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The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, Colorado, publishes 
a range of reports that address natural resource topics. These reports are of interest and applicability to a 
broad audience in the National Park Service and others in natural resource management, including scientists, 
conservation and environmental constituencies, and the public.

The Natural Resource Data Series is intended for the timely release of basic data sets and data summaries. Care 
has been taken to assure accuracy of raw data values, but a thorough analysis and interpretation of the data 
has not been completed. Consequently, the initial analyses of data in this report are provisional and subject to 
change. Please direct any data requests to the SCPN Data Manager.

All manuscripts in the series receive the appropriate level of peer review to ensure that the information is 
scientifically credible, technically accurate, appropriately written for the intended audience, and designed and 
published in a professional manner. 

Data in this report were collected and analyzed using methods based on established, peer-reviewed protocols 
and were analyzed and interpreted within the guidelines of the protocols.
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views and policies of the National Park Service, U.S. Department of the Interior. Mention of trade names or 
commercial products does not constitute endorsement or recommendation for use by the U.S. Government. 
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1 Introduction and background
The National Park Service Inventory and Monitoring (I&M) Program was designed to determine the status 
and monitor the conditions of park natural resources, providing park managers with a scientific foundation 
that informs resource management decisions. The Southern Colorado Plateau Network (SCPN) is monitoring 
vegetation and soils as overall indicators of upland ecosystem integrity (Thomas et al. 2006).

SCPN and park staff selected the Limy Upland and Sandstone Upland ecological sites for long-term monitoring 
of upland vegetation and soils at Wupatki National Monument (WUPA). An ecological site is a landscape 
division with characteristic soils, hydrology, plant communities, and disturbance regimes and responses, and its 
classification is based on soil survey data (Butler et al. 2003). These 2 ecological sites comprise large areas of the 
upland grassland and shrubland ecosystems at WUPA. They face numerous threats, including climate change and 
invasion by nonnative species.

In 2007, the SCPN integrated upland monitoring project began its work at WUPA with the installation of 10 plots 
in the Limy Upland ecological site and 10 plots in the Sandstone Upland ecological site. We sampled vegetation 
in nested quadrats and measured basal gaps annually for 3 years to determine the range of temporal variability for 
key metrics. In 2010, we established and sampled 20 new plots in each ecological site. The original 10 plots were 
not resampled. This brings our total for these ecological sites to 30 established plots for each. In this report, we 
document monitoring activities in the 2010 field season and report these data in the context of the data collected 
in 2007, 2008 and 2009. The data summarized for these 30 plots in each of these 2 ecological sites represent the 
baseline for our vegetation and soil monitoring of these sites.

2 Methods
2.1 Sampling frame
We derived our base sampling frame (figs. 1 and 2) from the maps of the Limy Upland and Sandstone Upland 
ecological sites, which were developed by the U.S. Natural Resources Conservation Service (NRCS) (see 
appendix A of DeCoster et al. 2012). The sampling frames are the areas from which we randomly select our 
sites, and hence the areas to which statistical inferences can be made. To make final adjustments to our sampling 
frames, we modified the maps of the ecological sites using Geographical Information System (GIS) technology by 
removing areas within 100 m of roads and exceeding 20% slope. 

For each ecological site, 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 rejected those points that landed too close to archeological sites and other sensitive resources. The 
integrated upland crew then visited the points in consecutive order and conducted an ecological site assessment, 
rejecting sites that deviated substantially from the ecological site, had a slope greater than 20%, or contained 
an archeological site or major disturbance. We rejected 8 points in the Limy Upland ecological site: 5 points 
were in proximity to archeological sites, one was outside of the acceptable variation for the ecological site, and 2 
were less than 200 meters from an established plot. The crew also rejected 8 points in the Sandstone ecological 
site: one point was in proximity to an archeological site, 3 points were less than 200 meters from an established 
plot, 2 points were outside of the acceptable variation for the ecological site, one point was in an area of human 
disturbance, and one point was too close to a road.

2.2 Field methods
The SCPN integrated upland crew established 10 monitoring plots in each ecological site in 2007, and resampled 
these plots in 2008 and 2009. In 2010, the crew established 20 additional plots in each ecological site. The plots 
established in 2007 were not sampled in 2010. We conducted our field work in the latter part of August for all 
years, except in 2007 when our field work extended into early September.
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Integrated upland monitoring plots are 0.50 ha in size, measuring 71 × 71 m, and consist of 3 parallel 50 m 
transects spaced 25 m apart. We collected data for shrub and herbaceous species cover and frequency, functional 
group cover, soil surface feature cover, and seedling data in quadrats on all 3 transects within each plot. We also 
collected overstory tree and sapling data in subplots located between 2 of the transects. 

We collected all of these data for each sampling of the plots, with the exception of tree data. We refined our tree 
measurement methods over the first 3 years of sampling. Field methodology is provided in detail in the SCPN 
integrated upland monitoring protocol (DeCoster et al. 2012). 

