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OPINIONES

What can possibly go wrong? The risks of introducing soil microorganisms
from Antarctica into South America
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SUMMARY

Endophytic fungi form mutualistic associations with plant roots which can increase plant survival and resistance to stress. Recently,
it has been proposed that endophytic fungi from Antarctica should be used to facilitate reintroduction and establishment of native
plants in xeric environments of northern Chile. In this note, we suggest this is a risky proposition and may lead to biological
invasions. It is difficult to predict which endophytic fungi will become invasive, where they will invade, or what their impacts will
be. Organisms that move across continents may or may not become invasive depending on the interaction between the species and the
invaded community; unexpected outcomes may occur due to adaptation and novel interactions of the introduced species in the new
environment. The fact that these endophytes are mutualistic does not imply that they will not have negative effects on the recipient
community, since they might promote invasion of other non-native species or may change the competitive relationships among native
species. Further, taxonomically uncharacterized fungal isolates from plant roots are likely to contain non-beneficial species. The fact
that these endophytic fungi species are from Antarctica does not ensure that they cannot invade elsewhere. It should be recognized
that invasive microorganisms are extremely difficult to control. We strongly suggest that the further translocation, use and spread
of endophytes from Antarctica should be halted until a risk assessment is undertaken. Biosecurity measures must be taken when
considering transcontinental experiments. Based on previous experiences, it is likely that the risk and potential costs of introducing
these new species significantly exceed any potential benefits of their introductions.
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RESUMEN

Los hongos endofitos forman asociaciones mutualisticas con raices de plantas y pueden mejorar la sobrevivencia y resistencia al estrés.
Recientemente se ha propuesto usar hongos endodfitos de la Antartida para facilitar la reintroduccion y establecimiento de plantas
nativas en formaciones xerofiticas del norte de Chile. En esta nota se sugiere que aquello es una propuesta riesgosa y puede conducir
a invasiones bioldgicas. Es dificil predecir qué especies se convertiran en invasoras, donde lo haran o cuéles seran sus efectos. Los
organismos transportados entre continentes pueden o no convertirse en invasores, segun las interacciones entre especies y con la
comunidad invadida, y pueden ocurrir resultados inesperados debido a adaptaciones de especies invasoras al nuevo ambiente y a
novedosas interacciones con especies introducidas en el nuevo ambiente. Estos endofitos mutualistas pueden tener efectos negativos
en la comunidad receptora, como promover invasiones de otras especies exdticas o cambiar relaciones de competencia entre especies
nativas. Los hongos endofitos de la Antartida no garantizan que no puedan invadir otros lugares. La falta de identificacion taxondomica
de tales hongos impide saber si estos indculos contienen especies no beneficiosas, como patégenos del suelo. Los microorganismos
invasores son extremadamente dificiles de controlar. Por ello, se recomienda que la translocacion, uso y dispersion de hongos endofitos
antarticos debiera detenerse hasta tener una evaluacion del riesgo de su introduccion. Medidas de bioseguridad deben tomarse en
experimentos transcontinentales. Segin experiencias anteriores, el riesgo y costos potenciales de introducir estas especies pueden
superar ampliamente cualquier beneficio potencial de su uso.

Palabras clave: invasiones biologicas, endofitos, hongos, patdogenos, biota del suelo.
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INTRODUCTION

Biological invasions are a leading cause of global
change, affecting conservation of biodiversity, economies
and human health (Mack et al. 2000). Despite the well
known impacts of invasions (Simberloff et al. 2013) there
are continued attempts to introduce new species to novel
habitats with little or no consideration of the potential risk
for both the environment and human well-being, and the
associated economic costs. The introduction of organisms
that are poorly understood in terms of their ecological im-
pacts, capacity to invade and social benefits is especially
problematic. This is the case of the introduction of most
soil organisms (Schwartz et al. 2006, Vellinga et al. 2009),
including the translocation of endophytic fungal species
from Antarctica to South America proposed by Fardella et
al. (2014) in a recent issue of Bosque.

