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Abstract
The Pacific Islands face ongoing threats to native ecosystems, including introduced predators,
pests, disease, wildfire, and a loss of suitable habitat due to human development, climate change
and sea level rise. The following special collection of manuscripts illustrates how large-scale
restoration of degraded systems will require objective-driven studies, high-value research in
areas of uncertainty, and collaborations among economists, cultural practitioners, and scientists.
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Introduction
The Pacific Islands face ongoing threats to native ecosystems, including introduced
predators, pests, disease, wildfire, and a loss of suitable habitat due to human development,
climate change and sea level rise (Arcilla et al. 2015, Taylor and Kumar 2016, Cowie et al.
2017). Due to the massive number of extinctions since human arrival, gaps in native mutualisms
among plants, pollinators, and seed dispersers contribute to ongoing population declines in native
species (Hanna et al. 2013, Miller et al. 2015, Pejchar 2015).
Less than half of the landscape state-wide is currently covered by native vegetation (Gon
et al. 2006), and this is unlikely to change without intentional, intensive restoration efforts.
Ecosystems dominated by nonnative species, in many cases intentionally introduced to reduce
erosion and improve groundwater recharge, are often resistant to recolonization by native species
(Ostertag et al. 2008). Additional novel pests and diseases arrive to the islands each year as
hitchhikers on shipped goods and human travelers (Hulme 2009). Wildfires, exacerbated by
drought conditions, are also increasing the rate of conversion from native to nonnativedominated systems (Trauernicht et al. 2015).
Today, the restoration of resilient native ecosystems that minimize extinction risk and
maximize ecosystem services has never been more important. Given the accelerated loss, the
best defense of native ecosystems in Hawai‘i may be a good offense. We must work to restore
native landscapes in places dominated by invasive vegetation and introduced wildlife. Success
stories, such as that of Hakalau Forest National Wildlife Refuge (Camp et al. 2010) and papers in
this special issue (Judge et al. 2017; Kurashima et al. 2017; Powell et al. 2017; Rowe et al. 2017;
Wada et al. 2017; Winter and Lucas 2017), demonstrate the value in large-scale efforts. Novel
landscape management approaches may now be used to restore native vegetation at large scales
on deserted ranchlands, abandoned agricultural landscapes, and nonnative-dominated forests
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(Friday et al. 2015). Efforts at restoration must also be scaled up in wetlands, estuaries, and
marine habitats such as coral reefs and seagrass beds to create resiliency throughout landscapes
from mountain ridges to the nearshore waters receiving those land-based inputs (mauka to
makai).
The large number of decision makers involved and agencies responsible for land and
nearshore coastal management, incomplete or contradictory knowledge regarding community
and ecosystem dynamics, the large costs associated with complete restoration, and the
interconnectedness of restoration decisions with social, cultural, policy, and economic
dimensions, clearly classify the process of attempting large-scale restoration of degraded systems
as a wicked problem (Rittel and Webber 1973). In this special collection of papers featured in
Pacific Science, we invited authors to submit manuscripts addressing restoration of native
ecosystems at a landscape scale.
While we do not pretend to offer silver bullets to solve challenges facing restoration
efforts in the Pacific, we wish to outline three focal areas that specifically address each of the
challenges associated with wicked problems, and that may improve the likelihood of achieving
restoration goals. First, managers and decision makers must identify clear objectives that will
guide decisions regarding restoration actions. Second, research funded through conservation
initiatives should be aimed at reducing uncertainty in ways that increase the probability of
choosing a set of management actions likely to have a desirable outcome. Finally, we need
innovative solutions that borrow from industries that have already discovered economy of scale,
as well as partnerships among researchers and practioners in the fields of social science,
economics, policy, and the natural sciences.
Clearly Defined Objectives
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Fundamental objectives, often based on societal values or policy mandates, govern the
choices of decision makers (Keeney 1992). Transparency in setting fundamental objectives may
improve accountability, public trust, and efficiency in identifying optimal solutions (Elliott and
Resnik 2014). Fundamental objectives for state and federal land managers are likely to include
minimizing costs, minimizing extinction risk for native species, maximizing groundwater
recharge, and preserving access to and ecological integrity for cultural sites. Engaging
stakeholders in the decision making process can minimize conflict and increase support for
management actions, particularly when stakeholder objectives are incorporated alongside
decision maker objectives (Ananda and Herath 2003). Stakeholder objectives might include
maximizing recreational access to designated lands, maximizing opportunities for cultural
practice and education, maximizing agricultural production on designated lands, or maximizing
access to subsistence resources such as game or forestry species or fisheries.