2.2.1 Shrub and herbaceous vegetation
We sampled shrub and herbaceous vegetation within 5 sets of nested quadrats at 10 m intervals along each 
transect. The largest quadrat size was 10 m2 (2 × 5 m), with 4 smaller quadrats nested inside (0.01 m2, 0.1 m2, 1 
m2, 5 m2). We recorded the presence of each herbaceous and shrub species within each nested sub-quadrat. We 
estimated the percent cover of each species in the 10 m2 quadrat and assigned it to 1 of 12 cover classes (e.g., 
2%–5%, 5%–10%, etc.). We also estimated the percent cover for functional groups (e.g., perennial grasses, forbs, 
shrubs) in the 10 m2 quadrats and recorded the cover class. We collected these data in the initial 10 plots in 2007, 
2008 and 2009 in each ecological site, and collected the same set of data for the 20 new plots established in 2010. 

2.2.2 Overstory trees, saplings, and seedlings
In 2007 and 2010, we measured overstory trees in a 50×50 m (0.25 ha) plot located between 2 of the transects. 

Figure 1. Sampling frame for the Limy Upland and ecological site at WUPA, showing the 10 plots established in 2007, and the 20 
plots established in 2010.
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Within this overstory tree plot, we tallied saplings by size class and species in a smaller, 25 × 25 m plot. We tallied 
seedlings by size class and species in the fifteen 10 m2 quadrats along the 3 transects. After the initial sampling in 
2007, we refined our methods, as described below. There were no saplings or seedlings in any of the plots.

In 2007, we measured all trees (only junipers occurred in our plots) using a diameter tape at the root crown. 
In 2008, we remeasured all overstory junipers using a meter stick in 2 perpendicular directions, excluding the 
horizontal and diagonal branches. This method does not exaggerate the size of the trees. We repeated this 
method for trees in the plots established in 2010. 

In 2009 we measured tree canopy cover using the line intercept method along transects in the first 10 plots. This 
new method was used for the plots established in 2010, as well.

2.2.3 Soil surface features
We estimated the percent cover of soil surface features in the 1 m2 quadrats along the transects, and recorded the 
cover in 1 of 12 cover classes. We collected soil surface feature data for 3 years in the plots established in 2007 
and for one year in the plots established in 2010. 

2.3 Data summary
For each ecological site we examine the data for all 30 plots, as these represent the baseline conditions, and 
report them as the ecological site means. We also compare the data collected in the 20 plots in 2010 to the data 

Figure 2. Sampling frame for the Sandstone Upland and ecological site at WUPA, showing the 10 plots established in 2007, and the 
20 plots established in 2010.
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collected in the 10 plots between 2007 and 2009. The 2010 plots are a different sample than the 2007–2009 plots, 
and it must be stressed that the differences between these 2 plot groups do not represent change over time, but 
rather indicate differences in composition and structure resulting largely from spatial variation. We refer to these 
2 groups of plots as Plot Group A for the plots established in 2007, and Plot Group B for the plots established in 
2010.

The sample unit for summary and analysis is the plot; hence, we summarized data at the level of the plot. For 
most metrics, we then calculated the mean and standard deviation for the plot group from the plot means 
(ecological site species diversity metrics were the exception). For Plot Group A metrics, where there were 3 years 
of data, we calculated the mean value and standard deviation for the 10 plots for each year, and then calculated 
the mean of the means and the mean of the standard deviations for the 3 years. Metrics with 3 years of data 
include species cover and frequency, functional group cover and soil surface features. For Plot Group B we 
calculated the mean and standard deviation based on a single year of data. We then combined the plot means for 
all 30 plots, and calculated the mean and standard deviation, which represents the ecological site mean. 

We also combined data for all 30 plots and calculated an ecological site mean. For most metrics , we combined 
the values from the plots in Plot Group B with the 3 year mean values for the plots from Plot Group A. In this 
report, we describe data in terms of the ecological site mean, and note differences among the plot groups.

2.3.1 Species cover and frequency
For herbaceous and shrub vegetation, percent cover was estimated for each species from the cover class 
midpoints, e.g., 7.5% for cover class 5%–10%. For each year, mean cover was calculated for each plot, and 
the mean and standard deviation were calculated for the ecological site from the plot means. Mean cover and 
standard deviation of functional groups and soil surface features were calculated in a similar fashion. 

Species frequency was calculated for quadrats (mean percentage of 10 m2 quadrats per plot where the species 
occurs) and for plots (percentage of plots where the species occurs). For Plot Group A, we calculated the quadrat 
and plot frequency for each year, and then calculated the 3 year means. We calculated the ecological site mean of 
these frequencies by using weighted means for Plot Group A and Plot Group B.

