











Sample Collection. At each sample location, a 10x10 m square was
established to minimize the influence of carbon and nitrogen from ground cover
or plants. Sterile scoops were used to collect soil down to 8 cm depth. Samples
were placed into sterile collection bags (18 oz, Nasco Whirl-pak® Fort Atkinson,
WI) and temporarily stored in a cooler at air temperature for a maximum of 6 h
until arrival at the onsite lab, where the samples were stored at 4°C. Samples
were processed within 24 h of collection. During the 2007 expedition, 5 samples

Wk

were collected corresponding to the locations identified with an “*” and a capital
letter as is shown in Figure 3a. Sampling for the 2008 and 2009 expeditions was

altered to collect three samples per site, as is shown in Figure 3b.

* *
A D
E 10m
B C
* *
10m

Figure 3a and b. Location of soil samples taken from each sample site for the
(a) 2007 and (b) 2008 — 2010 Spaceward Bound expeditions

In 2009, approximately 400 g of soil was collected in addition to regular

samples and shipped within 24 h for chemical analysis by Basic Laboratory, Inc.

(Reading, California).
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grouped the 16S rRNA gene sequences into taxonomic units from Domain down
to an operational taxonomic unit (OTU). The OTU designation does not
necessarily correlate to the species level, but does indicate the most specific
level of classification available. The OTU designations differed between the
three databases, indicating that this nomenclature is not a recognized taxonomic
label, but is only used to distinguish one phylotype from another. When a 16S
rRNA gene sequence was classified to a species level, then other sequences
which had the same OTU would also be the same species. If a 16S rRNA gene
sequence was classified to the level of family, the OTU associated with that
classification would indicate any other sequences which had the same OTU
would also be of that family.

The resulting classifications were compared between the three databases
for consistency at all taxonomic levels indicated in the analysis. The Greengenes
and NCBI databases were most closely aligned in terms of higher level
taxonomic assignments, particularly for the Archaea. Further analysis of the
sequences for both microorganismal groups was based upon the Greengenes
database results.

Diversity Analyses. Rarefaction curves were obtained using Analytic

Rarefaction 1.3 by Steven Holland (http://www.uga.edu/~strata/software/), to

represent the richness of the microbial community and determine the degree of
species saturation. The Shannon-Wiener function was utilized to estimate

diversity of Archaea and Eubacteria at both sites according to:
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5

H =-2 (p)(Inp)

=1

where H = information content of the sample (bits/individual) or index of species
diversity, s = number of species, and p; = proportion of total sample belonging to

the i-th species [12].

Results

Vegetative Coverage. Each sample site was visually examined to
determine the amount and type of vegetation present. The vegetation was
divided into three groups: the herbal; small shrubs, and large shrubs or trees.
The herbal vegetation consisted of grasses, often growing in clumps, flowering
plants, and weeds, typically under 10cm high and covering an area 4-8cm in
diameter. The coverage of vegetation varied with the sampling year, and
reflected the different amounts of precipitation during the previous 12 months.
The progression along the transect toward the driest sites presented an obvious
visible decrease in plant coverage, regardless of the sampling year. With the
exception of the wettest sampling site, Sand Hill Road, which was basic pasture
land, the vegetation was predominately grasses, herbs, and scrub. Included in
these groups of flora are saltbush and desert holly (Atriplex ssp.), creosote

(Larrea tridentate), and sagebrush (Artimisia tridentata).
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Because the actual 10x10m sampling area was selected to minimize the
presence of vegetation, an estimation of the vegetative covering combined the
immediate sample area and the surrounding 100m areas. The percent of
vegetative cover at each site is indicated in Table 5 as a range, indicating the
minimum and maximum over the four-year study period. During low rainfall
seasons, the continuity of the grass/herbal coverage became separated by

noticeable stretches of open soil.

Table 5. Vegetative coverage of sample sites by type and size of vegetation.

% Vegetation Precipitation

Site # Name coverage (cm)*

15 Sand Canyon 85-100 23

16 California City 60-75 15

17 Kramer Junction 50-70 12.7

18 Fields Road 40-60 12.7

19 Rasor Road 45-60 12.7

20 Black Tank 45-60 9

21 Henry Springs Road 25-45 8.9

*estimated from FRAP annual precipitation map

Black Tank and Kramer Junction sample sites had large, wide creosote
bushes which were over 180cm tall and up to 140cm wide. These sites appear
to be situated in the zones receiving 11.4 — 12.7 cm of precipitation yearly. By
comparison, the sample sites at Fields and Henry Springs roads had 3 - 10 small
shrubs, approximately 40cm wide by 30 cm tall. The sample site furthest east,