The goal of this article is to discuss potential problems
of the introduction of endophytic fungi from Antarctica as
recently undertaken by Fardella et al. (2014) to promo-
te the establishment of native plants in areas with high
water stress in the north of Chile. Fardella et al. (2014)
have found that the addition of root-associated Antarctic
endophytic fungi can have positive effects by increasing
or maintaining survivorship in three native plant species,
facilitating establishment of native plants and restoration
efforts in extreme climatic habitats. However, despite the-
se benefits, we need to consider that the potential problems
may far exceed the benefits of these new introductions. In
the case of Fardella et al. (2014), the introduction has al-
ready taken place as part of the research program. Hence
this is a critical debate to resolve before further introduc-
tions from Antarctica take place.

CAN NONNATIVE MUTUALISTS BE APROBLEM?

Endophytic fungi are generally beneficial to plants. For
example, they can help improve resistance against herbi-
vory by insects and mammals and tolerance to stress (e.g.
drought) (Clay 1988, Cheplick and Faeth 2009). It may not
be surprising that much of the international concern over
invasive species is around species with “negative” interac-
tions: strong competitors, pathogens and predators (Luque
et al. 2013). This raises a critical question of whether and
how a “beneficial nonnative species” could have nega-
tive effects. There are three clear mechanisms by which
introduced mutualists can have strong negative effects;
through (1) indirect effects on plant communities, (2) di-
rect effects on resident, native mutualist microorganism
and (3) through effects on other trophic levels, particularly
herbivores in the case of endophytic fungi.

Perhaps the most globally-widespread intentional in-
troductions of soil mutualists have involved mycorrhizal
fungi. These fungi have been primarily introduced for the
purpose of promoting plant productivity (Schwartz et al.
2006, Vellinga et al. 2009, Nufiez and Dickie 2014). It
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is now recognized that these introduced fungi are being
spread well beyond their areas of initial introduction (Nu-
fiez et al. 2013, Wood et al. 2015) and are facilitating the
spread of invasive trees (Nufiez et al. 2009, Dickie et al.
2010). Sometimes, a single fungal species is enough to tri-
gger the invasion of nonnative trees (Hayward et al. 2015).
Plant-fungal co-invasions (when both nonnative species
invade together) are associated with major changes in soil
nutrient cycling, particularly with the movement of soil
nutrients from recalcitrant into more labile pools, facilita-
ting subsequent invasion by other nonnative plants (Dickie
etal. 2014).

There is inconsistent evidence on whether invasive
mutualists might influence native mutualist communities.
Nufiez and Dickie (2014) suggest that low diversity mu-
tualist communities such as N-fixing Rhizobia may have
larger potential loss of biodiversity following invasion
than higher diversity ectomycorrhizal communities (see,
Rodriguez-Echeverria 2010, Wolfe et al. 2010). It is clear
that more research is needed in this particular topic but it
appears that the introduction of soil mutualists can have
large effects on native mutualist communities (Schwartz
et al. 2006).

The most important concern over introduced endo-
phytes might be their potential impacts on native herbi-
vores. Fardella et al. (2014) suggest that one of the endo-
phytic fungal species that they introduced might increase
plant growth and survival by reducing insect herbivory on
roots. By providing protection only to some plants, intro-
duced endophytes will change the competitive hierarchies
of plants (Omacini 2014). Further non-target effects may
be on grazing mammals. Endophytes that reduce insect
herbivory on roots also cause the death of cattle, horse and
sheep (Clay 1988). We also note that insect herbivores are
a critical component of biodiversity; hence the logic of
restoring native vegetation at the expense of native inver-
tebrates poses doubts, as the effects on insect biodiversity
are still unknown.

CAN SPECIES FROM ANTARCTICA BECOME
INVASIVE?

It is hard to predict which species will invade and
which ones will not (Enserink 1999). It has been historica-
Ily proposed that species from some areas are more prone
to invade than others. Eurasian species have been proposed
as having advantages when introduced to new areas, given
perhaps their longer coevolutionary history with humans
(among other hypotheses) (Di Castri 1989). However, this
might be just an artifact of efforts to introduce Eurasian
species, rather than something intrinsic or superior about
these species (Jeschke and Strayer 2005).

