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Quandaries of a decade-long restoration experiment 
trying to reduce invasive species: beat them, join them, 
give up, or start over? 
Susan Cordell1,2, Rebecca Ostertag3, Jené Michaud4, Laura Warman1 

We evaluate the outcomes and consequences of a decade-long restoration project in aHawaiian lowlandwet forest as they relate 
to long-termmanagement actions. Our initial studywas designed both to promote native biodiversity and to develop knowledge 
that would enable land management agencies to restore invaded forests. Our premise of success followed the prevalent 
perception that short-term management, such as removal of invasive species, ideally translates into long-term and sustainable 
restoration. We were therefore disappointed and perhaps discouraged in our results—little recovery of native biodiversity 
despite ongoing and labor-intensive management. Not only did we fail to return the invaded forest to a native-dominated 
system but also our efforts lead to recruitment of new non-native species assemblages. The sobering truth of many restoration 
projects in Hawaii and elsewhere is that we can never completely walk away and “consider the job finished,” or we have 
to accept that some ecosystems cannot be returned to an all-native state. Essentially, costs of restoration may outweigh the 
accomplishment. This setback gave us an opportunity to reconsider and modify our initial approach. By starting over with a 
new direction using both native and non-invasive but non-native species, we have adopted a new philosophy of “join them.” 
In our revision, we changed the players in the game by following invasive species removal with outplantings of native and 
non-invasive non-native species that will functionally fill missing roles in the ecosystem. We link social interest in the new 
experiment to changing attitudes about naturalness. 
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Implications for Practice 

•	 The adaptive management concept should be applied to 
restoration because achieving “success” in a restoration 
project is relative, subjective, and may change over time. 

•	 Practicing “adaptive restoration” requires a long-term 
view, acknowledging that achievement of short-term 
restoration goals does not guarantee a desired long-term 
outcome. 

•	 Non-native but non-invasive species, when used appropri­
ately such as in highly modified ecosystems, can enhance 
ecosystem functions and services and may actually pro­
vide resistance to invasion by effective competition for 
space and resources. 

Introduction 

Restoration achievement is relative. This is particularly true 
in ecologically based restoration research where the premise 
is often based on scientific curiosity rather than compliance, 
in which restoration mandates and funding are often the result 
of satisfying legal requirements. Restoration objectives can 
be quantified when clear metrics are proposed at the outset 
(i.e. percentage of plant survival or increased species abun­
dance), however, it is much more difficult to evaluate whether 
a project meets overarching goals such as sustainably restoring 

ecosystem functions. Zedler (2007) advises restoration ecol­
ogists to omit or clarify usage of the terms “success” and 
“failure” because the ways projects are viewed and evaluated 
are time and evaluator-dependent. Thus, a quantitative approach 
that clarifies what expectations in the project are met or unmet 
is much more valuable, and allows projects to evolve and adapt 
to changing conditions or knowledge rather than to just succeed 
or fail (Hughes et al. 2012). 

In this context, we present and appraise our decade-long 
restoration experiment in a Hawaiian lowland wet forest (LWF) 
as a case study with elements of success and failure as well 
as adaptation to a new forward-thinking vision. As part of our 
reflections and evaluation of our restoration project, we also 
present the backstory that accompanies a restoration effort but 
does not often make it into peer-reviewed journal articles. This 
perspective comes from following the same small plots for a 
decade (Cordell et al. 2009; Ostertag et al. 2009). Our study 
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was designed both to promote native biodiversity and to pro­
vide land management agencies with effective knowledge and 
tools to restore forest threatened by invasive species. Despite 
the clear importance of following restoration research projects 
longer than a traditional grant cycle of 3–4 years (Hobbie et al. 
2003; Robertson et al. 2012), the long-term consequences of 
management actions often remain unclear. 