Black Tank, supported more vegetation than the site immediately west, Henry
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Springs Road. According to the FRAP maps, a continuation of the precipitation
transect eastward toward Las Vegas, Nevada indicates an increase in annual
precipitation, with the minimum average rainfall occurring just south of Baker,
CA. Based upon the map and comparison of vegetation, sample site #21 on
Henry Springs Road is considered to represent the driest site of the transect.
Soil Characteristics. The observable characteristics of the soil varied
across the precipitation transcript. Sand Canyon soil, site 15, was very dark,
moist, and captured amongst a network of fine roots from the herbaceous ground
cover. The soil at site 16, 45 km east at the road to California City, was much
lighter in color and consistency, with more sand, and small, distinct particles.
Progression further east along the precipitation transect showed finer sand, and
a general increase in the presence of a mineral crust overlying the sand and silt.
The number and size of rocks did not follow any trend, being abundant at some

sites and scarce at others. (Table 6)

Table 6. Soil and rock descriptions of sampling sites

Site Soil type Rock type Crust (%)

15 rich, humic none 0

16 sandy silt angular quartz, feldspar 0

17 sandy silt angular quartz, feldspar 100

18 sandy silt feldspar, granite; very rocky 30

19 sandy silt quartz, basalt; compacted dirt sparse
20 sandy silt lava, feldspar, sparse gravel 15

21 sandy silt quartz, feldspar, 5% basalt 80
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The rockiest sample site was Fields Road, where a mixture of feldspar,
granite, and quartz was exposed on top of sandy soil. These rocks ranged from
large pebbles (20-30mm) to small cobbles (70-100 mm). Basalt rocks up to
15cm in length were found at Rasor Road and Black Tank, indicating proximity to
10,000 year old lava flows. Quartz rocks with hypolithic cyanobacterial
communities were found at Fields Road, Black Tank, and Henry Springs Road
sample sites.

Initial chemical analyses of the soil at each sampling site were performed
by Raphael Navarro-Gonzalez in 2007. From independently collected soil
samples, Navarro-Gonzalez determined the ratio of organic nitrogen to total
nitrogen for each sample site, as shown in Table 7 (private correspondence, R

Navarro-Gonzalez). In 2009, similar measurements of the organic nitrogen

Table 7. Nitrogen content at sample sites

Site OrgN Tot N org/tot ‘09 org/tot ‘07
15 1310 1330 0.985 0.985
16 234 238 0.983 0.983
17 933 940 0.993 0.993
18 274 285 0.961 0.961
19 62.9 65.1 0.966 0.966
20 494 500 0.988 0.988
21 109 111 0.982 0.982
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and total nitrogen were made by Basic Laboratories, Inc. (Redding, California)
and the results from these determinations are also shown in Table 7. The ratios
of organic nitrogen to total nitrogen at each sample site were the same for both
years, indicating a relatively stable chemical environment.

Further chemical analysis of the soils from the sample sites was also
performed by Basic Laboratories, Inc. (Redding, California). Four hundred grams
of soil from each of the seven sample sites was analyzed for edaphic factors
known to influence microbial growth in soil communities, such as moisture
content, salt content, pH and percent organic carbon. The resulting chemical

guantities at each sample site are in Table 8.

Table 8. Chemical analysis of soil samples

Sample pH Percent % org Sodium Chlorine
Site Moisture Carbon (mg/kg) (mg/kg)
15 7.18 18.5 1.34 1080 4.98
16 7.60 1.2 0.26 68 4.57
17 712 0.6 0.53 78 3.34
18 7.34 0.6 0.11 146 2.08
19 7.76 0.6 0.27 158 1.71
20 7.71 0.4 0.15 560 8.68
21 7.88 0.4 0.18 128 5.94

The observed decrease in percent moisture of the soil samples mirrors the
FRAP annual precipitation values in the west to east direction of the transect.

The decreased support for vegetation along the transect is due to the decreased
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amounts of organic nitrogen and carbon. The one sample site which may be
considered anomalous with regards to the salt and organics, site 15 - Rasor
Road, is a popular, all-wheel terrain vehicle area, thus the soil chemistry is highly

likely to be affected by anthropomorphic influences.

