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Abstract  Rates of biological invasion are rarely 
described as a sustainability issue, yet multiple lines 
of evidence suggest that burgeoning invasion rates 
cause ecosystems to be less sustainable over time. 
Field data reveal that as the number of established 
non-native species (‘invaders’) in an ecosystem 
increases so does the likelihood that at least one of 
them will cause, directly or indirectly, an ecological 
disruption—i.e., a substantial alteration or interrup-
tion in ecosystem function. Furthermore, a change 
in environmental conditions can trigger an initially 
innocuous invader to become disruptive long after 
its establishment; invasions can thus have deferred 
impacts whose nature and timing are unpredictable. 
Finally, case studies show that invaders can interact 
with each other and with co-occurring stressors to 
produce synergistic impacts, although it is not clear 
how frequent such understudied interactions are in 
comparison with additive and antagonistic effects 
across ecosystems. If additive or synergistic impacts 

are more frequent than antagonistic effects, then 
increasing colonization pressure (the number of spe-
cies introduced) can cause ecosystems to become 
more easily disrupted and difficult to manage over 
time. Assuming that each new invader, on average, 
increases the risk of disruption to an ecosystem, then 
even a small reduction in the invasion rate can ben-
efit ecosystem sustainability.  These considerations 
justify efforts to reduce invasion rates globally, as 
directed by the Kunming-Montreal Global Biodiver-
sity Framework.

Keywords  Colonization pressure · Ecosystem 
stability · Ecosystem management · Invasional 
meltdown · Invasive species

Introduction

Ecological sustainability is “the maintenance or resto-
ration of the composition, structure, and processes of 
ecosystems including the diversity of plant and ani-
mal communities and the productive capacity of eco-
logical systems” (Potter and Ford 2004). A sustain-
able ecosystem can be defined as one that maintains 
stability—i.e., it is resistant or resilient to changes in 
its biodiversity and ecological functions, including 
ecosystem services provided to future generations (cf. 
Chapin et al. 1996). Fundamental to the sustainability 
of ecosystems is a resiliency to episodic disturbances, 
both natural and anthropogenic, such as disease 
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outbreaks, wildfires, and biological invasion—the 
spread of plants, animals, and microbes into regions 
beyond their native range. Although biological inva-
sion is a natural process that has occurred through-
out the history of life, under human influence species 
are moving faster, farther, and in greater numbers 
than ever before, such that modern rates of invasion 
are orders of magnitude higher than before global 
human expansion (Ricciardi 2007). Driven largely by 
socioeconomic forces (e.g., Sardain and Leung 2019), 
invasion rates have accelerated over the past century 
and show no sign of saturation (Mormul et al. 2022; 
Seebens et al. 2021, 2017).

The ecological and socioeconomic impacts of inva-
sions are diverse, potentially enormous, and globally 
pervasive (IPBES 2023). The introduction of a novel 
organism can reshape entire ecosystems (Koel et  al. 
2019; Doody et al. 2017; Tobin 2015; Spencer et al. 
1991; Zaret and Paine 1973). Invasions have altered 
biological communities, nutrient cycling, primary 
production, and natural disturbance regimes (IPBES 
2023; O’Bryan et al. 2022; Fusco et al. 2019; Simber-
loff et al. 2013), and they are among the leading driv-
ers of species extinction (Bellard et al. 2016; Doherty 
et al. 2016; Clavero et al. 2009; Clavero and García-
Berthou 2005). Invasions can also disrupt key ecolog-
ical interactions, including plant-animal mutualisms 
that are essential for pollination and seed dispersal 
(Traveset and Richardson 2006), and they can  pro-
duce cascading effects that transform food webs and 
ecosystem functions (Koel et  al. 2019; Fusco et  al. 
2019; Doody et  al. 2017; Spencer et  al. 1991; Zaret 
and Paine 1973). Their impacts on ecosystem ser-
vices are similarly extensive (Gallardo et  al. 2024; 
Castro-Díez et  al. 2019; Sandman et  al. 2018; Vilà 
and Hulme 2017; Walsh et  al. 2016) and can have 
repercussions for human and animal health (Burkett-
Cadena et al. 2021; Mazza et al. 2014). Finally, they 
carry enormous and rising economic costs associated 
with damages to goods, services, infrastructure, and 
production (Diagne et  al. 2021). Collectively, inva-
sions are as financially costly as natural disasters 
(Turbelin et al. 2023).