The ways in which we achieve fundamental objectives, referred to as means objectives,
are often confused with fundamental objectives (Keeney 1992). For example, the removal of
invasive species is often seen as a fundamental objective. This focus on a threat, rather than on
the fundamental objectives that motivate removal of invasive species, may distract from the
identification of the most efficient, cost-effective solutions. Once decision makers, in
consultation with stakeholders, have identified fundamental objectives, then all potential ways of
achieving the fundamental objectives can be identified and weighed against one another. For
example, removal of invasive species, soil amendments, outplanting, and fencing, are all
potential ways in which we might reduce extinction risk for native species. Clearly
discriminating between fundamental and means objectives increases the likelihood that decision
makers will choose solutions that are in line with policy and values.
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Some threats are large enough that they are treated as fundamental objectives. For
example, minimizing the risk of wildfire is a fundamental objective for many decision makers.
The occurrence of wildfire is increasing significantly in the Pacific Islands (Trauernicht et al.
2015). In past decades wildfires mostly occurred in lowland agricultural areas, or in grassland or
dry forests. Recently, however, wildfires have begun to push into the periphery of wet native
forest habitat. Wildfires may directly cause mortality of native species, and may lead to
extinctions if they occur in areas with rare species. However, they also offer opportunities for
replanting with native plants, as wildfires remove invasive species, and may in some cases favor
native plant species (Daehler and Goergen 2005). In Wada et al. (2017), the authors present a
spatial assessment of costs associated with restoring habitat to achieve two different objectives,
minimizing fire risk, and maximizing groundwater recharge.
Competing management objectives often exist, and must be factored into restoration
decisions. For example, invasive slugs negatively impact outplanting success, and reduce
seedling survival (Joe and Daehler 2008). However, in areas where endangered native mollusks
occur, molluscicide use to protect native plants would be counterproductive to the goal of
minimizing extinction risk for endangered native snails. State decision makers in Hawai‘i are
tasked with managing feral pigs as both a game species, where the fundamental objective is to
maximize harvest, and as an invasive species, where the management objective is to minimize
impacts of feral pigs on native species. Likewise use preferences may differ with some wanting
access for wildlife harvest, whereas others may wish to conserve those same species, or the site
may be sacred (or otherwise kapu) for cultural reasons that would be at odds with increased
access for recreation and harvest. The likely existence of competing management objectives
highlights the importance of engaging all stakeholders in the identification of both fundamental
and means objectives (Failing et al. 2013).
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Minimizing and Accounting for Uncertainty
Once all means objectives, or potential solutions, have been identified, decision makers
must weigh out the probability that each potential solution has of achieving the prioritized
fundamental objectives (Keeney 1992). However, there are often unknowns which produce
uncertainty regarding the efficacy of various solutions (Regan et al. 2002, Hildebrandt and
Knoke 2011, Yemshanov et al. 2012). For example, there is a high degree of uncertainty
associated with climate change in restoration decisions (Yousefpour et al. 2012). In some cases,
expert knowledge may be elicited to provide the likely outcome of various management actions
(Martin et al. 2012). In other cases, research can reduce uncertainty by providing data regarding
the range of improvement a particular solution is likely to achieve. For example, Hawaiian
honeycreepers are threatened by both predation and avian malaria, and the magnitude of these
threats is influenced by climate change (Rock et al. 2012). If the proportion of the population
resistant to avian malaria is known, along with the likelihood of non-resistant individuals
contracting the disease, one can weigh the solutions associated with disease control against
solutions associated with predator control. Thus, the question decision makers must ask before
tasking researchers, is whether the reduction in uncertainty regarding a particular solution is
likely to change their decision in a way that significantly increases the probability of achieving
the fundamental objectives.
