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Symbioses between mycorrhizal fungi and plant roots are 
referred to as mycorrhizae. Mycorrhizal fungi play three 
critical roles in biological invasions (Fig. 1). First, the 
mycorrhizal fungi can themselves invade novel habitats, 
either with introduced plants, or after association with 
native plants. Second, introduced mycorrhizal fungi can 
facilitate the invasion of introduced plants. Third, native 
mycorrhizal fungi will respond to invasions by other 
exotic species, for example by associating and spreading 
with introduced plants, or by declining after introduced 
insects or pathogens attack native host plants.

THE BIOLOGY OF MYCORRHIZAE

Mycorrhizal symbioses are ubiquitous. In these symbio-
ses, the fungal mycelia scavenge through soil for resources 
(often phosphorus or nitrogen) and give these resources to 
plants in exchange for carbon. The associations are mutu-
alisms but can sometimes function as parasitisms. Mycor-
rhizal associations may involve any of four different fungal 
phyla and a broad range of plants including mosses and 
liverworts, ferns, and seed plants. The mycorrhizal status 
of many plants is unknown, but for the 6,507 species that 
have been examined, only 18 percent do not form myc-
orrhizal associations. The symbioses are often classed as 
either arbuscular mycorrhizal (AM) or ectomycorrhizal 
(EM), and the different types are defi ned by both the tax-
onomy of the fungi and the structures formed in or around 
plant roots. In addition to AM and EM symbioses, myc-
orrhizal associations include arbutoid, monotropoid, eri-
coid, and orchid forms. This entry focuses on AM and EM 
symbioses, because there is more information about these 

Novel Hosts

In addition to providing habitat, many invasive plants 
serve as a food source for native species. A survey of Cali-
fornia butterfl ies found that over one-third of native spe-
cies use introduced plants, and many native butterfl ies 
currently have no native host plants. In some cases, this 
has been the result of evolution of native species, such as 
the checkerspot butterfl y, to take advantage of abundant 
invasive weeds as hosts. Similarly, invasive pollinators 
now serve as primary pollinators for native plants in areas 
where native pollinators have declined in abundance.

Release from Enemies

When introduced species preferentially consume particu-
lar native species, they potentially indirectly benefi t the 
competitors or prey of the native species they consume. 
For example, island endemic skunks increased when 
golden eagles were introduced, because the eagles prefer-
entially consumed foxes, the main competitors of skunks 
on the island.

The reciprocal effects of natives on invasive species are 
rarely measured, so it is often unknown whether these 
interactions are mutualisms. In some cases it is clear that 
the introduced species is unaffected, or at least does not 
benefi t, so these are not true mutualisms. In other cases, 
the interactions may be mutually benefi cial (as in the 
example of the zebra mussel and the snail).

Mutualism between natives, between introduced spe-
cies, and between natives and introduced species are all 
common and important interactions in determining 
invasion success. The lack of an appropriate mutualist 
only rarely seems to limit invasion, because most interac-
tions are facultative, and native species can be recruited to 
perform mutualistic services for introduced species.
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FIGURE 1 The roles of mycorrhizal fungi in biological invasions.

to North America is the movement of a species within its 
native range. Using a genetic species concept, this kind of 
introduction would be the movement of a species outside 
of its native range. Even apparently endemic species, for 
example the novel species of the North Carolina fi eld, are 
considered as endemic only because of limited sampling 
from other sites. Until the biology, taxonomy, and bio-
geography of AM fungi are understood, introductions of 
AM fungi will be diffi cult to defi ne or identify.

