chapter fifteen

Improving restoration to control plant
invasions under climate change

Qinfeng Guo and Steve Norman
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15.1 Introduction

Native forests and grasslands worldwide have been converted to developed lands or
invaded by exotic species due to human activities. These pressures are predicted to increase
with population growth and climatic stress in coming decades, escalating concerns for the
viability of native species and communities that are affected. Ecological restoration is ire-
quently offered as a partial solution to these changes because less stressed ecosystems may
be more tolerant of novel changes in the environment (Temperton et al. 2004, Clewell and
Aronson 2008). In this sense, restoration could provide a strategy for enhancing ecologi :al
resilience, given escalating problems associated with invasives and a changing climte
(see Hobbs and Norton 1996).

Traditional restoration efforts have been concerned with matching restored systems to
historical or nearby natural habitats, but climate change and biotic invasions can alter tae
viability of historically based objectives (Figure 15.1). In many places, historically bas:d
restoration has become impossible, particularly where development dominates, restora-
tion conflicts with other objectives, or persistent invasive diseases and pathogens ha7e
removed dominant or keystone species (Clewell and Aronson 2008). Elsewhere, whe-e
restoration has been attempted, restored conditions can only be maintained over the lon -
term through vigilant monitoring and costly maintenance (Aronson and van Andel 200¢.).
Most restoration efforts are rarely absolute as aggressive invasive species simply cannotte
eradicated given current technology. Our management of these latter sites would benefit
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Figure 15.1 A joint framework showing the interactive effects of climate change and biotic inva-
sions on restoration discussed in this chapter. Although climate change may have either positive
or negative effects on restoration depending on the species used and climate change as a growing
disturbance agent can promote species invasions, both climate change and biotic invasions would
make restoration efforts more difficult.

if ecosystems were more self-restoring or self-sustaining—if they were more capable of
resisting new invasions or climate-related stress. In recent years, both theoretical and field-
based ecological research have provided insights into the means by which stability may be
enhanced amid climate change and biotic invasion.

In systems that have been invaded, exotic—native interactions can be complex, and
complete removal of exotics may be impossible and, in some rare cases, undesirable, par-
ticularly when exotics check the spread of invasives or favorably alter habitat, competi-
tion, or food web relationships for natives (D’Antonio and Mack 2001, Ewel and Putz 2004,
Vander Zanden et al. 2006). These fundamental biological processes of inhibition and facil-
itation, broadly conceived to incorporate both natives and exotics, can be manipulated to
help meet a broad range of management objectives, some historical and some practical.

Strategies to address climate change and biotic invasions are normally devised and
discussed separately rather than in an integrated way (Berger 1993, Perry and Galatowitsch
2003, Price and Weltzin 2003, Bakker and Wilson 2004, Harris et al. 2006, Guo 2007, Holsman
et al. 2010). Both factors affect ecological outcomes and can determine restoration success.
Therefore, managers and researchers would benefit when these drivers of potential eco-
logical change are considered jointly as integrated strategies in both research and practice.
The purpose of this chapter is to review how these joint strategies can improve restoration
and promote ecological resilience and stability in a changing environment.

15.2  Setting restoration goalposts

When restoration appears as a management goal, it implies that some measurable change
to an ecosystem has occurred and that all or key aspects of the system can be returned
toward an earlier condition or dynamic. Today, restoration constitutes an explicit goal of
land management fo sustain desired attributes or to redirect successional change to a more
natural range of variability. For example, the removal of exotics, particularly invasives
that aggressively compete with natives, has led to the restoration of species composition
to historical assemblages. Similarly, the return of historical fire regimes after decades of
exclusion has led to both compositional and structural restoration in forests that devel-
oped with fire (Keeley 2006). In both situations, the long-term viability of ecosystems 15
thought to be enhanced by arresting and reverting the evolutionary or ecological novelty
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imposed by exotics or the anomalous competitive or demographic dynamics from :iltered
disturbance regimes.

In practice, few restoration efforts can be expected to wholly arrest and recover from
novel biotic change (see Hobbs 2007). In exotic eradication efforts, it is often only tho se spe-
cies that are most invasive and able to be removed that serve as indicators of restoration
success. From the reverse perspective, it is usually the density of only the most vz luable
native species (i.e., threatened or endangered, prominent, commercially importar t) that
measures success. There is no guarantee that such indictors are reliable measures of the
recovery or resilience of the ecosystem over the long-term, and so restoration suczess is
often ambiguous.

The success of ecological restoration is also difficult to measure because the attiibutes
of ecosystems are mediated by broader forces (i.e., climate variability and distu bance
regimes). For example, restoration may be successful only when climate and distu bance
regimes work in its favor, and decades of efforts may be lost during a drought o1 other
disturbance events (Figure 15.1). With such a complex broad-scale and long-term driver at
work, restoration success must often be measured by the ephemeral condition of the envi-
ronment, such as native species abundance.

