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Abstract 

Biological soil crusts at University Indian Ruins and the Santa Rita Experimental Range 

were compared using a variety of techniques to determine if their structure or function 

was influenced by proximity to an urban environment. The Step Point method was used 

to determine ground cover, which was found to be similar between sites. However, the 

structure of the crusts changed so that the urban site had a higher proportion of dark 

cyanobacterial crusts over light cyanobacterial crusts and more crusts were found under 

plants at the non-urban site. Relative gross photosynthesis in response to a watering 

event was found to be higher in the non-urban crusts, indicating lowered productivity in 

urban crusts due to effects caused by proximity to urban environments. Additional study 

is needed to divulge the complex relationship of variables that affect the structure and 

function of biological soil crusts.  
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Statement of Purpose 

 

Biological soil crusts are ubiquitous and diverse in arid regions around the world. 

 Due to the dry and often harsh conditions, higher plants are limited and biological soil 

crusts become the dominant drivers in the carbon and nitrogen cycles in their 

environments. Crusts influence water infiltration into the soils, as well as soil water 

holding capabilities, which is especially important in the desert where this can influence 

the distribution of higher plants. In the Sonoran desert, soil crusts fix nitrogen, increase 

the stability of the soil surface, and play roles in the establishment of vascular plants. 

Thus they play a key role in the Sonoran Desert ecosystem. Because of their 

importance to arid ecosystems, knowing how soil crusts respond to urban factors will 

prove to be extremely useful as urban centers expand in the future, and is a subject that 

little study has been done on to date. This project will advance the scientific knowledge 

of how biological soil crusts adapt to urban influences, and will allow soil crusts to be 

used as a model for making predictions and studying the effects of urban environments 

on soils and nutrient cycling. 

 

Statement of Relevance 

 

The research question that we will explore is: How a city impacts an ecosystem’s 

soils in terms of their organization and their function. The goal is to use the biological 

soil crusts as a model system to investigate how a city impacts the ecology of the area 

within and surrounding it. It is expected that urban environments have effects on the 
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carbon cycling of soils and enriches the environment with nitrogen and heavy metals. 

While these effects have been studied in general terms, they have not been studied in 

the context of biological soil crusts. I predict that the biological soil crusts found near 

urban environments will have altered biology and chemistry that allow them to better 

cope with the pollutants and disturbances caused by their proximity to human-altered 

landscapes. The effects will be quantified in the productivity of the soils, measured in 

carbon flux and water fluxes, as well as observed differences in the biological makeup 

of the soil crusts. That is, the differences in organism composition and type in the two 

treatments due to urban-caused effects. 
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Methodology 

Sites 

 Field data and biological crust samples were collected from an urban and a 

non-urban site in southern Arizona.  The urban site is located at University Indian Ruins, 

Tucson, AZ (Latitude/Longitude: 32.25, -110.84, please see figure 1).  The University 

Indian Ruins is an archeological site owned by the University of Arizona that is located 

within Tucson’s urban center, but it still maintains a remnant desert ecosystem patch 

including biological soil crusts.   The non-urban site is located in the Santa Rita 

Experimental Range (Latitude/Longitude: 31.83, -100.85, please see figure 2). The 

Santa Rita Experimental Range is an ecological study site that is located south of 

Tucson, remote from urban areas. This site has been the home of many ecological 

studies and is remote enough to remove effects from urban environments. Both sites 

have similar plant cover, which is dominated by the creosote bush Larren tridentata, and 

interspaced with bare ground and the occasional bunch grass. 

 

Percent Cover 

 

 Biological soil crusts were identified at two sites and categorized into several 

categories: light cyanobacterial crusts, dark cyanobacterial crusts, crusts with lichen, 

and crusts with moss. In the Sonoran Desert, typical crusts consist of microbiota, most 

importantly including cyanobacteria. In some cases mosses and lichen are also present 

in the crusts. Crusts were classified as either dark or light (in color) and percent cover 

was determined at each site using the Step-Point method of sampling described by 
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Evans and Love (1957). With the step-point method, cover information is collected 

along a transect, delineated by choosing a landmark on the horizon and walking a 

straight line in that direction. Every 2.5 m a point on the ground is determined from the 

tip of one’s boot, using a straight edge. Data taken at each point consists of what is 

covering the ground at that point. Please see figure 3. Cover is classified as: bare soil, 

light cyanobacterial crust, dark cyanobacterial crust, rock, litter, or vegetation. This 

would provide an estimate of the percentage cover of crusts. Canopy and foliar cover 

data was taken according to methods described by BLM (1999). Categories were 

described by level, with the first level being the basal or ground level. Level 1 consisted 

of the vegetation type that was present above this basal level, and additional levels 

were added if needed. Because we only wished to determine percent cover, we did not 

record specific species in this case but categorized vegetation by type: i.e. grass, shrub, 

etc. This was used to calculate how much cover was present in the area. For this study, 

three transects separated by 20m were walked at each site; each transect consisted of 

the first 100 points encountered (spaced at 2.5 m). A sample data sheet can be seen in 

the appendix (figure 4).    