In the case of Hawaiian LWF, it is unknown if the obvious 
course of action—removal of non-native plant species—is 
effective in the long term to maintain and restore native plant 
biodiversity. Research has shown that, in the short-term, 
non-native species management (i.e. mechanical, chemical, or 
biological control methods) can be a successful tool to increase 
native vegetation especially in situations where native seed 
dispersal mechanisms are intact and/or native species form 
long-term seed banks (Bakker et al. 1996). Yet few studies 
monitor the long-term effects of management practices, making 
it difficult to conclusively determine the usefulness of a partic­
ular management approach. In fact, many studies have revealed 
that unexpected outcomes can result from restoration based 
management decisions to return a system to a historic state. 
For example, non-native species removal may not only increase 
non-native abundance but may also potentially introduce or 
facilitate new invaders into the system (Zavaleta et al. 2001; 
D’Antonio & Meyerson 2002; Suding et al. 2004; Mason et al. 
2007), and modify ecosystem processes (Mack et al. 2001; 
Mack & D’Antonio 2003; Cordell & Sandquist 2008; Ostertag 
et al. 2009). Although these sorts of unintended consequences 
can be expected in the context of complex ecological systems, 
their exact nature and long-term impacts are difficult to iden­
tify or predict, especially for resource managers with limited 
budgets and time. In this article, we ask applied questions 
about the long-term sustainability/feasibility of such intensive 
management for native biodiversity. 

The Hawaiian LWF communities we work in are so impacted 
that less than 10% of their original extent remains (Wagner et al. 
1999; Price et al. 2007) and these remnants are highly frag­
mented as a result of human activities related to agriculture and 
urbanization. Given the habitat rarity, the overarching objectives 
in our restoration experiment were to: (1) promote native species 
regeneration, (2) identify a feasible LWF restoration prescrip­
tion for Hawaii’s land managers, and (3) assess whether restora­
tion is achievable by removing invasive species that impede the 
natural recovery of LWF (Morrison & Lindell 2011). As the 
journalRestoration Ecology acknowledges in their Setbacks and 
Surprises section, there is not enough publication of negative 
results, or of results that do notmeet initial restoration objectives 
(see those results in Cordell et al. 2009; Ostertag et al. 2009; 
Schulten et al. 2014). 

By some measures, our experiment was a success but by 
others it was also a failure. In synthesizing the results of 10 
years of experimentation, it became obvious that it is necessary 
to incorporate adaptive management strategies to realistically 
address the evaluation and sustainability of similar restoration 
efforts. In this article, we ponder the results of our previous 
experiments to address: (1) the role of seedling recruitment in 
our restoration effort, (2) whether continued management can 

exhaust non-native seedling recruitment, and (3) how restora­
tion management varies over time, and importantly—can we 
ever really walk away? 

Geographic Area of Interest 

Hawaii provides a unique setting for the study of restoration 
ecology and represents an outstanding system inwhich to under­
stand both the impacts of invasive species and the outcome of 
their management on native biodiversity (Vitousek et al. 1997; 
Pimentel et al. 2005). Complex interactions between climate, 
substrate age, and elevation, in addition to a depauperate flora 
due to extreme isolation have played large roles in shaping eco­
logical communities that are perhaps more vulnerable to the 
effects of invasion and less resilient to recover once disturbed 
than their mainland counterparts. The LWF in Hawaii may be 
particularly open to invasion because: (1) more than half the 
plants are non-native (Wagner et al. 1999); (2) resources for 
plant growth are abundant; (3) the dominant native flora does not 
exhibit classic pioneer species traits (Drake&Mueller-Dombois 
1993); and (4) Hawaii has serious invasion issues and LWF has 
been heavily modified, used, and inhabited since the arrival of 
the Polynesians (Kirch 1982). As a result, there is little to no 
information on the historic composition, structure, and function­
ing of this forest type. Consequently, there is no clear blueprint 
for which techniques and approaches are most appropriate to 
follow to restore the biodiversity and ecosystem processes of 
Hawaiian LWF. To determine the potential for restoration of 
invaded Hawaiian LWF, we opted for a sequential approach 
where we first removed the major threats to see whether the 
forest could recover once they were removed. Then, given the 
outcome we followed with increasing degrees of effort (Cordell 
et al. 2009; Ostertag et al. 2009). 

Step One—Removing the Existing Pressures 
Causing LWF Biodiversity Degradation 

We conducted the invasive species removal experiment at the 
Keaukaha Military Reservation located in a LWF fragment 
on the Island of Hawaii (see Cordell et al. 2009; Ostertag 
et al. 2009; Schulten et al. 2014 for detailed methodology and 
results). The canopy of this forest is dominated by native species 
but the under and mid-stories are highly invaded by numer­
ous non-native species. In 2004, we established eight plots of 
100m2, pairing four control plots with four plots in which all 
non-native species were removed. We maintained a weed-free 
environment in these removal plots, tracked the ongoing weed­
ing effort and monitored seedling recruitment. We assumed all 
recruitment resulted from either the seed rain or the seed bank. 