Even though non-native species are now widely 
recognized as a major threat to biodiversity and eco-
system services (IPBES 2023), uncontrolled rates of 
invasion have rarely been framed as a sustainability 
issue. I conducted a Clarivate Web of Science search 
on 18 June 2025 using the following search string: 

sustainability AND (non-native OR nonindigenous 
OR alien OR invasive) AND species. It yielded 1544 
articles, of which the first 200 most relevant articles 
were assessed. While some articles referred to inva-
sive species’ impacts on economic sustainability (e.g., 
food security; Bebber et al. 2014) or on the sustain-
able exploitation of particular native or non-native 
species (Pušić et al. 2024; Paul and Karr 2016), only 
11 of 200 (5.5%) explicitly identified invasions as a 
threat to sustainable ecosystems, and none of these 
articles elaborated on how sustainability is affected 
by invasion rates or colonization pressure—the num-
ber of species introduced to an area. The paucity of 
scientific and media attention to the risks to ecosys-
tem sustainability posed by burgeoning numbers of 
invasions could contribute to lower advocacy by envi-
ronmental groups, which perhaps do not view inva-
sion rates with the same concern they hold for rates 
of carbon emissions, as the consequences of the lat-
ter are better known and reported by climate scientists 
and the media widely.

Here, using theory and empirical evidence, I argue 
that uncontrolled invasion rates threaten ecosystem 
sustainability through increasingly frequent, diverse, 
and unpredictable impacts. This argument is based on 
four propositions: (1) greater colonization pressure 
yields a higher risk of ecological disruption by, inter 
alia, breaking or reforming links in food webs, caus-
ing rapid native species declines, promoting regime 
shifts, and degrading ecosystem services; (2) ini-
tially benign invaders could become disruptive later 
as environmental conditions change; (3) invaders can 
interact with each other and with external stressors 
synergistically—that is, their combined impact can 
be greater than the sum of their respective independ-
ent impacts; and (4) even a rising accumulation of 
invaders that have predominantly ‘positive’ impacts 
on one or more resident native species can result in 
unpredictable shifts in community structure and 
abundances that destabilize recipient ecological com-
munities and challenge adaptive management. Collec-
tively, these propositions imply that each new inva-
sion, on average, adds to the overall risk of ecosystem 
disruption and thus reduces sustainability.
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Colonization pressure and risk of disruption: 
multiple scenarios

Some studies suggest that greater numbers of non-
native species established within an ecosystem or 
region increase the likelihood that some of them will 
become highly invasive or disruptive (Ricciardi and 
MacIsaac 2011; Blackburn et al. 2005; Rejmánek and 
Randall 2004). In one scenario, the number of non-
native species that becomes disruptive is a relatively 
small, fixed proportion—representing a sampling 
effect in which the risk of disruption increases lin-
early with each new invader (the ecological roulette 
model). For example, an analysis of 17 large fresh-
water and marine ecosystems (Fig.  1) indicated that 
as more species invade, there is a greater the likeli-
hood that at least one of them will severely damage or 
extirpate a native population (Ricciardi and MacIsaac 
2011). Similar linear relationships have been shown 
for high-impact fish invaders in 149 regions world-
wide (Ricciardi and Kipp 2008) and for non-native 
pest plants across the United States (Rejmánek and 
Randall 2004). Following the same principle, plant 
species listed as among the 100 worst invaders in 
Europe are more common in areas with higher non-
native species richness (Chytrý et  al. 2012). Other 
studies have found positive relationships between 
the number of non-native species established on an 

island and the severity of their collective impact on 
the island’s native biodiversity (Walsh et  al. 2012; 
Blackburn et al. 2005). Thus, multiple lines of empir-
ical evidence indicate a direct relationship between 
colonization pressure and impact, suggesting that 
if colonization pressure remains continuous then 
impacts will accumulate over time (ecological rou-
lette model; Fig. 2).

