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Foreword

Introduction to Microbiotic Crusts provides information on a soil-

associated component of many plant communities that has not

been widely recognized or characterized.  The majority of the

research on these crusts is limited to the Great Basin and Colo-

rado Plateau regions of the United States.  There is validity in

generalizing the basic functions of the crusts to wherever crusts

are found, given that their gross compositions are similar

(cyanobacteria, algae, mosses, lichens, etc.). However, it would

not be valid to estimate the general importance of these functions

in other regions because species composition does differ between

crusts, particularly within the larger components (i.e., lichens,

mosses) (39).  In addition, the plant composition and functions of

associated plant communities where crusts occur differ between

regions.  Understanding the role of microbiotic crusts in total

resource management is an ongoing challenge.

This document was written by Roxanna Johnston, botanist, and

includes the comments of numerous reviewers.

Cover
Top photo  - mature crust in the Colorado Plateau
Bottom photo - Area without crust

Credits:  Jayne Belnap / USGS-Biological Research Division

More information is needed about the functions that crusts perform and the effect

of crust disturbance or elimination on the total plant community and production,

the soil and the environment.
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Introduction to
Microbiotic Crusts

Microbiotic crusts are com-

monly found  in semiarid and

arid environments throughout

the world.  Areas in the United

States where crusts are a

prominent feature of the

landscape include the Great

Basin, Colorado Plateau (19),
Sonoran Desert (12), and the

lower Columbia Basin (23).
Crusts are also found in

agricultural areas (21), native

prairies (36), and sandy soils

in Glacier Bay, Alaska (42).
Outside the United States,

crusts have been studied in the

Antarctic (13), Australia (33),
and Israel (28), among other

locations.  In fact, microbiotic

crusts have been found on all

continents and in most habi-

tats, leaving few areas crust

free (39).

Microbiotic crusts are
formed by living
organisms and their
by-products, creating
a surface crust of soil
particles bound
together by organic
materials.

Many names and many forms

Microbiotic crusts are also known as cryptogamic,

cryptobiotic, and microphytic, leading to some

confusion.  The names are all meant to indicate

common features of the organisms that compose

the crusts.  The most inclusive term is probably

‘microbiotic’ (38), referring to the small size of

the organisms and not limiting crust components

to plants.  Whatever name used, there remains

an important distinction between these formations

and physical or chemical crusts.

Microbiotic crusts are formed by living organisms

and their by-products, creating a crust of soil

particles bound together by organic materials.

Chemical and physical crusts are inorganic

features, such as a salt crusts or platy surface

crusts.

Figure 1—Utah
The general appearance of crusts in terms of color, surface topography and surficial
coverage varies in different regions.(Jayne Belnap / USGS-Biological Research Division)
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Characteristics and
formation

Microbiotic crusts are formed

by living organisms and their

by-products, creating a surface

crust of soil particles bound

together by organic materials.

Aboveground crust thickness

can reach up to 10 cm (39).
The general appearance of the

crusts in terms of color, surface

topography, and surficial

coverage varies (figs. 1-4).

Mature crusts of the Great

Basin and Colorado Plateau are

usually darker than the sur-

rounding soil.  This color is

due in part to the density of the

organisms and to the often dark

color of the cyanobacteria,

lichens, and mosses.  The

presence or absence of a crust

is partly determined by soil

texture and conductivity, pH,

moisture, and possibly tem-

perature (15, 21, 22).  Crust

coverage varies greatly, from

less than 10 percent to nearly

100 percent (39).

Figures 2,  3, and 4
The general appearance of crusts in terms
of color, surface topography and surficial
coverage varies in different regions.
Fig. 2 Santa Barbara Island, California;
Fig. 3 southern Arizona;
Fig. 4 Salmon, Idaho)
(Figs 2 and 3:  Jayne Belnap / USGS-
Biological Research Division.
Fig 4:  Julie Kaltenecker/USDI-BLM)
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Some crusts are characterized

by their marked increase in

surface topography, often

referred to as pinnacles or

pedicles (3). Other crusts are

merely rough or smooth and flat

(22).  The process of creating

surface topography, or

pinnacling, is due largely to the

presence of filamentous

cyanobacteria and green algae

(fig. 5).  These organisms swell

when wet, migrating out of

their sheaths.  After each migra-

tion new sheath material is

exuded, thus extending sheath

length.  Repeated swelling

leaves a complex network of

empty sheath material that

maintains soil structure after the

organisms have dehydrated and

decreased in size (7).  A con-

tributing mechanism is frost

heaving and subsequent uneven

erosion, leaving soil mounds

bound by crust organisms.

