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Introduction and Background

The National Park Service Inventory and Monitoring (I&M) Program was designed to determine the 
current status and monitor long-term trends in the condition of park natural resources, providing 
park managers with a strong scientific foundation for making decisions and working with other agen-
cies and the public for the protection of park ecosystems. The Southern Colorado Plateau Network 
(SCPN) is monitoring vegetation and soils as overall indicators of upland ecosystem integrity (Thom-
as et al. 2006). 

SCPN staff and park staff selected two ecological sites for long-term monitoring of upland vegetation 
and soils at Petrified Forest National Park (PEFO): Clayey Fan and Sandy Loam. These ecological 
sites both represent large areas of the park, but they are relatively distinct from each other. An eco-
logical site is a landscape division with characteristic soils, hydrology, plant communities, and distur-
bance regimes and responses. The classification of ecological sites is based on soil survey data (Butler 
et al. 2003). 

In 2007 the Integrated Upland Monitoring program of SCPN began monitoring upland sites at PEFO 
with the installation of 10 plots in the Clayey Fan ecological site and 20 plots in the Sandy Loam eco-
logical site, of which we are monitoring 10 (see 2007 report). We plan to sample quadrats and basal 
gap intercepts annually for 3-5 years to determine the range of temporal variability for key metrics. 
Power analysis will then be used to determine the total number of plots necessary to detect change in 
the key metrics. In this report, we document monitoring activities in the 2008 field season and com-
pare these data with the data collected in 2007. 

Methods

Sampling frame
A sampling frame is the area from which sites are randomly selected, and hence the area to which 
statistical inferences can be made. We derived the sampling frames from the maps of the two ecologi-
cal sites, which were developed by the US Natural Resources Conservation Service (See Appendix 
A of DeCoster et al., in review). We modified the maps using Geographic Information System (GIS) 
technology by removing slopes that exceeded 20% and roads, buildings, and other infrastructure. 
(figs. 1a and 1b). We generated a set of spatially distributed sampling points using the Generalized 
Random-Tessellation Stratified (GRTS) design (Stevens and Olsen 2004). Park staff reviewed the 
sampling points and had the opportunity to reject those points that landed too close to archaeo-
logical sites and other sensitive resources. Before establishing a plot, the Integrated Upland crew 
conducted an ecological site assessment for each sampling point and rejected the site if it did not fall 
within the ecological site, had a slope greater than 20%, or contained a major disturbance.  

Field methods 
The SCPN Upland Monitoring crew began monitoring at PEFO in 2007 with the establishment of 10 
plots in each ecological site. The plots were 0.50 ha in size, measuring 71 m x 71 m. All data were col-
lected on three 50m transects, spaced 25 meters apart, within each plot. In 2007, the crew collected 
the data at all the plots between mid September and early October, but in 2008, they collected data 
in mid October. Field methodology is provided in detail in the SCPN Integrated Upland Protocol 
(DeCoster et al., in review). 
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Shrub and herbaceous vegetation

The crew sampled shrub and herbaceous vegetation with five sets of nested quadrats at 10 m inter-
vals along each transect. The largest quadrat size was 10 m2 (2m x 5m) with four smaller quadrats 
nested inside (0.01 m2, 0.1 m2, 1 m2, and 5 m2). The presence of individual vascular species was re-
corded for each nested sub-quadrat. Percent cover of individual vascular herbaceous and shrub spe-
cies was then estimated in the 10 m2 quadrat and placed in one of 12 cover classes, e.g. 2-5%, 5-10%, 
etc. Percent cover for each functional group (e.g. graminoids, forbs, shrubs) was also estimated in the 
largest quadrat and recorded as one of the 12 cover classes.

Overstory trees and saplings 

There were no trees in any of the plots. 

Soil stability and hydrologic function

The crew measured the amount of bare soil by recording the length of the basal gaps (the space 
between plant bases) along each transect. Percent cover of ground surface features was estimated in 
the 1 m2 quadrats, in conjunction with shrub and herbaceous data, and recorded in one of 12 cover 
classes. A soil aggregate stability test was conducted in 2007 using 18 soil samples collected along the 
transects. This procedure was not repeated in 2008. 