This risk can be compounded by at least three phe-
nomena. One is the increasing accessibility to source 
species pools in native ranges worldwide—a conse-
quence of expanding transportation networks and 
environmental change, which has resulted in continu-
ously emerging invaders with no prior history any-
where as a non-native species (Seebens et al. 2018). 
The emergence of these new non-native species from 
previously  disconnected regions  challenges ecologi-
cal forecasting, which often relies on documented 
invasion histories to predict the identities and impacts 
of future invaders (Kumschick et  al. 2015). Further-
more,  expanding source pools increase  the risk of 
introductions of species whose traits are novel to the 
recipient community; such species are more likely to 
generate strong ecological  impacts (Ricciardi et  al. 
2013).

Risk of ecological disruption is also compounded 
by the ‘sleeper population’ phenomenon, in which 
invaders that are apparently innocuous can be trig-
gered by an environmental change to become dis-
ruptive after many  years or even centuries follow-
ing establishment (Spear et  al. 2021; Crooks 2005). 
In other words, their impacts are deferred to some 
unpredictable future moment, in contrast with the 
oft-reported pattern in which a non-native popula-
tion that is initially invasive ultimately declines in 
abundance or impact (Strayer et al. 2006). Cascading 
effects of triggered species can cause habitat degra-
dation (Rohwer et al. 2024) and a substantial loss of 
ecosystem services (Walsh et  al 2016). The trigger 
is often an external stressor such as climate change 
(Witte et  al. 2010; Scheibling and Gagnon 2006) or 
the arrival of another invader (Zanger and Berenbaum 
2005; Stout et al. 2002; Richardson et al. 2000).

The third phenomenon that compounds the risk 
of disruption is that invaders can interact in com-
mensalistic, exploitative, or mutualistic ways in 
which one species enhances the other’s abundance 
and impact (Ricciardi and Simberloff 2025). It has 
been hypothesized that facilitation can produce a 

Fig. 1   Empirical support for the ecological roulette model. 
Number of high-impact invaders (defined as those caus-
ing severe reductions or extirpations of one or more native 
populations) as a function of the total number of established 
non-native species in an ecosystem: slope = 0.10 ± 0.02 (95% 
confidence limits), R2 = 0.85, p < 0.0001. Data are from 17 
freshwater and marine systems. Redrawn from Ricciardi and 
MacIsaac (2011)
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positive feedback in which invasions beget more 
invasions, leading to an increasing rate of accumula-
tion of invaders and their impacts (‘invasional melt-
down’ sensu Simberloff and Von Holle 1999). An 
example from cultivated systems in several coun-
tries is the exacerbation of Asiatic citrus canker dis-
ease by herbivory from an invasive insect, the Asian 
citrus leaf miner Phyllocnistis citrella (Hall et  al. 
2010). Various mechanisms can plausibly result in 
invasional meltdown, but cases of whole-ecosystem 
transformations have been rarely documented (Ric-
ciardi and Simberloff 2025). In addition to facilita-
tion among themselves, an accumulation of invad-
ers can increase the risk of synergistic interactions 
with climate change and other co-occurring external 
stressors (Rodrigues et al. 2024; Warren et al. 2023; 
Ravi et  al. 2022; Geraldi et  al. 2020; Straub et  al. 
2019; Sainz et  al. 2013). These interactive effects 
are predicted by the facilitation-synergy model 

(Fig.  2). Both the facilitation-synergy and ecologi-
cal roulette models are alternatives to the classical 
model of biotic resistance—which predicts that suc-
cessive invasions cause a community to accumulate 
stronger competitors, more efficient predators, and 
well-defended prey, such that the number of new 
invaders and their impacts become increasingly lim-
ited over time (Case 1990, 1991).

