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Executive Summary

This report presents a single-year snapshot of the data collected by the Southern Colorado Plateau
Inventory and Monitoring Network (SCPN) in 2019 as part of integrated upland monitoring (IUM).
Field crews collect data on soil stability and hydrologic function, biological soil crusts, and plant
community characteristics, including abundance of functional groups, cover by species, richness and
diversity, and frequency of nonnative species. In woodland and forested systems, density of
seedlings, saplings and overstory tree species and canopy shading are measured. These data are
summarized in a series of simple visualizations to provide a status overview for the year. Through
this monitoring, SCPN seeks to increase understanding of upland systems and provide resource
managers with valuable information they can use to help guide management decisions.

In 2019 TUM crews sampled 12 plots in the desert sand ecosystem at Glen Canyon National
Recreation Area. Six of these plots were located at Bullfrog and six were in the Escalante region,
along Hole in the Rock Road. There was a stark difference between these two locations this year; the
Escalante plots had more native forbs present and seemed generally in better condition than plots in
the Bullfrog region. The nonnative annual grass Schismus had the highest percent foliar cover on
average of any species at Bullfrog, while native shrub and forb species dominated in the Escalante
area. No new species were encountered during sampling in 2019.
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Introduction

The National Park Service’s Inventory and Monitoring (I&M) division conducts long-term ecological
monitoring to provide scientifically credible, site-specific information on selected natural resources
(known as “vital signs”). Each of the 32 I&M networks across the country selected a set of regionally
important vital signs that are used to represent the overall health or condition of park resources.
Information obtained from vital signs monitoring has applications for management decision-making,
park planning, research, education, and promoting public understanding of park resources.

The Southern Colorado Plateau &M Network (SCPN) includes 19 national park units in northern
Arizona, northwestern New Mexico, southwestern Colorado, and southern Utah. Upland ecosystems,
including grasslands, shrublands, pygmy conifer woodlands and high elevation forests, are an
important vital sign for SCPN parks. These ecosystems are predominant across the Colorado Plateau
and represent the vast majority of land area in SCPN park units (>85%) (Thomas et al. 2006). Upland
ecosystems provide valuable habitat structure and contribute to species diversity. Upland vegetation
(including biological soil crusts) is a major component of primary production and nutrient cycling,
stabilizes and protects soils from wind and water erosion, provides energy to other trophic levels, and
is a key component of wildlife habitat. Upland soils help to regulate water availability, sustain plant
and animal life, filter and buffer potential pollutants, cycle nutrients, and provide physical stability.

Upland ecosystems are vulnerable to both human and natural disturbances. Even moderate
disturbance can strongly affect these systems, and limited precipitation and, in most cases, limited
vegetation cover can make recovery to pre-disturbance conditions slow or non-existent (Miller 2005).
Common examples of disturbances that impact upland ecosystems include drought and other extreme
climatic events, fire, insect and disease outbreaks, and invasion by nonnative species. SCPN’s
integrated upland monitoring (IUM) program gathers information on the dynamics of upland
ecosystems and the impacts of disturbances to increase understanding of these important systems.

IUM includes both vegetation and soil measurements. Field crews collect data on soil stability and
hydrologic function, biological soil crusts, and plant community characteristics including abundance
of functional groups, cover by species, richness and diversity, and frequency of nonnative species. In
woodland and forested systems, density of saplings and overstory tree species and canopy shading
are also measured. Through this monitoring, SCPN seeks to increase understanding of upland
systems and provide resource managers with valuable information they can use to help guide
management decisions. In particular, [IUM monitoring seeks to understand

e What is the current condition of selected upland ecosystems in SCPN parks?
e [s the condition of selected upland ecosystems in SCPN parks changing?

e What are the important drivers of change in selected upland ecosystems?

See the Integrated Upland Protocol (DeCoster et al. 2012) for more information on the rationale
behind this monitoring effort.



https://science.nature.nps.gov/im/units/scpn/monitor/upland.cfm

Methods

Monitoring Site Selection

The desert sand ecosystem was selected for upland monitoring at Glen Canyon National Recreation
Area. SCPN worked closely with park management staff to select targeted ecosystems for
monitoring, then used ecological sites to develop a sampling frame
(https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb 10683
92). Ecological sites are developed by the Natural Resource Conservation Service (NRCS) in
conjunction with soil surveys. They describe locations based on a combination of soil characteristics,
geology, landform, climate, and potential vegetation. SCPN selected map units containing significant
amounts of the target ecological site from the park’s soil survey. The spatial extent of the selected

soil map units formed the initial sampling frame.