Data summary
The sample unit for summary and analysis is the plot; hence, we summarized data at the level of the 
plot. In order to calculate summary statistics for the ecological site, means and standard deviations 
were calculated from the plot means. 

Figure 1. Sampling 
frame of Loamy 
Mesa Top Pinyon-
Juniper ecological 
site with the 10 plots 
established in 2007.

Figure 1. Sampling frames of A) Clayey Fan and B) Sandy Loam ecological sites, each showing 10 plots 
established in 2007.

A. B.
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For herbaceous and shrub vegetation, cover and frequency were calculated for each species from 
the cover class midpoints, e.g. using 7.5% for cover class 5-10%. The mean cover was calculated for 
each plot, and the mean and standard deviation (SD) were calculated for the ecological site. Species 
frequency was calculated for quadrats (mean percentage of quadrats per plot where the species oc-
curs) and for plots (percentage of plots where the species occurs). Mean cover and SD of functional 
groups and surface features were calculated in a similar fashion.

We calculated four diversity measures for herbaceous and shrub species (Magurran 1988)—first for 
all species in a site and then for native species only. 

(1) Species richness (S) is the number of species at a given spatial scale, and it was calculated at the 
level of the plot and the level of the ecological site.

(2) The Shannon Diversity Index (H’) provides a measure of species diversity that takes into account 
the relative abundance of each species:  

where pi is the abundance of each species. 

(3) Species evenness (J’) is a measure of the degree to which all species are equal in abundance:

H’/ ln(S)

(4) Beta diversity (βw) is a measure of within-ecological site heterogeneity (diversity among plots):

Se / (Sp – 1)

where Se is the total number of species found in the ecological site, and Sp is the mean number of spe-
cies found per plot. 

We made five calculations for the basal gaps data: median basal gap size, percentage of transects com-
prised by gaps, percentage of transects comprised by gaps ≥ 50 cm, number of gaps by size class, and 
total number of gaps. Mean and SD were calculated for each metric. 

Results

Clayey Fan ecological site

Vegetation

Total live vegetative cover deceased between 2007 and 2008, from 14.91% to 11.94% (table 1 and fig. 
2). The cover of functional groups decreased to varying degrees. Annual grass and forbs demonstrat-
ed relatively large decreases in cover. The large standard deviations indicate high variability in cover 
among plots.

While perennial grasses decreased in cover, the changes in the cover of individual species varied 
(table 2, fig. 3). Sporobolus airoides (alkali sacaton) showed a large decrease in cover, but the other 
dominant perennial grass species—Pleuraphis jamesii (James’ galleta),  Bouteloua gracilis (blue 
grama), and Achnatherum hymenoides (Indian ricegrass)—showed slight increases. Dominant shrub 
species—such as Atriplex obovata (mound saltbush), Sarcobatus vermiculatus (greasewood), Eri-

- ∑
=

n

i 1

pi ln pi	
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Table 1. Foliar cover of functional groups for 2007 and 2008 at the Clayey Fan ecological 
site.    

Foliar cover (%)

2007 2008

Functional group Mean (SD) Mean (SD)

Total foliar cover 14.91 (5.58) 11.94 (3.67)

     Perennial grasses 9.13 (5.10) 8.32 (3.13)

     Annual grasses 2.31 (2.74) 0.05 (0.09)

     Forbs 1.50 (1.52) 0.42 (0.54)

     Shrubs 3.05 (3.02) 2.58 (2.91)

     Cacti, succulents 0.04 (0.03) 0.03 (0.03)

Standing dead herbaceous 4.09 (1.11) 2.20 (0.68)

Standing dead woody 0.86 (0.71) 0.82 (0.93)

Note: Components of total live vegetation are not strictly additive because calculations were made from cover class midpoints, the various 
components may overlap, and estimations were made independently.

Table 2. Foliar cover and frequency of the fifteen most abundant vascular species and all nonnative 
species in 2007 compared to 2008 at the Clayey Fan ecological site.