The biotic resistance model has dominated eco-
logical thinking for decades, but it is contradicted 
by accelerating accumulations of non-native spe-
cies observed in large ecosystems (e.g., Jackson and 
Grey 2013; Ricciardi 2006, 2007; Gaston et al. 2003; 
Cohen and Carlton 1998). These patterns are consist-
ent with invasional meltdown, but they alone do not 
offer support for the facilitation-synergy model in 
the absence of increasing trends in impact magnitude 
and/or frequency. Temporal data for ecological dis-
ruptions within ecosystems are scarce—which might 

Fig. 2   Hypothesized mechanistic links between colonization 
pressure and risk of ecosystem disruption. As colonization 
pressure increases, disruptions by invaders are predicted to 
become more frequent. This can occur through a direct sam-
pling effect—where some fixed proportion of introduced spe-
cies becomes disruptive (the ecological roulette model)—or 
through facilitation, where some introduced species will aug-

ment the abundance  and impacts  of previously established 
invaders. Synergy with co-occurring environmental changes 
can also trigger formerly innocuous species to become disrup-
tive. A predominance of facilitative or synergistic effects is 
predicted to cause a superlinear increase in accumulation of 
disruptive impacts (the facilitation-synergy model)
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simply reflect the fact that the impacts of most inva-
sions are unknown, even for relatively well studied 
systems. Some empirical support for the facilitation-
synergy model comes from a study finding that the 
proportion of recently extinct birds on oceanic islands 
increases superlinearly with the number of introduced 
predatory mammals (Blackburn et  al. 2005). In an 
apparent contradiction to the model, Jackson (2015) 
found an overall predominance of antagonistic (off-
setting) interactions between invaders across studies 
for ecosystems in general; yet in at least some invaded 
systems, observed positive interactions are as fre-
quent as purely negative ones (Ricciardi 2001) and 
synergies have been documented (Lone et  al. 2024; 
Yu et  al. 2023; Vujanović et  al. 2022; Zenni et  al. 
2020; Ricciardi 2005). While it is logical to assume 
that an increase in colonization pressure also yields 
more opportunities for the introduction of coevolved 
enemies that could constrain the spread, population 
growth, and impact of a resident invader, in some 
contexts these presumed enemies can have facilitative 
effects on their natural hosts by disproportionately 
suppressing native competitors in the invaded range 
(the ‘Enemy-of-my-Enemy-is-my-Friend’ hypothesis; 
Colautti et al. 2004), or they may trigger rapid adap-
tive responses in their hosts that have collateral dam-
age to other resident species. An example of the latter 
is rapidly evolved increased toxicity in the European 
plant wild parsnip Pastinaca sativa in response to 
the introduction of one of its coevolved herbivores 
(Zangerl and Berenbaum 2005). Finally, even where 
the classical biotic resistance assembly model and its 
asymptotic species accumulation curve might apply, 
invaders would continue to accumulate (albeit slowly) 
under sustained colonization pressure, with each one 
being a potential disruption. Even in that scenario, 
some synergistic effects are likely inevitable.