Given the trend toward more and more invasives and an ecosystem in flux, rostora-
tion in practice normally perceives goals as inflexible. Success is measured incrementally
as progress toward a predefined goal. A range of strategies are acceptable, and fixec goals
clearly demarcate a range of possible acceptable outcomes. Having this combination of
clear goals and a range of acceptable future conditions that are informed by his -orical
insight adds flexibility for managers much more than do impractical notions of restc ration
as mimicry.

The two most tangible aspects of ecosystem restoration—composition and struciure—
may be less important than a more abstract use of the word. The restoration of ecosystem
resilience prioritizes those processes, structures, and compositions that enhancz sys-
tem inertia and elasticity during periods of stress or recovery. For example, rety rning
stem density to historical conditions could reduce moisture stress and increase the vigor
of dominants. In other situations, resilience may be engineered above historical levels
by modifying historical structure or composition (Ren et al. 2012). Such efforts m ay be
warranted to successfully resist the undesirable effects of invasives and changing c.imate
conditions.

15.3  Cumulative effects of novel changes

As mentioned earlier, traditional approaches to restoration rely on species compc sition
and structure from some reference period of the past as a model for management. Yet,
under certain climate change and invasive scenarios, these historical species and e::osys-
tems may no longer be viable on site. Under less extreme scenarios, the cumulative ¢ ffects
of climate and biotic stressors are likely to make restoration objectives harder to achieve
(Figure 15.2).

Acting individually or together, climate change and biotic novelty due to species inva-
sion could eliminate or reduce habitat for some species while creating more favorable
habitat for others. With a warming climate, the most similar habitat to that of the recent
past and present is generally at higher latitudes and altitudes. Migration may be diffi-
cult for native species. Many invasives are highly aggressive colonizers and so they could
slow down or even thwart successful migration of natives to these sites without inte nsive
management. Within landscapes that have been highly fragmented by developmer t, the
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Figure 15.2 The degree of effort needed to restore an ecosystem to historical conditions generally
increases with climate change and biotic novelty. Restoration may not be feasible under extreme
climate scenarios, but restoration becomes easier where or when climate conditions resemble that
of the past.

most mobile species may have a selective advantage. Exotics, particularly invasives, have
already been pre-selected| for their broad environmental tolerance and dispersal abilities.
This may put natives at an even greater disadvantage (Kohli et al. 2008, Ricklefs et al. 2008,
Qian and Guo 2010). Given these hurdles that may be faced by native species in the pres-
ence of climatic range shifts and aggressive exotic competitors, enhancing the resilience
of species and their habitats at or near their current locations may be a worthwhile invest-
ment. Stress from moderate climate extremes or disturbances is tolerable for species that
have adapted to those conditions. However, the cumulative effects of this stress in the
presence of invasives can result in a loss of resilience. Restoration efforts that reduce stress
from invasives could make the system more tolerant to climate change, and vice verse.

15.4 Engineering resistance

Biological invasion can alter the structure and dynamics of entire communities and eco-
systems while threatening natives more directly because of their typically high produc-
tivity and competitive strength (Berger 1993). In a successional sense, invasives provide
classic examples of inhibition. Ata community level, existing exotic species can also facili-
tate or inhibit the arrival of later invaders or they can be absorbed into the species mix with
no discernable effects. The same can be said for natives. Understanding these interspecies
relationships is critical for identifying if a need for biotic restoration exists or if an increase
in species richness might actually enhance resistance to serious invaders. Certain exotic
species may be of minor ecological consequence and a few may have management value
(Figure 15.3).

One common restoration strategy is to increase resistance to biological invasions
through niche occupation and a high rate of biomass accumulation of native species.
Habitat resistance to invasives is likely to be affected by the combination of both richness
and biomass of existing (native and exotic) species, among other factors (Guo and Symstad
2008). Diverse plantings could help identify the most suitable species that can compete
with existing invasive species in local or surrounding habitats. This can help guide future
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Figure 15.3 Native and exotic species may not vary substantially in their ability to alter the func-
tional stability of ecosystems unless the latter group constitutes highly invasives. In a system vhere
species are not saturated (i.e., niches still available for invading exotics and both natives and e xotics
can coexist), ecosystem functions may be enhanced due to increased species richness. Identifi :ation
of natives and exotics as “drivers” of stability or “passengers” that serve complimentary or rzdun-
dant roles provides powerful tools for restoration. The curve levels off because additional species
become complimentary or redundant, whether exotic or native, depending on their individual attri-
butes. The scales for both axes and for natives and exotics may or may not be proportional tc each
other. (Modified from Peterson, G., C. Allen, and C.S. Holling, Ecosystems, 1, 6-18, 1998))

large-scale restoration efforts, where the habitats may or may not have been invad:d. If
designed and practiced correctly, the manipulation of species richness and cover could
help buffer sites from the effects of highly undesirable invasives.