2007 2008

Species
Mean 

cover (%) SD
Quad 
freq

Plot 
freq

Mean 
cover (%) SD

Quad 
freq

Plot 
freq

Sporobolus airoides 6.181 6.117 92.00 100 3.902 3.006 92.67 100

Atriplex obovata 1.589 1.453 58.00 90 1.264 1.255 56.67 100

Pleuraphis jamesii 1.266 1.172 54.67 100 1.713 1.277 61.33 100

Sporobolus coromandelianus 1.251 1.692 36.00 80 0.039 0.081 18.67 50

Bouteloua gracilis 1.21 1.588 50.67 90 1.385 1.834 54.00 90

Bouteloua barbata 1.062 1.24 55.33 90 0.034 0.07 20.00 70

Salsola tragusa 0.973 1.618 60.67 100 0.376 0.535 56.67 100

Atriplex canescens 0.565 1.03 21.33 50 0.529 0.921 21.33 50

Sarcobatus vermiculatus 0.293 0.928 4.00 10 0.173 0.548 4.00 10

Chamaesyce spp. Group A 0.196 0.263 61.33 100 0.006 0.011 8.00 30

Achnatherum hymenoides 0.165 0.167 34.67 90 0.255 0.193 39.33 90

Atriplex confertifolia 0.150 0.276 6.00 40 0.081 0.116 6.00 60

Ericameria nauseosa 0.119 0.178 5.33 40 0.064 0.1 4.67 40

Gutierrezia sarothrae 0.089 0.165 19.33 40 0.057 0.097 18.67 50

Sphaeralcea hastulata 0.069 0.067 30.67 90 0.027 0.03 23.33 80

Portulaca oleraceaa 0.044 0.124 12.00 60 0 0  0 0

Bromus tectoruma 0.004 0.008 5.33 40 0.001 0.002 2.00 20

Note:  Species are arranged in descending order by their 2007 cover.
a Nonnative species.
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Figure 2. Mean cover of 
functional groups at the 
Clayey Fan ecological 
site in 2007 and 2008. 
Note: means for total 
foliar and standing dead 
woody cover do not 
include tree components 
in 2007. Error bars 
represent one standard 
deviation.

Figure 3. Mean foliar 
cover of the ten most 
abundant shrub and 
herbaceous species in 
2007, as compared to 
2008, at the Clayey Fan 
ecological site. Error bars 
represent one standard 
deviation.
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cameria nauseosa (rubber rabbitbrush), and Gutierrezia sarothrae (broom snakeweed)—and forb 
species—such as Salsola tragus (prickly Russian thistle), Group A of the Chamaesyce spp. (annual 
sandmats) and Sphaeralcea hastulata (spear globemallow)—decreased in cover. The annual grasses 
Sporobolus coromandelianus (Madacasgar dropseed) and Bouteloua barbata (sixweeks grama), and 
Chamaesyce spp.(sandmats), the obovate-leaved annuals, decreased in cover and in quadrat and plot 
frequencies. 

Three nonnative annual species were observed in the plots: Salsola tragus (prickly Russian thistle), 
Portulaca oleracea (little hogweed), and Bromus tectorum (cheatgrass). Both Salsola tragus and 
Bromus tectorum decreased in cover between 2007 and 2008, and Bromus tectorum also decreased in 
frequency. Portulaca oleracea (little hogweed), which appeared in six of the plots in 2007, did not oc-
cur in any of the plots in 2008. Appendix A lists all the species, along with common names, families, 
mean foliar cover, and plot frequencies. 

Species diversity indices generally declined between 2007 and 2008 (table 3). Mean plot species rich-
ness decreased from 24.3 to 19.2. Ecological site species richness declined from 69 to 61. Shannon 
diversity (which takes into account relative species abundance and generally ranges between 1.5 and 
3.5) also decreased. Evenness (the degree to which all species are of equal abundance, ranging from 0 
to 1) (Margalef 1972) and beta diversity (a measure of within site heterogeneity, generally ranging be-
tween 1 and 5) increased, suggesting that plots became less similar to each other over the two years. 
When these indices were recalculated using only native species, they did not change substantially 
(table 3). 

