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Cryptogamic Soil Crusts in Arid Ecosystems

Jim Dunne

Observant travelers of desert and arid lands frequently
notice the dark, lumpy surface crusts of the soil. These
soil crusts are formed by cryptogamic plants which re-
produce by means of spores; they do not produce flowers
or seeds. Cryptogamic communities grow on or directly
under the soil surface. A well-developed community
forms a distinguishable, dark crust. These crusts are
important because they stabilize and protect otherwise
sparsely vegetated desert soils from the natural forces of
water and wind erosion (Kleiner and Harper 1972). These
biologically active crusts influence soil properties, such
as moisture holding capacity, infiltration rate, organic
matter content, texture (Fletcher and Martin 1948, Bond
and Harris 1964), and fix atmospheric nitrogen (Sheilds et
al. 1957).

Unfortunately, these crusts are fragile, and easily dam-
aged or destroyed. Range management practices have
generally ignored the importance of cryptogamic crusts,
although livestock grazing and recreational use have
impacted the soil crust over much of its range, degrading
the health of desert ecosystems (Brotherson et al. 1983).

Cryptogamic crusts harbor many different species, and
composition varies with region and substrate (Rogers
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and Lange 1971, Anderson and Rushforth 1976). Algae
are usually the dominant genera. Lichens and mosses are
alsoimportantcomponents of crusts on rangelands (Brother-
son et al. 1983).

Cryptogamic soil crusts are found world-wide in arid
environments. In the United States, the most well-developed
crusts are found on soils derived from gypsum in south-
ern Utah and Nevada, and northern Arizona. Crusts can
also be found in California, Colorado, New Mexico,
Oregon, Washington, Wyoming, and throughout many of
the plains states north into Canada (Anderson et al. 1982,
Looman 1964). Cryptogams are common on rangelands
of Australia, especially in the south (Rogers and Lange,
1971).

Development of cryptogamic crusts depends on the
influences of soil characteristics, climate, competition
from vascular plants, and the effects of animal and human
disturbance. Managers of western rangelands should
understand the ecology of cryptogams because they may
have a greater effect on productivity than the plants which
are currently emphasized in traditional range condition
evaluation techniques.

Cryptogamic Crust Development

Soil characteristics that are influential in crust devel-
opment are surface rock, texture, and chemistry. Large
areas of exposed rock do not favor extensive cryptogamic
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crust formation, although pockets of well-developed
crust formed as ‘cryptogamic islands’ on Utah slickrock.
Soil texture has an important effect: the finer the texture,
the greater the diversity and cover of lichens, mosses, and
algae. Soil crusts in Utah do not form as extensively on
soils with higher percentages of sand. Moderate to very
well-developed crust formed on soils that averaged 50%
sand, 35% silt, and 15% clay. Lightly developed crust
formed on soils which average 60% sand, 26% silt, and
14% clay. Finally, soil chemistry influences crust forma-
tion because saline soils tend to support more crypto-
gamic crust. Not only are cryptogams salt tolerant, but
they experience less competition for light and moisture
from vascular plants on saline sites (Anderson et al.
1982).

Climate has basic influences on crust development.
Since cryptogamic crusts form slowly, the environment
must remain stable enough to allow that development
(Loomin 1964). Temperature and moisture fluctuations
influence all biological activity, including cryptogamic
development. Results of laboratory and field experiments
showed that nitrogen fixation in cryptogamic crusts was
limited by soil water potentials below C13 bars (approxi-
mate wilting point) and had an optimal temperature range
of 51 to 61 degrees F (Rychert and Skujins 1974).

Competition from vascular plants also influences crust
development. Increased vascular plant cover limits avail-
able moisture and nutrients while over-topping plants
reduce the amount of light reaching the cryptogams.
Some shrubs within the Great Basin Desert may chemi-
cally inhibit the formation of cryptogamic crusts (Rychert
and Skujins 1974). Shrub cover has changed in much of
the Intermountain region. Competition between crypto-
gams and vascular plants will change during succession.

Constant heavy use of rangeland by hooved animals,
vehicles, or hikers prevents cryptogamic crust formation.
An extreme view was expressed by Mack and Thompson
(1982:764): “It appears that herbivorous mammals are
incompatible with maintenance of steppe where crypto-
gams (particularly crustose lichens) occupy a significant
fraction of the soil surface.” Far western and Intermoun-
tain arid lands did not support large populations of native
ungulates (Baker 1976), and the soil-holding crust was
not subjected to the pressure of present livestock grazing
regimes. The effects of moderate intensities of livestock
use on cryptogamic crust development are poorly docu-
mented. Moderately grazed pastures in Southeastern
Oregon were quantitatively rated as showing fair to good
cryptogamic crust development (Bartolome et al. 1988).