Restorers need to make sure that native or exotic species used do not facilitat> the
arrival of new invasives by altering the habitat or through mutualisms. An often neglicted
yet critical issue in restoration ecology is to make sure the species being utilized fo:' res-
toration is native but not invasive (i.e,, the so-called “home-grown” invasives) (Cox 2999).
Further, landscape-level restoration and management are needed to maximize the n:igh-
borhood propagule density of natives while minimizing those of invasives (see Lzrson
2009).

In highly disturbed habitats, we may no longer rely on seed banks and natural seed
dispersal processes for revegetation by native species; seed planting or assisted migra-
tion of needed species become necessary (Wang et al. 2009). Because of the threats ‘rom
increasing impacts of climate change and biotic invasions, restoration techniques are often
aimed to maximize vegetation growth rate and to inhibit exotic invasion. In a given irea,
the number and type of species to be planted in order to maximize restoration rate; are
critical questions that need to be resolved. The importance of germination and survival of
the species planted will be used to measure the success of restoration.

However, even though such questions are being addressed, many practical challe 1ges
lie ahead. For example, seeds of many native species are very costly, and therefore, niany
native plantings are seeded with relatively few species. Although certain practices save
money in the short-term, it may lead to inferior results or restoration failure. This could
lead to more costly management in the long-term. For this and many other reasons. the
number of successful efforts appears to be few, and many restorations are not sustain:ible.
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15.5 Lessons from biodiversity experiments

In most experimental studies, the purpose is to experimentally examine the response of
restoration rates and vegetation structure and dynamics to different numbers of planted
species. Experimental research to date shows that (1) high-diversity planting did increase
the habitat productivity during ecosystem early development (cf. Roy 2001), (2) high-
diversity planting could reduce the habitat invasibility by introduced species (e.g., Tracy
et al. 2004), and (3) however, there could be “optimal” number of species to be planted in a
given area as very high-diversity planting can be wasteful and may cause adverse effects
on restoration rates. Results of the experiment will advance our understanding of plant
species interactions and their potential role in habitat restoration. The study will also fur-
nish useful information to managers involved in seeding native species.

Diversity, biomass, productivity, and stability are key variables in community and
ecosystem ecology, but only diversity and biomass could be directly manipulated in resto-
ration and management and other variables change accordingly (Guo 2007, Larson 2009).
High diversity has many other benefits for overall ecosystem health including higher
nutrient use and carbon sequestration (CO, uptake) efficiency, higher litter decomposi-
tion rate, higher community and ecosystem stability, and better habitat and product qual-
ity. Diversity indirectly plays the role of resisting invasion through facilitating biomass
accumulation. Small-scale planting of more native species could enhance the resistance of
community to invasions by exotic species (Figure 15.4). For example, Bakker and Wilson
(2004) found that restoration can act as a filter for constraining invasive species and both
diversity and species identity can be important.

Experimental studies offer useful insights to improve restoration outcomes (Roy 2001,
Guo 2003, Schrnid and Hector 2004). However, unlike biodiversity experiments that often
seed multiple species on bare soils, restoration in the real world often involves planting
native species (1) on preexisting vegetation, (2) across large scales, and (3) with long-term
perspectives (see Grace et al. 2007). Thus, applying knowledge from seeding experiments
on bare-soil, small-scale, and often short-term requires caution. Experiments show the
benefits of high-diversity planting. But what experiments to date have not been able to
offer is when, where, and what species to plant first and what species to follow (e.g,, differ-
ent successional stages, multitrophic levels).

In general, productivity increased with the number of planted species but only up to a
certain level, and invasibility may therefore decline. The decline could be due to competi-
tion, allelopathy, and functional redundancy, among others (Guo et al. 2006). Thus, practi-
cal details regarding what species, how many species, how much (number or weight) seeds
(or seedlings) for all and each species, and how to arrange the relative abundance among
species are all potential issues that need to be resolved before action. Given the costs of
seeds and sources of species (which may extend to much larger regions, thus some of the
species may not actually be native to the particular habitat or landscape to be restored),
planting appropriate number of species and seeds is still the major challenge.

