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What are biological soil crusts (BSCs)?

 Matrix of:
– Mosses
– Lichen
– Cyanobacteria

 “Desert Skin” 

 Cover up to 
70% of land

1 cm



Two Morphologies of BSCs
1. Cyanobacteria Crusts
 1st crusts, stabilize soil
 Thread-like cyanobacteria
 Cyanobacteria “move”

1 cm

1 m
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Two Morphologies of BSCs in the 
Mojave Desert:

2. Pinnacled Crusts
2nd crusts to form, on stable soil
 Mosses, lichen, and cyanobacteria

1 cm



Why are BSCs important?

Ecosystem
Engineers

Stabilize soil
–Prevent 
erosion

–Prevent dust 
emissions

1 m

1 cm



Why are BSCs important?

Fix C & N
Add OM
Control water

Prevent 
Desertification

1 m

1 cm



Project Objectives
 Investigate the relationships among 

geomorphology, soils, and BSCs
Understand feedback mechanisms 

controlling co-evolution

1 m



Project Outcomes
Predict BSC growth - land 

management & restoration
Role of BSCs in pedogenesis & 

landscape evolution



Study Area

 Pristine Valley
 Limestone & 

sandstone
 Thermic, Aridic



Methods



BSC Mapping

BSC Composition
Surface 

Morphology
10 Map Units



Geomorphic 
Mapping

11 Surfaces
Alluvium & Sand 

Sheets
Late Miocene 

(earliest Pleistocene?)

Recent Holocene



Soil Mapping

Correlated 4 
Official Soil 
Series

3 uncorrelated 
units



Characterization

– BSCs
– Vascular Plants
– Surface Clasts
– Soil Cover
– Topography
– Sampled/Analyzed Soils
– Soil Profile Descriptions 

36 Plots (Soils/BSCs)
14 Soil Profiles



Analyses
GIS Overlays
ANOVA (Parametric & Non-Parametric)

MRPP (Multi-Response Permutation Procedure)

Correlation Coefficients             
(Parametric & Non-Parametric)



Results





MRPP



Significant Differences: 

*Arizo, **Bluepoint., ***Irongold, ****shallow TP



Significant Differences: 

*Arizo, **Bluepoint., ***Irongold, ****shallow TP







Soil-Geomorphology & BSCs

Cyanobacteria Crusts

 Active sand 
sheets 

 Sandy particle 
size control 
section

 Low dust 
capture

 “Bluepoint”



Soil-Geomorphology & BSCs

Pavement-Dominated Surfaces

 Smooth, high 
rock cover

 Pleistocene+
 Loamy or 

Loamy-skeletal
 “Irongold” 

“Ferrogold” 
“shallow Typic 
Petrocalcids”



Soil-Geomorphology & BSCs

Moss-Lichen Crusts

 Rough, stable 
surfaces

 High dust 
capture

 Mid-Holocene
 Sandy-skeletal 
 Thin Av
 “Arizo”



Dust Accretion

 Greatest on roughest surfaces
 Water, Nutrients, Surface Area

…BSCs also 
accrete dust



Conceptual Model











Conclusions



 Soil-geomorphic template
(Monger and Bestelmeyer, 2006)

– Stability/Disturbance
– Surface roughness
– Texture

 Moss-lichen crusts 
– Stable, sandy surfaces
– Sandy-skeletal
– High surface roughness (dust capture)
– Arizo Soil Series (Mid-Holocene)

 Ratio of fine sand to rocks vs. geomorphic 
trajectories 

 Integrate into arid landscape models

Conclusions
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Questions?





GIS Overlays: BSCs vs. Soils



Interspace 
Characteristics 

% Interspace Cover

Cyano-
bacteria 

Moss & 
Lichen

Total 
BSCs

% Limestone -0.49 -0.47 -0.80

% Rock Cover -0.57 -0.43 -0.83

% Bare 0.38 -0.39 -0.08
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