Passive Approach—Lessons Learned 

The results of our efforts confirmed that invasive species put 
such great pressure on native biodiversity in these systems, 
that restoration using traditional approaches of tropical forest 
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restoration is not feasible. We measured the initial and main­
tenance effort required to reduce the biomass of non-native 
species, and our metrics of success included the existence 
of a native seed bank, effective native seedling regeneration 
with growth rates that should exceed those of the problem­
atic invaders, and a return of forest conditions such as appro­
priate light quantity and microclimatic variables, which favor 
native vegetation. Conversely, our results revealed a completely 
non-native seed bank despite a native-dominated seed rain, min­
imal native species germination in the first 5 years, and a sub­
stantial management effort to maintain a weed-free environment 
(Cordell et al. 2009; Ostertag et al. 2009). 

Given that the native canopy tree species Metrosideros 
polymorpha (Myrtaceae) vastly dominates the seed rain at 
the site (>90%, see Cordell et al. 2009), and our efforts to 
keep the removal site free of non-native species decreased 
almost 20-fold 3 years following the initial removal, we were 
initially optimistic that our weeding efforts might exhaust 
the non-native seed bank and tip the balance toward native 
regeneration. However, as time went on and the weeding effort 
increased, it became apparent that Metrosideros does not form a 
seed bank and the long lived non-native seed banks continued to 
persist. These results contradict the relative success associated 
with restoration efforts in continental tropical LWF systems 
where removal of threats can facilitate canopy closure by 
fast-growing pioneer species within the first 2–3 years (Tucker 
& Murphy 1997). Canopy closure is an important juncture for 
success given its importance for suppressing weed growth and 
promoting a favorable micro-environment for forest growth 
(Goosem & Tucker 1995). 

In our experiment, we measured successful native species 
recruitment after 10 years, and this satisfied one of our desired 
metrics. However, the most successful species (M. polymorpha) 
is very conservative in its growth and has diameter growth 
rate of approximately 1mm/year (Ostertag et al. 2014). In 
contrast, some of the non-native species can achieve diameter 
growth rates of 10mm/year and are capable of reaching heights 
of 2–3m between annual weedings (Cordell 2015, personal 
observation). This sobering reality highlights the vulnerabil­
ity and risk of non-native species only restoration efforts. In 
response to these outcomes, in 2010 we began actively outplant­
ing native species into the removal plots. Eight years following 
planting close to 70% of the seedlings had survived but less 
than 20% reached a meter in height, indicating a potential 
height growth rate of 0.2m/year (Schulten et al. 2014). Despite 
relatively high survival rates in the removal plots, the relative 
growth rates of these seedlings 2 years later were not greater 
than those of the naturally recruited indicating that many LWF 
native species are likely not adapted to effectively or efficiently 
take advantage of resources associated with a gap environment 
following disturbance. 

Next Steps 

Under ideal circumstances, short-term management translates 
into long-term restoration efforts that require little to no inter­
vention. The level of management required in Hawaiian LWF 

10 years after initial weeding began, highlights the need to 
re-evaluate the original goals and assumptions of the project. 

The daunting reality is that ongoing control of non-native 
species has not transformed this highly invaded system into 
a native-dominated one, but rather has resulted in the recruit­
ment of new non-native species assemblages. Our results indi­
cate that invasive species management in Hawaiian LWF must 
be maintained, perhaps perpetually, to reduce or exhaust over-
all non-native recruitment. Our data further imply that resource 
managers in Hawaii cannot rely on the seed bank to assist in 
restoration of native biodiversity as the bulk of the seed bank 
is dominated by non-native species, and does not necessarily 
reflect the native seed rain or standing vegetation (Cordell et al. 
2009). It could be assumed that additional labor-intensive strate­
gies, such as native species outplanting and controlling the seed 
rain, would be necessary to shift the balance in favor of native 
species. But even these strategies have proven unsustainable 
over time, given the difference in growth rates between native 
and non-native species. Furthermore, the economic and labor 
costs of such strategies are very high, and would have to be rig­
orously evaluated in order to make restoration decisions. In a 
nutshell, adopting a zero-tolerance policy for non-native species 
was neither biologically nor economically realistic. Should we 
then admit defeat and conclude that a return to native assem­
blages is not possible in this ecosystem type? When does the 
cost of restoration outweigh the success? 