2.3.2 Species diversity
Four diversity measures were calculated for herbaceous and shrub species for each year (Magurran 1988), first 
for all species and then for native species only:

(1) Species richness (S) is the number of species at a given spatial scale. This was calculated at the level of the 
plot and at 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 (E) 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:

		  Se / (Sp – 1)

- ∑
=

n

i 1

pi ln pi	
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where Se is the total number of species found in the ecological site, and Sp is the mean number of species 
found per plot. 

For plot richness, Shannon diversity, and evenness, the mean was calculated for each plot and year, and the mean 
and standard deviation were then calculated for the ecological site for each year. Ecological site richness and beta 
diversity were calculated for the ecological site for each year. 

We also calculated the ecological site mean for all metrics, using data from all 30 plots. For the ecological site 
richness and beta diversity, we used one year of data from Plot Group A: the year that had the median value for 
Shannon diversity. The one-year data for these plots were combined with the other 20 plots to calculate these 2 
metrics. For the other 3 metrics (plot richness, evenness, Shannon diversity), we took the 3-year mean for each 
plot in Plot Group A, and combined these with the plot means for the remaining 20 plots, and calculated the 
mean and standard deviation for all 30 plots in the ecological site.

2.3.3 Trees 
Using the 2008 data for Plot Group A, and the 2010 data for Plot Group B, each metric was calculated for each 
plot, and the mean and standard deviation were then calculated for each plot group and for all plots in each 
ecological site. Tree basal area (the total area of the tree cross-sections) for living trees and snags was calculated 
in terms of m2/ha. Mean diameter of living overstory trees was also calculated for each species. Tree density 
was calculated for all size classes for overstory living trees and snags in terms of stems/ha. Canopy cover was 
calculated by first deriving the mean for each plot, and then the mean and standard deviation were calculated for 
the plot group.
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3 Results 
We describe results generally for the ecological site mean, i.e., all plots, but specify whenever data come from only 
one of the plot groups.

3.1 Limy Upland ecological site
3.1.1 Shrub and herbaceous vegetation
Perennial grasses and forbs co-dominated the Limy Upland ecological site (table 1 and fig. 3). The ecological site 
mean for foliar cover of perennial grasses and forbs for all plots was similar: 9.22% and 10.99%, respectively. The 
foliar cover of shrubs and cacti/succulents was less than 1%. There was only a trace amount of annual grasses. 
Standing dead herbaceous vegetation had a mean cover of 4.55%, while standing dead woody vegetation had 
a mean cover of 0.57%. Plot Group B had greater total live foliar cover and forb cover, and less perennial grass 
cover, than Plot Group A.

We examine species-level data for the most abundant herbs and shrubs in Figure 4 (foliar cover) and Table 2 
(foliar cover and frequency). Based on the ecological site mean values, Salsola tragus (prickly Russian thistle) was 
the species with the greatest foliar cover. Other dominant forbs included Chenopodium leptophyllum (narrowleaf 
goosefoot) and Chamaesyce spp. (2 groups of annual sand mats, distinguished by morphological characteristics). 
Dominant perennial grasses included Pleuraphis jamesii (James’ galleta), Bouteloua eriopoda (black grama), 
Hesperostipa neomexicana (New Mexico needlegrass), Sporobolus airoides (alkali sacaton), and Sporobolus 
flexuosus (mesa dropseed). Dominant shrubs included Ericameria nauseosa (rubber rabbitbrush) and Ephedra 
torreyana (Torrey’s jointfir). Species with high foliar cover tended to have high plot and quadrat frequencies.

While the foliar covers and frequencies were generally similar between the plot groups, Salsola tragus was much 
more abundant in Plot Group B. Several species only occurred in one of the plot groups, the most abundant 
being Ephedra torreyana, which did not occur at all in Plot Group A. Appendix A lists all species that occurred in 
the ecological site, along with common names, families, mean foliar cover, and plot frequencies by plot group.

We encountered four nonnative species in the plots. Salsola tragus was the most abundant species. It had a mean 
cover of 10.013%, and occurred in 77.56% of the quadrats and 88.89% of all plots. The other 3 nonnative species 
were Kochia scoparia (burning bush), Portulaca oleracea (little hogweed), and Mollugo cerviana (threadstem 
carpetweed). They all had low foliar cover and low frequencies.

Table 1. Foliar cover of functional groups for Plot Group A, Plot Group B and the ecological site mean from all plots 
combined in the Limy Upland ecological site at WUPA.

Plot Group A
2007-2009

Plot Group B 
2010 Ecological site

Functional groups Mean (%) SD Mean (%) SD Mean (%) SD

Total live foliar cover 16.07 4.50 23.63 7.73 21.11 7.48

 Perennial grasses 12.07 3.63 7.79 6.22 9.22 5.74

 Annual grasses 0 0 0 0 0 0

 Forbs 2.85 2.11 15.07 12.01 10.99 11.40

 Shrubs 0.38 0.40 0.40 0.63 0.40 0.53

 Cacti/succulents 0.01 0.02 0.08 0.35 0.06 0.29

Standing dead herbaceous 4.72 1.69 4.47 2.51 4.55 2.14

Standing dead woody 0.47 0.37 0.62 0.66 0.57 0.57

Note: The live functional groups do not add up to the total live foliar cover because the calculations were made from cover class 
midpoints, the components may overlap, and the estimations have observer error.
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Figure 3. Mean percent foliar cover by functional group for Plot Group A, Plot Group B, and all plots (ecological 
site mean) in the Limy Upland ecological site at WUPA. Annual grasses occurred in trace amounts and were not 
graphed. 

