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Abstract

Governments and conservation organizations worldwide are motivated to manage invasive
species due to quantified and perceived negative ecological and economic impacts invasive
species impose. Thus, determining which species cause significant negative impacts, as well
as clear articulation of those impacts, is critical to meet conservation priorities. This process
of determining which species warrant management can be straightforward when there are clear
negative impacts, such as dramatic reductions in native diversity. However, the majority of
changes to ecosystem pools and fluxes cannot be readily categorized as ecologically negative
or positive (e.g., lower soil pH). Additionally, diverse stakeholders may not all agree on impacts
as negative. This complexity challenges our ability to simply and uniformly determine which
species cause negative impact, and thus which species merit management, especially as we
expand invader impacts to encompass a more holistic ecosystem perspective beyond biodiver-
sity and consider stakeholder perspectives and priorities. Thus, we suggest impact be evaluated
in a context that is dictated by governing policies or conservation/land management missions
with the support of scientists. In other words, within each jurisdiction, populations are iden-
tified as causing negative impact based on the hierarchical governing policies and mission of
that parcel. Framing negative impact in a management context has the advantages of (1) easily
scaling from individual landscapes to geopolitical states; (2) better representing how managers
practice, (3) reflecting invasive species as spatially contextual, not universal, and (4) allowing for
flexibility with dynamic ecosystems undergoing global change. We hope that framing negative
impact in an applied context aids management prioritization and achieving conservation goals.

Governments and conservation institutions are concerned with invasive species because of the
known and potential negative impacts they impose to biodiversity, ecosystem function, the
economy, and human health. Thus, most scientific, policy, and conservation organizations con-
sider invasive species to be those exotic organisms that cause negative impacts (Jeschke et al.
2014; Russell and Blackburn 2017). This definition of negative impact is straightforward,
sensible, and clearly parses the role of these exotic species in the ecosystem, and simplifies
conservation and the protection of ecosystem services. Within this paradigm, invasive equates
to an exotic species causing negative impact, and should thus be prevented or managed.

This has led to scores of individual studies seeking to understand the role and consequences
of exotic species across Earth’s ecosystems (e.g., Vilà et al. 2011), as well as to identify which
species are to be managed due to their negative impacts (Barney 2016; Kumschick et al.
2012). Unfortunately, the species and ecological processes that have been studied to date do
not represent the full diversity of exotic species and ecological impacts (Fletcher et al. 2019;
Hulme et al. 2013). Thus, our fragmented understanding of the ecological impacts ofmost exotic
species clearly limits our ability to determine which species are damaging, and thus invasive, and
subsequently hamper impact-based management prioritization (Kumschick et al. 2012).

In some cases, ecological impacts are obvious and unambiguous, as when introduced
predators consume native species (e.g., Medina et al. 2011). Though many schemes have been
devised (Bartz and Kowarik 2019), in most cases attributing ecological changes to specific
species is challenging (Barney et al. 2013, 2015; Kumschick et al. 2014). Thus, we are left with
an incomplete accounting of the “real” ecological impacts of most exotic species (Barney et al.
2013). Continued elucidation of the role exotic species play in ecological processes remains an
extremely valuable endeavor, especially in this era of rapid global change when the consequences
of invasions are projected to intensify (Millennium Ecosystem Assessment 2005).

Despite these limitations, meta-analyses are being used to understand trends of ecological
impacts from individual studies into broad categories (e.g., species richness, soil carbon pools)
and testing for statistical differences between invaded and uninvaded plots. Importantly, there is
a pattern among diverse taxa that many exotic species are reducing the number and abundance
of native species across the globe (Fletcher et al. 2019; Gallardo et al. 2015; Matsuzaki et al. 2008;
Morales and Traveset 2009; Tekiela and Barney 2017; Vilà et al. 2011;Ward and Ricciardi 2007).
Loss of native diversity is considered universally negative to conservation, but also to all other
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aspects of ecosystem function that are associated with that diver-
sity. Thus, any exotic species responsible for the decline of native
species is having an unambiguous negative ecological impact and
should be managed.