The sampling frame was then refined by removing areas that were not appropriate for monitoring.
Excluded areas included those surrounding infrastructure (roads and buildings), heavily disturbed
areas, and areas with slopes >20%. Then, using Generalized Random Tessellation Stratified (GRTS)
design (Stevens and Olsen 2004), we generated a set of spatially distributed potential sampling points
within the final sampling frame.

As a final step, SCPN and park staff reviewed the potential sampling points in order and rejected
points that were too close to archeological sites or other sensitive resources, contained significant
disturbance, did not match the target ecological site, or were inaccessible for field crews. See
Appendix A of the Integrated Upland Protocol (DeCoster et al. 2012) for park-specific details on
how the sampling frame for this ecosystem was developed.

Field Methods

Integrated upland monitoring plots are 50 m x 52 m and consist of three parallel 50 m transects
spaced 25 m apart (Figure 1). Within this area, field crews collect data on shrub and herbaceous
vegetation, woodland and forest trees, and selected soil attributes using quadrat and transect based
sampling methods described in more detail below. Data are collected from a subset of monitoring
plots every other year according to our panel revisit design and plots are sampled at approximately
the same time each season and as close to maximal plant growth as possible given seasonal schedule
constraints. See the integrated upland monitoring protocol for a detailed explanation of the field
methods (DeCoster et al. 2012).
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Figure 1. Basic layout of an SCPN upland monitoring plot.

Herbaceous and Shrub Vegetation

Species-level
Within each plot, frequency and percent foliar cover of live herbaceous and shrub vegetation were

determined in 10 m? quadrats. Five quadrats were placed at 10 m intervals along each transect
(Figure 1). All live vascular plants observed in each quadrat were identified to species (or the lowest
taxonomic level possible). An ocular estimate of foliar cover was then made for each species
detected using one of 12 cover class intervals ranging from >.01% to 75—-100% (Table 1). Plants
were considered live if they were living at any point during the current growing season, even if they
were dead or senescent during sampling. Plants that had foliar cover within the quadrat but were
rooted outside the quadrat were assigned a cover class, but not a frequency.

Table 1. Cover classes used by the Southern Colorado Plateau Network for ocular cover estimating
during upland monitoring.

Cover Class Range Midpoint
0 0 0

1 <0.1% 0.05%
2 0.1-0.5% 0.30%




Table 1 (continued). Cover classes used by the Southern Colorado Plateau Network for ocular cover
estimating during upland monitoring.

Cover Class Range Midpoint
3 >0.5-1% 0.75%
4 >1-2% 1.50%
5 >2-5% 3.50%
6 >5-10% 7.50%
7 >10-15% 12.50%
8 >15-25% 20.00%
9 >25-35% 30.00%
10 >35-50% 42.50%
11 >50-75% 62.50%
12 >75-100% 87.50%

Functional Groups

All species present were grouped into functional categories, which included perennial grass, annual
grass, forb, shrub, and cacti/succulent. A cover class was recorded for each category detected in the
10 m? quadrat. A cover class was also assigned for total cover of all live shrub and herbaceous
vegetation, standing dead herbaceous, and standing dead shrub vegetation within the 10 m* quadrat.

Soil Attributes

Soil Surface Features

Soil surface features and biological soil crust attributes were assessed in 1 m* quadrats nested within
the 10 m* quadrats and located at 10 m intervals along each transect (see monitoring plot layout in
Field Methods above). An ocular estimate of absolute cover was made for each of 14 categories of
soil surface features, including surface gravel and rocks (characterized by size class), live and dead
plant bases, duff and litter, woody debris, cyanobacteria, lichen, and moss using 1 of 12 cover
classes.

Indicators of Soil Erosion Potential
We use two indicators of soil erosion potential in most sites: basal gap measurement and soil
aggregate stability. Both methods were adapted from standard range methodology (Herrick, 2005).

Basal Gaps
Basal gaps are measurements of the linear distance between the bases of perennial plants. They are
assessed to the nearest centimeter along each transect using line-intercept methods.