Although meta-analyses suggest that antagonisms 
generally dominate stressor interactions (Ahmad et al. 
2025; Lopez et al. 2022; Jackson et al. 2016), syner-
gies appear to be at least as frequent as antagonisms 
in some ecosystems (Smith et  al. 2019). Moreover, 
interactions involving non-native species and other 
stressors can have complex ecosystem-level conse-
quences that do not easily fit within the category of 
synergy or antagonism, but nonetheless can be mul-
tifaceted and disruptive (see Rodrigues et  al. 2024). 
For example, recurring mass mortalities of tens of 
thousands of waterfowl in various areas of the lower 

Great Lakes have been caused by toxic anaerobic bac-
teria whose proliferation is attributed to the interac-
tions of multiple invasive species (Essian et al. 2016; 
Chun et  al. 2013). Filtration by dense populations 
of dreissenid (zebra and quagga) mussels enhances 
water clarity—which, when combined with warming 
water temperatures, stimulates the luxuriant growth 
of benthic macroalgae such as Cladophora (Princé 
et  al. 2018; Higgins and Vander Zanden 2010). 
Decomposition of a massive biomass of algae in late 
summer increases biological oxygen demand, gen-
erating anoxic conditions that trigger the germina-
tion of Clostridium botulinum bacteria (Chun et  al. 
2013). The bacteria are ingested by mussels (Perez-
Fuentetaja et  al. 2006) and passed on to an invasive 
molluscivorous fish, the round goby (Neogobius 
melanostomus)—a highly abundant natural predator 
of dreissenid mussels. Fish-eating waterfowl, particu-
larly loons (Gavia immer), acquire the botulinum neu-
rotoxin by consuming contaminated gobies (Essian 
et  al. 2016). Without the antagonistic (exploitative) 
interaction of the round goby and dreissenid mussels 
in this system, the mass mortality event would not 
have been as severe or might not have occurred at all. 
Despite the presence of this same group of invasive 
species in European waterbodies for several decades, 
no such impact had been previously documented; so 
it could not have been predicted for the Great Lakes. 
Such  ecological surprises are a logical consequence 
of increasing numbers of invasions and other over-
lapping environmental stressors (Filbee-Dexter et  al. 
2017).

How do positive impacts of invaders affect 
ecosystem sustainability?

Logically, the number of non-native species that have 
predominantly positive effects on members of the 
invaded community or ecosystem services will also 
increase with increasing invasion rates. It has been 
asserted by various critics of invasion ecology (e.g. 
Pearce 2015; Sagoff 2005) that since invaders typi-
cally increase local species richness (Sax and Gaines 
2003), and higher species richness contributes to 
community stability (Loreau et  al. 2021; McCann 
2000), it follows that invaded ecosystems should 
become more resistant to disturbances including fur-
ther invasion. Indeed, some established non-native 
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species can augment the abundances of resident 
native species and provide resistance against certain 
invaders (e.g., Carlin et al. 2024). Non-native species 
can also replace, inhibit, or interfere with each other, 
resulting in an attenuation of some of their respective 
impacts (Liu et al. 2018; Russell et al. 2014; Griffen 
et al. 2008). However, there is no evidence that posi-
tive effects from some invaders on resident species 
generally dampen the colonization success of other 
non-native species; otherwise, many  ecosystems 
would be showing signs of increased biotic resist-
ance to invasion over time (Levine and D’Antonio 
1999). Instead, invasion rates are increasing in large 
ecosystems globally—particularly for islands and 
lakes—with no sign of saturation (e.g., Pfadenhauer 
and Bradley 2024; Jackson and Grey 2013; Ricciardi 
2001; Cohen and Carlton 1998).

In various systems, facilitations appear to be at 
least as common as antagonistic interactions among 
invaders (Gallardo and Aldridge 2015; Ricciardi 
2001; Simberloff and Von Holle 1999) and, in some 
cases, have led to increased rates of invasion and 
magnification of impacts (Ricciardi and Simber-
loff 2025). When antagonistic interactions lead to 
the replacement of one invader by another, the shift 
in dominance could produce ecosystem changes or 
disruptions (e.g., David et  al. 2015). Relatively few 
studies have investigated the cumulative impacts of 
multiple invaders, particularly the situations in which 
their impacts become additive, antagonistic, or syn-
ergistic (Kuebbing et  al. 2013); all three outcomes 
can occur for a suite of co-invaders in the same eco-
system, across various ecosystem properties (Lone 
et  al. 2024). Even fewer studies have directly meas-
ured how invasions affect community stability. Evi-
dence from modern time series data for rivers around 
the world indicate that non-native species destabilize 
native fish communities by increasing their temporal 
variability (Czeglédi et  al. 2025; Erős et  al. 2020). 
Similarly, evidence from plant communities sug-
gests that invasions have complex but strong nega-
tive effects on community stability (Frost et al. 2024; 
Valone and Balaban-Feld 2018).