However, the delineation of what constitutes “negative”
impacts for the multitude of other ecological changes associated
with exotic species is far less clear (Figure 1). Ecosystems are
complex networks of matter, energy, genes, and their transfor-
mations that are valued as life-sustaining “services” on which all
humans depend. Thus, any perturbation or threat to these services
could be considered negative, and the species associated with that
change prioritized for management. Measuring these changes has
been made easier by our ability to more easily quantify underlying
mechanisms of ecosystem change, such as changes in specific pools
and fluxes (Kumschick et al. 2014). For example, exotic plants have
been associated with reductions in soil pH (Vilà et al. 2011), intro-
duced carp with reductions in water nitrogen levels (Matsuzaki
et al. 2008), and exotic mussels with reduced water turbidity
(Gallardo et al. 2015) (Figure 1). However, Dreissena mussels
(zebra and quagga mussels) also increase the richness, density,
and biomass of benthic macroinvertebrates (Ward and Ricciardi
2007). While these changes range from numerically lower to
higher than the reference (usually an uninvaded control), the
interpretation of these changes as ecologically “negative” is far
from clear. Further complicating interpretation is that a single

species can cause a variety of numerically negative, positive, and
neutral changes among a multitude of ecosystem parameters
(Figure 1).

We have shown that the exotic grass Japanese stiltgrass
[Microstegium vimineum (Trin.) A. Camus] causes a variety of
numerically positive, negative, and neutral ecological changes: it
reduces light availability and litter abundance; increases total plant
cover, plant richness, and soil pH; but has no effect on native cover
and soil organic matter (Tekiela and Barney 2015). Thus, we are
left with how to interpret exotic species–associated changes when
the direction of change is not clearly associated with a negative
ecological impact, and when other relevant parameters change
in multiple directions (e.g., some numerically positive, some
numerically negative).

Paradoxically, from the perspective of climate change miti-
gation, a species that increases carbon storage may be viewed
as desirable, in spite of ancillary changes. This could be true for a
variety of ecosystem services (Pejchar and Mooney 2009). Exotic
species considered ecological pariahs in some contexts can have ben-
eficial roles in disturbed landscapes (D’Antonio andMeyerson 2002).
For example, yellow star-thistle (Centaurea solstitialis L.) is a damag-
ing noxiousweed inCalifornia but is also valued for honey production
(Maddox et al. 1985). As Colautti and Richardson (2009:1227)
state, “Virtually any measure of impact can be used to call a
species invasive, making generalizations difficult, or even spurious.”

Figure 1. Examples of numerically positive, negative, and neutral directional changes associated with exotic plants, crayfish, carp, and Dreissena mussels. Red arrows are
generally considered negative impacts, and green arrows are often considered positive, though not always. The white arrows represent ecological changes that are not clearly
negative or positive and often depend on stakeholder perspective. Themagnitude of changes is not represented. Data fromMatsuzaki et al. (2008), Vilà et al. (2011), and Ward and
Ricciardi (2007).
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Including the socioecological contexts of exotic species is imperative,
especially as novel ecosystems become the norm (Hobbs 2000).

An additional consideration that is seldom acknowledged,
and rarely empirically studied, is the variation of impacts across
the introduced range of an exotic species (Valéry et al. 2008).
Large variation in impacts could be expected, especially at the
range margins of exotic species where they are experiencing
novel biotic and climatic conditions (Alexander and Edwards
2010). Broad application of negative impacts to entire species
across large geographies based on limited empirical information
is inappropriate (Simberloff et al. 2013). Thus, we are in need
of a clear application of the ecological evidence in a spatially
flexible management context.

Given these challenges, we propose that an exotic species’
impact be considered in the context of the relevant policy and mis-
sion of governments, conservation organizations, and managers,
which are structured to protect and support specific commodities,
processes, and species, and be applied in a governing hierarchy.
Any exotic organism that threatens, or is likely to threaten, the
integrity of those directives within relevant jurisdictional bounda-
ries is considered to be having a negative impact. This could scale
from large boundaries such as entire countries down to individ-
ual land parcels with multiple nested jurisdictions in between
(Figure 2). For example, federal noxious weeds are regulated across
the entire United States due to their known and perceived impact,
as are state-listed noxious weeds. Thus, these regulations apply to
all jurisdictions within the hierarchy.