Lack of frost heaving has been

used to explain the absence of

pinnacles in warmer regions

(39).

Figure 5
Pinnacles are formed by sheaths of cyanobacteria as they extend in length and bind soil
particles together.  Frost-heaving also causes sheath-bound particles to rise.
(Jayne Belnap / USGS-Biological Research Division)
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Composition

Microbiotic crusts are predomi-

nantly composed of

cyanobacteria (formerly blue-

green algae), green and brown

algae, mosses, and lichens (figs.

6-8).  Liverworts, fungi, and

bacteria can also be important

components.  Cyanobacteria or

green algae make up a large

component of microbiotic

crusts in semiarid and arid

regions of the United States.

Glossary

algae nonvascular photosynthetic plant-

like organisms, they are informally

divided into groups by their

dominant pigments (i.e., green,

brown, red, etc.).

bacteria microscopic, single celled

organisms.

cyanobacteria photosynthetic bacteria formerly

called  blue-green algae, their

growth forms tend to be filamentous.

fungi nonphotosynthetic multicellular

organisms that are either

saprophytic or parasitic.

hyphae single strands of a fungus.

lichen a composite plant consisting of fungi

living symbiotically with algae or

cyanobacteria.

liverworts and mosses – nonvascular

plants of small stature, the two are

similar with the exception of

reproductive methods.

rhizines/rhizoids root-like structures of lichens

and mosses respectively, they

are used for attachment.

sheaths external coating formed by some

filamentous cyanobacteria, those

discussed in the article are formed

from polysaccharides.
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In the Great Basin and the

Colorado Plateau, Microcoleus
vaginatus (a cyanobacteria)

composes the vast majority of

the crust structure (10, 3).
Lichens of the genera Collema
spp. and mosses from the

genera Tortula spp. are also

common (3, 4, 26).  In hot

deserts, such as the Sonoran,

Schizothrix species (another

cyanobacteria) are more com-

mon (12). Lower Columbia

Basin crusts tend to be domi-

nated by green algae (23).
Shifts between green algal and

cyanobacterial dominance have

been attributed to changes in

pH, with decreasing alkalinity

(pH) favoring green algae (23,
27).  Crusts from other regions

can be dominated by lichens

and/or mosses.  The organism

that dominates the crust is

partly determined by microcli-

mate and may also represent

different successional stages

(39).

Figures 6, 7, and 8
Microbiotic crusts may include
cyanobacteria, green and brown algae,
mosses, and lichens.
(Figs 6, 7:  Mike Pellant/USDI-BLM
Fig 8:  Pat Shaver/NRCS)



8

Functions

Crusts contribute to a number

of functions in the environment.

Because they are concentrated

in the top 1 to 4 mm of soil,

they primarily effect processes

that occur at the land surface or

soil-air interface.  These include

soil stability and erosion,

atmospheric N-fixation, nutrient

contributions to plants, soil-

plant-water relations, infiltra-

tion, seedling germination, and

plant growth.

Soil stability

Crust forming cyanobacteria

and green algae have filamen-

tous growth forms that bind soil

particles (figs. 9-10).  These

filaments exude sticky polysac-

charide sheaths around their

cells that aid in soil aggregation

by cementing particles together

(13, 7).  Fungi, both free-living

and as a part of lichens, contrib-

ute to soil stability by binding

soil particles with hyphae (1,
19, 36). Lichens and mosses

assist in soil stability by binding

particles with rhizines/rhizoids,

increasing resistance to wind

and water action (2, 36).  The

increased surface topography of

some crusts, along with in-

creased aggregate stability,

further improves resistance to

wind and water erosion (33, 40,
41).

Figure 9
Polysaccharide sheaths of cynobacteria and green algae bind soil particles together.
(Jayne Belnap / USGS-Biological Research Division)

Figure 10
Sheaths are at the soil surface. Soil particles are attached to the sheaths.
(Jayne Belnap / USGS-Biological Research Division)
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Microbiotic crust functions include:
-soil stability and erosion

-atmospheric N-fixation

-nutrient contributions to plants

-soil-plant-water relations

-infiltration

-seedling germination

-plant growth

Nutrient contributions

Microbiotic crusts can increase

available nitrogen as well as

other nutrients in the soil.  This

process is  almost solely based

on the cyanobacterial compo-

nent of the crust, whether free-

living or as part of lichens. It

has been estimated that micro-

biotic crusts fix 2-41 kg N/ha/

yr, though these numbers may

be inflated due to the method of

measurement (39).  Crusts can

be the dominant source of fixed

N in semiarid ecosystems (37,
17), and this nitrogen appears to

be available to higher plants

(32).  Part of the increasing

nutrient availability might be

due to the ability of the

cyanobacterial sheaths to

directly bind positively charged

molecules (8).  Phosphorus

levels are also increased in soils

with well developed crusts.