Table 3. Species diversity metrics at Clayey Fan ecological site for all species 
and for native species only. 

2007 2008

Metric Mean (SD) Mean (SD)

All species

Plot

Plot richness 24.3 (7.1) 19.2 (7.3)

Shannon diversity 1.755 (0.506) 1.657 (0.379)

Evenness 0.552 (0.143) 0.569 (0.081)

Ecological site

Ecological site richness 69 61

Beta diversity 2.961 3.352

Native species 

Plot

Plot richness 22.3 (7.4) 18.0 (7.2)

Shannon diversity 1.706 (0.503) 1.593 (0.373)

Evenness 0.554 (0.148) 0.561 (0.080)

Ecological site

Ecological site richness 66 59

Beta diversity 3.099 3.471
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Soil stability and hydrologic function

The crew monitored the amount of exposed soil in two ways: cover estimates of ground surface 
features in quadrats and measurements of basal gaps along transects. Changes in the ground surface 
features between the two years were generally small, as expected (table 4 and fig. 4). However, the 
cover of bare soil showed a surprisingly large decrease. Basal gaps increased in number, but de-
creased in size (table 5 and fig. 5). The number of gaps increased from 119.0 to 158.8, the median gap 
size decreased from 78.7 cm to 54.2 cm, and the percentage of the transect in gaps decreased from 
96.7% to 94.6%. Moreover, the number of smaller gaps increased. 

Table 4. Cover of ground surface features at Clayey Fan ecological site. 

2007 2008

Surface feature Mean (%) (SD) Mean (%) (SD)

Live plant base 5.86 (2.51) 5.10 (1.54)

Dead woody base 0.35 (0.26) 0.26 (0.46)

Dead herbaceous base 2.59 (0.89) 1.70 (0.74)

Bare soil 14.68 (7.16) 7.52 (5.05)

Duff and litter 6.26 (3.65) 7.26 (4.75)

Undifferentiated crust 70.51 (6.57) 71.67 (7.99)

Moss 0.50 (0.93) 0.20 (0.44)

Lichen 0 (0) 0 (0)

Cyanobacteria 0.13 (0.42) 0.05 (0.09)

Fine gravel (0.2 cm- 2cm) 0.78 (1.28) 0.95 (1.40)

Coarse gravel (2cm – 7.5 cm) 0.14 (0.22) 0.61 (1.78)

Cobble (7.5 cm – 25 cm) 0 (0) 0 (0)

Stone, bedrock (>25 cm) 0 (0) 0 (0)

Woody debris 0 (0) 0.02 (0.05)

Note: The surface feature components do not add up to 100% because the calculations were made from cover class midpoints, 
and the estimations have observer error.

Table 5. Number of basal gaps, gap size, and percentage of total transect length com-
prised by gaps in 2007 and 2008 at Clayey Fan ecological site.

2007 2008

Metric Mean (SD) Mean (SD)

Gap number 119.0 (42.1) 158.8 (39.5)

Median gap size (cm) 78.7 (29.6) 54.2 (24.0)

Percent of transect in gaps 96.7 (1.3) 94.6 (1.5)

Percent of transect in gaps ≥ 50 cm 89.0 (4.8) 82.8 (5.2)
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Figure 5. The 
frequency 
distribution of basal 
gaps sizes in 2007 
and 2008 at Clayey 
Fan ecological site. 
Error bars represent 
one standard 
deviation.
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Figure 4. Mean 
cover of ground 
surface features 
at the Clayey Fan 
ecological site in 
2007 and 2008. Error 
bars represent one 
standard deviation.
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Sandy Loam ecological site  

Vegetation

While total live vegetative cover in the Sandy Loam ecological site did decrease, the total live vegeta-
tive cover did not decrease as much as it did at the Clayey Fan ecological site (table 6 and fig. 6). All 
the functional groups decreased in cover, but to varying degrees. Annual grass cover decreased from 
0.71% to 0.02%.

