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Introduction  

What is cryptobiotic soil? How is it formed? What are its functions? Why is it important to the desert eco-systems? When 
first seen by most people, cryptobiotic or cryptogamic soils are not recognized as communities of living organisms. Cryptobiotic 
soils are the relatively dark-colored crust that covers nearly 70% of the soil in the desert regions of Arizona, California, New 
Mexico, and Utah (the American Southwest). (Belnap J., Gardner J.S., 1993) Although different stands of cryptobiotic soils 
have been studied for many years, the functions and benefits of cryptobiotic soils are understood by very few people.  

Before the importance of cryptobiotic soils can be understood, a basic knowledge of how cryptobiotic soils function as a 
community of organisms is necessary. Mainly an understanding of the composition of cryptobiotic soils and how they grow, 
mature, and function.  

Summary  

Cryptobiotic soils are dominated by cyanobacteria (blue-green algae). Cyanobacteria were the first organisms to leave a fossil 
record dating back 3.5 billion years. Other members of the cryptobiotic soil community include green and brown algae, lichens, 
and mosses. These are the basic members of cryptobiotic soils. All of these organisms are autotrophic (make their own food) 
and need only sunlight, water, carbon dioxide, nitrogen, and a few other nutrients to survive. Working together, this community 
is able to colonize areas of soil and will aid with the creation of healthy soil so it can be occupied by new plant life. (Belnap J., 
Gardner J.S., 1993)  

The Roles of Algae  

Cryptobiotic soils contain the microorganism Microcoleus vaginatus, a member of the algae kingdom. Microcoleus v. is 
surrounded by a sticky polysaccharide sheath that swells and expands when wetted. During this process small, thread-like 
filaments extend throughout the soil. As Microcoleus v. absorbs more moisture, it produces additional filaments that form a 
sticky, net-like structure throughout the sandy desert soils. As Microcoleus v. and the soil dry, the now-intertwined filaments 
try to retract back into the sheath. By retracting, the filaments pull the net-like structures tight and bind large areas of soil 
together. Although these small, sticky net-like structures cover much of the soil's surface, roots of higher plants are still able 
to penetrate the soil between the sheaths of the Microcoleus v. (Belnap J., Gardner J.S., 1993)  

To be self-sufficient, plants use a process known as photosynthesis. During photosynthesis plants take in oxygen, carbon 
dioxide, and mineral nutrients. Then, in the presence of sunlight, plants produce sugars, starches, and enough oxygen and 
carbon dioxide to be self-sufficient. Chlorophyll a, which is abundant in the algae of cryptobiotic soils, helps provide for the 
release of oxygen into the atmosphere. The algae works in conjunction with the mosses and lichens to produce organic matter 
that is distributed throughout the soil and allows higher plants to take root and grow. (MacGregor A.N., Johnson D.E., 1971)  

The Roles of Lichens  

Lichens are another important member of the cryptobiotic soil community. Plants need an abundance of nitrogen to develop 
roots and grow properly. Lichens provide a nitrogen-fixation process in desert soils. These organisms gather gaseous nitrogen 
molecules from the atmosphere and combine them into compounds that aid in the growth and development of higher desert 
plant life. Nitrogen fixation is a very important developmental process, but also very delicate. Lichens in cryptobiotic soil 
communities, can be easily damaged by a simple hoof-print of an animal or a foot step of a man. (Rychert R.C., Skujins, 1974) 
While cyanobacteria is readily reproduced in cryptobiotic soils, lichens that conduct the nitrogen fixation process are not. 
Lichens in communities of cryptobiotic soil can take 50 years or more to return to the stage of nitrogen fixation that was 
present before they were damaged.(Belnap J., et. al., 1994)  