It would be easy to give up at this point and end the exper­
iment. Most of the key data sets were published, and quite 
frankly, field work at this site was difficult. In addition to the 
standard elements of tropical heat, rain, and mosquitoes, the 
field site boasts dense thickets of clonal invasive species, vines, 
and a very sharp and unstable, rocky substrate that make field 
work hard to negotiate. Our researchwas notmandated by a gov­
ernment agency for compliance to environmental regulations, 
and as such we had no clearly defined quantifiable targets at 
the start. Instead, we undertook this research because we had 
the experiences of a privileged few—inspiring visits to rare 
remaining LWF sites in much better condition (although by no 
means pristine). As an added bonus, the field site is within a 
10-minute drive of home institutions, simplifying logistics and 
cutting down significantly on funding needs. The site was an 
easy place to involve volunteers and university classes in service 
learning, and to provide research experience for undergraduates. 
Thus, the experiment was a personal and intellectual challenge, 
motivated by our sincere passion for native-dominatedHawaiian 
ecosystems. Little to nothing was known about LWF restoration 
when we started, and our approach was based on a combina­
tion of knowledge, observation, and educated guesses. Looking 
back, it is evident why many assumed that these forests were 
non-restorable. Such a tremendous amount of physical energy 
has gone into creating the removal plots that it became clear why 
most removal experiments are done in herbaceous communities 
(Loh & Daehler 2007; Lavorel et al. 2013). 

The enormous amount of personal investment that had gone 
into the experiment made the option of “giving up” not one that 
we wanted to accept. Given that a more pragmatic approach 
seemed necessary, we decided to adopt a hybrid strategy that 
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tolerates or even embraces certain non-invasive, non-native 
species whereas highly invasive species are deemed unaccept­
able. These new combinations may arise via the spread of 
non-native species, range shifts due to climate change, agricul­
ture, forestry, or other means of species movement and manip­
ulation. 

We designed a new experiment—the Liko Nā Pilina Project, 
which represents a compromise between the “beat them” and 
the “join them” viewpoints. The name of the project effectively 
translates to “budding or new relationships and/or connections” 
in the Hawaiian language, because the focus still remains on 
removing invasive species, but in the new experiment these are 
replaced with combinations of native species and non-native 
species deemed to be non-invasive (based on assessments such 
as the Hawaii Weed Risk Assessment) (Daehler et al. 2004). 
Rather than trying to return to an all-native state, Liko Nā Pilina 
aims to reclaim ecosystem functioning and this restoration is 
carried out through the creation of novel communities (Morse 
et al. 2014), based on the functional traits of different species. 
As discussed elsewhere (Ostertag et al. 2015), candidate species 
were evaluated based on their traits, and groupings of species 
were chosen as assemblages that could collectively provide spe­
cific functional outcomes (such as increased carbon sequestra­
tion, shading, etc.). 

A key finding has been that the native species collectively 
differ from non-native species in their functional trait profiles 
(Van Kleunen et al. 2010). Native species tended to be clustered 
in trait space suggesting a limited range of trait combinations. 
This result implies that in Hawaiian lowland ecosystems where 
invasion is a more prevalent problem than other tropical sys­
tems, native-only restoration projects may not be effective in 
resisting problematic invaders than when relevant non-native 
species are added to the mix. In a tropical dry system restora­
tion experiment, Questad et al. (2012) found that the restoration 
treatments that most benefitted native species success were the 
same treatments that favored invasion. In the short term, and 
with management of non-native species, appropriate site treat­
ments in this study enhanced native species survival—but when 
weed management ceased—the longer-term outcome was a net 
decrease in native biodiversity. This example highlights the idea 
that in Hawaii trait selection to maximize resource use opti­
mization of a site may be more important in the long term than 
species selection toward a historical assemblage (Ostertag et al. 
2015). Although a restoration effort that leads to a novel eco­
logical community may be contentious, we would argue that 
this pragmatic approach aligns with restoration theory, as it 
restores ecosystem processes which have been lost as a result 
of species invasions. The results of Questad et al. (2012) per­
suaded us that restoration to promote invasive species resistance 
may require effectively filling functional/niche/trait space rather 
than native species diversity. With this in mind it is important 
to stress that for the Liko Nā Pilina Project we also included 
non-native species that are culturally important to humans in 
some way—either canoe plants brought by early Hawaiians 
(e.g. breadfruit [Artocarpus altilis], kukui nut [Aleurites moluc-
canus], coconut [Cocos nucifera]) or species introduced by later 

colonists (e.g. mango [Mangifera indica] and avocado [Persea 
americana]). 