The pH levels along the transect indicate a tendency toward a more basic
environment, as is shown in Figure 4. Values of pH vary due to vegetation, sail,
and anthropomorphic differences, and may serve as a predictor of microbial
community composition [14]. The pH values are from samples along the transect
range from 7.12 to 7.88, a difference of 0.76. This small change in pH has been
shown to affect the diversity of soil bacteria communities, and may affect the

microbial communities studied [15].
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Figure 4. Scatter plot of pH values along precipitation transcript including a
linear regression trend line.
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Tables 6 and 7 reveal localized conditions along the precipitation transect.
The organic nitrogen and carbon levels decrease along the length of the sample
zone; however sites 17, 19, and 20, California City, Rasor Road, and Black Tank,
show extreme divergence from this trend. The presence of sodium and chlorine
also shows discontinuity from an overall trend due to the Black Tank results.
These characteristics of the sample sites may contribute to differences in the
microbial soil communities regardless of annual precipitation levels

Viable Plate Colony Count. Table 9 presents the colony forming units per
gram (CFUs/qg) of soil for four sampling years. The final column presents an
average over the four-year period as a means of equalizing local effects of higher
or lower than normal precipitation. The data indicates a decrease in the number

of culturable microorganisms by 10 fold between the wettest and driest sites.

Table 9. Averaged colony forming units for statistically significant dilution plates
for four years of sampling. Values are in terms of CFUs/g soil.

Site 2007 2008 2009 2010 Avg
15 4.4x10° 1.5x108 1.5x10" 4.2x10’ 5.29x10’
16 2.9x10° 1.7x10" 2.3x10° 2.7x10’ 1.16x107
17 2.5x10° 1.5x10" 3.2x107 2.6x10’ 1.83x10’
18 2.6x10° 1.3x10" 3.3x107 3.4x10° 1.24x107
19 1.3x10° 1.5x10" 1.5x10" 2.1x10° 8.06x10°
20 NA 1.3x107 2.5x10° 2.0x10° 5.83x10°
21 2.7x10* 3.0x10° 2.7x10° 2.8x10° 2.13x10°
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16S rRNA Gene Sequencing. Eubacterial 16S rRNA genes were
sequenced for all seven sampling sites, but four of the sampling sites were
chosen to represent the transect. Due to anthropomorphic interference at Rasor
Road (site 19) this site was dropped from analysis. Soil chemistry and viable
count plate similarities between sites 16 and 17, as well as 17 and 18, resulted in
using sequence results from sites 16 and 18. Site 20 was dropped from analysis
due to the observed increase in vegetation, indicating it was not as dry as site 21,
as well as the similarity in pH, moisture content, percent organic carbon, and the
organic /total nitrogen ratio.

The number of Eubacterial and Archaeal 16S rRNA genes sequenced for
each remaining sample site is indicated in Table 19. The initial goal was to
obtain over 100 eubacterial sequences per site, and 60 archaeal sequences. The
resulting numbers indicate the maximum number of 16S rRNA genes positively
classified. Several archaeal genes were classified as eubacterial sequences,
particularly by the RDP database, which decreased the total number of archaeal

sequences for all the sites.

Table 10. Number of 16S rRNA genes sequenced for transect

Site # Site Name # Eubacteria # Archaea
15 Sand Canyon Road 107 9
16 California City Road 104 60
18 Fields Road 96 32
21 Henry Springs Road 108 45
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Eubacterial 16S rRNA Gene Sequences, Phyla Classification. The
sequences from the eubacterial soil community at the site of highest annual
precipitation, Sand Canyon, were classified into six phyla, shown in Figure 5. The
Proteobacteria were dominant at 89% of the total community. Numbers of 16S
rRNA sequences were also identified for the Actinobacteria, Aquificae,
Bacteriodetes, Firmicutes, and Thermotogae. Firmicutes were the next largest
population at 6%, followed by Actinobacteria and Bacteriodetes at 2% each.
Aquificae and Thermotogae were represented by a single sequence, or 1% of the
total eubacterial population. Sequences from the Thermotogae were identified

only at this site.
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Figure 5. Relative abundance of 16S rRNA gene sequences at the Phylum
taxonomic level from Sand Canyon, Site 15
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Eubacterial 16S rRNA gene sequences from site 16, California City,
showed an increase in the number of phyla. The Proteobacteria were still the
dominant phylum, but only comprised 82% of the population. The number of
sequences in Firmicutes decreased from 6% to 4%. New phyla at this site
included the Acidobacteria, Cyanobacteria, Planctomycetes, and
Verrucomicrobia. The number of sequences in Actinobacteria increased to 7.
Figure 6 shows the relative abundance of phyla at this site. Planctomycetes

were identified only at this sample site.

Figure 6. Relative abundance of 16S rRNA gene sequences at the Phylum
taxonomic level from California City, Site 16

The 16S rRNA gene sequences from Fields Road showed a further

decrease in the Proteobacteria, and an increase in the proportion of
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