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The Geomyces Fungi: Ecology and 
Distribution

Mark a. Hayes

White-nose syndrome (WNS) is a devastating disease affecting hibernating bats, first documented in winter 2006 in eastern North America. 
Over 5.5 million bats of several species may have died as a result of this disease. The fungus Geomyces destructans is now considered the causal 
agent of WNS, and this species may have been recently introduced into North American bat hibernation habitats. This overview summarizes 
the ecology and distribution of Geomyces fungi. Species in this genus are common in the soils of temperate and high-latitude ecosystems and 
are capable of withstanding and thriving in cold, low-nutrient polar environments. These species are dispersed by wind, groundwater, arthro-
pods, birds, and mammals and are carried by humans, their clothing, and their equipment. These characteristics present significant challenges 
to biologists, managers, and others charged with controlling the spread of WNS and G. destructans in other parts of North America and the 
biosphere.
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documented in one European bat species (the greater 
mouse-eared bat, Myotis myotis) in the Czech Republic 
(Pikula et al. 2012). However, the mass mortality in bats 
associated with G. destructans has not been observed in 
Europe (Wibbelt et al. 2010, Puechmaille et al. 2011a). 
Several hypotheses have been proposed to explain the mass 
mortality observed in eastern North America. This fungus 
may be an invasive species recently introduced into bat 
hibernation habitats in North America (Warnecke et al. 
2012), or it may be a virulent strain of a fungus with global 
distribution (see Puechmaille and colleagues [2011b] for a 
review of these hypotheses).

Much has been written about WNS and G. destructans 
since the new species description by Gargas and colleagues 
(2009). However, outside of journals specializing in mycol-
ogy, microbiology, and polar biology, there is a lack of read-
ily accessible information on the ecology and distribution of 
Geomyces species. The purpose of this overview is to provide 
an introduction to fungi of the genus Geomyces that will help 
provide perspective on the ecology and distribution of these 
fungi for those charged with understanding the dynamics of 
WNS and with making associated conservation and man-
agement recommendations and decisions.

The Geomyces fungi
A remarkable diversity of fungal species occur in soils. The 
vast majority of the approximately 80,000 described fungal 

White-nose syndrome (WNS) is a devastating disease   
affecting hibernating bats that was first documented in 

February 2006 in eastern North America (Blehert et al. 2009, 
Gargas et al. 2009, Meteyer et al. 2009). During the initial two-
year period after the disease emerged, certain bat populations 
experienced more than 75% declines (Blehert et al. 2009, Frick 
et al. 2010), and over 5.5 million bats of several species died in 
the period from 2006 through 2011, which has led to regional 
population collapse and may lead to the extinction of some 
of these species (USFWS 2012). WNS has had a particularly 
destructive impact on species that hibernate in large congrega-
tions in the eastern United States and Canada (Blehert et al. 
2009, Castle and Cryan 2010, Frick et al. 2010, Blehert et al. 
2011). The fungal species Geomyces destructans is now consid-
ered to be the causal agent of WNS (Lorch et al. 2011).

Initially, WNS (the disease) and G. destructans (the causal 
agent) were known to occur only in eastern North America. 
However, G. destructans has recently been described using 
fungal culture identification techniques and DNA sequenc-
ing associated with cave environments and bats in Belgium, 
the Czech Republic, Estonia, France, Germany, Hungary, 
the Netherlands, Poland, Slovakia, Switzerland, and Ukraine 
(Martínková et al. 2010, Wibbelt et al. 2010, Puechmaille 
et al. 2011a, Šimonovi ov et al. 2011, Pikula et al. 2012). The 
disease WNS, which is diagnosed by a  characteristic pattern 
of fungal skin infection and the presence of G. destructans 
(Meteyer et al. 2009, Cryan et al. 2010), has recently been 
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species may occur in soils at some time during their life cycle 
(Bridge and Spooner 2001), and there are undoubtedly many 
more species of soil fungi to be discovered (Hawksworth 
1991, Bridge and Spooner 2001). Kirk and colleagues (2008) 
listed four species in the genus Geomyces, and the descrip-
tion of G. destructans by Gargas and colleagues (2009) 
brings the number of known species to five. Members of 
this genus produce small, unicellular, oval- or pear-shaped 
spores (arthroconidia) from existing hyphae in branched, 
tree-like clusters, supported on conidiophores (Sigler and 
Carmichael 1976, Currah 1985, Sigler et al. 2000, Rice and 
Currah 2005). Fungi often reproduce using propagules, 
which are structures that break away from the fungal body, 
and are dispersed by wind or water or on animals and form 
new fungal masses. Arthroconidia are asexual propagules 
that form when the tips of hyphae break apart along the 
cross-walls separating cells within hyphae (Kendrick 2000, 
Larone 2002). Conidiophores are specialized hyphal struc-
tures on which arthroconidia are formed and supported 
(Larone 2002). Species in the Geomyces have conidiophores 
that tend to appear clear, translucent, or glassy (Rice and 
Currah 2005; see figure 1).