 

Soil Properties 

 Samples were taken in February and April of 2011. In addition to collecting 

crusts, soil samples were also collected to determine nutrient contents. Soil samples 

from the urban site were weighed and dried over a weekend to determine percent water 

content. These soils were sieved to 9mm in order to later determine pH, organic matter 

content using a muffle furnace, and metal extractions.  
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Soil crust activity: trial with hyperspectral imaging 

 To determine the activity of soil crusts, I tested the applicability of hyperspectral 

imaging for detecting green up of crusts following a wetting event.  This trial was 

conducted at the urban site, University Indian Ruins. Pictures of the crusts in 25 cm x 25 

cm plots were taken with a Tetracam multispectral camera. Please see figure 8. These 

photos were taken under dry conditions, and then after a water pulse of variable size 

every 10 minutes for approximately 1 hour. Three pulses were added to the soils: small 

(simulated 2mm of rainfall, 125mL), medium (simulated 5mm of rainfall, 312mL), and 

large (simulated 10mm of rainfall, 625mL). These photos allowed us to obtain false 

color images, from which we can extract Normalized Difference Vegetation Index 

(NDVI) data for the crusts, which we hoped would indicate some level of activity for the 

crusts. Please see figure 9 for an example of the photos collected. 

 

Soil crust activity: lab incubations 

 Crusts were identified using the crust typification used by Bowker et al., 

(2006) which categorized crusts as either dark or light cyanobacterial, lichen, or moss. 

Please see figures 5 and 6 for crust examples from each site. Crust samples were 

removed from the ground with a trowel and a shovel and placed in 4 oz jars on top of 

soil taken from the same site as the crust. Please see figure 7. These crusts were kept 

outside and uncovered to avoid any detrimental effects from artificial lights and 

temperatures.  
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 Crust and soil volumes were determined by measuring the height at which the 

crust reached in the jar, and calculating the volume. 

 

 Carbon dioxide flux was determined using a Licor gas flux analyzer, LI-7000 

CO2/H2O Analyzer. This was done using paired light and dark measurements, the 

difference between which will allow us to determine gross photosynthetic activity for the 

crusts. CO2 fluxes were determined by comparing the crusts to a reference of nitrogen 

used by the Licor machine. Light and dark measurements of CO2 were taken for 8 

samples, 4 from each site. Then a 20mL water addition (to a 4oz jar) was added to the 

crusts to simulate a large pulse rain event. Preliminary studies on the crusts showed 

little differences between small (125mL over a 625 cm2 plot) and a medium (312 mL 

over a 625 cm2 plot) simulated pulse events, therefore the large pulse was predicted to 

show a larger response in terms of CO2 flux. Carbon dioxide fluxes were recorded every 

hour after the water addition for 6 hours. Light (photosynthesizing) measurements were 

taken first, and then after at least 15 minutes of acclimating the dark measurements 

were taken. Acclimating to the dark also included covering the jars; therefore the crusts 

were not receiving a flow of air during this period.  

 

 Flux data are calculated as a Corrected Carbon Flux in µgCO2-C per m2 per 

second. Slopes of CO2 concentration versus time are used in the calculation of soil flux, 

adjusted for   jar area and chamber volume. For quality control purposes, data were 

checked to ensure that slopes were based on a linear regression of the carbon flux 

data, with an R2 value of 0.95 or higher. 
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Soil crust activity: lab assays 

As in many studies, the questions that are answered prompt new questions for 

additional study. It should be noted that this is an ongoing project, and additional data is 

yet to be collected and analyzed. The methodology for the planned research follows: 

Soil moisture will be measured with the drying oven and probes. Soil temperature 

will be measured (in the field) with i-button data loggers. Crust organisms will be 

identified with microscopes (in the lab). Total soil carbon and nitrogen contents will be 

analyzed with the combustion autoanalyzer. A Muffle furnace will be used to burn 

organic matter and measure it. A pH meter will be used to measure the acidity. 

Heavy metal content in each site will be determined by ICPMS (Inductively 

Coupled Plasma-Mass Spectrometry), in the University of Arizona’s Arizona Lab for 

Emerging Contaminants (ALEC). This will determine concentrations of Pb, Zn, Cd, Cu, 

and Ni for precipitation samples (to determine inputs) as well as soil samples (to 

determine what the crusts are directly exposed to).   

Nitrogen deposition will be assessed by measuring nitrate (NO3) inputs in 

precipitation and nitrate concentrations in the soil.  Analysis will be done in the 

Department of Hydrology and Water Resources analytical chemistry lab. 