Ecological Role

The ecological role of cryptogamic crusts is not well-
understood. Most evidence explains how the crust inter-
acts with soil properties. Crusts not only cover the soil,
but the algal filaments, fungal mycelia, and exudates
firmly bind and cement sandy soil particles, thus stabiliz-
ing the soil (Anderson et al. 1982). Over time, the crust
and soil stability are enhanced by the addition of organic
material as the community grows.

Soil structure is enhanced by the continuous addition
of organic material by crusts, including trapped wind
blown particles. This process reduces the relative percent
of sand, increases nutrients (Kleiner and Harper 1977),
increases the cation exchange complex (Anderson et al.
1982), and increases ability of the soil to hold water.

Soil organic and inorganic nitrogen can be increased
by the decomposition of cryptogams and nitrogen fixa-
tion (Shields et al. 1957). Also, more available phospho-
rus and organic carbon are present in soils with well-
developed crusts than in less developed ones (Anderson
etal. 1982). Nitrogen fixation by cryptogams could be the
primary way soils get nitrogen (MacGregor and Johnson
1971). The nitrogen-fixing blue-green algae living in
association with lichens are able to remain active for
relatively long periods of time, only limited by desiccation
and extreme cold (Henriksson and Simu 1971).

The microclimate of the crust is beneficial to plant
growth because favorable moisture conditions persist
and the dark color of well-developed crusts retains heat
longer than light, desert soils without crust development.
Infiltration of water into the soil is increased by crypto-
gamic crusts (Loope and Gifford 1972).

Cryptogamic Crust and Succession

The role of cryptogamic crusts in plant succession is
notwell known. Booth (1941) studied algae and lichens in
secondary succession on eroded land. He concluded that
cryptogams were important as pioneers on denuded
lands. They added organic matter, fixed nitogen, increased
water infiltration, stabilized soil particles with algal fila-
ments, and increased moisture content of the upper inch
of the soil. In effect, the crust prepares the microenviron-
ment for future seral stages of higher plants.

Looman (1964) described a late seral stage where the
overtopped cryptogamic crust became a mere remnant of
its past cover in an area that had been protected from
grazing for several years. He also presented data for an
aspen-grassland community that was monitored for more
than 50 years. Protection increased height of the vascular
plants, which soon over-topped the crust. Observed
changes included decreased light, increased moisture
due to the increasing amount and density of the mulch,
and the increasing density of the vascular community.
Within 7 years, most of the cryptogamic community had
disappeared. As aspen encroached into the grassland,
the cryptogams were shaded out. Yet when the aspens
grew old and died, leaving openings in the canopy, cryp-
togams slowly reappeared.

Succession is influenced by suppression of seed ger-
mination by cryptogamic crust. One study compared
germination of blue panicgrass, Lehmann lovegrass,
corn, and sunflower seeds on two soil surface types—
bare and a cryptogamic crust (Mclivanie 1942). Seeds
easily germinated on the bare soil, but rarely on the crust.
Seeds on the crust were prevented from coming into
contact with mineral soil. They dried out and died. The
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successional pattern is altered when the crust is broken
because it becomes a source of microsites for alien grass
establishment (Mack and Thompson 1982).

Cryptogamic Crust on Western Rangelands

Utah ecologists D.C. Anderson, J.D. Brotherson, K.T.
Harper, and S.R. Rushforth have studied the effects of
livestock grazing on cryptogamic crusts for two decades.
Most of the information compares protected areas to
areas with heavy season-long use. Although the crust
persists under natural erosive forces, the hooves of live-
stock (orthe vibram soles of hiking boots) restrict crypto-
gams in Intermountain rangelands. The scientists’s results
repeatedly show that livestock reduces the cover and
diversity of crust compared to complete protection, while
protection increased infiltration and decreased sedimen-
tation, erosion, head-cutting of secondary stream chan-
nels, and pedestaled bunchgrasses (Kleiner and Harper
1972, Brotherson et al. 1983).

Although the conflicts are well-documented, and should
be a matter of concern for the general health of desert
ecosystems, land managers have not effectively addressed
the problem (Anderson et al. 1982). Public and private
land managers need more demonstrations of practical
possibilities for manipulating livestock to protect critical
cryptogamic habitat, a neglected but important part of
arid ecosystems.
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