Table 6. Foliar cover and frequency of functional groups for 2007 and 2008 at the Sandy 
Loam ecological site.    

Foliar cover (%)

2007 2008

Functional group Mean (SD) Mean (SD)

Total foliar cover 18.58 (5.33) 17.76 (3.51)

     Perennial grasses 11.21 (4.99) 10.99 (4.65)

     Annual grasses 0.71 (2.03) 0.02 (0.03)

     Forbs 0.92 (1.18) 0.81 (1.87)

     Shrubs 5.35 (2.92) 5.19 (2.50)

     Cacti, succulents 0.15 (0.15) 0.13 (0.15)

Standing dead herbaceous 5.01 (2.78) 1.94 (1.23)

Standing dead woody 1.232 (0.84) 1.32 (0.51)

Note: Components of total live vegetation are not strictly additive because calculations were made from cover class midpoints, the various 
components may overlap, and estimations were made independently.
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Figure 6. Mean foliar 
cover of functional groups 
in 2007 and 2008 at Sandy 
Loam ecological site. 
Error bars represent one 
standard deviation.



10      Integrated Upland Vegetation and Soils Monitoring for Petrified Forest National Park: 2008 Summary Report

The foliar cover of many of the dominant species, including Bouteloua gracilis, Chrysothamnus 
greenei, and Achnatherum hymenoides, also decreased slightly in 2008 (table 7 and fig. 7). The cover 
of only a few species increased. Frequencies generally did not show substantial changes; however the 
annual species Bromus tectorum, Salsola tragus, and Sporobolus flexousus, showed moderate decreas-
es in frequencies. The large standard deviations indicate large among-plot variability.

Four nonnative species occurred in the plots. In 2008, Bromus tectorum showed a large decrease in 
cover, while Salsola tragus showed a large increase. However, both species decreased in frequency. 
Portulaca oleracea and Polygonum aviculare (prostate hogweed), both with very low abundances in 
2007, were not found in 2008. Appendix B lists all the species, along with common names, families, 
mean foliar cover, and plot frequencies.

Plot species diversity indices generally decreased between 2007 and 2008 (table 8). Ecological site 
richness decreased from 63 to 55, and mean plot richness decreased from 23.6 to 20.9. Shannon 
diversity (which takes into account relative species abundance, and generally ranges between 1.5 and 
3.5) and beta diversity (a measure of within site heterogeneity, generally ranging between 1 and 5) 
similarly showed small decreases (Margalef 1972). Only evenness (the degree to which all species are 
of equal abundance, ranging from 0 to 1) increased. When these indices were recalculated using only 
native species, they did not change substantially (table 8).

Table 7. Foliar cover and frequency of the fifteen most abundant vascular species and all nonnative 
species in 2007 compared to 2008 at the Sandy Loam ecological site.