More is known about EM fungal introductions 
because many of these fungi form obvious, macroscopic 
reproductive structures: mushrooms (Fig. 2). At least 200 
species from a diverse group of over 50 genera have been 
moved among different continents and islands (Fig. 3). 
As discussed above, EM fungi are likely to have been 
moved in the soil associated with plants used for for-
estry or horticulture. More is known about the biogeog-
raphy of EM fungal species, although historical records 
of species presence or absence are sometimes incorrect. 
Inaccuracies are caused by the use of European names 
for native species; for example, early sources often list 
European species as found in North America, although 
in many cases the species being listed is a North American 
species misidentifi ed with a European name. Most intro-
duced EM fungal species appear not to spread and seem 
constrained to grow with the tree species on which they 
were introduced—for example, the species found with 
Australian eucalyptus in Spain. Exceptions include 
Amanita phalloides, invasive on the West Coast of North 
America and associated with the endemic Quercus agri-
folia, and Amanita muscaria, invasive in Australia and 

mycorrhizal types and because it is increasingly clear that 
other forms involve the same fungal species as associate in 
EM symbioses.

MYCORRHIZAL SPECIES INVADE

Mycorrhizal symbioses are obligate; although many fungi 
and plants can be grown alone in the greenhouse or 
laboratory, in nature most species require the symbiosis. 
For this reason, mycorrhizal fungi have been introduced 
to novel ranges when plants are managed for commer-
cial purposes; species are moved to facilitate agriculture, 
forestry, and horticulture. For example, in the southern 
hemisphere, pine forests did not grow until soils with 
mycorrhizal fungi were imported and mixed with the 
native soils around planted pine seedlings. Moreover, 
the potted plants sold by nurseries are often associated 
with mycorrhizal fungi, and fungi are introduced to novel 
ranges when potted plants are moved and replanted in 
local soils. Although specifi city is a feature of some asso-
ciations, and, for example, the fungal genus Suillus is spe-
cifi c to the plant genus Pinus, other mycorrhizal fungi are 
generalists, and these species may jump to new hosts in 
novel habitats.

Introductions of AM fungi are diffi cult to track because 
the diagnostic features of different species appear in soil 
and may be complicated to isolate or identify. However, 
all of the world’s major crop plants associate with AM 
fungi, and because commercial mixes of the fungi are 
sold as alternatives to phosphorus fertilizers, species have 
probably been carried by humans to new ranges. But 
an understanding of how often fungal species are intro-
duced, whether introduced species typically establish, if 
they establish whether they associate with native hosts, 
and if and how introduced AM fungi impact the local 
biodiversity of plants or fungi is prevented by an almost 
total lack of basic knowledge about species numbers and 
native ranges. Although the global diversity of AM fungi 
appears to be low (fewer than 200 described species), esti-
mates of species richness are hindered by the potential for 
many species to remain undescribed. For example, inten-
sive sampling in one North Carolina fi eld demonstrated 
that more than one-third of the species described from 
this single 1 ha site were novel. Nor do biologists have 
a clear understanding of the native ranges of AM fungi. 
For example, the morphological species Glomus mosseae 
is assumed to have a global distribution, but recent data 
suggest a cryptic genetic diversity that may translate to 
distinct genetic species. If a morphological species con-
cept is used, an introduction of G. mosseae from Europe 
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MYCORRHIZAL FUNGI INFLUENCE 

PLANT INVASIONS

Mycorrhizal associations may also facilitate or limit the 
spread of introduced plants, although symbiotic con-
straints on the spread of introduced species are poorly 
understood. As discussed above, it is clear that Pinus spe-
cies introduced to the southern hemisphere did not grow 
until associated mycorrhizal fungi were deliberately intro-
duced. Pinus trees require introduced EM fungi either 
because the native trees don’t associate with EM fungi or 
because they associate with a different set of EM fungal 
species that cannot associate with Pinus. Other trees may 
also rely on introduced mycorrhizal associates to spread, 
for example, eucalypts introduced to Spain. Mycorrhizal 
fungi also play a role in natural range expansions, and 
native birch expanding into the lowland heathlands of 
England grow better at sites where mycorrhizal fungi have 
also dispersed. And native fungi may also facilitate the 

New Zealand and associated with native Nothofagus spp. 
Mechanisms facilitating the spread of A. phalloides and 
A. muscaria are poorly understood but may involve an 
ability to establish symbioses with local trees or competi-
tive dominance over local mycorrhizal species. A limited 
diversity of native Amanita species may also provide niche 
space for A. phalloides in California, but this hypothesis 
remains untested.