Antarctica is a very sensitive place to invasion (Chown
etal. 2012). However, this is no reason to think that species
from Antarctica cannot invade elsewhere. Species from
areas well known to be highly vulnerable to invasions, as



is the case of Pacific or South Atlantic islands, have been
shown to be invasive elsewhere. Although Hawaii has a
strong history of invasion and the government spends mi-
llions of dollars to control invasions, a plant native from
this island, Scaevola taccada (Gaertn.) Roxb., is among
the most problematic invasive species in Florida, USA
(Gordon 1998). A snail from New Zealand, Potamopyr-
gus antipodarum (Gray, 1843), reaches very high densi-
ties and is an aggressive invader in different parts of the
world (Ponder 1988). An insect from the Malvinas islands
has become a pest in other islands (Laparie et al. 2010).
These are examples of the risk of invasion even of species
originating from areas prone to invasion as is the case for
Antarctica.

IF ENDOPHYTES BECOME A PROBLEM, HOW
FEASIBLE IS IT TO CONTROL THEM?

Biosecurity measures to prevent introduction of unk-
nown or unwanted species must always be taken when
introducing species from different geographic regions
(Hulme 2011). Translocations of fungi and fungi-like or-
ganisms have resulted in the death of millions (Irish Pota-
to Famine), the loss of forest dominants (Chestnut blight,
Sudden Oak Death) and the collapse of economies (Rubber
leaf blight, Coffee rust). Under certain legal definitions,
the endophytic fungal species introduced by Fardella et al.
(2014) could be considered native to Chile, though species
are really native to ecosystems, disregarding political bor-
ders. Nonetheless, the fact that these endophytes are from
a different continent and biogeographic region should be
enough evidence to enforce strict biosecurity measures
(e.g., risk assessments) on attempts to introduce them into
South America.

The control of nonnative species that are visible to the
naked eye is complicated and challenging; nevertheless,
controlling microbial species may be even more compli-
cated, if it is even possible. There are standard methods
to control invasive plants (e.g. herbicide applications) and
animals (e.g. hunting, poison, biocontrol), though there are
no standard methods for controlling fungi. Using fungi-
cide can be an option; nonetheless, its effect seems to be
too local for efficient control. Fungi spores are likely to
spread quickly from sites of introduction and, once pre-
sent, spores of some soil mutualists can live decades or
hundreds of years in the soil (Bruns et al. 2009, Nguyen et
al. 2012). Given the current lack of effective methods, any
problems that might arise from introducing endophytes
would present a severe challenge for future control. This
is particularly the case in South America, where resources
allocated to control invasive species are restricted (Nufiez
and Pauchard 2010).

It is also important to note that Fardella et al. (2014)
have introduced fungi without robust characterization of
which fungal species were being introduced. Current mo-
lecular techniques to identify species (Sun and Guo 2012)
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are readily available, robust and should be used. One could
also question whether the deliberate introduction of un-
characterized fungal strains is wise, given the potential
for introducing pathogenic strains. If these species spread,
future control efforts may be compromised by difficulties
knowing if these fungi are native or not to South America
(Pringle and Vellinga 2006).

CONCLUDING REMARKS

The introduction of soil microorganisms without pro-
per control is an immense risk for local ecosystems and
economies. The fact that microorganisms are considered
beneficial does not imply that they are risk free. Nor does
the Antarctican origin imply that species will not become
invasive. A central problem with the introduction of soil
microorganism is that they are extremely difficult to con-
trol and their impacts are unpredictable. This is even more
problematic if the introduced species are not properly
identified, which can be avoided by using current molecu-
lar techniques to identify species. We strongly advise that
the use and spread of endophyte fungi from Antarctica be
halted until proper biosecurity protocols are considered.
Based on previous experiences from different parts of the
world with many different types of organisms, it is likely
that the risk of introducing these new species far exceeds
the potential benefits of their introduction.
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