2007 2008

Species
Mean 

cover (%) SD
Quad 
freq

Plot 
freq

Mean 
cover (%) SD

Quad 
freq

Plot 
freq

Bouteloua gracilis 3.712 3.512 65.33 80 3.815 3.469 66.67 80

Sporobolus airoides 2.622 4.457 44.00 90 2.142 3.54 41.33 70

Pleuraphis jamesii 2.589 2.562 75.33 100 2.444 2.68 74.00 100

Gutierrezia sarothrae 1.495 0.99 70.67 90 1.225 0.651 72.00 90

Atriplex canescens 1.085 1.092 43.33 90 0.686 0.651 42.67 90

Chrysothamnus greenei 0.776 1.405 22.00 50 0.980 1.54 24.67 60

Artemisia filifolia 0.743 1.551 14.67 30 0.602 1.115 15.33 30

Bromus tectoruma 0.726 2.198 20.67 60 0.098 0.291 10.00 50

Bouteloua eriopoda 0.714 1.735 20.67 60 0.536 1.159 22.00 60

Achnatherum hymenoides 0.484 0.685 50.00 90 0.764 1.036 59.33 90

Salsola tragusa 0.365 0.745 36.67 70 0.632 1.757 27.33 60

Artemisia bigelovii 0.363 0.783 13.33 30 0.364 0.833 14.67 40

Ephedra torreyana 0.279 0.425 12.00 60 0.306 0.354 11.33 60

Hesperostipa comata 0.256 0.403 26.00 60 0.323 0.544 27.33 60

Sporobolus flexuosus 0.224 0.694 6.67 20 0.012 0.032 2.00 20

Portulaca oleraceaa 0.002 0.006 0.67 10 0 0  0 0

Polygonum avicularea <.001 0.001 0.67 10 0 0  0 0

Note:  Species are arranged in descending order by their 2007 cover.
a Nonnative species.
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Figure 7. Mean foliar 
cover of the ten most 
abundant shrub and 
herbaceous species in 
2007, as compared 
to 2008, at the Sandy 
Loam ecological site. 
Error bars represent 
one standard 
deviation.
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Table 8. Species diversity metrics at Sandy Loam ecological site for all species 
and for native species only. 

2007 2008

Metric Mean (SD) Mean (SD)

All species

Plot

Plot richness 23.6 (5.0) 20.9 (5.7)

Shannon diversity 1.859 (0.482) 1.789 (0.492)

Evenness 0.586 (0.125) 0.590 (0.125)

Ecological site

Ecological site richness 63 55

Beta diversity 2.788 2.764

Native species 

Plot

Plot richness 22.1 (4.8) 19.7 (5.4)

Shannon diversity 1.804 (0.493) 1.771 (0.500)

Evenness 0.581 (0.132) 0.597 (0.123)

Ecological site

Ecological site richness 59 52

Beta diversity 2.796 2.781
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Soil stability and hydrologic function

The crew monitored the amount of exposed soil in two ways: cover estimates of ground surface fea-
tures in quadrats and measurements of basal gaps along transects. As expected, surface feature data 
showed relatively little change between 2007 and 2008 (table 9 and fig. 8). However, undifferentiated 
crust did increase, and bare soil decreased. The cover of cyanobacteria also decreased. From 2007 to 
2008, the number of basal gaps increased, the median gap size decreased, and the percentage of the 
transect in gaps (both for all gaps and for gaps greater than 50 cm) decreased (table 10). The number 
of gaps in all size classes increased, with the exception of the largest size class, which decreased (fig. 
9).

Table 9. Cover of ground surface features at Sandy Loam ecological site. 

2007 2008

Surface feature Mean (%) (SD) Mean (%) (SD)

Live plant base 6.69 (2.74) 7.48 (2.95)

Dead woody base 0.28 (0.34) 0.40 (0.42)

Dead herbaceous base 3.00 (1.61) 1.76 (1.19)

Bare soil 19.91 (20.06) 5.37 (3.30)

Duff and litter 7.00 (2.31) 8.03 (3.35)

Undifferentiated crust 59.39 (20.18) 73.07 (8.95)

Moss 0.10 (0.29) 0.04 (0.10)

Lichen 0 (0) 0.05 (0.15)

Cyanobacteria 0.50 (1.58) 0.01 (0.02)

Fine gravel (0.2 cm- 2cm) 1.93 (5.82) 2.01 (6.10)

Coarse gravel (2cm – 7.5 cm) 0.15 (0.45) 0.06 (0.16)

Cobble (7.5 cm – 25 cm) 0 (0) 0 (0)

Stone, bedrock (>25 cm) 0 (0) 0 (0)

Woody debris 0.52 (1.31) 0.05 (0.11)

Note: The surface feature components do not add up tp 100% because the calculations were made from cover class midpoints, 
and the estimations have observer error.

Table 10. Number of basal gaps, gap size, and percentage of total transect length com-
prised by gaps in 2007 and 2008 at Sandy Loam ecological site.