This increase is accomplished

by the binding of soil fines,

which are relatively high in

phosphorus content (19).

Increased nutrient levels are

most evident near the soil

surface due to the dependence

of the organisms on light.

Maximum input of nitrogen and

other minerals occurs when the

organisms are most active.

Photosynthesis and nitrogen

fixation optimal temperatures

are 75 to 86 degrees F and 51 to

61 degrees F respectively (10,
34, 35).  Photosynthesis in

green algae has been shown to

be particularly sensitive to high

temperatures (24).  Moisture

levels are also important.

Photosynthesis maximizes

when the soil surface is near

saturation, and nitrogen fixation

maximizes when the plant

moisture level is between 60

and 80 percent (19, 10, 15).

Water relations

Crust organisms are quickly

able to utilize moisture from

dews (10) and, in the case of

green algae, water vapor (37).
An investigation of

cyanobacteria and green algae

in Death Valley determined that

certain species of algae could

retain water against an osmotic

pull of 50 atmospheres (-50.7

bars) (16).  This ability to retain

water under high tension might

be beneficial to survival in dry

habitats.  Many crust organisms

are extremely drought tolerant,

but this does not ensure con-

tinuous growth and functioning.

Crust samples from Idaho

(predominantly Microcoleus
vaginatus) were shown to be

particularly sensitive to mois-

ture levels.  Photosynthesis and

growth in cyanobacteria domi-

nated crusts were inhibited at -

18 bars and -7 bars respectively

(10).  Lichens do not appear to

be as sensitive to moisture

levels (19).

The water holding capacity of

crust organisms has been

proposed to benefit surrounding

vegetation by slowing evapora-

tion.  It has also been proposed

that this ability to hold water

may be so strong as to prevent

vegetation from accessing it,

thereby decreasing available

water.  So far, a conclusion has

not been reached on this issue.
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Infiltration

Microbiotic crusts can alter

infiltration.  Some studies have

shown increases in infiltration

in the presence of crusts (11,
30); this is usually attributed to

increased aggregate stability.

Other studies found either

decreases in infiltration or no

effect (18, 40).  Differences in

findings seemed to be site

specific and were often related

to soil texture and chemical

properties of the soil.

Effects on plant germina-
tion and growth

Studies investigating the role of

crusts in plant germination have

had varied results.  Increased

surface relief is presumed to

provide safe sites for seeds

while darker surface color

increases soil temperatures to

those required for germination

earlier in the season, coinciding

with spring water availability

(6, 19).  While the above

conditions should favor seed

germination, not all studies

have supported this conclusion.

Conflicting results might be

reconciled by these consider-

ations:  1) seeds that become

worked into the crust will more

likely be able to benefit from

the crust environment than

those that remain on the sur-

face, and 2) seed size and

degree of crust pinnacling may

determine whether the crust

environment is beneficial to

germination and establishment

(29).

Studies on plant health are more

clear-cut.  Many studies have

shown increases in survival

and/or nutrient content in crust

covered environments as

opposed to bare soil (8, 19, 29),
though these results are not

universal (19). Nutrients shown

to increase in plant tissues

grown in the presence of crusts

are nitrogen, phosphorus,

potassium, iron, calcium,

magnesium, and manganese (5,
8).  Some of the plants ben-

efited by crust presence include

Festuca octoflora (sixweeks

fescue), Mentzelia multiflora
(desert blazing star) (5, 8),
Arabis fecunda (rock-cress)

(29), Kochia prostrata (pros-

trate summercypress),

Linum perenne (blue flax),
Lepidium montanum
(mountain peppergrass), and

Sphaeralcea coccinea (scarlet

globemallow) (20).

Response to
disturbance

Microbiotic crusts are well

adapted to severe growing

conditions, but poorly adapted

to compressional disturbances.

Domestic livestock grazing, and

more recently, tourist activities

(hiking, biking, and ORV’s) and

military activities place a heavy

toll on the integrity of the crusts

(fig. 11).  Disruption of the

crusts brings decreased organ-

ism diversity, soil nutrients, and

organic matter (9).

Direct damage to crusts usually

comes in the form of trampling

by humans and livestock.