Despite the small number of described species, Geomyces 
fungi have a global distribution, and the known species in 
the genus are especially common in the soils of temperate 
and high-latitude ecosystems (Kirk et al. 2008), but they 
may also be widespread in marine environments. Species 
in this genus tend to be keratinophilic (keratin  loving) and 
psychrophilic (cold loving); they can be salt tolerant, and 
they are known to take advantage of cellulose as a food 
resource. The Geomyces fungi occur in diverse ecosystems 
and are often the most common fungal group found in 
cold environments. Members of this genus are found from 
wheat field soils in Germany (Domsch et al. 2007) and Arctic 
permafrost (Ozerskaya et al. 2009) to the soils of Antarctica 
(Arenz et al. 2006) and are even associated with Antarctic 
marine macroalgae (Loque et al. 2010) and deep-sea ecosys-
tems (Burgaud et al. 2009, Connell et al. 2009).

The Geomyces species most commonly identified using 
culture and DNA sequencing is Geomyces pannorum (Kirk 
et al. 2008). This species is associated with diverse substrates, 
from the debris at a reclaimed coal mine in Alberta, Canada 
(Chieffo 1983), to frozen forest leaf litter (Carreiro and 
Koske 1992). Geomyces pannorum is also one of the fungal 
species commonly found in the Lascaux caves in France, 
where this species is associated with the carbon compounds 
available in the pigments used in the 15,000-year-old paint-
ings in these caves (Bastian et al. 2009).

The Geomyces fungi are common in cold environments that 
strike humans as extremely inhospitable. In Kashmir, India, 
G. pannorum commonly occurs in glacier bank soils at over 
3000 meters (m) in elevation, in areas that have never expe-
rienced July temperatures in excess of 10 degrees Celsius (°C; 
Deshmukh 2002). Ozerskaya and colleagues (2009) reviewed 
the fungi associated with permafrost and concluded that 
species with significant adaptive potential, such as Geomyces, 
occur frequently in permafrost. Members of the Geomyces 
were the most common species identified during surveys of 
the soil fungi at different sites in Antarctica (Mercantini et al. 
1989, Arenz and Blanchette 2011), and G. pannorum was iso-
lated from dust samples collected from the work, recreation, 
and living quarters of an Antarctic research expedition’s 
base camp (Mercantini et al. 1993). Geomyces species can 
take advantage of diverse food resources, including wood, 
and thriving Geomyces colonies are now common in the 
wood huts built by the Scott and Shackleton expeditions to 
the South Pole from 1901 to 1911 (Arenz et al. 2006, 2011, 
Blanchette et al. 2010, Farrell et al. 2011). Microorganisms 
trapped in the Fox Permafrost Tunnel in Fairbanks, Alaska, 
have been radiocarbon dated to between 14,000 and 30,000 
years old and have a current stable temperature of approxi-
mately –3.0°C (Katayama et al. 2008). Members of the genus 
Geomyces are one of the two most common types of fungi 
identified in this permafrost and ice (Katayama et al. 2008). 
Geomyces species also survive in arctic cryopegs, which are 
water bodies that occur beneath or within large masses of 

ice. Cryopegs are characterized by water 
that, because of its high mineral content, 
remains unfrozen even at temperatures 
significantly below the freezing point 
of distilled water. Cryopegs that occur 
along the shoreline of the East Siberian 
Sea have water temperatures of –9°C to 
–11°C and very high salinity. During 
a study of these water bodies, G. pan-
norum was isolated and cultured from 
the majority of water samples from 
the cryopegs, showing that this species 
survives and grows successfully under 
low-temperature and high-salt condi-
tions (Kochkina et al. 2007). Geomyces 
pannorum is capable of tolerating and 
growing in salinities three times those 
of seawater (Poole and Price 1971).