New initiations of restoration efforts, identifying the most successful native species,
not only those that can resist invasion by exotic species, but also the ones that can better
adapt to future climate changes, become an urgent need in practice (Guo 2007). AS
mentioned earlier, species selection should also take both inhibition and facilitation effects
into account. Inhibition may occur either biochemically, as with allelopathy, or because the
invader exhibits faster or denser growth or is in some way more competitive for the avail-
able water, light, or nutrients at a site. Inhibition can be successful by lowering the rates
of establishment, growth, reproduction, or mortality. For many high-profile invasives, the
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Figure 15.4 Experimental demonstration of biodiversity effects on habitat invasibility. The plots
with higher biomass of resident species suppressed the growth of seeded species (as invading spe-
cies; Top), and the plots with higher biomass of seeded species had lower biomass of exotic spe cies
(Bottom). However, when number of species was used, the number of seeded species was margin-
ally negatively related to the number of exotic species (r* = 0.15, p = .057; not shown). (Adapted irom
Guo, Q. T. Shaffer, and T. Buhl, Ecology Letters, 9, 1284-1293, 2006.)

key conservation concern is that invasives become too dominant and inhibit biodiver sity.
They seemingly fill all or most of the available niches and reduce the number of avail ible
niches (cf. Grime 2002). In contrast, less aggressive species may extirpate only a few com-
petitors, simply reduce their population densities, or fill some unoccupied space. In some
situations, these latter effects may be managerially useful, as niches filled by relatirely
benign exotics may reduce the risk of dominance by aggressive invasives. Theoretically,
such exotics or transplanted natives could enhance the resilience of ecosystems domin: ted
by native species.

On the other hand, some exotics, especially invasives, can facilitate successicnal
changes that are either compatible or incompatible with site objectives. When invas ves
reduce site diversity, they may not close niches entirely as much as selectively remr ove
vulnerable species. This can retain opportunities for new species that are more tolerar t of
the invader. Alternatively, an invader may alter site conditions or disturbance proce:ses
in a way that favors native species or invasives that were formerly at a disadvantage. For
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example, exotic species have proven useful for gradual restoration of native-dominant
mangroves (Ren et al. 2008). Also, increased fire frequency from invasive grasses can facil-
itate the recovery of fire-tolerant natives or the spread of certain invasives (Drewa et al.
2001). As a third example, nonnative trees are often used for reclamation after strip mining
with the long-term expectation of a more diverse forest, even when it is not similar to what
was historically there (Wikipedia, 2012).

During restorational planting, it is likely that not every species in any multispecies
seeding can germinate and establish. Therefore, planting greater numbers of native species
may lead to high diversity and restoration rate as measured by biomass accumulation. This
is because diverse species planting can ensure that the niches in the habitat could be fully
occupied in case of failures among the most productive species, especially in early stages
of restoration when the habitat is quite open or the targeted habitat is quite heterogeneous
(Tracy et al. 2004). High-diversity planting could increase the chances that rare or endan-
gered species residing in the natural habitats may be included. By planting diverse species,
we may identify the most suitable species that are most likely to be successful and persis-
tent and those that are least competitive and might disappear in subsequent years. At the
same time, we would not miss other potentially adaptive and productive native species in
the restored habitats. Historical vegetation data may be used to identify highly productive
species but might not be enough, because disturbance regimes and other factors such as cli-
mate might have changed over time. Finally, a high-diversity planting may form persistent
seed banks, which would help protect the area from the effects of further disturbances and
by ensuring that species important for early succession stages are present in the seed banks.

What has gained less attention in traditional restoration is that logical plantation and
management regimes should follow the evolutionary forces that favored the initial suc-
cess, for example, best adaptation to climate change and disturbances such as fire. If phylo-
genetically close relatives could better resist invasions by closely related species because of
using the similar resources (Cadotte et al. 2009), planting congeners would be an effective
way to resist invasions of closely related exotic species. On the other hand, recent stud-
ies suggest that some hybrids between native and introduced species often show greater
invasiveness (Gaskin et al. 2009). Thus, avoiding planting the native species or preventing
possible introductions of close relative or sister exotic species that may form hybrid inva-
sive species have become increasingly important.

15.6  Bottom-up, top-down, and multitrophic
(or food-web) restoration

Most previous and ongoing restorations are focusing on a single trophic level, mostly in
plant communities (or primary producer). However, many plant species are relying on
animals that serve as agents of dispersal, pollination, or reproduction that may require
a broad view of restoration. Other critical elements to be restored include fungi and soil
microbes that some plants need. Therefore, the more effective ways for restoration could
be to restore multiple trophic levels as they depend on each other for long-term survival. If
herbivores” existence relies on their native predators, the latter will need to be introduced
as well (“the trophic cascade hypothesis” or the food web theory) (see Hastings 1988). In
this regard, the effective way could only be the “bottom-up” approach.

The most common approach of restoration in the past and at present is the bottom-
up producer. In contrast, an alternative and new approach proposed would be, First,
the much needed elements for producers (plants) such as below-ground communities
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(e-g., arbuscular mycorrhizal fungi—as a symbiotic supporting system) (Perry and
Amaranthus 1990, van der Heijden 2004) may need to be restored with producers and
other elements such as pollinators should follow immediately. Second, the top-down
approach (restoration of consumers) should also follow when producers have establisled.
For example, often top predators are needed to regulate lower-level predators and prim ary
producers to maintain the established systems.