2007 2008

Metric Mean (SD) Mean (SD)

Gap number 145.5 (51.3) 221.7 (85.9)

Median gap size (cm) 78.7 (61.2) 49.4 (31.2)

Percent of transect in gaps 95.5 (1.7) 91.3 (3.1)

Percent of transect in gaps ≥ 50 cm 84.7 (7.7) 72.4 (13.1)
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Figure 8. Mean 
cover of ground 
surface features at 
the Sandy Loam 
ecological site in 
2007 and 2008. Error 
bars represent one 
standard deviation.
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Figure 9. The 
frequency 
distribution of basal 
gaps sizes in 2007 
and 2008 at Sandy 
Loam ecological 
site. Error bars 
represent one 
standard deviation.
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Discussion

The Clayey Fan and Sandy Loam ecological sites had differences not only in their vegetative struc-
ture, but also in way their vegetation and soil components changed between the years 2007 and 2008. 
The Clayey Fan ecological site showed decreases in total live vegetative cover, decreases in the cover 
of most functional groups, and decreases in cover for many individual species in 2008. The Sandy 
Loam ecological site, in contrast, showed a smaller decrease in total live vegetative cover and smaller 
decreases in the cover of most functional groups and species. Annual grasses, however, showed large 
decreases in both sites. Most of these changes in cover are likely due to climatic fluctuation between 
years. July 2007 was extremely wet, causing increased germination and growth, especially of annuals 
(fig. 10, WRCC 2009). This strong monsoon likely affected the Clayey Fan site over a longer period 
than at the Sandy Loam site, since its clay soils have a higher water holding capacity than the soils at 
the Sandy Loam ecological site. In contrast, plant species in the Sandy Loam ecological site are likely 
more adapted to the drought conditions of sandy soils. 

Foliar cover of nonnative species decreased at both ecological sites, with the exception of Salsola 
tragus, which increased in cover, but decreased in frequency at the Sandy Loam site. Several nonna-
tive species that were in low abundance in 2007 were not found in 2008. All the nonnative species 
found in the plots were annuals, and were likely strongly affected by the wet July in 2007, as described 
above. Species diversity indices decreased from 2007 to 2008, with the exceptions of beta diversity 
in the Clayey Fan site and evenness in the Sandy Loam site. We attribute these changes to the loss of 
several annual species at both ecological sites between 2007 and 2008.

The soils data were more difficult to interpret. In both sites, the cover of undifferentiated crust in-
creased and the cover of bare soil decreased. Cyanobacteria decreased in cover in the Sandy Loam 
ecological site in 2008. These changes may be attributable to how ground surface features appear in 
wet conditions versus dry conditions. When the soil surface is wet, cyanobacteria are much more vis-
ible, and undifferentiated crust becomes more difficult to distinguish from bare soil. 
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Figure 10. Monthly precipitation in 2007 and 2008 and the average precipitation (1931-2009) at Petrified 
Forest National Park (WRCC 2009). 
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We stress that the changes noted between these two years are not indicative of long-term trends, 
since trends cannnot be determined with only two years of sampling, nor should they be viewed 
as being ecologically significant. As mentioned, much of the change is undoubtedly due to annual 
climatic fluctuations, for example, 2008 being a drier year than 2007. Some of the observed changes 
were due to small differences in the timing of the sampling (which will become more standardized 
over time). Other changes are attributable to sampling error inherent in the field sampling process. 
Cover estimation may vary among individuals (and crews), similar species may occasionally be mis-
identified, and the location of the quadrats will vary slightly from year to year. We strive to minimize 
these errors by ensuring transect lines are as straight as possible, quadrats are placed correctly, and 
field crews are trained continuously on species identification and cover estimation.

The SCPN Upland Crew plans to sample the quadrats annually for 3-5 years to determine the range 
of annual variability for key metrics. Power analysis will then be used to determine the total num-
ber of plots necessary to detect change in the key metrics. A temporal sampling design will then be 
implemented, with the installation of additional plots in subsequent years. Each year’s data will be 
compared to the previously collected data to analyze changes through time in vegetation composi-
tion and structure and in  soil stability and hydrologic function. More thorough trend analyses will be 
conducted once sufficient data have been collected.
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