Various studies suggest that the negative impacts 
of invasion on native biodiversity exceed positive 
impacts (Bescond-Michel et  al. 2025; IPBES 2023; 
Paolucci et al. 2013; Salo et al. 2007)—as might be 
expected when considering the  potential evolution-
ary mismatches between invasive and native species 

(Ricciardi et  al. 2013); though some authors have 
alleged, without evidence, a bias toward reporting 
negative impacts. For non-native species that are 
known to have positive impacts on certain native 
species within the community or on ecosystem ser-
vices of importance to certain stakeholders, their 
effects can be compromised by other invaders, whose 
occurrence becomes more probable as invasion rates 
increase. One example is the frequent mass die-offs 
of introduced European honeybees Apis mellifera 
by viral disease transfer from invasive varroa mites 
(Traynor et  al. 2020), a global pest that has devel-
oped resistance to multiple acaricides (Lester 2023). 
Another case is the chinook salmon (Oncorhynchus 
tshawytscha), a commercially valuable Pacific spe-
cies introduced to the Great Lakes, where it is a major 
component of a multi-billion-dollar fishery. The 
principle threat to the chinook salmon population is 
the invasive quagga mussel (Dreissena rostriformis 
bugensis), whose consumption of phytoplankton has 
diverted nutrients from the pelagic food web, thereby 
effectively starving the salmon population (Kao et al. 
2018).

Invaders can produce ecosystem services and dis-
services simultaneously (e.g., Milanović et  al. 2020; 
Limburg et  al. 2010). For example, invasive dreiss-
enid (zebra and quagga) mussels are recognized for 
have greatly improved water clarity in invaded lakes 
(Higgins and Vander Zanden 2010), but they also 
reduce dissolved oxygen (Canale and Chapra 2002; 
Caraco et  al. 2000) and promote toxic algal blooms 
(Steffen et al. 2014; Bierman et al. 2005; Vanderploeg 
et  al. 2001). Moreover, non-native species impacts 
can change over time such that some that are initially 
positive can become detrimental later (e.g., Soto et al. 
2024; Spear et al. 2021) and perhaps vice versa. Even 
where some invasions cause positive impacts on cer-
tain native species (i.e., increases in the abundance 
of one or more native populations), one can imag-
ine the difficulty in developing sustainable manage-
ment plans for an ecosystem in which the population 
abundances of various components of the community 
change substantially, precipitously, and unpredictably.

Challenges for ecosystem management

The ecological roulette and the facilitation-syn-
ergy models (Fig.  2) need to be further explored to 
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understand the situations in which they apply. They 
have at least three significant implications for our 
ability to manage ecosystems. First, we would expect 
that as the number of invaders in a system rises so 
will the number of potential synergies between invad-
ers and other anthropogenic disturbances. There now 
exist many documented cases of invaders facilitating 
each other’s invasion success and magnifying their 
respective impacts through a variety of mechanisms 
(Ricciardi and Simberloff 2025). Any additional 
invader could plausibly contribute to an increase 
in potential synergistic impacts involving complex 
combinations of direct and indirect interactions with 
native species and other invaders already established 
(e.g., Zenni et  al. 2020; Kuebbing et  al. 2016; Ric-
ciardi 2005).