 

Calculations and Statistics 

For the cover data, we calculated Ground Cover, Canopy/Foliar cover, and Basal Cover 

as described by BLM 1999. On these results we ran an ANOVA to look at the difference 

between urban and non-urban crusts. For the flux measurements a regression of time 
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vs. flux was done on each urban and non-urban set of data points, and one was done 

on each dark/light combination. For soil characteristics, a t-test will be done to compare 

urban and non-urban.  

 

Hypothesis and Predictions 

 Null Hypothesis: Proximity to urban environments has no effect on the 

structure and function of soil crusts.  

 Hypothesis: Proximity to urban environments does have an effect on the 

structure and function of soil crusts. 

Predictions: Biological soil crusts found near urban environments will have 

altered biology and chemistry that allow them to better cope with the pollutants 

and disturbances caused by their proximity to human-altered landscapes. This 

will manifest in altered productivity or fluxes of carbon and water and/or in altered 

composition of the soil crusts.  

Please see figures 10 and 11 for predicted relationships between variables. 

Possible outcomes from this research:  

Depending on the outcome of the results, 4 scenarios are possible: 1: soil crusts 

near urban environments are affected negatively by the urban environments and have 

reduced productivity, nitrogen fixation, or decreased water infiltration or holding 

properties that adversely effect the microenvironment that they create. This would mean 

that urban areas are negatively affecting the soils in and around them. This would have 

implications for not just the soil crusts but for the other organisms that rely on them, 

because if the soil of the area is not functional then it will limit organism distribution 
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and/or decrease productivity or suitability of the soil for other plants to grow in. This is 

especially true of factors such as heavy metals which are expected to have a negative 

impact.  

Scenario 2:  Proximity to urban environments has no significant effect on the 

structure and function of soil crusts. In this scenario, we find no significant difference in 

either the structure/composition of the soil crusts, nor do we find a difference in the 

productivity, nitrogen cycling, or water holding properties. This would mean that urban 

effects are not large enough in degree to cause any change in the soil crusts or that the 

effects that the urban environments are making do not have any bearing on the soil 

crusts’ structure or function (i.e. those particular effects do not make a difference 

whether they are present/absent). 

 Scenario 3: The soil crusts found in close proximity to urban areas will show 

altered structure and function; however this will allow them to better cope with the 

effects of urban environments. In other words, the urban-influenced soil crusts will adapt 

to the urban environmental effects. This may increase their functioning, and will almost 

certainly alter their structure/biological composition. Functioning may increase due to 

enrichment of nitrogen near urban environments which could act as a fertilizer. If this 

scenario takes place, it is expected that the soil crusts will adapt to the enrichment of 

heavy metals. 

Scenario 4: The urban environment will have effects that cause some 

combination of the above to occur to the soil crusts. Some factors will be adapted to suit 

it, and others will be effected negatively, and others not at all. 
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Literature Review 

Biological soil crusts: what are they? 

Biological soil crusts are known by many names: cryptogamic, cryptobiotic, 

microbiotic, organogenic, and microphytic soil crusts (Evans and Johansen 1999). By 

any name they refer to crusts that depend on the activity of biological organisms, which 

are combined with soil particles through this activity (Belnap and Lange 2003). 

Biological soil crusts are made up of soil particulates in close association with various 

microbiota that form a coherent layer in the uppermost millimeters and on top of the soil. 

The crust community can be made up of different proportions of the following: lichen, 

cyanobacteria, fungi, algae, and bryophytes. These communities can consist of any of 

those species, and crusts, while they are defined by these species living in and above 

the soil, are found living continuously with species that live on top of the soil. 

Furthermore, the species that make up the crust community are not specialized to only 

live in crusts but can also be found in a variety of other habitats. Taxonomically 

biological soil crusts are not restricted to a single group, because these crusts can be 

made up of many interacting organisms. (Belnap and Lange 2003) 

 In arid and semiarid landscapes, crusts typically include cyanobacteria (Belnap 

and Lange 2003). These cyanobacteria adhere to the soil through the drying and 

wetting of filamentous sheaths which are made up of a sticky material which binds to 

soil particles. This makes the crust coherent and upon being broken, the crust breaks 

into large pieces, rather than individual particles. The cyanobacterial genera 

Microcoleus and Nostoc are common to crusts. Fungi and eukaryotic algae also make 

up a large part of the crusts, and hundreds of different species have been identified 
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from soil crusts. Lichens form crusts and photosynthesize above the soil surface and 

anchor themselves to the soils using fungal networks. Bryophytes also form crusts, but 

usually in moist habitats. (Belnap and Lange 2003) 

  

Where are they found? 

