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Pathogen accumulation cannot undo the impact of invasive

species
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Pathogen accumulation can decrease, increase, or not
change invasive species abundance, but their impacts
may persist in all scenarios.

The role of pathogens in biological invasions has
usually been placed in the context of two hypotheses,
enemy release and biotic resistance (Gilbert and
Parker 2006). However, recent research has suggested
that pathogen accumulation over time can suppress
invasive species (Diez et al. 2010; Dostal et al. 2013;
Flory and Clay 2013; Stricker et al. 2016). When
spreading, non-native plants increase their chances of
finding different pathogens species and environmental
conditions that favor infection. Consistently, pathogen
accumulation has been observed in nature (Mitchell
etal. 2010); with time non-native species acquire more
enemies (Hawkes 2007, but see Day et al. 2015). In
general, non-native plants can acquire and accumulate
pathogens by three possible mechanisms: (1) host
shift: the non-native species becomes a host for a
native pathogen. (2) Co-invasion: the natural enemies
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of the non-native species can be intentionally or
accidentally introduced in the new range (Diez et al.
2010). (3) New introduction: non-native species
encounter a non-native pathogen. Here, we argue that
pathogen accumulation may not be an effective
mechanism to control non-native invasive species
populations, and, even when doing so, it may be too late
for native ecosystems because the ecological impact
has already occurred (Simberloff and Gibbons 2004).

Spontaneous crashes of non-native invasive species
populations in natural conditions do occur and have
been associated with negative effects of pathogens;
however, little is known about the causes driving these
phenomena (Simberloff and Gibbons 2004). For
instance, the population decline of a highly invasive
shrub, Lonicera maackii, was related to a pathogen
outbreak of the honeysuckle leaf blight (Boyce et al.
2014). However, this outbreak could not be identified
as the cause or consequence of the population decline
of L. maackii (Boyce et al. 2014). It has been shown
experimentally that seed viability of L. maackii can be
reduced by pathogen accumulation (Orrock et al.
2012). In another experiment, fungal pathogen accu-
mulation reduced the leaf area, total biomass, and seed
production of a highly invasive annual grass, Mi-
crostegium vimineun (Flory et al. 2011; Stricker et al.
2016). Even when individual performance can be
affected by pathogens, current evidence of invasive
species suppression by pathogen accumulation is
inconclusive (Flory and Clay 2013; Stricker et al.
2016).
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For several reasons, we dispute the idea that
pathogen accumulation could control widely dis-
tributed invasive species. First, when pathogen accu-
mulation reaches a high point (i.e., large number of
enemies) the invasive species may already be widely
distributed and therefore harder to control (Lovett
et al. 2016). Consistently, Diez et al. (2010) found that
the non-native species experiencing stronger negative
soil feedbacks were more widely distributed. Second,
pathogens are unlikely to control invasive species
spread because pathogens are generally absent at the
invasion front. The low abundance and patchy distri-
bution of invasive species at the invasion vanguard
result in transmission failure or local extinctions of the
pathogen and hence a prevalence of uninfected plants
(Phillips et al. 2010). Third, as pathogens accumulate
over time, positive interactions may accumulate as
well. For example, below-ground mutualisms also
change and accumulate with time (Reinhart and
Callaway 2006; Morris et al. 2007), which could
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compensate for negative effects of pathogens and even
facilitate the invasion process. Fourth, invasive plants
are known to accumulate pathogens at a slower rate
than do non-invasive plants. Klironomos (2002) found
that highly invasive plant species accumulate patho-
gens at low rate, not experiencing negative feedback
until they achieve high densities. Fifth, invasive plants
may transfer their pathogens (native or non-native) to
the native community, which in turn disfavors native
species and favors the invader itself (Kelly et al. 2009;
Flory et al. 2011; Stricker et al. 2016). Therefore, a
role for pathogen accumulation in limiting invaders
abundance seems very rare and one of a number of
possible outcomes.

Once pathogens accumulate, invasive species
abundance may decrease, increase, or not change
(summarized in Fig. 1) but the ecological impact
generated by the species may persist over time. The
impacts of invasive species are pervasive, varied, and
can increase, decrease, or qualitatively change over
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Fig. 1 Three possible outcomes of pathogen accumulation
on invasive species abundance. (/) Pathogen accumulation
increases invasive species abundance due to “spillback” of
pathogens on native species, which results in native species
decline and thus reduced competition for invasive species (Flory
and Clay 2013). (2) Pathogen accumulation does not affect the
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abundance of invasive species, invasive species population may
be regulated by other mechanisms. (3) Pathogen accumulation
reduces the abundance of invasive species, even to the extreme
of population crash (rare natural events). In all three possible
outcomes, the ecological cumulative impact generated by the
invasive species may be persistent in time
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time (Strayer et al. 2006). Some impacts of invasive
species may be transient, while others can generate
large ecological changes that last long after their
disappearance (i.e., legacy effect) (Corbin and D’ An-
tonio 2012; Dickie et al. 2014). Impacts can range
from shifts in the relative abundance of species within
a community up to local extinctions of native species
(Downey and Richardson 2016), and changes in
biogeochemical cycles and disturbance regimes
(Ehrenfeld 2010; Corbin and D’ Antonio 2012). Some
invaders’ impacts on ecological processes can even
drive the community to a different stable state (Gaert-
ner et al. 2014).

Recently it has been proposed that pathogen
accumulation over time can reduce the impact of
invasive species (Dostdl et al. 2013; Stricker et al.
2016). According to Flory et al. (2011), this could
happen because a decline in the invader’s density
could lead to a point where the invasive species are no
longer problematic. Dostal et al. (2013) found that the
impact of invasive species on native species richness
decreased over time, but there is no direct evidence
that pathogens are responsible of the reduction in
impact. Stricker et al. (2016) specifically suggest that
pathogen accumulation may reduce the negative
impact of invasive species, but no data supports this
idea. Therefore, hard evidence that pathogens can
reduce the impact of invasive species is still lacking.

In conclusion, waiting for pathogens to regulate
invasive species may not be an effective method to
control them. Active management of invasive species
is required. Some aspects of invasion can be transient,
but their impacts may be long lasting owing to their
legacy effects, even when they are controlled by new
or co-evolved enemies. Even when pathogen accu-
mulation does control invasive species, the invader
may already have changed the native ecosystem
irreversibly.
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