types, and
changes in the species composition of assemblages through
time and space (Hughes et al. 2005).
In an excellent paper, Poole et al. (2004) argue that rather
than setting water quality standards (set levels) managers
should work toward setting regime standards which describe
a distribution of conditions over space and time that is
desired. They argue that the concept of traditional standards
arose in response to concerns over toxic materials that cause
lethal conditions once they reach some simple threshold.
However, nonpoint source problems dominate restoration
today and these problems vary tremendously over time and
space. Setting a single threshold encourages “homogenization of naturally diverse and dynamic systems” (Poole et al.
2004; page 157). Furthermore, it assumes that systems are
unresponsive to gradually increasing stressors until some
break point is reached and that ecosystems can not maintain
their health when the threshold is temporarily exceeded or is
exceeded in some patches but not others. If a suite of
reference sites that span a gradient of stress can be identified,
this can help to identify the suite of potential restoration
trajectories.
4. Expand the spatial scale of restoration implementation
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The vast majority of restoration projects are too small
and too isolated. Whole watershed and whole-estuary
perspectives are crucial because the spatial arrangement of
tributaries and the connectivity of suitable habitat may
determine survival and dispersal potential. The announcement that “tributary strategies” would be developed for the
Chesapeake Bay region that would coordinate efforts as
diverse as riparian restoration, agricultural best management practices, stormwater run-off control, and wetland
restoration across watershed scales was met with great
excitement in the mid-1990s. However, in practice, the
strategies have not led to such coordination—different
agencies are responsible for different efforts, do not share
common databases, and state and county jurisdictional
boundaries not watershed boundaries, typically determine
the scope and location of projects. Thus, for example, the
density of stream restoration projects by county in Maryland
(Hassett et al. 2005) bears no resemblance to the distribution
of impaired waters or waterways (MDE 2004). The need to
expand scales is not limited to a landward focus;
estuarine restoration efforts may also rely on knowledge
of coastal ocean processes. For example, Cloern et al.
(2007) found that climate-driven changes across the
Pacific can influence the efficiency with which landderived nutrients are converted into algal biomass in the
San Francisco Bay estuary.
5. Apply a hierarchical approach to prioritize sites and
choose restoration method
Science-based prioritization schemes that are consistent
with specific goals should be developed to identify sites
most in need of restoration and then, as necessary, take
social and political issues into consideration in selecting
from among the top priority sites. Currently in most settings
the social and political issues take precedence over science.
While we are far from identifying the relative importance
each of multiple factors play in limiting the health of
ecosystems, we can apply a logical, data-driven approach to
choose among various restoration methods and to prioritize
sites for restoration. As we build up a database on processbased responses to restoration treatments and combine this
with data on a range of project characteristics, we can
develop useful relationships between observable characteristics and probabilities of outcomes.
Prior work has shown that analysis of location characteristics conducted with GIS tools and available data can
provide strong indicators of site-specific conditions (Brooks
et al. 2004; Weller et al. 2007) that may determine
probability of success given a particular method. For
example, the level of watershed modification, adjacent land
use, susceptibility to sea level rise, or hydrographic setting
may be critical to project outcome. Restoration of wetlands
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in regions highly likely to be underwater in 25 years due to
climate change is obviously not a wise investment.
Similarly, habitat restoration in a tributary or coastal zone
that is undergoing rapid urbanization makes little sense
unless stormwater management is first implemented.
Applications in Need of Science: The Practice
of Restoration Demands More Science
1. Test theories most relevant to the practice of restoration
The scientific community of today understands that it is
critical they do research of societal importance; however,
too often this research contributes little to actually addressing real problems because of a gap between ideas and
implementation (Sarewitz and Pielke 2007). There are
many interesting research questions that could expand
fundamental knowledge on coastal waters and their
tributaries, but given the crisis our waters are in today, top
priority should be given to research whose results can be
immediately implemented. For example, research results
showing that protection of wide riparian buffers around
urban streams improve water quality is interesting but of
little use in most cities where waterways are already
developed and almost certainly not destined for infrastructure removal and costly re-greening. On the other hand,
research showing that in-stream wetlands used to manage
stormwater improve water quality may be of use immediately.
So scientists could ask what restoration “tools” are available
and likely to be publicly acceptable and how can these be used
to enhance ecological restoration? This is not meant to squelch
inquiry and discovery—focused applied research as I am
describing should be complemented with basic research—but
to accelerate the pace of restoration science.
2. Determine if physical manipulations can be used to
manage ecological processes
Previously I have argued that the historical roots of
restoration science in aquatic ecosystems can be traced to
engineering disciplines and grew largely out of an emphasis
on flood control (Palmer and Bernhardt 2006). The focus was
on designing river channels or shorelines to efficiently route
water or wave energy away from or toward specific areas
with little regard for the function of ecosystems. Over time,
hydrogeomorphic approaches to restoration emerged in
which the aim was to imitate natural alluvial systems using
softer engineering approaches that focus on the dynamics of
sediment and water movement. However, approaches were
still largely structural in nature including for example
reshaping of channels and placement of structures to alter
sediment transport. Only recently have ecologists entered the
scene and begun pushing for a focus on restoration of
ecological processes and the need to understand the
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ecological consequences of hydrogeomorphic manipulations
that are commonly used but poorly studied. We have very
little understanding of how to influence ecological processes
using the tools that practitioners have available—i.e. can we
enhance the flux of propagules to isolated bays using
constructed channels (dispersal corridors)? Can we manipulate physical habitat to reduce the net flux of nitrogen to
coastal waters through the construction and enhancement of
denitrifying areas across a watershed (Brush 2008)? Does
addition of physical structure enhance secondary production
of fish or just aggregate them? Answering these questions
requires quantitative monitoring of processes pre- and postrestoration which at present, is extremely rare (but see
Fellows et al. 2006; Roberts et al. 2008).