 Crusts lay low on the ground, thus a dense canopy covering them will prevent 

sunlight from reaching them (Belnap and Lange 2003). They are not very tall, so 

therefore they cannot compete with higher plants for sunlight. In environments such as 

a boreal forest, rainforest, arctic or temperate regions where water is not limiting, crusts 

can only live where vegetation cover is thin or when a disturbance has eliminated much 

of the cover. After a disturbance such as a volcanic eruption, crusts are often the first 

re-colonizers. In arid and semiarid environments, crusts can fill many of the space left 

open by higher plants because of their ability to utilize small water pulse events (Evans 

and Johansen 1999). In hot, cool, and cold semiarid and arid areas plants are widely 

spaced such as in woodlands, chaparral, shrublands, grasslands and dunes. This is 

where soil-crust communities are most prominent, although crusts also form between 

vascular plants in alpine and polar regions. Biological soil crusts are not limited to the 

type of soil they can live on, and can even utilize nutrient-poor soils. The chemical 

properties of the soil generally favor different crust communities, for example green 

algae do well on acidic soils. (Belnap and Lange 2003) pH can also limit the range of 

crusts (Cable and Huxman 2003).  

 

Sonoran Desert Crusts 
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 The Sonoran Desert is generally the hottest desert in the U.S., and the plants 

that inhabit it are spaced far from each other (Belnap and Lange 2003). Sonoran desert 

crusts are heavily dominated by cyanobacteria due to the aridity of the environment. 

Notable species include Calothrix parietina and several species of the genus 

Microcoleus. There is a diverse and fairly even mix of cyanobacterial species in 

Sonoran desert crusts, instead of the crust being dominated by one species. Many 

cyanobacterial and algal crusts live under rocks, where microclimates are more 

favorable. Lichens occur in sparse patches. In the Sonoran desert, crusts are important 

in cycling nitrogen, stabilizing the soil, and making it easier for vascular plants to 

become established. (Belnap and Lange 2003) 

  

What are the functional roles of biological soil crusts? 

 Because crusts live on the soil surface, they must withstand extreme temperature 

fluctuations and harsh radiance (Belnap and Lange 2003). Yet in some regions they are 

able to cover most, if not all, of the intercanopy space. Soil-crust cyanobacteria are all 

photosynthetic, so therefore they contribute carbon to soils. This has led to the 

conclusion that crusts are extremely important in these ecosystems in cycling carbon. 

Many of these crusts also contribute nitrogen, as cyanobacteria and cyanolichens are 

capable of nitrogen fixation. While this input is variable, in the Sonoran Desert it is 

estimated to be around 10-15 kgN ha-1a-1. This variation is in large part due to the 

differing community composition of the crusts. Nitrogen fixed by the crusts can then be 

utilized by vascular plants. Crust fixation of carbon and nitrogen influence vascular plant 
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performance (Bowker et al., 2006). Crusts are also noted for a number of other nitrogen 

transformations. (Belnap and Lange) 

 Biological soil crusts also influence the hydrology of the soil that they are part of.  

(Belnap and Lange 2003) Crusts that contain lichen become fastened to the soil in such 

a way as to avoid being moved by erosion and thus increase soil stability. Even 

cyanobacterial crusts have been demonstrated to reduce erosion when compared to 

disturbed crusts. Loss of crusts has been linked to accelerated soil erosion (Bowker et 

al., 2006)  Crusts in North America are also noted for allowing greater water infiltration 

into the soil (which in turn means less water runoff). This can prove to be especially 

important in arid regions; however infiltration of water due to crusts is limited in coarse 

soils, which already have fast infiltration rates. This increase in soil water infiltration is 

most notable in small water pulse events, because for large rainfall events raindrops 

tend to damage the crusts. While the effects may be seasonal, overall crusts tend to 

preserve soil moisture. (Belnap and Lange 2003)Crusts are especially important in 

utilizing small rain pulse events, and since most rainfall events in southern Arizona are 

small, crusts may be an integral part of ecosystem production. It is hypothesized that in 

small pulse rain events, crusts are the main contributors to carbon cycling in arid 

environments because the small rainfall does not infiltrate deep enough to reach 

vascular plant roots. In large rainfall events, vascular plants made up a larger proportion 

of the carbon flux (Cable and Huxman, 2003) 

 

Urban Effects 
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Proximity to urban environments is known to have several environmental effects. 

The urban heat island phenomenon describes an effect that urban areas are a few 

degrees warmer than non-urban areas. This generally means that air temperatures are 

on average higher, the duration of warm periods each day is lengthened, the duration of 

the warm season is lengthened, and there are a greater number of frost-free days (Kaye 

et al. 2006). Urban areas also introduce more pollutants into the environment; air quality 

is poor and heavy metals are deposited. Urban areas also create a carbon dioxide 

dome, and deposit more metals, aerosols, carbon and nitrogen into the atmosphere 

(Kaye et al., 2006). Forests near an urban center have been shown to have reduced 

fungal populations and poorer leaf litter quality. Proximity to an urban environment can 

also introduce new species that can be disruptive to existing communities, and there is 

a much higher chance of disturbances in urban areas. (McDonnel et al., 1997) These 

factors have implications for soil crusts which will be discussed in more detail herein. 