Figure 4. Mean percent foliar cover of the 8 most abundant shrub and herbaceous species for all plots 
(ecological site mean) compared to mean foliar cover for Plot Group A and Plot Group B in the Limy Upland 
ecological site at WUPA. Error bars represent one standard deviation.
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In 2010 we corrected the identification for 2 species that had occurred previously in the plots. Plants that we 
identified as Gutierrezia sarothrae before 2010 are now identified as Gutierrezia microcephela, and plants that we 
previously identified as Hesperostipa comata are now identified as Hesperostipa neomexicana. In both cases, the 
corrected species predominates. However, the 2 congeneric species may occur in the ecological site and are often 
not easily distinguished from each other during our sampling period.

The diversity metrics demonstrate a pattern of low diversity on the scale of the plot, with higher levels of diversity 
on the scale of the ecological site (table 3). On the scale of the plot, mean richness was 13.4 species. Moreover, 
Shannon diversity (which takes into account relative abundance of species and generally ranges between 1.5 
and 3.5) was 1.004, and evenness (the degree to which all species are of equal abundance, ranging from 0 
to 1) was 0.390. On the scale of the ecological site, richness was 65, and beta diversity (a measure of within-
site heterogeneity, generally ranging between 1 and 5) was 5.228. This suggests that while diversity is low at a 
local level, there are large differences in species composition among the plots due to heterogeneity across the 
ecological site. 

There were some differences in the diversity among the 2 plot groups. Plot Group B had much lower Shannon 
diversity and evenness, and higher ecological site richness and beta diversity. The lower values at the smaller 
scales are likely to be a result of high cover of Salsola tragus. The higher values for metrics at the ecological site 
level may be the result of the larger sample size: 20 plots in Plot Group B compared to 10 plots in Plot Group A. 

When we recalculated the metrics using only native species, Shannon diversity, evenness and beta diversity all 
increased for the ecological site mean. Moreover, the between-plot group differences in Shannon diversity and 
evenness decreased. This was likely due to the high foliar cover of Salsola tragus.

Table 3. Species diversity metrics for all species and for native species only, for Plot Group A, Plot Group B and all 
plots (ecological site mean) in the Limy Upland ecological site at WUPA.

Plot Group A
2007-2009

Plot Group B
2010 Ecological site

Mean SD Mean SD Mean SD

All species

Plot

 Plot richness 13.4 2.3 13.4 4.3 13.4 3.6

 Shannon diversity 1.263 0.287 0.875 0.469 1.004 0.449

 Evenness 0.490 0.110 0.340 0.165 0.390 0.162

Ecological site

 Ecological site richness 37.67 59a 65

 Beta diversity 3.031 4.758a 5.228

Native species

Plot

 Plot richness 12.4 2.3 12.1 3.7 12.2 3.2

 Shannon diversity 1.115 0.245 1.099 0.346 1.105 0.309

 Evenness 0.448 0.104 0.444 0.118 0.446 0.110

Ecological site

 Ecological site richness 36 55a 61

 Beta diversity 3.158 4.977a 5.495

aThese are not mean values.
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3.1.2 Trees
There was only one species of tree in the ecological site: Juniperus monosperma (oneseed juniper). Living 
overstory tree density was sparse, at 7.6 stems/ha, and the basal area was low, at 0.89 m2/ha (table 4 and fig. 5). 
The large error bars for basal area in Figure 5 indicate large among-plot variation. The mean diameter (taken at 
root crown) of the trees was 37.6 cm. The density of snags was 0.5 stems/ha, and their basal area was 0.02 m2/ha. 
Between the 2 plot groups, living overstory tree density and basal area were higher in Plot Group A. There were 
no individuals in the sapling and seedling layers. The density of trees in different size classes demonstrates a fairly 
even size structure, with the 25–35 cm class having the highest density (fig. 6). Again, the large error bars indicate 
large among-plot variation.

Table 4. Mean density, mean basal area, and mean diameter of trees for Plot Group A, Plot Group B, and all plots 
(ecological site mean) in the Limy Upland ecological site at WUPA. All trees were Juniperus monosperma.