Figure 1. Micrographs showing hyphae, conidiophores, and arthroconidia 
of Geomyces destructans. (a) Hyphae, conidiophores, and arthroconidia in 
dendritic clusters. (b) Individual arthroconidia. The scale bars each represent 
10 micrometers. Modified with permission from Gargas and colleagues’ (2009) 
figure 3.
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Geomyces propagules can also be carried on the hair of 
mammals. In the Tver Oblast region of Russia, G. pannorum 
is commonly found in soils and on the fur of burrowing 
mammals, such as shrews and voles, and may be more com-
monly found on mammal fur than in soil (Shchipanov et al. 
2003). Speculating about how various soil fungi colonized 
the Lascaux caves in France, Bastian and colleagues (2009) 
proposed that spores and fragments of hyphae may have 
been brought into the cave through groundwater seepage 
and may be associated with arthropods that use the cave for 
part of their life cycle. In one study, G. pannorum was found 
on species in nine arthropod orders, suggesting that flying 
arthropods could be an important mode of dispersal for 
Geomyces (Greif and Currah 2007).

Geomyces in marine environments and the 
atmosphere
Marine fungi can be found associated with most marine 
animals, from sponges to vertebrates (Loque et al. 2010). 
Although there is abundant information on the fungi asso-
ciated with terrestrial ecosystems, there is little information 
on fungi in marine ecosystems and, until recently, no data on 
fungi–algae associations in the Antarctic (Loque et al. 2010). 
In a study of the fungi associated with Antarctic macroalgae 
species, the most common fungi isolated were identified 
as G. pannorum, which suggests that this Geomyces species 
may have an important decomposition and nutrient-cycling 
role in cold marine ecosystems (Loque et al. 2010). One of 
the macroalgae sampled was Adenocystis utricularis, which 
occurs along rocky shorelines. A. utricularis accumulates 
relatively large amounts of water in its bladders, which acts 
as ballast. The fungal species associated with A. utricularis 
were found in the water associated with these bladders. 
Loque and colleagues (2010) speculated that the water in 
the bladders may provide a relatively undisturbed habitat 
for microfungi species to survive. Interestingly, the fungal 
isolates found in this study are very similar to those isolated 
from the grass clothing of the Tyrolean Iceman, the 5300-
year-old mummy found in 1991 at an elevation of 3210 m 
in the Central Eastern Alps (Rollo et al. 1995, Loque et al. 
2010). This suggests that these same fungal species have 
inhabited cold regions and that they have been dispersed by 
humans since at least the Neolithic Period.

Geomyces fungi have also been found in deep-sea environ-
ments. In a study of microfungi from cold deep-sea hydro-
thermal vents, viable G. pannorum were identified (Burgaud 
et al. 2009). Burgaud and colleagues (2009) hypothesized 
that deep-sea fungi, including Geomyces species, may have 
been introduced into cold deep-sea environments as a result 
of exchanges with polar and coastal areas and that these 
fungi might be distributed throughout marine environ-
ments by oceanic currents. Geomyces has also been found 
associated with the deep-sea environment around an active 
volcano on the Vailulu’u seamount near Samoa, which is 
1000 m deep and has water temperatures of approximately 
80°C (Connell et al. 2009).