Urban centers have also been shown to change the hydrology, most importantly 

by making many surfaces impermeable to water infiltration. This serves to primarily 

increase runoff and decrease water infiltration. In some cases addition of water from 

irrigation can increase productivity and nutrient cycling. However the drainage systems 

of cities introduce contaminants into the water and dry areas that would otherwise have 

more water. (Kaye et al. 2006) 

 Urban soil types are formed differently and are a distinct type of soil from other 

naturally occurring soils. Climate, organisms (including humans), parent materials, 

topography, and weathering and organic matter additions are the processes that 

interact to form soils; all of these processes are influenced by anthropogenic effects and 
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thus urban-made soils are entirely different. For example, soil is compacted by various 

land use practices. The urban heat island effect as well as changes to weather patterns 

can greatly influence soil microclimates. Heavy metal additions, as well as nitrogen and 

sulfur additions to soils have been recorded in urban settings. Interactions between 

plants and the atmosphere (enriched with ozone and carbon dioxide) affect the plants, 

and in turn the plants interact with the soil and deposit litter. Historic uses of the urban 

centers, such as for mining or agriculture, can elevate soil metal concentrations (as well 

as carbon, nitrogen, and ions) which in turn can reduce activity of microbes. (Pavao-

Zuckerman 2008) 

 Soil microbial functioning in the Sonoran desert is also influenced by 

urbanization. Most disturbances that do not destroy crusts entirely simplify the 

community crust structure (Evans and Belnap 1999). Changes to organic matter inputs 

in urban environments change microbial functions, in some cases reducing activity and 

homogenizing processes (Hall et al., 2009). Urban environments also, however, 

increase the amount of nitrogen in the soils. This was not correlated with an increase in 

microbial activity because microbial activity was more related to the presence or 

absence of plants, suggesting that plant-microbe interactions in the soil are more 

important than exposure to urban environments. The biggest changes to microbial 

communities was seen in changes to land use and land cover, because both of these 

changes influenced carbon and nitrogen cycling by inputting more of both into the soil. 

(Hall et al., 2009) These findings suggest that microbial communities and crusts may 

not be as negatively impacted by urban environments as previously thought. There is 

even some suggestion that soil crusts are able to enhance the nutrient status of the soil 
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by the chelation of metals (Belnap et al., 2003). However, this will have to be evaluated 

because of the changes to land use and high probability of mechanical disturbance to 

the crust in urban settings. This study attempts to untangle some of these factors and 

add to the pool of data surrounding biological soil crusts. 
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Results and Discussion 

Percent cover 

Ground cover was not influenced by site. Ground cover was calculated 

determining what proportion each category was observed out of the total number of 

observations. This gives an estimate of the layout and distribution of our categories at 

each site. Table 1 shows average ground cover for each site for each category. Rock 

cover was 10.32% for urban site, 9.17% for non-urban site. Litter covered 35.57% at the 

non-urban site, compared to the urban site’s 34.85%. Vegetation cover for the urban 

site was 40.39%, and the non-urban site vegetation cover was 46.30%. Light 

cyanobacterial crusts at the urban site covered 7.91%, and at the non-urban site they 

covered 5.42%.Dark cyanobacterial crusts covered 3.47% at the non-urban site and 

5.21% at the urban site. The ground cover values did not differ significantly for any of 

the categories, suggesting that these two sites are similar in composition and layout. 

 Total crust cover is summarized by table 2. Total cover of crusts was determined 

by taking the number of crusts found in the open and dividing this by the total number of 

observations. This was also done for the crusts by taking those found under plants and 

dividing by the total number of observations. There is statistically the same ground 

cover of crusts in both sites, but where the crusts are found is different. This was testing 

using a two-way ANOVA test. There are significantly more crusts under plants than in 

the open (p<0.05), and the interaction of site and cover is also significant (p<0.01). This 

means that at the non-urban site there are more crusts under plants. It is interesting to 

note that while at the urban site there was an equal distribution of light and dark 

cyanobacterial crusts (5.42% and 5.21%), at the non-urban site there was more light 
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(7.91%) than dark crusts (3.47%), although the total percentage of crusts was similar. 

Bowker et al. (2006) describes dark cyanobacterial crusts as having dark sunscreen 

pigments to protect the crusts from high levels of radiance, and the light crusts may not 

always form cohesive crusts the dark colored crusts do. This suggests that dark crusts 

are more dense and aggregate to the soil better, even though both crusts are 

characterized by the same dominant taxa, Microcoleus vaginatus (Bowker et al., 2006). 