15.7  Suggested restoration pathways

Sites that have different levels of destruction or degradation may benefit from diffe -ent
restoration pathways. For example, in highly destructed grassland or forests, restora :ion
often involves direct seeding of native species after pretreatment of soils to eliminate the
seed banks of exotic species. Yet, in highly degraded habitats invaded by exotics, resto-
rationists usually seed or plant native species on preexisting vegetation. Often, exc tics
are also useful for creating temporal favorable conditions, for example, for soil erotion
control in early stages of succession (e.g., California chaparral and grassland after fires)
or for creating initial habitats suitable for natives in forests (Williams 1997, Guo 2003, en
et al. 2008). Although actual restoration processes may be complex and may need flex-
ible justification from time to time, here we propose a simplified pathways or scena -ios
for consideration. First, in barren areas or highly degraded (destroyed) habitats wt ere
natives might not survive and establish, planting facilitating exotics would be nees-
sary to ensure later colonization of native species (Figure 15.5). In such cases, nat ves
are not suitable to be used, and suitable but noninvasive exotics are used at the in:tial
stages because they can fix soil erosion or create benign conditions for natives (Path [ in
Figure 15.5) (Ren et al. 2008). Second, in most cases where exotic species already e:ist,
restorationists are likely to plant native species directly onto preexisting vegetation end,
therefore, forming a mix of both natives and exotics. In such conditions, however, e cot-
ics may be dominant, especially in early stages (Path II) (Guo et al. 2006). Third, in other
cases where bare soils exist or can be fully treated to remove the seed banks of e:of-
ics, native species are planted directly to form native communities without exotics (i.g.,
many controlled seeding experiments in grasslands), although certain exotics might
invade subsequently in the future (Path III). However, in all scenarios, given the ongoing
(and even accelerating) species invasions and the fact that completely eradicating exotics
is virtually impossible, an eventual habitat condition with both native and exotic ccex-
istence may be acceptable. This is especially the case because restoration sites are m ost
likely at places with great human disturbances and have been already invaded by exotic
species. Intense management of exotics at such sites is needed to ensure the dominaace
of natives (Figures 15.5 and 15.6).

15.8 Biomass manipulation and tradeoffs
of enhancing biodiversity

While most physical factors are almost completely beyond human control, careful mar ip-
ulation of other factors such as fire, grazing, nutrient addition, and continued seeding
is important for restoration and ecosystem performance (Bradshaw 1987). One need: to
realize that restoration is a continuing process, rather than one-time event. Because miich
needed species, especially those that fail to establish after initial planting, will need tc be
planted until viable populations are established.
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Facilitating exotics

Figure 15.5 A sample of possible pathways in terms of species selection in restoration process.
Highly degraded or invaded area includes all habitats that need to be restored (e.g., newly cre-
ated bare grounds such as landslides and chemically treated areas for removing exotic seed banks).
Path I: in barren areas or highly degraded (destroyed) habitats where natives might not survive
and establish, planting facilitating exotics would be necessary to ensure later colonization of native
species. In such cases, natives are not suitable to use, noninvasive exotics may be used at the initial
stages because they can fix soil erosion or create suitable conditions for natives. Path II: in most cases
where exotic species already exist, restorationists are likely to plant native species directly onto
preexisting vegetation, therefore, forming a mix of both natives and exotics. Path III: in some cases
where bare soils exist or can be fully treated to remove the seed banks of exotics, native species are
planted directly to form native communities without exotics. However, in all scenarios, given the
ongoing (and even accelerating) species invasions and the fact that completely eradicating exotics
is impossible, an eventual acceptable habitat with both native and exotic coexistence may result.
Proper control of exotics is needed to ensure the dominance of natives.
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Figure 15.6 An example of restoration by seeding native species onto preexisting prairie grassland
that had been heavily invaded by several exotics such as Canada thistle (Cirsium arvense), alfalfa
(Medicago sativa), and smooth brome (Bromus inermis) near Jamestown, North Dakota, U.S.A. (photo
by J. Schatz). During the first few years after seeding, natives and exotics appeared to coexist.
(Adapted from Guo, Q. T. Shaffer, and T. Buhl, Ecology Letters, 9, 1284-1293, 2006.)

In management practices, biomass is the most easily and frequently manipulated vari-
able (Huston 2004, Guo 2007). It is likely that after the community biomass reaches a certain
level, some of the planted species will likely disappear because of increased competition or
other environmental changes. Periodic removal of above-ground biomass through vary-
ing frequency, intensity, and timing of burning and grazing can often increase species
diversity and habitat productivity. However, the optimal frequency and intensity of some
of these activities in various habitats are often debated.
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In habitats invaded by nonnative species, when total elimination of invasive species
is not feasible, techniques that can effectively remove their biomass should be devi:loped.
However, although invasive species management usually adopts burning, grazing, physi-
cal or chemical treatment, and biocontrol agents, these practices are also disturbances and
their effects on native species need to be evaluated. In addition, below-ground biomass,
a frequently neglected factor, could also be considered in future restoration and manage-
ment plans.