Seedlinga 
density 
(stems/ha)

Saplinga 
density 
(stems/ha)

Overstorya 
density 
(stems/ha)  

Snaga density 
(stems/ha)

Overstory 
basal area 
(m2/ha)

Snag basal 
area (m2/ha)

Mean diameter 
at root crown 
(cm)

Plot Group A 
2008b

0 0 12.8 0.8 1.57 0.02 44.7

Plot Group B 
2010

0 0 5.0 0.4 0.56 0.02 32.0

Ecological 
site mean

0 0 7.6 0.5 0.89 0.02 37.6

aSize classes: seedlings are <2.5 cm diameter, saplings are 2.5 to <15 cm diameter, overstory trees are ≥15 cm diameter, and snags are 
standing dead stems ≥15 cm diameter.
bAll Plot Group A tree measurements are from 2008, when we implemented the revised method of measuring tree diameters.

Figure 5. Mean basal area for living trees and snags for Plot Group A, Plot Group B, and all plots (ecological site mean) in the Limy 
Upland ecological site at WUPA. Error bars represent 1 standard deviation. 
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3.1.3 Soil surface features
We measured the amount of soil surface potentially subject to erosion using cover estimates of soil surface 
features in quadrats. Fine gravel and bare soil co-dominated the soil surface of this ecological site, with 54.08% 
cover and 24.17% cover, respectively (fig. 7 and table 5). Other important features included coarse gravel, with 
8.67% cover, duff/litter, with 5.82% cover, live plant base, with 3.09% cover, and undifferentiated crust, with 
2.78% cover. The remainder of the soil surface features had less than 2% cover. There were no biological soil 
crusts encountered in the plots. 

Figure 6. Size structure of living overstory trees for Plot Group A, Plot Group B, and all plots (ecological site mean) in the 
Limy Upland ecological site at WUPA. Error bars represent 1 standard deviation.

Figure 7. Mean percent 
cover of soil surface 
features for Plot Group A, 
Plot Group B, and all plots 
(ecological site mean) in the 
Limy Upland ecological site 
at WUPA.
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Differences in features between the 2 plot groups were relatively small with the exception of fine gravel and bare 
soil, and coarse gravel to a lesser extent. These differences are likely attributable to a variation in data collection 
methods. The 2010 crew interpreted soil particle and rock fragment size classes differently than did crews in 
earlier years, particularly the cut-off between the particle size of coarse sand (bare soil) and fine gravel. 

3.2 Sandstone Upland ecological site
3.2.1 Shrub and herbaceous vegetation
Shrubs and perennial grasses co-dominated the Sandstone Upland ecological site (table 6 and fig. 8). Total live 
foliar cover was 9.51%, foliar cover of shrubs was 4.66% and foliar cover of perennial grasses was 3.88%. Foliar 
cover of forbs was low at 0.88%. There were only trace amounts of annual grasses and cacti/succulents. The 
cover of standing dead woody was substantial, at 2.80%. 

The 2 plot groups exhibited some differences. For example, Plot Group B had much higher perennial grass cover: 
4.89% compared to 1.86% in Plot Group A. Plot Group B also had higher forb cover and higher total foliar cover. 

We examine species-level data for the most abundant herbs and shrubs within all plots and between plot groups 
in Table 7 (foliar cover and frequency) and Figure 9 (foliar cover). Pleuraphis jamesii (James’ galleta) was the 
species with the greatest foliar cover. Other dominant perennial grasses included Muhlenbergia porteri (bush 
muhly), Sporobolus airoides (alkali sacaton), and Bouteloua eriopoda (black grama). There were numerous 
species of codominant shrubs: Ephedra torreyana (Torrey’s jointfir), Artemisia filifolia (sand sagebrush), Fallugia 
paradoxa (Apache plume), Ericameria nauseosa (rubber rabbitbrush), Atriplex canescens (fourwing saltbush), 
and Atriplex confertifolia (shadscale saltbush). Common forbs included Chamaesyce spp., Salsola tragus (prickly 
Russian thistle), and Solanum elaeagnifolium (silverleaf nightshade).

While there were substantial differences in the foliar cover of the dominant species between the 2 plot groups; 
the differences in quadrat and plot frequencies were generally not as great. There were, however, a number of 
species that occurred in only one of the plot groups, the most abundant being Solanum elaeagnifolium, which 
occurred only in Plot Group B. 

Table 5. Cover of soil surface features for Plot Group A, Plot Group B, and all plots (ecological site mean) in the 
Limy Upland ecological site at WUPA.