At a smaller spatial scale, if a land parcel is managed to protect
migrating birds and their habitat, then any exotic species that
directly or indirectly threatens that mission is considered to be
causing negative impact, and its management would be warranted.
This would include exotic predators of the birds and exotic plants
that threaten bird habitat. Conversely, exotic species that offer
beneficial habitat for migrating birds may not be considered
to be causing negative impact for that parcel and may even be
associated with positive impacts in the context of the overall
mission. Suitable native alternatives should be considered, but
this decision would be made individually and in consideration
of all applicable laws, policies, and regulations at larger hierarchical
levels. Similarly, the USDA and myriad other organizations are
working to protect honeybees (Apis mellifera L.) across the
United States from a variety of threats due to the heavy reliance
on bee pollination for dozens of high-value crops. One primary
threat is the exotic varroa mite (Varroa destructor Anderson
and Trueman), which is associated with colony collapse disorder
(Cox-Foster et al. 2007). Thus, despite A. mellifera being exotic to
the United States, and in some contexts considered invasive itself
(Thomson 2004), it is generally considered to be desirable and
to have positive ecological impacts. Conversely, V. destructor is
threatening A. mellifera populations and food security and is thus
considered to be causing negative impact and is managed as such.

The flexibility of this framework can also accommodate local
priorities of one group being at odds with the mission of the
region. For example, many biofuel crops are known to be highly
invasive in areas where they are proposed for introduction
(Barney 2014), but growers may recognize significant economic
value in biofuel production. In these cases, local, state, and
federal regulations limit the use of regulated species and protect
the greater good of the region over the economic benefits of a
select few at the expense of others (Bagavathiannan et al. 2019).
In circumstances where there are competing interests in nearby

jurisdictions (e.g., biofuel producer vs. conservation easement),
both parties should work together to ensure mutual noncompeting
goals are met with regard to the use of exotic species.

This application of exotic species negative impact to popula-
tions that threaten something protected or of value allows clear
interpretation of negative impacts that is context and management
specific. This does not diminish the breadth of changes associated
with exotic species (positive, negative, neutral), which should con-
tinue to be a focus of research, rather it is a recognition that the
interpretation of those changes as ecologically negative is not
unambiguous and should be made applicable to land managers.
Thus, populations of a species may be considered as having neg-
ative impact in some contexts, but not in others. It is more impor-
tant to manage based on the specific contexts, which is the scale at
which the vast majority of management already occurs. In other
words, this approach should better facilitate management prioriti-
zation. This is not to argue that an “innocent until proven guilty”
approach is warranted, which suffers its own flaws andmisconcep-
tions (Simberloff 2003). Rather, any exotic organism that threatens
the mission of individual organizations, jurisdictions, and/or pol-
icy can be considered to be having negative impact.

Our knowledge of the ecological impacts of most exotic species
is incomplete (Hulme et al. 2013), and when known may include a
range of numerically positive, negative, and neutral changes.
Therefore, it is more important than ever to understand the direct
and indirect effects all species have on their environments (Barney
et al. 2015; Kumschick et al. 2014), but categorizing species as
impactful because of an associated ecological change somewhere
within its invasive range is injudicious and leads to miscommuni-
cation and misinformation among managers. Identifying exotic
organisms as those that threaten the policy, mission, and/or
conservation directives (1) better represents the scale at which
managers practice, (2) gives managers the information they
need to prioritize populations, (3) reflects the scale of invasion
as one of context and not universality, and (4) allows flexibility
with dynamic ecosystems undergoing global change. We pro-
pose this as a suggested first step in developing a more applied
approach to invasive species impact mitigation. Many challenges
remain (e.g., neighbors with competing interests), but we hope this
generates conversation on how to move toward improved invasive
species management.

Figure 2. A hypothetical nested hierarchy of species with negative impact. The larg-
est area (orange) considers species A and B to be causing negative impact, which could
be federal noxious weeds or similar. The next nested parcel (yellow) considers
species C to be causing negative impact, which would also include species A and B.
Likewise, the smallest parcel (green) would consider species A, B, C, and D, according
to the nested hierarchy, to be causing negative impact. This nested governing
hierarchy allows consideration of negative impacts at various spatial scales.
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