In the last thirty years, significant progress has been made in reducing uncertainty in the
field of restoration ecology by identifying effective approaches to restoration, particularly in
forest and grassland ecosystems. The complete eradication of introduced ungulates, rodents, or
habitat-altering plants has been accomplished on a few small islands, and within conservation
fencing (Hess 2016, Judge et al. 2017). However, Judge et al. (2017) are quick to point out that
the effort was substantial and costly, and there are considerable difficulties in scaling up to
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eradication efforts for entire populations on unfenced landscapes. Research on abiotic factors
potentially influencing restoration efforts, such as nutrient cycling, light availability, and
hydrology (Michaud et al. 2015), has reduced uncertainty regarding optimal restoration
techniques.
Ungulate-exclusion fencing, targeted at excluding feral pigs, goats, mouflon sheep, or
axis deer, depending on the island, and removal of cattle, have emerged as a large-scale first-step
in protection and restoration of native ecosystems (Leopold and Hess 2017). Benefits of
removing ungulates include increasing biomass of microarthropod communities, important to
soil decomposition (1993 Vtorov), reductions in native plant and bird mortality due to rooting or
foraging, habitat improvement for endangered species (Banko et al. 2014), a reduction in
sedimentation and soil loss (Barrios-Garcia and Ballari 2012), and a reduction in transport of
invasive seeds and disease (Nogueira-Filho et al. 2009, Samuel et al. 2011). In this volume,
Judge et al. (2017), present a detailed account of the effort required to eradicate ungulates from
large fenced areas, and Kurashima et al. (2017) and Winter & Lucas (2017) highlight the
importance of a historical ecological approach to ensure biocultural restoration efforts have
community buy-in and support.
Exclusion and removal of ungulates alone does not result in a native species-dominated
system (Cabin et al. 2000, Scowcroft 2013), and may actually promote water runoff and
sediment loss in some cases (Strauch et al. 2016). Removal of invasive grasses or other dominant
invasive plant species, as well as intentional outplanting or seeding, are often necessary to allow
establishment of native plant communities (Cabin et al. 2000, Ammondt et al. 2013, Pinto et al.
2015, Leopold and Hess 2017). The amount of weeding required may differ among sites (Cabin
et al. 2002), or over time as nutrient dynamics shift (Yelenik and D’Antonio 2013). Powell et al.
(2017) report a case study highlighting that, despite the high economic costs, ecological
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restoration can be achieved, and restoration costs decline with economies of scale, arguing that
efforts at larger scales and longer-time scales will be most cost-effective.
Some conditions appear to favor natural regeneration or expansion of native vegetation,
and thus may greatly reduce the cost of restoration. Passive restoration can take place through
root suckering, as nearby koa (Acacia koa) stands expand to fill gaps in between planted stands
(Scowcroft and Yeh 2013). Once competing nonnative species are removed and conditions are
improved, germination from native seed banks may occur (Medeiros et al. 2014), but all plants
do not serve equally well as nurse plants (Yelenik et al. 2014). Interactions among nitrogen
fixation and uptake by native and nonnative plants may promote nonnative grasses and
discourage germination of native plants (Yelenik 2016). In contrast, some native plants, such as
ʻōhiʻa lehua (Metrosideros polymorpha), promote germination and growth of native plants,
potentially by facilitating appropriate microclimates and soil conditions, and minimizing
competition with nonnative grasses (Yelenik 2016).
In addition to the removal of invasive plants and animals, targeted restoration of
mutualistic relationships may be necessary for successful and persistent restoration. For example,
plant communities may need intentional efforts to replace native pollinators or seed dispersers
that are now extinct (Hanna et al. 2013, Pejchar 2015), or to protect the (often declining)
populations of remaining native pollinators (Miller et al. 2015). In other cases, habitat restoration
to conserve native animals, may restore mutualistic relationships such as those between native
plants which provide nesting habitat, and seabirds, which deposit nitrogen into the system (Spatz
et al. 2014, VanderWerf et al. 2014). For example, Rowe et al. (2017) trace the flow of nutrients
from seabirds through a forest ecosystem and show that nearly 1/3 of foliar nitrogen comes from
marine sources (i.e., seabird feces). The montane forest seabirds in the Hawaiian Islands have
been greatly reduced, both in number and in range, yet even in vastly reduced numbers, these
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birds impact soil and vegetation nutrient content (Rowe et al. 2017). Thus it is likely that
seabirds in the Hawaiian Islands historically played a major role in controlling soil fertility in
areas where they nested, and understanding and compensating for this decreased nutrient flow is
vital to efforts to rebuild the ecosystem and restore endemic plants and wildlife (Rowe et al.