Management tradeoffs may develop from strategies designed to control invasives and
the need for native species to migrate in response to climate change. Although enhanced
species diversity at a site may slow the spread of problematic invasives in the near term,
this change: may close niches that are necessary for native species to effectively resfond to
environmental changes at the landscape scale. In other words, while increasing diversity
may enhance resistance to invasives, it may reduce the ability of species to migrate or alter
population densities at the landscape scale. Such factors need to be considered in restora-
tion planning.

15.9 Perspectives

The effects of biomass on biodiversity and the effects of diversity on productivity re two
closely linked foci in both basic and applied research. Most related studies have dezlt with
these two issues separately and their practical implications have not been given enough
attention (Guo 2007). Experiments show the benefits of initial high-diversity plantig. But
what experiments to date have not been able to offer is when and where to plant what
species first and what species (e.g., multitrophic) and where to follow. Such questicns are
at least equally important, if not more. Future restoration should focus on these is:;ues in
planning and actual efforts.

Humari-driven changes are reflected in vastly disturbed habitats worldwide. Tt is sug-
gests that the high-end of the classic disturbance—diversity curve may be soon reached in
these places, thereby threatening diversity (i.e., the intermediate disturbance hypo hesis).
How to reduce the effects from human activities amid ongoing efforts of economic g rowth
and development is the major challenge in maintaining global or regional biodiversity and
ecosystem health.

Many restored ecosystems seem unsustainable, especially those without continued
management and subsequently invaded by highly invasive species (SER 2004). Th s is in
part due to our lack of understanding of basic ecology needed in restoration and :n part
due to the lack of timely and efficient communication and proper application (Palmer et al.
1997). To effectively control biotic invasions, management and restoration must go hand in
hand. In addition to the practical requirements for restoration, continuing and som >times
intensive management is necessary to effectively constrain biotic invasions and ad:pt cli-
mate change. For example, to preserve biodiversity, periodic thinning, burning, anc| graz-
ing are needed to reduce biomass and competitive exclusion by invasive species.

Aside from biomass manipulation, restoration is also about how diversity mar ipula-
tion (e.g., seeding, planting) affects biomass and productivity. For invasive specie: man-
agement, restoration is to build up enough abundance (biomass or cover) to corstrain
invasion. In most cases, optimal management often involves regulating biomass s o that
high diversity and productivity or other preferred habitat characteristics can be achieved
and maintained, while restoration usually involves planting or seeding a certain n 1mber
or combination of native species so that the native structure and function of the habi at can
be restored and degraded ecosystems can recover faster.
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15.10 Conclusions

In the past, the concept of restoration was useful to highlight the degree to which ecosys-
tems had changed and how past conditions or dynamics often provided a better means
for sustaining a wide assortment of ecosystem values. These have not changed. What has
and will change is the degree to which conditions have been altered due to forest loss and
fragmentation, invasive species, and climate change (Kohli et al. 2008). While historical
conditions may have been useful in the past, trends toward increased novelty may require
creative management strategies that are less and less guided by the past.

To retain its usefulness, the restoration concept must evolve past its historical usage.
Restoration will always invoke the past, but less so as a goal and more as a justification
for maintaining and enhancing site resilience of species and ecosystems. The word is also
useful in a more general sense, as in restoring habitat structures that may include novel
components that are engineered using exotic species. Our best options for achieving spe-
cies conservation given the cumulative threats from invasives and climate change may be
incompatible with restoration, even if it were possible.

Although many physical factors are clearly beyond our control, diversity and biomass
can be manipulated through management. There is evidence that the optimal manage-
ment that maintains higher biodiversity may to some degree buffer the adverse physical
effects, especially those from catastrophic events. However, no matter how well designed,
the newly restored ecosystems are most likely to be novel or different from the conditions
if the habitats had not been altered by human activities. Thus, not only do we need his-
torical information and past experience to help guide us in restoration and management
efforts, but we also need to be creative to counter the new challenges that may emerge in
the future (Falk et al. 2006).

In restoration, planting or encouraging the right species and an optimal level of native
species richness would help achieve and maintain habitat productivity and stability. Such
niche occupation and a high biomass or cover of native species would increase the resis-
tance to biological invasion by nonnative species. In some cases, even using certain exot-
ics with certain genetic or life history traits could help stabilize the systems and initially
create more suitable habitats for natives. Future insights from the basic research on the
relationships among diversity, biomass, and productivity and those between diversity and
stability or resilience can offer better guidelines for efficient restoration and for reducing
the effects of invasive species.