Soil surface feature

Plot Group A
2007–2009

Plot Group B
2010 Ecological site

Mean (%) SD Mean (%) SD Mean (%) SD

Live plant base 4.23 1.63 2.53 1.41 3.09 1.53

Dead woody base 0.08 0.12 0.09 0.14 0.09 0.13

Dead herbaceous base 1.13 0.54 1.62 0.92 1.46 0.81

Bare soil 0.70 0.96 35.90 25.29 24.17 26.53

Duff/litter 5.06 2.48 6.21 2.08 5.82 2.08

Undifferentiated crust 1.98 1.31 3.17 2.93 2.78 2.51

Moss 0 0 0 0 0 0

Lichen 0 0 0 0 0 0

Cyanobacteria 0 0 0 0 0 0

Fine gravel (0.2 to <2 cm) 74.48 13.37 43.89 23.26 54.08 24.99

Coarse gravel (2 to <7.5 cm) 11.51 13.70 7.25 9.51 8.67 10.97

Cobble (7.5 to <25 cm) 0.78 0.68 1.65 3.92 1.36 3.22

Stone, bedrock (>25 cm) 0.53 0.77 1.00 2.46 0.84 2.04

Woody debris <0.01 0.01 0.08 0.27 0.05 0.22

Note: The soil surface feature components do not add up to 100% because the calculations were made from cover class midpoints, 
and the estimations have observer error.
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Table 6. Foliar cover of functional groups for Plot Group A, Plot Group B, and all plots (ecological site mean) in the 
Sandstone Upland ecological site at WUPA.

Plot Group A
2007-2009

Plot Group B 
2010 Ecological site

Functional groups Mean (%) SD Mean (%) SD Mean (%) SD

Total live foliar cover 6.49 3.44 11.02 6.62 9.51 6.07

 Perennial grasses 1.86 2.30 4.89 7.81 3.88 6.61

 Annual grasses 0 0 0 0 0 0

 Forbs 0.42 0.42 1.11 0.73 0.88 0.70

 Shrubs 4.06 2.23 4.94 2.59 4.65 2.44

 Cacti/succulents <0.01 <0.01 <0.01 0.02 <0.01 0.01

Standing dead herbaceous 0.88 0.92 1.10 1.04 1.03 0.98

Standing dead woody 2.74 1.21 2.83 1.93 2.80 1.68

Note: The live functional groups do not add up to the total live foliar cover because the calculations were made from cover class 
midpoints, the components may overlap, and the estimations have observer error.

Figure 8. Mean percent foliar cover of functional groups for Plot Group A, Plot Group B, and all plots (ecological site mean) in 
the Sandstone Upland ecological site at WUPA. Error bars represent one standard deviation.
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Appendix B lists all species that occur in the ecological site, along with common names, families, mean foliar 
cover and plot frequencies by plot group.

We encountered 2 nonnative species in the plots. Salsola tragus was abundant, though not as abundant as it was 
in the Limy Upland ecological site. Its cover was 0.200%, and it occurred in 20.44% of the quadrats and 44.44% 
of the plots. Mollugo cerviana (threadstem carpetweed) only occurred in one plot with low cover.

We identified Panicum obtusum (vine mesquite) in one plot. This appears to be a new record for the park. In 2010 
we corrected the identification for 2 species that had occurred previously in the plots. Plants that we identified as 
Gutierrezia sarothrae before 2010 are now identified as Gutierrezia microcephela, and plants that we previously 
identified as Hesperostipa comata are now identified as Hesperostipa neomexicana. In both cases, the corrected 
species predominates. However, the 2 congeneric species may occur in the ecological site and are often not easily 
distinguished from each other during our sampling period.

The diversity metrics demonstrate a pattern of moderately low diversity on the scale of the plot, with higher 
levels of diversity on the scale of the ecological site (table 8). On the scale of the plot, mean richness was 13.0. 
Moreover, Shannon diversity (which takes into account relative abundance of species and generally ranges 
between 1.5 and 3.5) was 1.479, and evenness (the degree to which all species are of equal abundance, ranging 
from 0 to 1) was 0.573 On the scale of the ecological site, richness was 60, and beta diversity (a measure of within-
site heterogeneity, generally ranging between 1 and 5) was 4.749. This suggests that while diversity was low at a 
local level, there were large differences in species composition among the plots due to heterogeneity across the 
ecological site. 

Figure 9. Mean percent foliar cover of the 8 most abundant shrub and herbaceous species for all plots (ecological site mean) 
compared to mean foliar cover for Plot Group A and Plot Group B in the Sandstone Upland ecological site at WUPA. Error bars 
represent one standard deviation.
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The largest differences between the 2 plot groups were found at the scale of the ecological site. Plot Group B had 
greater richness and beta diversity. This was likely the result of the larger sample size: 20 plots in Plot Group B 
compared to 10 plots in Plot Group A. When we recalculated the metrics using only native species, all metrics 
decreased, with the exception of beta diversity, which showed a substantial increase.

3.2.2 Trees
There was only one species of tree in the Sandstone Upland ecological site: Juniperus monosperma (oneseed 
juniper). The living overstory tree density was very sparse, at 0.7 stems/ha, and the basal area was also very low, at 
0.13 m2/ha (table 9 and fig. 10). The large error bars indicate large among-plot variation: most plots had no trees, 
and ones that did only had 1 or 2 individuals. The mean diameter (at root crown) of the trees was 48.6 cm. The 
density of snags was 0.1 stems/ha, and the basal area was 0.03 m2/ha. 