Soil Aggregate Stability
Tiny samples of surface soil are collected from six random locations along each transect and tested
for soil aggregate stability according to the methods described in Herrick (2005). This widely
adopted rangeland procedure involves immersing the collected soil fragments repeatedly in distilled
water, then rating the degree to which the soil particles hold together (see Table 2). From 2007-2015
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when deep litter, surface stones or exposed bedrock were encountered during sampling, the sample
was not taken. In 2016, we began generating new random locations when the soil surface was
obstructed at a sampling point. As a result, especially in years prior to 2016, the number of samples
taken within a plot may be less than 18.

Table 2. Rating levels and descriptions used by the Southern Colorado Plateau I1&M Network for soil
aggregate stability monitoring.

Rating Description

50% of structural integrity lost within 5 seconds of immersion OR soil too

! unstable to sample.

2 50% of structural integrity lost 5-30 seconds after immersion.

50% of structural integrity lost 30-300 seconds after immersion OR <10%

3 of soil remains on the sieve after 5 dipping cycles.

4 10—25% of soil remains on the sieve after 5 dipping cycles.
25-75% of soil remains on the sieve after 5 dipping cycles.

6 75-100% of soil remains on the sieve after 5 dipping cycles.




Data Summary

This report provides a basic summary of data collected during the 2019 season for the desert sand
ecosystem at Glen Canyon National Recreation Area. Data are presented separately for each of the
two regions sampled (Bullfrog area or Escalante area) due to the distance between these regions.
Regional data are then presented at the plot level or averaged across sampled plots to provide
summary values for the ecosystem for a single year. Note that data summarized at the area or
ecosystem-level are not comparable across years because these data include different groupings of
plots based on our annual revisit design.

These reports are intended to provide a quick turnaround of data to park staff, with little
interpretation. Due to the complicated methods required for analysis beyond simple summaries,
comparisons between plots and years, including interpretation of change over time, will be presented
in a separate report.

Cover of Functional Groups

Average percent foliar cover (calculated as the mean of cover class midpoints) for each functional
category for the ecosystem in 2019 is shown in Figure 2. Functional group cover provides a coarse
view of the vegetation composition of plots within the desert sand ecosystem at Glen Canyon
National Recreation Area. Some functional categories, including shrubs, perennial grass and cactus,
tend to be relatively stable through time, while others, such as forbs and annual grass, tend to
fluctuate in response to disturbance and climate. Large values for annual grass cover may indicate a
degraded site with high levels of disturbance, increased erosion potential, and altered fire regimes.
Standing dead values that are much larger than those for live categories might indicate mortality or
die-back related to disturbance or changing environmental conditions.
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Figure 2. Average cover of functional groups across all plots sampled in the Bullfrog region (top) and in
the Escalante region (bottom) of Glen Canyon National Recreation Area in 2019. The boxes represent the
interquartile range (IQR) of plot means (i.e., when plot-level cover values were ranked from smallest to
largest, the middle 50% of values were within this range). The lower box limit is the 25th percentile (25%
of plot means fell below this value) and the upper box limit is the 75th percentile (25% of plot means fell
above this value). The median is indicated by the horizontal line (50% of plot means fall above and below
this value). The whiskers extend from the smallest to the largest values, and generally represent the full
range of plot means, except in cases of outliers (values are considered outliers when the distance from
the median is greater than 1.5 times the distance between the first and third quartiles). Such values are
plotted as dots and are not represented in the whisker.



Foliar Cover of Dominant Species

Prevalence of dominant species within the desert sand ecosystem is shown in Figures 3a and 3b.
These data are summarized at the ecosystem-level. In parks with panel revisit designs, these data are
not comparable across years because different plots are sampled each year. A list of all species found
in the ecosystem can be viewed in Appendix A.

Expected values for total vegetated cover are intrinsic to each ecosystem and can also vary widely
within an ecosystem. Mean percent cover of individual species can also vary widely across sampled
plots. Species with large contributions to the overall vegetation may be common in many or all plots
or may be present at very high cover percentages in just a few plots. In general, lower values for
shrub and herbaceous cover represent increased susceptibility to exotic plant invasion and soil
erosion from wind and water.
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Figure 3a. Mean percent vegetated cover and percent foliar cover for dominant species (over 0.5% mean
cover) sampled in the Bullfrog region of Glen Canyon National Recreational Area in 2019. The column on
the left of the figure shows the average percent vegetated cover of shrub and herbaceous species. The
column on the right shows which species comprise the majority of vegetated cover when averaged across
all plots for the year. Species with less than 0.5% mean foliar cover are combined into the “other
vegetation” category.
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Figure 3b. Mean percent vegetated cover and percent foliar cover for dominant species (over 0.5% mean
cover) sampled in the Escalante region of Glen Canyon National Recreation Area in 2019. The column on
the left of the figure shows the average percent vegetated cover of shrub and herbaceous species. The
column on the right shows which species comprise the majority of vegetated cover when averaged across
all plots for the year. Species with less than 0.5% mean foliar cover are combined into the “other
vegetation” category.
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Frequency and Cover of Exotic Species