FIGURE 2 Mycorrhizal fungi are rarely discussed as introduced or 

invasive species. Fungal individuals are typically hidden within soil 

or other substrates, but when mushrooms appear, they can be obvi-

ous and charismatic features of the landscape. Pictured in A–C are 

the introduced species Hydnangium carneum, Amanita muscaria, and 

Suillus luteus. These are examples of commonly introduced ectomyc-

orrhizal species (Vellinga et al., 2009). (A) Hydnangium carneum is a 

Eucalyptus associate from Australia, fi rst described when it was found 

in Europe growing with potted plants. It forms subterranean fruit bod-

ies. The species has also been recorded from North Africa, North and 

Central America, New Zealand, and more recently China. In New Zea-

land, it can form ectomycorrhizae with the native Nothofagus species, 

although reports of the species occurring in native forests are rare. 

(Photograph courtesy of Celestino Gelpi Pena.) (B) Amanita musca-

ria s.l. is a very conspicuous and easily recognizable mushroom, the 

classic red-and-white spotted mushroom of fairy tales. Originally from 

the northern hemisphere, members of this species complex have trav-

eled to Australia, New Zealand, Africa, Hawaii, and South America. In 

Tanzania the species is a health hazard, as the local people confuse it 

with edible, equally orange- to red-colored Amanita species from the 

native miombo vegetation. As of this writing, the species appears to 

be confi ned to plantations within Tanzania, but in Australia and New 

Zealand, the species appears to be invading native Nothofagus forests. 

It also associates with introduced Eucalyptus in Uruguay. (Photograph 

courtesy of Tom May.) Two Suillus species, S. luteus and S. granulatus, 

have also been moved across the planet. (C) Suillus luteus is a Eur-

asian native, and S. granulatus is native to northern temperate Pinus 

forests. Suillus luteus was taken to North America with Pinus sylves-

tris. It is now grown with the California endemic P. radiata all over the 

world, even though it does not associate with P. radiata in its native 

habitat. Thus, the species is being taken to novel places in associa-

tion with a host it would not normally fi nd, and the two species travel 

together. The fungus now grows in Africa, South America, Australia, 

New Zealand, and in other places where pines have been introduced. 

Suillus granulatus has been recorded from Africa, South America and 

the Falkland Islands, Australia, New Zealand, and Hawaii. (Photograph 

courtesy of Dimitar Bojantchev.)
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spread of introduced plants, as AM fungi appear to have 
done for Centaurea maculosa in North America.

NATIVE MYCORRHIZAL FUNGI ARE AFFECTED 

BY INTRODUCTIONS OF OTHER SPECIES

Exotic plants, pathogens, and insects may cause direct 
or cascading effects on native mycorrhizal communities, 
although data on these phenomena are rare. Introductions 
can clearly cause damage; for example, the introduced plant 
Alliaria petiolata (garlic mustard) kills local communities of 
both AM and EM fungi in North America. But introduced 
plants that associate with local fungal species may also 
facilitate the growth of these native species in new habitats. 
Introduced pathogens or insects impact native fungal com-
munities by attacking the trees that host mycorrhizal fungi; 
Phytophthora ramorum (sudden oak death) is one example 
of an introduced pathogen that kills a diversity of tree spe-
cies. As it kills the trees that host mycorrhizal communities, 
the mycorrhizal fungi are also likely to die.
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FIGURE 3 The global distri-

bution of ectomycorrhizal 

introductions. Numbers of 

introductions are strongly 

correlated with the number of 

publications from any given 

country; for many countries 

there are no data. Colors and 

circles are proportional to the 

number of species that have 

been reported as introduced. 

(Reprinted from Vellinga et 

al., 2009.)
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