Living overstory tree density and basal area were higher in Plot Group A. There were no individuals in the sapling 
and seedling layers. The tree structure demonstrates a range of diameter sizes, from 35 to 75 cm (fig. 11).

3.2.3 Soil surface features
We measured the amount of soil surface potentially subject to erosion using cover estimates of soil surface 
features in quadrats. Fine gravel and bare soil dominated the soil surface in the plots of this ecological site, with 
43.95% cover and 33.48% cover, respectively (table 10 and fig. 12). Other common features included duff/litter, 
with 6.90% cover, coarse gravel, with 4.93% cover, undifferentiated crust, with 4.67% cover, and live plant base, 
with 1.20%. The remainder of the soil surface features had less than 1% cover. There were trace amounts of 
cyanobacteria and moss, but no lichen, all of which are components of the biological soil crust. 

Table 8. Species diversity metrics for all species and for native species only for Plot Group A, Plot Group B, and all 
plots (ecological site mean) in the Sandstone Upland ecological site at WUPA.

Plot Group A
2007-2009

Plot Group B
2010 Ecological site

Mean SD Mean SD Mean SD

All species

Plot

 Plot richness 12.9 3.0 13.1 3.9 13.0 3.5

 Shannon diversity 1.463 0.232 1.487 0.620 1.479 0.515

 Evenness 0.580 0.070 0.570 0.206 0.573 0.170

Ecological site

 Ecological site richness 34.3 52a 60

 Beta diversity 2.906 4.298a 4.749

Native species

Plot

 Plot richness 12.5 3.1 12.6 3.5 12.5 3.2

 Shannon diversity 1.439 0.230 1.453 0.593 1.448 0.494

 Evenness 0.576 0.062 0.567 0.203 0.570 0.167

Ecological site

 Ecological site richness 33.3 50a 58

 Beta diversity 2.903 4.329a 4.793

aThese are not mean values.
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Table 9. Mean density, mean basal area, and mean diameter at root crown of trees for Plot Group A, Plot Group 
B, and all plots (ecological site mean) in the Sandstone Upland ecological site at WUPA. All trees are Juniperus 
monosperma.

Seedlinga 
density 
(stems/ha)

Saplinga 
density 
(stems/ha)

Overstorya 
density 
(stems/ha)  

Snaga density 
(stems/ha)

Overstory 
basal area 
(m2/ha)

Snag basal 
area (m2/ha)

Mean diameter 
at root crown 
(cm)

Plot Group A 
2008b

0 0 1.2 0.4 0.16 0.08 41.0

Plot Group B 
2010

0 0 0.4 0 0.11 0 60.0

Ecological 
site mean

0 0 0.7 0.1 0.13 0.03 48.6

aSize classes: seedlings are <2.5 cm diameter, saplings are 2.5 to <15 cm diameter, overstory trees are ≥15 cm diameter, and snags are 
standing dead stems ≥15 cm diameter.
bAll Plot Group A tree measurements are from 2008, when we implemented the revised method of measuring tree diameters.

Figure 10. Mean basal 
area for living trees and 
snags for Plot Group A, 
Plot Group B, and all plots 
(ecological site mean) in 
the Sandstone Upland 
ecological site at WUPA. 
Error bars represent 1 
standard deviation. 

Figure 11. Size structure of 
living overstory trees for 
Plot Group A, Plot Group B, 
and all plots (ecological site 
mean) in the Sandstone 
Upland ecological site at 
WUPA. Error bars represent 
1 standard deviation.
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Differences in features between the 2 plot groups were relatively small with the exception of fine gravel and bare 
soil, and coarse gravel to a lesser extent. These differences are likely attributable to a variation in data collection 
methods. The 2010 crew interpreted soil particle and rock fragment size classes differently than did crews in 
earlier years, particularly the cut-off between the particle size of coarse sand (bare soil) and fine gravel. 

Table 10. Cover of soil surface features for Plot Group A, Plot Group B, and all plots (ecological site mean) in the 
Sandstone Upland ecological site at WUPA.

Soil surface feature

Plot Group A
2007–2009

Plot Group B
2010 Ecological site

Mean (%) SD Mean (%) SD Mean (%) SD

Live plant base 1.17 0.99 1.22 1.03 1.20 0.98

Dead woody base 0.41 0.24 0.28 0.22 0.32 0.22

Dead herbaceous base 0.31 0.35 0.43 0.35 0.39 0.33

Bare soil 2.80 3.03 48.82 29.69 33.48 32.66

Duff/litter 6.88 3.80 6.91 4.86 6.90 4.39

Undifferentiated crust 4.18 4.64 4.92 7.98 4.67 6.93

Moss 0 0 <0.01 <0.01 <0.01 <0.01

Lichen 0 0 0 0 0 0

Cyanobacteria <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Fine gravel (0.2 to <2 cm) 69.27 15.93 31.29 29.08 43.95 31.00