The Roles of Mosses  

Mosses occur during the more advanced stages of growth in cryptobiotic soil communities and aid greatly in the stabilization 
and strength of the fragile desert soil. Like the filaments in the Microcoleus v. the roots of mosses also have the ability to 
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bind and adhere particles of soil together. The small roots of the mosses easily penetrate the sheaths of Microcoleus v., where 
they reinforce the strength of the already supportive filaments. Mosses also aid in water infiltration into the soil, and allow 
the other organisms in the community to collect and take-up water. Combined with the cyanobacteria, algae, and lichens, the 
mosses help create a roughened, microtopographic surface that decreases water run-off by creating "rain puddles". "Rain 
puddles" trap and disperse precipitation throughout the entire area where growth is occurring. While performing these 
functions, mosses aid in the prevention of erosion caused by water, wind, animals, or even people. (Belnap J., 1994)  

Conclusion  

Cryptobiotic soil communities are the essential first step in producing arable soils in a desert eco-system. These small, delicate 
organisms live a tenuous existence, subject to the uncertainties of weather and climate. Disturbances caused by humans and 
their animals are playing an increasing role in the damage and destruction of cryptobiotic soils. The small organisms in 
cryptobiotic soils are no match for the compression of a foot-print, walking stick, or vehicle tire -- especially during periods of 
drought. (Cole D.N., 1991)  

If a disturbance occurs before or during a dry season, when cryptobiotic soils are dry, brittle, and easily broken-up, much of 
the area under the community will be destabilized. Cyanobacterial growth in cryptobiotic soils may begin in as little as six to 
twenty-four months and full, healthy growth may occur within a 5-6 year period if the soil is left undisturbed. Even though 
most disturbances do not kill the organisms directly, the fiber connections are broken, and in order to repair the damage, 
water must be available to the organisms.  

Knowledge and awareness of cryptobiotic soils is important for the growth, management, and preservation of this small 
community of unobtrusive living organisms. Once they are damaged or destroyed cryptobiotic soil communities, which are the 
surface covering and agent to produce soil in many arid regions, will be long in recovering and returning to full productivity.  
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Soils and Cryptobiotic Crusts in Arid Lands 
Cryptobiotic crusts (Fig. 1) are important 
features of arid and semiarid ecosystems 
throughout the Southwest, including pinyon-
juniper woodlands and deserts. More data 
on the ecological role played by these crusts 
in the Southwest are needed, given the 
widespread (but unsubstantiated) belief 
among many range managers that the 
breaking up of such crusts by livestock hoof 
action may be beneficial (Belnap 1990; 
Ladyman and Muldavin 1996). 

 

 
Fig. 1. Cryptobiotic crusts on the Colorado Plateau. Courtesy J. Belnap, USGS

Living soil crusts are found throughout the world, from the hottest deserts to the polar regions. 
In arid regions, these soil crusts are dominated by blue-green algae and also include soil 
lichens, mosses, green algae, microfungi, and bacteria (Belnap 1990; Johansen 1993; 
Ladyman and Muldavin 1996). In the cold deserts of the Colorado Plateau region (parts of 
Arizona, Colorado, New Mexico, and Utah), these crusts are extraordinarily well developed, 
often representing more than 70% of the living ground cover (Belnap 1990).  

   

Blue-green algae occur as single cells or filaments; the most common form found in desert soils 
is the filamentous type. The cells or filaments are surrounded by sheaths that are extremely 
persistent in these soils. When moistened, the blue-green algal filaments become active, 
moving through the soils and leaving behind a trail of the sticky, mucilaginous sheath material, 
which sticks to surfaces such as rock or soil particles, forming an intricate webbing of fibers in 
the soil. In this way, loose soil particles are joined, and otherwise unstable and highly erosion-
prone surfaces become resistant to wind and water erosion. The soil-binding action is not 
dependent on the presence of living filaments, however--layers of abandoned sheaths, built up 
over long periods, can still be found clinging tenaciously to soil particles at depths greater than 
15 centimeters in sandy soils, thereby providing cohesion and stability in loose sandy soils 
(Belnap and Gardner 1993). 

