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CLIMATE ADAPTATION AND BIOCRUST RESTORATION IN DRYLANDS
INTRODUCTION
Effective and sustainable land management may depend
upon the ability to restore biological soil crusts that will
survive not only today, but with the climate expected
in the future. Biological soil crusts (biocrusts) are a
surface community of lichens, mosses, cyanobacteria,
and related organisms living on soils worldwide (Fig. 1;
Belnap and Eldridge 2003). Wherever soils have direct
access to the sun, biocrusts have the potential to exist.
Biocrusts occur on all continents (Belnap et al. 2016)
and a recent global estimate says that biocrusts cover
about 12% of the Earth’s total land surface (RodriguezCaballero et al. 2018). Biocrusts are particularly common
in arid and semi-arid ecosystems, such as in the deserts
of the southwestern U.S.
Biocrust communities play critical roles in the
ecosystems where they occur (Ferrenberg et al. 2017)
and research suggests that climate change may result
in the loss of some biocrusts and their associated
functions (Fig. 2) (Reed et al. 2012; Ferrenberg et al.
2015; Rodriguez-Caballero et al. 2018). This points to a
question of how to restore biocrust communities that
can survive in the hotter, drier climates predicted for the
southwestern U.S (Gonzalez et al. 2018).
Climate-adapted biocrust restoration efforts could
offer new opportunities to restore biocrusts and their
functions – such as stabilizing soils – in communities that
can be resilient in the face of climate change (Young et
al. 2016, Faist et al. 2019).
A recent outdoor cultivation experiment showed that
biocrusts collected from the Mojave and Sonoran
Deserts grew better in a biocrust farm on the Colorado

KEY MESSAGES
• Biocrust restoration offers land management
options for increasing soil stability and ecosystem
resilience.
• Many biocrust restoration practices use a
collection of intact biocrusts in order to “inoculate”
disturbed lands. The use of biocrust sources
that are slated for development (in other words,
biocrusts that would otherwise be destroyed)
offers a salvaged source of biocrusts for
restoration (Tucker et al. In Review).
• As with the planting of grasses and shrubs, using
organisms more likely to survive in the climate
expected for the future provides climate-adapted
restoration opportunities and potentially increased
restoration success.
• Assisted migration of biocrusts between North
American deserts may provide successful
restoration options, although risks must be
simultaneously evaluated.
• New research is improving the understanding of
the opportunities and challenges associated with
climate-adapted biocrust restoration.
• Biocrust restoration offers powerful outreach and
educational opportunities.

Plateau compared to locally-collected biocrusts (Fig.
3). This suggests that biocrust from hotter deserts may
enhance establishment and restoration success in some
settings. However, during cultivation, weeds from some
of the source locations also grew and needed to be
dealt with carefully. Thus, considerations of the potential
risks associated with assisting in the migration of
biocrusts (for example, unintentionally bringing foreign
species or disease) must be carefully weighed against
the risks associated with climate-induced loss of existing
biocrust communities and their function.
A biocrust restoration manual (Faist et al. 2019) and articles
cited at the end give additional information about climateadapted biocrust restoration options and considerations.
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Figure 1 (a) Biological soil crust on the Colorado Plateau. Bio-crusts are the
black bumpy soil in the spaces between plants. Biocrusts perform many critical
ecosystem functions in drylands worldwide. Photo: Bill Bowman. (b) One important
function biocrusts perform is soil stabilization. This photo shows biocrust tendrils
holding soil together. Photo: Kristina Young

“The project was funded by support from the
Wildlife Conservation Society Climate Adaptation
Fund, which was established with funds from the
Doris Duke Charitable Foundation”.
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Figure 2. The two illustrations depict a dryland ecosystem: (left) with intact biocrust communities providing soil stability and fertility; and (right) without intact biocrusts that result in
erosional soil losses, dust production, and ecosystem function decline. Illustrations: Brooke Weiland Studios LLC

BIOCRUSTS ON THE LANDSCAPE

A WAY FORWARD

Biocrusts are foundational to dryland ecosystem
function, and considerable progress has been made in
developing methods for using biocrusts in restoration
(Figs. 2 and 3). Assisted migration of biocrusts from
hotter, drier climates and large-scale cultivation of
climate-adapted biocrusts in “biocrust farms” has been
demonstrated on the Colorado Plateau (Fig. 3). These
efforts have also led to large-scale climate-adapted
biocrust restoration projects, working to restore many
acres of degraded drylands. Progress on climateadapted biocrust restoration and new knowledge has
been synthesized in a restoration manual (Faist et al.
2019), which will be a “living document”, updated
as our knowledge grows. Now is an exciting time for
biocrust restoration and a great deal of work is informing
innovative restoration practice.

Salvage, cultivation, and application of biocrusts done
in a framework of climate adaptability may provide
improved restoration success that can be sustained into
the future. The restoration manual and literature cited
below provide a framework for applying this knowledge
to restoration problems and will continue to develop
through strong collaborations between management
and research.
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Figure 3. To date, biocrust inoculum source has been mostly cultivated under lab
and greenhouse conditions, but scaling up restoration efforts to larger areas could
benefit from large-scale cultivation in outdoor nurseries or “biocrust farms.” These
organisms may also be naturally “hardened” to survive. This is the world’s first
outdoor biocrust farm near Castle Valley, Utah. Photo: Kara Dohrenwend
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