Coarse gravel (2 to <7.5 cm) 9.92 11.52 2.43 5.30 4.93 8.43

Cobble (7.5 to <25 cm) 1.44 2.01 0.42 0.82 0.76 1.34

Stone, bedrock (>25 cm) 0.86 1.69 0.04 0.12 0.31 1.01

Woody debris 0.05 0.09 0.20 0.63 0.15 0.51

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

Figure 12. Mean percent cover of soil surface features for Plot Group A, Plot Group B, and all plots (ecological site mean) in the 
Sandstone Upland ecological site at WUPA.
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3.3 Western Regional Climate Center precipitation data
Precipitation records for WUPA are available from the Western Regional Climate Center (2012). Figure 13 shows 
the total monthly precipitation for each of the 4 years of monitoring described in this report, compared with the 
long term average precipitation by month for the period 1948–2010.

Figure 13. Total monthly precipitation for the 4 years of sampling taken from the Wupatki NM, AZ weather station 
(29542), collected by the Western Regional Climate Center. The red line represents the mean monthly totals for 1948 
through 2010. 
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4 Discussion
The data presented in this report represent the baseline conditions of the vegetation and soils of these 2 
ecological sites at WUPA. The Limy Upland and Sandstone Upland ecological sites represent 2 distinct 
ecosystems. The Limy Upland ecological site is a grassland, dominated by Pleuraphis jamesii, with a large forb 
component. In contrast, the Sandstone Upland ecological site is a diverse shrubland, co-dominated by a number 
of shrub species, with a large perennial grass component. The nonnative annual, Salsola tragus, is fairly frequent 
in the Sandstone Upland, but is dominant in the Limy Upland. Both ecological sites have fairly low species 
diversity at the plot scale (alpha diversity), but have relatively high species diversity at the landscape scale (beta 
diversity). Scattered individuals of Juniperus monosperma occur in both sites, but are more abundant in the Limy 
Upland ecological site. The lack of seedlings and saplings suggest that juniper recruitment has not occurred for 
many years.

The soil surface of both sites is dominated by fine and coarse gravel, which is composed of tephra or volcanic 
cinders. This cover seems to protect the soil from erosion. We have discontinued basal gap and soil stability 
monitoring protocols in these ecosites, as soil erosion did not appear to be a significant threat to either of these 
ecological sites.

The 2 plot groups represent different plots in different locations. We would expect minor differences in species 
composition and soil characteristics between them due to random spatial variation. Due to endogenous and 
exogenous factors, the species composition and structure and soil characteristics naturally vary. While spatial 
variability likely accounts for the majority of the differences between the 2 plot groups, additional variation may 
result from annual climatic variation. Variation in precipitation has been associated with changes in cover and 
frequency of herbaceous plants, particularly annual species and forbs. Precipitation records for WUPA indicate 
that 2010 had higher levels of precipitation in July and August than the other years we sampled at WUPA. This 
may have accounted for slightly higher cover and frequency values for herbaceous species in Plot Group B. These 
differences in precipitation, however, likely are a minor factor contributing to the differences between the plot 
groups. 

The high abundance of Salsola tragus is concerning, particularly in the Limy Upland ecological site. There were 
8 plots in Plot Group B where foliar cover of this species exceeded 20% in 2010. Since 2007 we've observed a 
steady increase in S. tragus mean foliar cover in the 10 plots of Plot Group A (0.260% in 2007, 1.422% in 2008, 
and 4.998% in 2009). While it is premature to interpret these recent results as a long-term trend, if they are 
considered along with S. tragus high invasive potential, there is cause for management concern. 

Now that we have completed the baseline for our monitoring of these 2 ecological sites, we will begin to 
implement long term monitoring according to our revisit design. Our power analysis indicates that sample sizes 
of 30 plots should provide a large enough sample size to detect trends in key metrics. Before implementing our 
revisit design, we will compare our current sampling frame to the soil map currently being completed for the park 
by the NRCS. We will make changes in the sampling frame and possibly establish new plots if warranted. 

We will then implement a revisit design using a panel design. Panel designs describe the temporal plan for 
revisiting monitoring plots through time. Between the extremes of monitoring the same set of plots with every 
revisit, and monitoring a new set of sites with each revisit, there are designs that provide some balance between 
repeated visits to individual plots and the total number of sites visited. Our general revisit design is a connected 
design in both spatial and temporal aspects that balances the allocation of effort between addressing temporal 
(year to year) variability and spatial variability within the ecological site. We will split the 30 plots in each 
ecological site into 3 panels, and sample 2 of the panels every other year (table 11). We will alternate years that we 
sample each ecological site.
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Table 11. The panel design we are currently planning to use for the revisit design at WUPA. “X” represents 10 plots 
in an ecological site, for a total of 30 plots across 3 panels for the ecological site.

Year

Panel 1 2 3 4 5 6 7 8 9 10 11 12

1 X X X X

2 X X X X

3 X X X X

Sum/yr 2X 0 2X 0 2X 0 2X 0 2X 0 2X 0
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