2017).
Innovative Partnerships for Sustainable Solutions
Decision makers often lean toward solutions that are familiar, excluding novel ideas that
could potentially be more effective. However, wicked problems such as restoration are defined
by the interconnected nature of challenging social, cultural, economic, and policy dimensions
(Rittel and Webber 1973). Innovative solutions are thus most likely to emerge from
transdisciplinary partnerships between those who have already discovered economy of scale, and
those in the fields of social sciences, economics, policy, and the natural sciences. Several papers
in our collection address cultural, historical, and economic dimensions of restoration (Kurashima
et al. 2017, Winter and Lucas 2017, Wada et al. 2017, Powell et al. 2017).
Community engagement in restoration efforts may have unexpected benefits, including
cultural benefits (Kittinger et al. 2016; Kurashima et al. 2017). Volunteer labor significantly
buoys many restoration efforts, providing the manual labor for pulling weeds and outplanting
native plants that otherwise would inflate restoration costs (Holl and Howarth 2000). Winter and
Lucas (2017) point out that “co-management efforts that take a biocultural approach—being
aligned with community priorities and founded in cultural values—can increase community
engagement, and thus garner more support for conservation efforts than ones which exclude
communities and indigenous cultural perspectives. With the onslaught of invasive species and
the impacts of global climate change, large-scale conservation and restoration efforts need to
utilize new tools, but that does not mean that these efforts need to reinvent the wheel. Long-term
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success of conservation efforts is more likely when they are built off of an engaged and
supportive local community.”
Restoration goals may be achieved through economic incentives for private landowners,
particularly for Acacia koa forests (Goldman et al. 2008). The potential for profits from native
timber production on former cattle ranching and agricultural lands is increasing as beef
production costs have risen, and farmers and ranchers look to diversify (Cox and Bredhoff 2003,
Wilkinson and Elevitch 2003, Perroy et al. 2016). Other potential incentives include cost-sharing
via the Hawai‘i Forest Stewardship Program, food security and production, and limited grazing
of cattle in reforested areas(Goldstein et al. 2008).
However, depending on the management objective (i.e., maximize landowner profit,
minimize extinction risk for native species, increase groundwater recharge, etc.) the return-oninvestment may be nonlinear over time (Goldstein et al. 2008), and vary under future climate
change scenarios as highlighted by Wada et al. (2017). The initial investment in restoration may
be high, with low maintenance costs, resulting in a favorable long-term return on investment for
ecosystem services such as groundwater recharge (Burnett et al. 2017), as native and restored
forests conserve more water than forests dominated by nonnative species (Kagawa et al. 2009,
Cavaleri et al. 2014, Hata et al. 2015).
Furthermore, as noted by Wada et al. (2017) and Powell et al. (2017) in this issue, different
objectives might be met by different strategies, or might vary spatially or temporally in the
likelihood of meeting various objectives.
Conclusions
Wicked problems, such as those associated with attempting large-scale restoration of
degraded systems, require clear identification of objectives, targeted reduction in uncertainties,
and multidisciplinary collaborations to identify optimal solutions. Ultimately, we wish to restore
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systems in ways that reduce conservation reliance, and result in resilient, self-sustaining native
ecosystems (Vanderwerf 2009, Reed et al. 2012, Shiels et al. 2014). However, many potential
management actions, such as propagation of native plants, production of native seeds, and costeffective removal of invasive plants and animals at a landscape scale, still await entrepreneurial
solutions (Lamb et al. 2005, Friday et al. 2015). Likewise, solutions for ecosystems that link
terrestrial and marine systems on Pacific Islands, such as aquatic and estuarine systems, have
received less attention than forest and coral ecosystems, and a high degree of uncertainty
regarding optimal management approaches remains (Englund 2008, Holitzki et al. 2013, Dudley
et al. 2014). However, efforts are beginning in these areas, and the improvements to these
systems will have positive, cascading effects from the mountains to the sea. This special
collection of manuscripts illustrates how objective-driven studies, high-value research in areas of
uncertainty, and collaborations among economists, cultural practitioners, and scientists, can
move us toward the identification of optimal solutions.
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