In short, while there is still no quick fix in restoration amid biotic invasions, continuing
effective and proper management especially through biomass manipulation is crucial. We
should keep in mind that restoration is a continuing, long-term effort and often involves
intense follow-up management. A carefully designed and restored ecosystem may not be
the ideal system a habitat might support, but it could become the best system that is practi-
cally achievable. In future efforts, projected changes in climate and from exotic invasions
must be considered in restoration guidelines to ensure the desired outcomes and to avoid
unintended consequences.

Acknowledgments

We thank Corinne Diggins, Yude PPan, and anonymous reviewers for helpful comments,
and many individuals who assisted in the experimental restoration project. This study
was in part supported by the USDA Forest Service.



Chapter fifteen:  Improving restoration to control plant invasions under climate change 215

References

Aronson, |., and J. van Andel. 2006. Challenges for restoration theory. In Restoration Ecology: The New
Frontier, eds. |. van Andel, and J. Aronson, pp. 223-233, Oxford, UK: Blackwell.

Bakker, J., and S. Wilson. 2001. Competitive abilities of introduced and native grasses. Plant Ecology
157:117-125.

Bakker, ].D., and S.D. Wilson. 2004. Using ecological restoration to constrain biological invasion.
Journal of Applied Ecology 41:1058-1064.

Berger, ].]. 1993. Ecological restoration and nonindigenous plant species: Areview. Restoration Ecology
1:74-82.

Bradshaw, A.D. 1987. The reclamation of derelict land and the ecology of ecosystems. In Res oration
Ecology, eds. W.R. Jordan ITI, M.E. Gilpin, and ].D. Aber, pp. 53-74. Cambridge, UK: Can bridge
University Press.

Cadotte, M.W., M.A. Hamilton, and B.R. Murray. 2009. Phylogenetic relatedness and plant i avader
success across two spatial scales. Diversity and Distributions 15:481-488.

Clewell, A.F,, and J. Aronson. 2008. Ecological Restoration: Principles, Values, and Structure of an E11erging
Profession. Washington, DC: Island Press.

Cox, G.W. 1999. Alien Species in North America and Hawaii. Washington, DC: Island Press.

D’Antonio, C.M., and M.C. Mack. 2001. Exotic grasses potentially slow invasion of an N-fixing tree
into a Hawaiian woodland. Biological Invasions 3:69-73.

Drewa, P.B., D.P.C. Peters, and K.M. Havstad. 2001. Fire, grazing, and honey mesquite invasion in
black gramma-dominated grasslands of the Chihuahuan Desert. In Proceedings of the 11vasive
Species Workshop: The Role of Fire in the Control and Spread of Invasive Species, eds. K.E.M. Galley,
and T.P. Wilson, pp. 31-39. Tallahassee: Tall Timbers Research Station.

Ewel, ].]., and EE. Putz. 2004. A place for alien species in ecosystem restoration. Frontiers in .Zcology
and the Environment 2:354-360.

Falk, D.A., M.A. Palmer, and ].B. Zedler (eds.) 2006. Foundations of Restoration Ecology. Wash ngton,
DC: Island Press.

Gaskin, J.F.,, G.S. Wheeler, M.F. Purcell, and G.S. Taylor. 2009. Molecular evidence of hybridize tion in
Florida’s sheoak (Casuarina spp.) invasion. Molecular Ecology 18:3216-3226.

Grace, ].B., T.M. Anderson, M.D. Smith, E. Seabloom, 5.]. Andelman, G. Meche, et al. 2007. Do s spe-
cies diversity limit productivity in natural grassland communities? Ecology Letters 10:68()-689.

Grime, J.P. 2002. Declining plant diversity: Empty niches or functional shifts? Journal of Ve etation
Science 13:457-460.

Guo, Q. 2003. Disturbance, life history and optimal management for biodiversity. AMBIO 32:42 8-430).

Guo, Q. 2007. The diversity-biomass-productivity relationships in grassland management anc resto-
ration. Basic and Applied Ecology 8:199-208.

Guo, Q., and A. Symstad. 2008. A two-part measure of degree of invasion for cross-communit 7 com-
parisons. Conservation Biology 22:666—672.

Guo, Q., T. Shaffer, and T. Buhl. 2006. Community maturity, species saturation, and the variant diver-
sity-productivity relationships in grasslands. Ecology Letters 9:1284-1293.

Harris, J.A., RJ. Hobbs, E. Higgs, and ]. Aronson. 2006. Ecological restoration and global climate
change. Restoration Ecology 14:170-176.

Hastings, A. 1988. Food web theory and stability. Ecology 69:1665-1668.

Hobbs, RJ. 2007. Setting effective and realistic restoration goals: Key directions for re:earch.
Restoration Ecology 15:354-357.

Hobbs, R.J., and Norton, D.A. 1996. Toward a conceptual framework for restoration ecology.
Restoration Ecology 4:93-110.

Holsman, KK., PS. McDonald, P.A. Barreyro, and D.A. Armstrong. 2010. Restoration thkrough
eradication: Removal of an invasive bioengineering macrophyte (Spartina alterniflora) re stores
some habitat function for a native mobile predator (Cancer magister). Ecological Appli -ations
20:2249-2262.