We designed treatments in the Liko Nā Pilina Project to 
vary in carbon (C) turnover rates and in the functional simi­
larity of species (i.e. species combinations incorporate either 
functional complementarity or redundancy). Based on our pre­
vious results and observation of Hawaiian LWF’s, we chose 
species whose traits foster slower carbon and nutrient cycling 
because this mimics native Hawaiian systems. We expect this 
will likely favor native biodiversity and further discourage the 
vicious cycle which favors invasive species (Ostertag et al. 
2015). Results of the study will provide a quantitative assess­
ment of the value of designing self-sustaining combinations of 
species that balance tradeoffs between supporting native biodi­
versity, resistance to invasion by non-desirable plants, and fos­
tering human needs (such as C storage or food availability). We 
fully expect to recapitulate our previous experience—there will 
be a series of successes and failures, and adaptive restoration 
practiced—but at least this time we can set more realistic crite­
ria for determining “compliance,” rather than “success” (sensu 
Zedler (2007). 

It is important to state explicitly that we are not advocating 
a global abandonment of traditional restoration approaches in 
favor of alternative approaches like ours. We present the func­
tional trait approach as one that can be potentially adaptable in 
other ecosystems (Ostertag et al. 2015), but the fact is that it is 
likely that the relevance of a hybrid ecosystem approach that 
mixes native and non-native species is only useful and neces­
sary in extremely modified, already novel systems and cases 
like ours, where recovery processes left to natural succession 
are ineffective. 

On this journey, there have already been surprises. Unex­
pectedly, and by thinking creatively, we were able to align the 
restoration of our site, a military reservation, with the objec­
tives of the military, whose training of soldiers was impeded by 
the existing dense forest understory of invasive species. Often 
opposing mandates require a partitioning of the landscape, but 
in this case the proposed hybrid system offers both a suitable 
tropical forest structure for training and a suite of species quanti­
tatively selected to develop into systems that resist invasion and 
promote native habitat and biodiversity (Ostertag et al. 2015). 
Another surprise has been the amount of local interest that has 
been generated by the approach. During presentations of our 
project in public forums, we have received interest from kinder­
garten to high school groups, Hawaiian organizations, media 
outlets, academics, and resource managers; many individuals 
and organized groups have volunteered their services in the 
field. The level of community excitement and engagement in 
the project has been a very rewarding experience, in contrast 
with the reception received from other “fenced off” research 
projects. Such community support may stem from the fact that 
historically and culturally many accessible native forests were 
intentionally managed and likely enhanced to increase utility 
(Kirch 1982, 1997; Berkes et al. 2000; Athens et al. 2002). 
Native biodiversity is a critical component required to sustain 
cultural identity, and some species (such as Metrosideros poly­
morpha) serve as both biological and cultural keystone species 
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(Garibaldi & Turner 2004; Gomes 2013). Likewise, introduced 
species in Hawaii especially those brought from Polynesia have 
always had similarly important cultural roles to those of the 
native species. The melding of both elements, and particularly 
the choice of canoe plants and food plants, is appealing. Fur­
thermore, society’s concept of “naturalness” is changing in great 
part due to necessity (Hobbs 2004; Hobbs et al. 2013). The vast 
human imprint on ecosystems globally has made practitioners 
realize that we cannot resist change (e.g. accomplish complete 
restoration), but rather we can accept or guide landscape change 
(Aplet & Cole 2010). In human-dominated small island systems 
where land will always be limiting, the idea of using a forest for 
multiple objectives (i.e. watershed protection, sustenance, and 
recreation) is more readily accepted and supported. 

Conclusion 

Our efforts to restore native species to Hawaiian LWF have 
required a significant amount of resources and continued man­
agement; we anticipate that management must continue indefi­
nitely. We can never completely walk away from management, 
and we have to accept that some ecosystems cannot be returned 
to an all-native state. This insight is important because we are in 
a place (Hawaii) and a forest type that is the worst-case scenario. 

Tracking the results of our management actions over time 
made our initial successes seem less substantial, and highlighted 
the lack of sustainability over time, as well as the difficulty 
in scaling these efforts to larger landscapes. New and novel 
strategies must therefore be introduced to sustainably protect 
and preserve biocultural diversity. The perspective gained from 
long-term data collection is sobering but valuable, teaching us 
that in future projects adaptive management and a plan for 
sustainability need to be considered from the outset. 
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