This may be showing a shift in the structure and organization, but not composition, of 

crusts depending on the site. There may be more crusts under plants at the non-urban 

site because the crusts do not have dark sunscreen pigments, thus they rely on the 

shade of plants instead. Perhaps these crusts function better under plants where more 

moisture is retained. There could also be more dark crusts at the urban site because of 

the urban heat island effect, causing radiance levels to be higher in the urban site, or by 

pollutants in the air that may increase radiance effects. Thus crusts at the urban site 

may need more sunscreen pigments than non-urban crusts.  

 

Soil properties 

 The water content of the urban soils was measured (Table 3). Before 

watering, the soil had an average percent water composition of 0.95% (standard 

deviation plus or minus 0.14%). 2,68% (+/- 1.58%) was added with a small pulse size. 

3.72% (+/- 1.79%) was added with a medium pulse size. 4.47% (+/- 1.27%) was added 

with a large pulse size. These pulses were added to determine the activity of the crusts 

which was going to be measured with the false color NDVI images, however, as already 

stated, the moisture level of the soil interfered with our interpretation of the data and the 
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additional analysis of the pictures was too time-consuming to be included in our results 

at this time. Additional analysis of this data will come at a later date with an attempt to 

correct for a false NDVI signature. As such, the results of this part of the study will not 

be discussed until this later date.  

 

Soil crust activity: crust incubation and lab assays 

Carbon Flux 

 The overall trend for flux measurements was: a) very low flux at time zero (pre-

watering) b) highest activity at around time 1 hour (measurement after watering) and c) 

plateau in flux with slow decline over the next 6 hours. This gave the flux trend a 

parabola shape. This was true in both the urban and non-urban samples. More 

specifically, for the non-urban samples, dark treatments had higher absolute fluxes than 

light treatments. Both were slightly negative trends over time after the initial plateau. 

(Graph 1)This was in contrast to the urban samples, which overall had its light 

treatments with higher fluxes than dark treatments. However, urban samples had 

negative trends over time as well after their initial plateau. A polynomial regression was 

run on the average flux values for both sites under both light and dark conditions. The 

non-urban light regression was y=-0.8328x2+6.2186x-2.3377 with R2=0.26. The non-

urban dark regression was y=-1.1789x2+9.0606x-5.0274 with R2=0.57. The urban light 

regression was -1.3364x2+9.8589x-5.7146 with R2=0.58. The urban dark regression 

was -0.6903x2+5.759x-1.9604 with R2=0.3582. 

 If we take into account the variation within these samples, however, the negative 

trends are not as clear. It is more likely that after the initial increase in surge, the flux 



   

Gallas 

plateaus. Graph 1 shows little difference between urban and non-urban samples, 

regardless of whether it was a light or dark treatment. The error bars indicate a large 

amount of variance, suggesting that flux may be more dependent on crust composition 

than on site. The small sample size may also contribute to the high variance. The 

relationship of flux and site is further explored by looking at gross photosynthesis. 

 Relative gross photosynthesis shows some interesting results. Gross 

photosynthesis is the total amount of light energy that is converted to biochemical 

energy, found by subtracting the light treatment flux (photosynthesis) by the dark 

treatment (respiration). To find its relative value, the gross photosynthesis value was 

then normalized against the first measurement at time zero, the pre-water treatment 

measurement. Positive trends are seen for both urban and non-urban samples (Graph 

2). The non-urban site shows to have a higher response of relative gross 

photosynthesis to the water treatment than the urban crusts. The non-urban crusts also 

had a higher linear regression slope of 0.0122, while the urban crusts had a slope of 

0.0067, suggesting that these crusts increased their gross photosynthesis at a higher 

rate. However this was coupled with a lower regression correlation denoting more 

variation (R2 value of linear regression of non-urban crusts is lower than that of urban 

crusts). This does suggest that the non-urban crusts have a greater capacity to respond 

to water pulses, perhaps due to changed crust structure or impaired functioning 

because of urban environmental impacts on soils.  (Graph 2) 

 

Percent cover results 
 
Ground Cover:  
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Crusts at our sites were restricted to dark and light cyanobacterial crusts. 

 
Light Cyanobacterial 

Crusts 

Dark Cyanobacterial 

Crusts 
Rock Litter Vegetation 

Non-urban 7.91% 3.47% 9.17% 35.57% 40.39% 

Urban 5.42% 5.21% 10.32% 34.85% 46.30% 

Table 1: Ground cover. Statistics were done using a single factor ANOVA test. Ground 

cover results were not statistically different between sites.  

Total Crust Cover: 

 Open 
Under 

Plant 

Non- urban 2.55% 8.83% 

Urban 5.93% 4.71% 

Table 2: Total crust cover. Statistics were done using a two-way ANOVA test.  