3. Identify feedbacks between social and ecological
systems that act to constrain science-based restoration
The most commonly cited reasons that science is not
being used are socio-political and legal. An argument often
heard is that the interests of stakeholders and the bureaucratic structures of regulatory and management agencies
inhibit the implementation of truly science-informed restoration. Even if this is true, it does not mean that scientists
have no role to play in overcoming the obstacles. The
rapidly expanding literature on ecosystem based management (Leslie and McLeod 2007) suggests that new
scholarship is needed to understand watersheds as socioecosystems—linked social and ecological systems in
which there are complex, and often nonlinear, interactions
between humans and the natural world (Walker et al.
2002) that determine management and restoration outcomes as well as social willingness to change (Berkes et
al. 2003).
Many of the same principles we have historically applied
in ecology may be applicable to the social and political
systems that are linked to the very ecological systems we
study. Are more diverse and flexible governing structures
better able to respond to changes in the environment in
ways that enhance the mutual sustainability of people and
nature? For example, presently in the USA, many aquatic
ecosystems are protected by a number of regulations under
the auspices of the Clean Water Act whose enforcement is
largely left to individual states. However, because the
environment is changing rapidly and our scientific understanding of it is also changing rapidly, why not apply a
combination of scenario-building, ecological forecasting, in
addition to regulations to manage our waterways? If
researchers can identify biophysical–social interactions that
are critical to balancing preservation, restoration, and
human use of water resources, this could enhance scenario
and forecasting exercises. If researchers can identify the
scale at which these interactions occur, then the scale at
which policy changes need to be implemented becomes
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clearer (Liu et al. 2007). To measure the efficacy of these
policies requires the identification of indicators that can be
used to assess desired ecological and social functions. Can
indicators also be developed to assess the resilience of these
functions? Reforming graduate education to train students
to address such questions is critical if we have any hope of
answering such questions.
4. Determine how and when we can replace ecosystem
functions using created ecosystems
Over the last several decades, the notion that ecosystems
can be created has emerged and it has now gone wild—
thousands of projects labeled as wetland creation occur
every year, tidal marsh creation is now appearing, and even
the possibility of stream creation has been raised in the
most recent revision of the compensatory mitigation
regulations in the USA (Federal Register 2008). The motive
for creation projects is to replace or mitigate for aquatic
resources that are lost and the social pressure for creation
projects is clearly quite high. Creation projects are often
referred to as a form of restoration; however, the science of
ecosystem creation is in its infancy. There is no evidence
that streams can be created de novo and results from
wetland creation efforts suggest that while mitigation
projects may meet compliance requirements, full ecological
or functional success is low or unknown for most projects
(Ambrose et al. 2007; Euliss et al. 2008; Mathews and
Endress 2008). A 2008 review prepared for congress stated:
“Both scientists and policymakers debate whether it is
possible to restore or create wetlands with ecological and
other functions equivalent to or better than those of natural
wetlands that have been lost over time. [Yet] congress has
repeatedly endorsed mitigation in recent years” (Copeland
and Zinn 2008). Clearly, the social pressure is strong for
ecosystem creation and scientists have an important role to
play in determining the environmental implications. Ecologists, working in concert with hydrologists and engineers,
need to determine the spatial contexts in which restoration
projects are most likely to succeed and how local conditions
influence functioning, especially biogeochemical.

Conclusions
Politics and social agendas will always influence the
desired endpoints of a restoration effort, but the process
by which restoration is done should be science driven. I
have argued that science is not currently playing the role it
should and that this is not just due to a lack of political or
social will by the public. Instead, much of the science we
have produced has not been effectively communicated to
the potential users, or, more commonly, the science is not
yet at the translation stage—i.e. implementing a general
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scientific finding in a specific restoration context is
difficult. Scientists typically approach applied research by
asking: how can my research be useful to managers and
restoration practitioners? I suggest turning that question
around by asking: what restoration science is being
demanded? What are the applications in need of science?
Is there quantitative evidence that methods currently being
used are in fact ecologically effective? When science is
viewed in this supply vs. demand framework (Sarewitz and
Pielke 2007), restoration will become scientifically informed more quickly. I am also convinced that the science
that is done in the process will contribute substantially to
our fundamental understanding of watersheds. Many of the
issues I have raised as central to reforming restoration are
also central to ecological science—e.g. what is the
relationship between ecosystem structure and function?
We are at an unusual time in the history of ecology in
which our knowledge and theories are in great demand.
Concerns over environmental sustainability are at an all time
high, and there is a growing recognition that technological
fixes won’t solve all the problems. Ecological science can
provide unique insights into how nature solves complex
problems and how we can capitalize on those methods. So,
rather than allowing other scientists from other fields to coopt the role of ecologists in advancing restoration science
(e.g. eco-bio-engineers, and I don’t mean the beaver kind),
let’s step up to the plate and take on the challenges.
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