   

 

The crusts are important in the interception of rainfall. 
When moistened, the sheaths absorb up to 10 times 
their volume of water. The roughened surface of the 
crusts slows precipitation runoff and increases water 
infiltration into the soil, which is especially important in 
arid areas with sporadic, heavy rainfall. Vascular 
plants growing in crusted areas have higher levels of 
many essential nutrients than plants growing in areas 
without crusts. Electron micrographs of sheaths (Fig. 
2) show that they are covered with fine clay particles upon which essential nutrients cling, 
thereby keeping the nutrients from being leached out of the upper soil horizons or from being 
bound in a form unavailable to plants. In addition to stabilizing surfaces and increasing water 
harvesting, crustal organisms also contribute nitrogen and organic matter to ecosystems, 
functions that are especially important in desert ecosystems where nitrogen levels are low and 
often limit productivity. 

Fig. 2. Micrograph of 
filamentous cryptobiotic crust 
showing sheaths with attached 
clay particles.  
Courtesy J. Belnap, USGS

Unfortunately, many human activities are incompatible with maintaining these blue-green algal 
crusts. The blue-green algal fibers that confer such tensile strength to these crusts are no 
match for the compressional stress placed on them by machinery or by being stepped on by 
cows or people, especially when the crusts are dry and brittle. Crushed crusts not only 
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contribute less nitrogen and organic matter to the ecosystem, but the impacted soils are also 
highly susceptible to wind and water erosion. In addition, raindrop erosion increases and 
consequent overland water flows carry detached material away, a severe problem when the 
destruction has occurred in a continuous strip, as it does with vehicular or bicycle tracks. Such 
tracks are highly susceptible to water erosion and quickly form channels, especially on slopes. 
After such damage, wind blows away pieces of the pulverized crust and also blows around the 
underlying loose soil, covering nearby crusts. Since crustal organisms depend on 
photosynthesis, burial can mean death. When large sandy areas are impacted in dry periods, 
previously stable areas can become a series of moving sand dunes in only a few years. 

   

Large areas that are disturbed may never recover. Under the best circumstances, a thin veneer 
may return in 5 to 7 years. When the crust is disturbed, nitrogen fixation stops and underlying 
sheath material is crushed. Damage done to the abandoned sheath material underneath the 
surface cannot be repaired because the living organisms occur only on the surface. Instead, 
sheaths must build up slowly after many years of blue-green algal growth. 
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Changing Landscapes of the Middle Rio Grande 
Before the fourteenth century, the Rio Grande between Cochiti and San Marcial, New Mexico, 
was a perennially flowing, sinuous, and braided river (Crawford et al. 1993). The river migrated 
freely over the floodplain, limited only by valley terraces and bedrock outcroppings; this shifting 
of the river created ephemeral mosaics of riparian vegetation (forests and shrublands) and 
wetlands (ponds, marshes, wet meadows) (Durkin et al. 1995). Water diversion for irrigated 
agriculture by Native Americans and later by European immigrants may have somewhat 
diminished river flows during growing seasons before 1900. Increased sediment loading, the 
result of climatic variations and agriculture, caused the river's channel to become broader and 
shallower, which increased the river's tendency to flood. 

   

In the late 1800's, groundwater levels in the Rio Grande floodplain rose dramatically because of 
a rising riverbed, irrigation, and poor return of irrigation water. Salts, leached upward by the 
rising groundwater, created salinity problems. Levees, built in the 1920's and 1930's to cope 
with floods, tended to constrain the floodway and channel, thereby reducing the river's 
tendency to meander, which is critical for establishment of native bosque (cottonwood-willow) 
vegetation. In addition, the riverbed aggraded inside the levees so that by the 1950's it was 
higher than adjacent downtown Albuquerque. Upstream dams were built largely for flood and 
sediment control, as well as water storage, and drainage systems were established to lower 
water tables in the floodplain. These actions, combined with water diversion channels and 
increased groundwater pumping in Albuquerque, disrupted the connection between the river 
water and groundwater in the floodplain; thus, hydrological conditions in the riparian zones 
were no longer linked in a natural historical way (Crawford et al. 1993). 