Soil properties results: % water content 

Pulse 
size 

Dry % water 
content 

Wet % water 
content 

Small 0.91% +/- 0.08% 3.63% +/- 1.58% 
Medium 0.93% +/- 0.22% 4.67% +/- 1.79% 
Large 1.01% +/- 0.11% 5.42% +/- 1.27% 

Table 3: Average % water weights of soils from urban site +/- their standard deviations 

 

Soil crust activity: hyperspectral trial results 

From the photos taken at the urban site, the University Indian Ruins, we had hoped that 

the NDVI data extracted from false color images of the trusts would indicate some level 

of activity for the crusts after watering events. Please see figure 9 for an example of a 

false color image of the crusts. However the moisture level of the soil interfered with our 

interpretation of the data and the additional analysis of the pictures was too time-

consuming to be included in our results at this time, however additional analysis is to 

come later.   
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Soil crust activity: lab incubations and flux measurements results 

Urban/Non-Urban Flux Averages

T0

T1

T2

T3

T4

T5

T1

T3
T4

T5

T3

T4

T5

T1

T0

T2

T0

T1
T2

T0

T2

T3

T4

T5

-15

-10

-5

0

5

10

15

20

25

Time

Flux (ug 

CO2/m^2/s)

Urban Light

Urban Dark

Non-Urban Light

Non-Urban Dark

 

Graph 1: Shows fluxes of both urban and non-urban site in light and dark treatments 
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Graph 2: Relative gross photosynthesis rates for comparison of urban and non-urban. 

Data are normalized to the basal at time zero. 
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Conclusions 

It was found that the crust community was altered by the proximity of urban 

centers to the crusts. A higher proportion of dark-pigmented cyanobacterial crusts were 

found in the urban site than the non-urban site. This did not decrease the overall 

percent covered by crusts, but changed the proportion of types of crusts depending on 

site. This supports my hypothesis that urban environments will have an effect on the 

structure of biological soil crusts. This also had an unanticipated effect on where the 

crusts were found, with more crusts being found under the canopy in the urban site. 

This is most likely due to the extensive amount of trampling at the urban site – this site 

is open to residents living around it and is the site of archeological studies - therefore 

crusts were more likely to be found under canopy where they would be protected from 

trampling than at the non-urban site. The urban crusts had a higher percentage of dark 

cyanobacterial crusts which may need the dark pigments to act as sunscreen or 

perhaps the dark cyanobacterial crusts are better suited to deal with the other effects 

that urban environments have. For example, dark cyanobacterial crusts may be more 

able to fix the enriched amounts of nitrogen present in urban soils.  

Gross photosynthesis was also affected by the site at which the crusts were 

found. Relative gross photosynthesis was higher at the non-urban site than at the urban 

site. This supports my hypothesis that soil crust functioning is altered by urban 

environments. This may be caused by pollutants, trampling, or altered crust structure at 

the urban site. Further data collection and analysis is needed to tease apart the 

complex relationship between the crusts and their environment. An urban environment 

can have many effects on the soil and the microbial community that inhabits it. 
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Precipitation, nitrogen content, heavy metal content, and water infiltration depth into the 

soil are just some of the factors not yet explored by this study. It is my hope that the 

continuation of this project will unlock some of the relationships between these factors 

and the soil crusts. In this way, the affects of urbanization on the crusts can be more 

fully understood.  

This study indicates that biological soil crusts are affected by urban 

environments. This changes their structure and their functioning. Crust composition, but 

not cover, was changed between the sites to favor more dark-pigmented cyanobacterial 

crusts at the urban site and more crusts under plants at the non-urban site. This study 

also showed crusts’ functioning being reduced by proximity to urban environments. 

While both the urban and non-urban crusts had a similar response over time to the 

water pulse treatment, the non-urban crusts’ relative gross photosynthesis was higher 

than that of the urban crusts’. This may have been caused by a number of factors, 

which may in fact be interacting to the detriment of the urban crusts. However, crusts 

still persisted at the urban site despite decreased functioning. This may be related to 

higher nitrogen deposition in urban areas and its subsequent fixation by the crusts. 

Further study could attempt to discover the source of this nitrogen how it is cycled 

through the ecosystem. The persistence of crusts may indicate that nutrients are still 

cycling in urban soils; and may be an indicator of urban soil conditions. As urban 

centers grow in the future, I predict that crusts will alter their structure to cope with 

changed environments and will continue to persist, even if they are at a lowered 

functional level. However, if their functioning is impaired too much they may not be able 

to adapt and would disappear from heavily affected urban soils. Thus, presence of 
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crusts in urban environments could be used as an indicator for soil conditions. 



   

Gallas 

 References 

Belnap and Lange, (2003) In: J. Belnap and O.L. Lange, Editors, Biological Soil Crusts: 
Structure, Function and Management, Springer-Verlag, Berlin (2003). 