Second, predictive power will be reduced for 
highly invaded or multiply stressed ecosystems, 
where synergies and other ecological surprises can 
compromise risk assessment, confound adaptive 
management, and challenge conservation efforts 
(Smith et  al 2019; Filbee-Dexter et  al. 2017; Côté 
et  al. 2016). Post-hoc explanation, let alone predic-
tion, is rendered increasingly difficult by overlapping 
stressors. In marine coastal ecosystems, for example, 
the number of known pairwise interactions between 
stressors can exceed 100, requiring an immense num-
ber of experimental treatments to quantify (Côté 
et  al. 2016). Moreover, some extremely consequen-
tial ecosystem-level impacts of invaders are not easily 
detected, further defying risk assessment (Simberloff 
et al. 2013).

Third, if predictions of the facilitation-synergy 
model are accurate and increasing numbers of invad-
ers enhance the probability of synergistic impacts 
(because of a superlinear increase in potential direct 
and indirect interactions among invaders or between 
invaders and other stressors), then it follows that even 
a small reduction in the invasion rate will yield dis-
proportionate benefits to management (Fig. 3). With 
every invasion that is prevented, we circumvent not 
only its potential impacts but also an unknown num-
ber of disruptive synergies with previously estab-
lished invaders or co-occurring stressors. It is under-
stood that the risk of disruption is not evenly spread 
across invasions; however, regardless of which of the 
two aforementioned models is more accurate, dis-
ruptions should increase with colonization pressure 

(MacIsaac and Johansson 2017; Ricciardi and Kipp 
2008; Rejmanek and Randall 2004).

As more scientific attention is given to understand-
ing how ecosystems respond to the rate (rather than 
simply the magnitude) of disturbance (Abbott et  al. 
2024), I anticipate that the concept of invasion rate 
thresholds will become more prevalent in sustain-
ability management. It is conceivable that ecosystems 
were more likely to accommodate (absorb with mini-
mal consequence) introduced species under prehis-
toric rates of invasion (Vermeij 2005), when native 
communities had sufficient time to adapt, than under 
modern rates of invasion—which are orders of mag-
nitude higher (Ricciardi 2007). Along with coloni-
zation pressure, rapid climate warming could render 
ecosystems more susceptible to invasion (Salis et al. 
2023; Huang et  al. 2011). Furthermore, as ecosys-
tems are increasingly invaded, native populations can 
become more temporally variable and thus more vul-
nerable to stochastic environmental stressors, threat-
ening their long-term survival (Czeglédi et al. 2025).

Rather than focusing on preventing the estab-
lishment of particular invasive species with known 
impacts, management should aim to reduce invasion 

Fig. 3   Hypothesized relationship of the number of syner-
gistic impacts to the number of invaders in an ecosystem, as 
predicted by the facilitation-synergy model. Here, synergistic 
impacts increase superlinearly with each additional invasion, 
owing to expanding opportunities for interactions with invad-
ers and other co-occurring stressors. An incremental reduction 
in the number of invasions (N2–N1) due to prevention or eradi-
cation is expected to yield a disproportionate benefit (S1–S2) in 
avoided ‘impact debt’—the impact expected to accrue from an 
interval increase in invasions
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rates by controlling vectors that generate the most 
colonization pressure (MacIsaac and Johansson 
2017). Indeed,  one of the principal targets of the 
Kunming-Montreal Global Biodiversity Framework 
is to reduce invasion rates globally by at least 50% by 
2030 (CBD 2022). While this target is undoubtedly 
ambitious, an encouraging example is the regulation 
enacted by Canada in 2006 and harmonized by the 
USA in 2008 to control ballast water carried by trans-
oceanic ships into the St Lawrence Seaway; by reduc-
ing the amount of viable organisms released through 
ballast water discharge, this regulation led to an 
unprecedented 85% reduction in the invasion rate for 
the Great Lakes basin, one of the world’s most highly 
invaded ecosystems (Ricciardi and MacIsaac 2022). 
Given the arguments presented above, progress 
toward the Kunming-Montreal target is crucial for 
slowing biodiversity loss and maintaining sustainable 
ecosystems globally.
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