   

Cottonwood-willow forests have also been 
reduced by land clearing, tree harvesting, 
water diversion, and agricultural uses. About 
90% of the Rio Grande's water is used for 
agriculture in the middle Rio Grande valley 
(Crawford et al. 1993). Livestock graze back 
new riparian vegetation (young cottonwood 
and willow), which contributes to watershed 
erosion and leads to increased sediment 
loading in the river. Groundwater drainage 
and the absence of periodic flooding caused 
most of the valley's wetlands to dry up. Plant 
and animal species dependent on such 
areas have disappeared or are confined to 
restricted habitats. Cottonwood and willow 
have been widely replaced by species that 
are not as reliant on spring flooding and 
inundation to reproduce--saltcedar in 
southern reaches and Russian-olive in 
northern ones (Figure). 

 

 
Figure. Riparian vegetation. Mature cottonwood site (top) at Bosque del Apache 
National Wildlife Refuge, Socorro County, New Mexico, showing the relatively 
open nature of such stands, and a stand of nonindigenous saltcedar (bottom) on 
the Rio Hondo, Chaves County, New Mexico, showing the almost impenetrable 
nature of invading stands. Courtesy J. N. Stuart, USGS

Roelle and Hagenbuck (1995), who 
documented surface cover changes in the 
Rio Grande floodplain from 1935 to 1989, 
found that five of eight wetland cover types 
declined by 17,000 hectares (45%) in that 
period; largest gains during the period were 
in urban and agricultural cover types. Only 
three wetland or riparian cover types 
increased: lake, wetland forest, and dead 
forest or scrub-shrub. The lake increase, 
though, was due to higher water levels in a 
large impoundment (Elephant Butte 
Reservoir), and wetland forest increase was 
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primarily due to increasing forest cover 
between levees and the river channel, which 
has become narrower and straighter 
because of channel stabilization. Only 27% 
of the area forested in 1935 still supports 
forests. The flow regime of the river has 
been altered significantly, with lower peak 
flows, which means that cottonwood 
regeneration rarely occurs. Under current 
hydrological conditions, Russian-olive and 
saltcedar are likely to continue to replace 
cottonwood. Even though the middle Rio 
Grande valley in New Mexico supports the 
most extensive cottonwood gallery forest 
remaining in the entire Southwest (W. Howe, 
U.S. Fish and Wildlife Service, Albuquerque, 
New Mexico, personal communication), 
human-induced changes in hydrology and 
land use are rapidly shrinking remaining 
forests. 
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Rare Aquatic Snails 
State Natural Heritage Programs in the 
Southwest have identified 30 species of 
rare aquatic snails (Figure a), most in the 
mollusk family Hydrobiidae. The 
Hydrobiidae are at risk throughout North 
America, with 16 endangered, threatened, 
or U.S. Fish and Wildlife Service Category 1 
candidate species, and 90 species of 
concern (Mehlhop and Vaughn 1994). 

 
Figure. a) Federal status of rare or declining snails in the Southwest; b) number 
of known occurrences per species of rare aquatic snails; c) reported threats to 
rare aquatic snails in the Southwest; d) landowner or management agency of 
sites where aquatic snails in this study occur.

Several physiological and ecological 
aspects of rare southwestern snails render 
them vulnerable to extirpation. All are gill 
breathers and thus are intolerant of drying 
or anaerobic conditions. Individual snails 
tend to live about one year, making annual 
reproduction essential. Most snail species 
are geographically restricted to natural 
springs and nearby wetlands, with 83% of 
the species having a total range of less than 
10 square kilometers. These mostly isolated 
habitats inhibit migration--of 30 snail 
species, most occur at only a single spring, 
and most of the others are found at only two 
or three springs (Figure b). Water-use 
activities that have altered the quantity or 
quality of many spring waters also threaten 
the snails (Figure c). Of 26 species for 
which threats have been assessed, only two 
were found to have no substantial identified 
threats. 

