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Biological soil crusts as an integral component of
desert environments
Jayne Belnap1 and Bettina Weber2,3*
The biology and ecology of biological soil crusts, a soil
surface community of mosses, lichens, cyanobacteria,
green algae, fungi, and bacteria, have only recently been a
topic of research. Most efforts began in the western U.S.
(Cameron, Harper, Rushforth, and St. Clair), Australia
(Rogers), and Israel (Friedmann, Evenari, and Lange) in
the late 1960s and 1970s (e.g., Friedmann et al. 1967;
Evenari 1985, reviewed in Harper and Marble 1988). How-
ever, these groups worked independently of each other
and, in fact, were often not aware of each other’s work. In
addition, biological soil crust communities were seen as
more a novelty than a critical component of dryland eco-
systems. Since then, researchers have investigated many
different aspects of these communities and have shown
that although small to microscopic, biological soil crusts
are critical in many ecological processes of deserts. They
often cover most of desert soil surfaces and substantially
mediate inputs and outputs from desert soils (Belnap et al.
2003). They can be a large source of biodiversity for de-
serts, as they can contain more species than the surround-
ing vascular plant community (Rosentreter 1986). These
communities are important in reducing soil erosion and
increasing soil fertility through the capture of dust and the
fixation of atmospheric nitrogen and carbon into forms
available to other life forms (Elbert et al. 2012). Because of
their many effects on soil characteristics, such as external
and internal morphological characteristics, aggregate sta-
bility, soil moisture, and permeability, they also affect seed
germination and establishment and local hydrological cy-
cles. Covering up to 70% of the surface area in many arid
and semi-arid regions around the world (Belnap and
Lange 2003), biological soil crusts are a key component
within desert environments.
A recent symposium at the Ecological Society of America

in Portland, OR, U.S.A., highlighted how biological soil
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crust research has changed since the early days: the re-
search community is now much larger, more vibrant,
interconnected, and open to exploring the breadth, diver-
sity, and importance of biological soil crusts. Among the
papers presented, we feature in this volume a subset
representing new and exciting research in this field. The
array of papers here includes the evolutionary history of ter-
restrial cyanobacteria (Beraldi-Campesi 2013), environmen-
tal factors controlling microbial contributors and nutrient
cycling (Barger et al. 2013; Marusenko et al. 2013; Büdel
et al. 2013), and small-scale and landscape-scale perspec-
tives of biological soil crusts (Weber et al. 2013; Dettweiler-
Robinson et al. 2013; Peterson 2013; Root et al. 2013). First
we present a paper about Earth’s earliest terrestrial ecosys-
tems, dominated by cyanobacteria rather than vascular
plants (Beraldi-Campesi 2013: Early life on land and the
first terrestrial ecosystems). We next feature two papers
that make use of new cutting-edge technologies to study
nitrogen dynamics at the micro-scale inside the soil crusts
(Barger et al. 2013: Denitrification from nitrogen-fixing
biologically crusted soils in a cool desert environment,
Southeast Utah, USA; and Marusenko et al. 2013:
Ammonia-oxidizing archaea and bacteria are structured
by geography in biological soil crusts across North Ameri-
can arid lands). A big question is how these organisms
survive under the extreme conditions found in deserts.
Our next paper, by Büdel et al. (2013), addresses the differ-
ent carbon fixation strategies of Sonoran desert biological
soil crust types [Lichen species dominance and the
resulting photosynthetic behavior of Sonoran Desert soil
crust types (Baja California, Mexico)], which adds to our
understanding of these survival strategies. Among the
most fascinating components of deserts are hypolithic or-
ganisms (those living underneath translucent rocks) and
how small-scale distribution patterns and microclimatic
conditions of these organisms compare to soil-inhabiting
crusts. This was investigated by Weber et al. (2013); Eco-
logical characterization of soil-inhabiting and hypolithic
soil crusts within the Knersvlakte, South Africa. Few long-
term studies on biological crust communities are available,
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and so we present data on long-term changes in a bio-
logical crust community from the Columbia Basin, U.S.A.,
by Dettweiler-Robinson et al. (2013); Long-term changes
in biological soil crust cover and composition. Lastly, we
present two studies that examine threats to biological soil
crusts at the landscape scale. The first paper by Peterson
(2013) addresses a critical problem in the western U.S.:
how invasive annual grasses and biological soil crusts re-
spond to each other (Regional-scale correspondence
among biological soil crusts, invasive annual grasses, and
disturbance). The second paper by Root et al. (2013);
Wind farm potential is higher in prime habitat for uncom-
mon soil crust lichens discusses how wind farms in the
western U.S. may be threatening the more uncommon li-
chens found in the region.
A great deal remains to be studied about these com-

plex communities. We intend these papers to stimulate
further research and discussion on the critical topic of
biological soil crusts. Most studies up to now have fo-
cused on single roles (e.g., carbon fixation) or single
types of biological crust communities. The challenging
next step will be investigating the integral roles of bio-
logical soil crusts within ecosystems and documenting
and quantifying their ecosystem services. This will re-
quire concerted and coordinated efforts among different
scientific sub-disciplines such as taxonomy, physiology,
carbon and nutrient cycling, and hydrology. We need to
utilize similar methodologies to address specific ques-
tions to allow joint analyses and modeling of the results
on larger scales. Of critical importance is gaining an un-
derstanding of how the ecological roles of biological soil
crusts respond and how the ecosystem services they pro-
vide are altered as land use and climate changes around
them. To accomplish this vision, we need greater and
continued collaboration and networking among scien-
tists, as well as sharing of information with the public
and managers. The symposium at ESA and this special
volume are examples of ways in which this next stage of
research can be accomplished. We look forward to similar
efforts in the future, as research continues on this fascinat-
ing and critical component of dryland ecosystems.
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