Geomyces fungi living in low-nutrient polar environments 
survive in the soil as dormant propagules that grow and 
reproduce when new organic matter is introduced into the 
ecosystem (Bergero et al. 1999). Remarkably, G. pannorum is 
capable of growing and producing reproductive structures 
at 0°C on silica gels that have no added organic compounds 
(Bergero et al. 1999). Geomyces pannorum is capable of 
hydrolyzing starch and produces extracellular lipase, chi-
nase, and urease, which allows this species to consume 
and metabolize diverse food sources in cold, low-nutrient 
environments (Fenice et al. 1997). Geomyces pannorum can 
also change fatty acid profiles and metabolic pathways in 
response to low ambient temperatures (Finotti et al. 1993, 
1996). Fungi found in permafrost and polar conditions must 
also be capable of surviving and reproducing in environ-
ments with very low levels of biologically available water 
(Bergero et al. 1999, Ozerskaya et al. 2009). Despite being 
surrounded by abundant ice or permafrost, these fungi are 
exposed to water resources that are often not available for 
cellular metabolism when water is frozen. Species of the 
genus Geomyces have physiological adaptations that allow 
them to live productively in very cold temperatures when 
liquid water is scarce, and low ambient temperatures trigger 
physiological changes that promote survival, growth, and 
reproduction. When exposed to low temperatures, G. panno-
rum elevates the levels of unsaturated fats and other chemi-
cals that have cryoprotectant properties and thus promote 
continued cell and membrane function (Finotti et al. 1996, 
Ozerskaya et al. 2009). These fungi also synthesize glycerol 
to help maintain cellular water balance in cold conditions 
(Ozerskaya et al. 2009).

Dispersal
The Geomyces fungi are known to be dispersed by air, water, 
bird feathers, animal hair, arthropods, and humans and their 
equipment. Geomyces was one of the most common taxa 
isolated from a variety of animal-based materials commonly 
observed in the Antarctic, including penguin, skua, and 
petrel dung and feathers (Frate and Caretta 1990). During a 
survey of the microfungi of the Windmill Islands region of 
Antarctica, Geomyces fungi were found in soils that had sig-
nificant penguin and seal activity but also at sites with little 
or no bird or mammal activity (Azmi and Seppelt 1998). 
There appears to be an increase in fungal diversity at sites 
with significant human disturbance, and human visitors to 
Antarctica may introduce foreign and invasive fungal spe-
cies (Azmi and Seppelt 1998). During biological sampling 
on Signey Island, a small sub-Antarctic island in the South 
Orkney Islands, air-borne sampling devices were positioned 
to collect animal material and fungal propagules carried 
by the prevailing westerly winds (Marshall 1998). During 
this research, bird feather fragments, seal hair, and viable 
G. pannorum propagules were the most commonly collected 
biological materials. Birds and the wind may transport 
fungal propagules between locations in the Antarctic region 
and nearby landmasses and continents (Marshall 1998). 
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Large quantities of microorganisms are known to be 
transported by aerosol particles, dust, flying animals, and 
machines into the atmosphere and are commonly found 
in clouds (Margesin and Miteva 2011). It has recently been 
estimated that the mass of bacteria annually transported 
into the atmosphere by air currents and wind may be as 
high as 1.8 × 109 kilograms annually; viable microbial cells 
may spend days or weeks in the atmosphere before being 
deposited into other terrestrial or aquatic ecosystems by air 
movement or precipitation (Burrows et al. 2009). Given the 
global distribution of the Geomyces fungi and the amount of 
microbial material in the atmosphere, it would be plausible 
to hypothesize that Geomyces propagules regularly occur 
and may be transported among landmasses and continents 
through the atmosphere and in clouds.

Conclusions
Geomyces fungi are capable of withstanding and thriving 
in cold, low-nutrient environments. Members of the genus 
are capable of modifying their metabolism in response to 
challenging abiotic conditions, including very cold tem-
peratures and low levels of biologically available water. 
Geomyces propagules are dispersed by air currents and wind, 
by groundwater seepage into caves and soils, on arthropods, 
on the feathers of birds, on the fur of mammals, and perhaps 
in clouds and in the atmosphere. Given that the bat species 
affected by WNS are all insectivorous, flying arthropods may 
play a key role in the dispersal of G. destructans. Geomyces 
propagules are also carried by humans and their clothing 
and equipment, and Geomyces can be more abundant in 
areas disturbed by humans. It has recently been shown that 
Geomyces fungi may be common in polar and temperate 
marine environments, including those associated with tropi-
cal deep-sea systems. Furthermore, current evidence suggests 
that the viable propagules of these fungi may be transported 
long distances by air and ocean currents. Biologists, manag-
ers, and others charged with controlling the spread of WNS 
and the causal agent G. destructans into other parts of North 
America and to other locations in the biosphere will be 
challenged by a fungal species with broad adaptive potential, 
capable of surviving and thriving in diverse terrestrial and 
perhaps even aquatic and marine environments.
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