Although the status of most of these rare aquatic snails is vulnerable (Mehlhop and Vaughn 
1994), there are reasons for optimism. More than half (53%) of the snail habitats are in springs 
that are managed fully or in part by federal or state agencies or by private conservation 
organizations (Figure d). Also, although water-use activities appear to pose significant threats 
to the long-term viability of these species, these threats have existed for most of these species 
for decades, suggesting that such activities and snails may be able to coexist. 
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Back to Grand Staircase-Escalante Introduction 

This large patch of cryptobiotic soil is on top of No Man's Mesa, on BLM lands in the Paria-Hackberry roadless area near Grand 
Staircase-Escalante National Monument. A symbiotic web of lichen, algae, and fungus, this soil holds water and fixes nitrogen, 

but is rapidly destroyed by overgrazing and by human recreational use. Photo © 1999 Ray Wheeler.  
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Cryptobiotic Soil Crusts

also called Microbiotic Crusts or Cryptogamic Soils

Mostly composed of cyanobacteria, lichens, mosses, and algae.  
Might also have fungi or liverworts.
The exact species compositions of the crusts vary from place to place, as do the vascular plant
communities that grow in the crusts.

Cryptobiotic crusts are very important ecosystems in arid and semi-arid regions.  In the USA,
these crusts have been studied in the Colorado Plateau, the Great Basin, and the Sonoran Desert.
These areas include portions of NV, UT, CO, NM, and AZ.

The crust that forms can be up to 10 cm thick, with the still living organisms in the upper few
mm of the soil.

The cryptobiotic crust can account for >70% of the ground cover in arid and semi-arid
environments, with vascular plants providing the remainder.
The organisms of the crust increase the stability of the soil, decreasing soil erosion.
The organisms increase the organic matter in soils.
Free-living cyanobacteria and cyanobacteria living as lichens with fungal partners increase the
available nitrogen content of the soils by nitrogen fixation.
The availability of other soil minerals improves.
The amount of available water also improves.

Most of the cyanobacteria found in cryptobiotic crusts are filamentous.  As they grow, they are
covered by a sheath of mucous.  As the cyanobacteria move through the soil, they leave a trail of
the mucous as they go (think snail trail).  The mucous acts like a glue to hold soil particles
together.  Clumps of soil resist wind and water erosion better than the small particles do.  Even
after the cyanobacteria die, the mucous is still in the soil, holding the particles together.

The filaments of green algae and the hyphae of the fungi also hold the soil particles in place, as
do the rhizoids of the lichens, mosses, and liverworts.

Binding of the soil particles increases the amount of P available as this mineral is often high in
soil fines.

The organic carbon put into the soils as the cryptobiotic organisms die improves the water and
mineral holding capacity of the soil:  fewer minerals are leached from the soil when it rains.

The nitrogen fixation is a very important contribution by the cyanobacteria.  They serve as the
primary source of nitrogen in the Colorado Plateau.

The crust organisms are very good at absorbing water from dew and water vapor; they are also
good at retaining water even under very low relative humidity.  Thus, they slow water



evaporation from the soil surface, benefitting the vascular plants that grow in the crusts.

The crusts are highly susceptible damage when they are disturbed by hooves, feet, and vehicles
(motorized or not).  The damage is worse when the soils are dry because of the brittleness of the
living organisms when they are dry.   (The organisms in the crusts survive drying due to a
mechanism called poikilohydry.)
The organisms are only active when wet.  Therefore, in an arid environment, re-establishment of
the crust is slow.  In southern Utah, the estimated recovery time for lichens is 45 years and for
mosses is 250 years.
Not only are the crust-free soils now subject to erosion, the soil particles now removed from
these areas can cover adjacent crusts that were not disturbed.
The crusts can suffer substantial damage, even when there is no apparent damage to the vascular
plant vegetation.

As a result of damage to the crusts:
runoff increases
soil loss increases
if runoff brings in N, the presence of that N will decrease natural nitrogen fixation
often, rangeland shrubs increase; some are allelopathic for nitrogen fixing bacteria

Review

In what types of habitats do you find cryptobiotic soil crusts?  In which US states have they been
most extensively studied?
What are the main types of organisms found in cryptobiotic soil crusts?
What specific advantages do the crust organisms provide to their ecosystem?  What specific
features of the organisms contribute to their ability to provide these advantages?  (For example,
what are the various factors provided by the cyanobacteria?)

What is poikilohydry?  How does it contribute to the survival of organisms in soil crusts?

What are the possible consequences of damage to cryptobiotic soil crusts?  What are estimated
recovery times for damage to crusts in southern Utah?