Bowker, M. A., Belnap, J., & Miller, M. E. (2006). Spatial Modeling of Biological Soil 
Crusts to Support Rangeland Assessment and Monitoring. Rangeland Ecology 
&amp; Management, 59, 5.) 

Bureau of Land Management, National Applied Resource Sciences Center (ed) (1999). 
Sampling Vegetation Attributes: Interagency Technical Reference. USDA-FS, 
Natural Resource Conservation Service, Grazing Land Technology Institute, 
USDoI-BLM. 

Cable and Huxman, (2004) J.M. Cable and T.E. Huxman, Precipitation pulse size 
effects on Sonoran Desert soil microbial crusts, Oecologia 141 (2004), pp. 317–
324. 

Evans, R. D., & Belnap, J. (1999). Long-Term Consequences of Disturbance on 
Nitrogen Dynamics in an Arid Ecosystem. Ecology, 80, 1, 150-160. 

Evans, R. D., & Johansen, J. R. (1999). Microbiotic Crusts and Ecosystem Processes. 
Critical Reviews in Plant Sciences, 18, 2, 183-225. 

Evans, R. A., & Love, R. M. (1957). The Step-Point Method of Sampling: A Practical 
Tool in Range Research. Journal of Range Management, 10, 5.) 

Fenn, Mark E.; Baron, Jill S.; Allen, Edith B.; Rueth, Heather M.; Nydick, Koren R.; 
Geiser, Linda; Bowman, William D.; Sickman, James O.; Meixner, Thomas; 
Johnson, Dale W.; Neitlich, Peter  (2003).  Ecological effects of nitrogen 
deposition in the western United States.   BioScience 53(4):404-420. 

Hall et al., (2009) S.J. Hall, B. Ahmed, P. Ortiz, R. Davies, R.A. Sponseller and N.B. 
Grimm, Urbanization alters soil microbial functioning in the Sonoran desert, 
Ecosystems 12 (2009), pp. 654–671. 

Kaye, J. P., Groffman, P. M., Grimm, N. B., Baker, L. A., & Pouyat, R. V. (2006). A 
distinct urban biogeochemistry?. Trends in Ecology & Evolution (personal 
Edition), 21, 4, 192-9. 

Lange et al., (1998) O.L. Lange, J. Belnap, H. Reichenberger and A. Meyer, 
Photosynthesis of the cyanobacterial soil crust lichen Collema tenax for arid 
lands in southern Utah, USA: role of water content on light and temperature 
responses of CO2 exchange, Flora 192 (1998), pp. 1–15. 

McDonnell et al., (1997). M.J. McDonnell, S.T.A. Pickett, P. Groffman, P. Bohlen, R.V. 
Pouyat, W. Zipperer, R. Parmelee, M.M. Carreiro and K. Medley, Ecosystem 
processes along an urban-to-rural gradient. Urban Ecosystems 1 (1997), pp. 21–
36. 

McIlvanie, S. K. (1942). Grass Seedling Establishment, and Productivity--Overgrazed 
vs. Protected Range Soils. Ecology, 23, 2, 228-231. 

Pavao-Zuckerman, M.A. (2008) The nature of urban soils and their role in ecological 
restoration in cities, Restor. Ecol. 16 (2008), pp. 642–649. 

Pavao-Zuckerman, M.A.  and L.B. Byrne, (2009) Scratching the surface and digging 
deeper: exploring ecological theories in urban soils, Urban Ecosyst. 12, pp. 9–20. 



   

Gallas 

Pouyat et al., (2002) R. Pouyat, P. Groffman, I. Yesilonis and L. Hernandez, Soil carbon 
pools and fluxes in urban ecosystems, Environ. Pollut. 116 (2002), pp. S107–
S118. 

Wang et al., (2007) Y.P. Wang, J.Y. Shi, H. Wang, L. Qi, X.C. Chen and Y.X. Chen, The 
influence of soil heavy metals pollution on soil microbial biomass, enzyme 
activity, and community composition near a copper smelter, Ecotoxicol. Environ. 
Safety 67 (2007), pp. 75–81. 

 



   

Gallas 

Appendix: Figures 

 

Figure 1: University Indian Ruins site 
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Figure 2: SRER Site 
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Figure 3: Step-point sampling method 
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Figure 4: Sample data sheet for cover information, modified from BLM 1999 (shown 

here) 
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Figure 5: Crust from non-urban site, SRER 
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Figure 6: Crust (water treatment added) from urban site, University Indian Ruins 



   

Gallas 

 

Figure 7: Crust collection using a trowel and shovel 
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Figure 8: Plot setup and hyperspectral tetracam picture collection 
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Figure 9: Example of a crust false color image from University Ruins 

 

 

Figure 10: Concept map of study  
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Figure 11: Predicted Variable Flow Chart 
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