Trampling breaks up the

sheaths and filaments holding

the soil together and drastically

reduces the capability of the

soil organisms to function,

particularly in nitrogen fixation

(9, 6, 17).  Changes in plant

composition are often used as

indicators of range health.  This

indicator may not be sensitive

enough to warn of damage to

microbiotic crusts (31).  Studies

looking at trampling distur-

bance have noted that losses of

moss cover, lichen cover, and

cyanobacterial presence can be

severe (1/10, 1/3, and 1/2

respectively) (2), runoff can

increase by half, and the rate of

soil loss can increase six times

(20) without apparent damage

to vegetation.  Adding nitrogen

to the soil can retard natural

nitrogen fixation by soil organ-

isms (19).
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Other disturbance impacts are

indirect.  Several native range-

land shrubs (Artemisia
tridentata, Atriplex
confertifolia, and Ceratoides
lanata) may have allelopathic

effects on the nitrogen fixing

capabilities of crusts, poten-

tially lowering nitrogen fixation

by 80 percent (35).  Actions that

increase the shrub component,

such as excessive grazing, can

have an unexpected impact on

crust functioning.

Another indirect disturbance

occurs through crust burial.

When the integrity of the crust

is broken through trampling or

other means, the soil is more

susceptible to wind and water

erosion.  This soil can be

carried long distances, covering

intact crusts.  Crusts tolerate

shallow burial by extending

sheaths to the surface to begin

photosynthesis again.  Deeper

burial by eroded sediment will

kill crusts (37) (fig. 12).

Fire is a common component of

many regions where microbi-

otic crusts grow.  Investigations

into the effects of fire on crusts

show that fires can cause severe

damage, but that recovery is

possible (25).  The degree to

which crusts are damaged by

fires apparently depends on the

intensity of the fire.  Low

intensity fires do not remove all

the structure of the crust allow-

ing for regrowth without sig-

nificant soil loss (fig. 13).

Shrub presence (particularly

sagebrush) increases the inten-

sity of the fire, decreasing the

likelihood of early vegetative or

crust recovery (23).

Full recovery of microbiotic

crusts from disturbances is a

slow process, particularly for

mosses and lichens (4).  There

are means to facilitate recovery.

Allowing the cyanobacterial

and green algae component to

recover will give the appear-

ance of a healthy crust.  This

visual recovery can be complete

(with the exception of lichens

and mosses) in as little as 1 to 5

years given average climate

conditions (14, 4).  Limiting the

size of the disturbed area also

increases the rate of recovery

provided that there is a nearby

source of inoculum (4).

Figure 11
Crust disturbance along a trail breaks up the sheaths and filaments that bind the soil
together. (Jayne Belnap / USGS-Biological Research Division)
Figure 12
Burial by wind blowing sand will kill crusts. (Jayne Belnap / USGS-Biological Research
Division)
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Future research

Information on microbiotic

crusts is based on a small

amount of research—most of

which is from arid or semiarid

regions.  More studies are

needed, especially those that

expand into other ecological

regions.  Most pressing is the

need to learn more about the

functions of the crusts, such as

soil stability, nutrient contribu-

tions, soil-plant-water relations,

infiltration, seedling germina-

tion and plant growth.  Informa-

tion on the relative importance

of these functions in different

ecosystems is also needed.  This

understanding is necessary to

determine the management

strategies needed to protect or

favor the development and

functions of the crusts.  Addi-

tional areas of research are 1)

learning how crust composition

and functions vary with climate,

soil texture, soil chemical

composition, and plant commu-

nity, 2) how function correlates

to differences in the composi-

tion and appearance of crusts,

and 3) the effect of manage-

ment practices on crusts.

The land where crusts occur is

used for a wide range of pur-

poses—from grazing and

recreation to military uses, and

in some places, crops.  Ulti-

mately, land managers want to

know how the functions of

crusts change under different

practices.  Where the functions

of crusts are impaired or elimi-

nated because of land use

practices, and are essential to

the health of the ecosystem,

land managers need guidelines

to adapt their practices to

protect or restore the functions

of crusts.

Figure 13
Microbiotic crust in a 1983 seeding (crested wheatgrass, Siberian wheatgrass and
bluebunch wheatgrass) following a 1996 fire.  The crust remained intact between the
burned bunchgrass clumps.  (Julie Kaltenecker/USDI-BLM)

Where the functions of

crusts are impaired or

eliminated because of

land use practices, and

are essential to the

health of the ecosystem,

land managers need

guidelines to adapt their

practices to protect or

restore the functions of

crusts.
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Soil quality is the

capacity of the soil to

function.  The sym-

bol for soil quality

represents all natural

resources, their

dependence on soil,

and human depen-

dence on the health

of these resources.