Huston, M.A. 2004. Management strategies for plant invasions: Manipulating productivity, «listur-
bance, and competition. Diversity and Distributions 10:167-178.



216 Invasive plant ecology

Keeley, J.E. 2006. Fire management impacts on invasive plants in the western United States.
Conservation Biology 20:375-384.

Kohli, R.K,, S. Jose, D.R. Batish, and H.P. Singh. (eds.). 2008. Invasive Plants and Forest Ecosystems. Boca
Raton, FL: CRC/Taylor and Francis.

Larson, D.L. 2009. Evaluation of restoration methods to minimize Canada thistle (Cirsium arvense)
infestation. U.S. Geological Survey. Open-File Report 2009-1130. Reston, U.S. Geological Survey.

Palmer, M.A., R.E. Ambrose, and N.L. Poff. 1997. Ecological theory and community restoration ecol-
ogy. Restoration Ecology 5:291-300.

Perry, D.A., and M.P. Amarathus. 1990. The plant-soil bootstrap: Microorganisms and reclamation of
degraded ecosystems. In Environmental Restoration: Science and Strategies for Restoring the Earth,
ed. J.]. Berger, pp. 94-102. Washington, DC: Island Press.

Perry, L.G., and S.M. Galatowitsch. 2003. A test of two annual cover crops for controlling Phalaris
arundinaceq invasion in restored sedge meadow wetlands. Restoration Ecology 11:297-307.
Peterson, G., C. Allen, and C.S. Holling. 1998. Ecological resilience, biodiversity and scale. Ecosystems

1:6-18.

Price, C.A., and J.E Weltzin. 2003. Managing non-native plant populations through intensive com-
munity restoration in Cades Cove, Great Smoky Mountains National Park, USA. Restoration
Ecology 11:351-358.

Qian, H., and Q. Guo. 2010. Linking biotic homogenization to habitat, invasiveness, and growth form
of non-native plants in North America. Diversity and Distributions 16:119-125.

Ren, H., HE Lu, J. Wang, N. Liu, and Q.F. Guo. 2012. Forest restoration in China: Advances, obsta-
cles, and perspectives. Tree and Forestry Science and Biotechniology 6 (Special Issue 1):7-16.

Ren, R, S. Jian, H. Lu, Q. Zhang, W. Shen, W. Han, Z. Yin, and Q. Guo. 2008. Natural colonization
of native mangroves into exotic mangrove plantations in Leizhou Bay, South China. Ecological
Research 23:401-407.

Ricklefs, R.E., Q.F, Guo, and . Qian. 2008. Growth form and distribution of introduced plants in their
native and non-native ranges in Eastern Asia and North America. Diversity and Distributions
14:381-386.

Roy, J. 2001. How does biodiversity control primary productivity? In Terrestrial Global Productivity,
eds. ]. Roy, B. Sangier, and H.A. Mooney, pp. 169-186. San Diego., UJSA: Academic Press.
Schmid, B., and A. Hector. 2004. The value of biodiversity experiments. Basic and Applied Ecology

5:535-542,

SER. 2004. The SER International Primer on Ecological Restoration, Version 2. Society for Ecological
Restoration International Science and Policy Working Group. Available online at: http:/ /www
-ser.org/reading_resources.asp.

Temperton, V.M, R.J. Hobbs, T. Nuttle, and S. Halle (eds). 2004. Assembly Rules and Restoration Ecology:
Bridging the Gap between Theory and Practice. Washington, DC: Island Press.

Tracy, B.E, L]. Renne, ]. Gerrish, and M.A. Sanderson. 2004. Effects of plant diversity on invasion of
weed species in experimental pasture communities. Basic and Applied Ecology 5:543-550.

van der Heijden, M.G.A. 2004. Arbuscular mycorrhizal fungi as support systems for seedling estab-
lishment in grassland. Ecology Letters 7:1-11.

Vander Zanden, M.J., ].D. Olden, and C. Gratton. 2006. Food-web approaches in restoration ecology-
In Foundations of Restoration Ecology, eds. D.A. Falk, M.A. Palmer, and ].B. Zedler, pp. 165-189.
Washington, DC: Island Press.

Wang, ], H. Ren, L. Yang, D. Li, and Q. Guo. 2009. Soil seed banks in four 22-year-old plantations in
South China: Implications for restoration. Forest Ecology and Management 258:2000-2006.

Wikipedia. Surface mining. http:/ /enwikipedia.org/wiki/Surface_mining. Last accessed November
12, 2012.

Williams, C.E. 1997. Potential valuable ecological functions of nonindigenous plants. In Assessment
and Management of Plant Invasions, eds. J.O. Luken, and ].W. Thieret, pp. 26-36, New York:
Springer.