All nonnative species detected through time in any of the plots monitored in 2019 are shown in the
Figures 4a and 4b. Nativity is based on the USDA plants database (https://plants.usda.gov/java/).
Nonnative species that have high frequency (occur in many plots), high abundance in the plots in

which they occur, or show increases in frequency or abundance through time may indicate degraded
or invaded areas within the ecosystem.

Frequency and Cover of Nonnative Species
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Figure 4a. Mean percent foliar cover of all exotic species sampled in the Bullfrog region of Glen Canyon
National Recreation Area over the period of sampling (2008—2019). A colored (non gray) dot indicates
that the given nonnative species was present in the plot and the color of the dot indicates the mean
percent foliar cover (based on cover class midpoints) for a given sampling year. Gray dots indicate that
the species did not occur in that plot and sampling year. The absence of any dot indicates that the plot
was not sampled during that sampling year.
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Figure 4b. Mean percent foliar cover of all exotic species sampled in the Escalante region of Glen
Canyon National Recreation Area over the period of sampling (2008—2019). A colored (non gray) dot
indicates that the given nonnative species was present in the plot and the color of the dot indicates the
mean percent foliar cover (based on cover class midpoints) for a given sampling year. Gray dots indicate
that the species did not occur in that plot and sampling year. The absence of any dot indicates that the
plot was not sampled during that sampling year.

Species Richness

Species richness is the total number of distinct species detected in a plot during sampling. Species
richness calculated for each plot in 2019 is shown in Figures 5a and 5b. A list of all species sampled
in the ecosystem including nativity status can be viewed in Appendix A. Typical richness values are
inherent to the ecosystem and vary through time in response to climate or disturbance, as well as
spatially within an ecosystem due to plot-specific factors such as microclimate, topology and
disturbance. High numbers of nonnative species can indicate disturbed or invaded areas.
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Figure 5a. Species richness for each plot sampled in the Bullfrog region of Glen Canyon National
Recreation Area in 2019. Contribution of nonnative species to overall plot richness values are indicated in
red. Mean species richness for the ecosystem is shown as the dotted line and total richness for the
ecosystem is indicated at the top of the figure. Nativity status was obtained from the USDA plants
database (https://plants.usda.gov/java/). Plants that were grouped to genus or did not have a nativity in
USDA Plants were assigned native status for the figure.
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Figure 5b. Species richness for each plot sampled in the Escalante region of Glen Canyon National
Recreation Area in 2019. Contribution of nonnative species to overall plot richness values are indicated in
red. Mean species richness for the ecosystem is shown as the dotted line and total richness for the
ecosystem is indicated at the top of the figure. Nativity status was obtained from the USDA plants
database (https://plants.usda.gov/java/). Plants that were grouped to genus or did not have a nativity in
USDA Plants were assigned native status for the figure.

Soils

Data on soil erodibility and hydrologic stability are collected at two scales. Quadrat-based cover
measurements of soil surface features represent cover class midpoints and are scaled to the plot prior
to summary. Transect-based measurements of aggregate stability and basal gap size (where
applicable) are presented at the plot level.

Cover of Surface Features

Ocular cover of all soil surface features are estimated within the 1 m* quadrats (see Figure 1). Cover
classes are based on the midpoint of the cover class collected at the quadrat level and were scaled to
the plot prior to summary. Live plant base and dead woody base includes trees stems and areas of
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exposed roots. Undifferentiated crust includes both physical surface crusts and biological soil crusts
that have not differentiated enough to be identified as individual biological crust components (e.g.
cyanobacteria, lichen or moss). Mean percent cover of surface features is shown in Figures 6a and
6b.

Larger values for exposed bare ground suggest a system may have greater erosion potential.
Biological soil crust components, plant bases, litter, woody debris and rock components reduce the
amount of exposed bare ground. Typical amounts of all categories are intrinsic to the soil and plant
community displayed.

Cover of Surface Features
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80+

60-

Mean Percent Cover

20+

}
L
)
I]

|
|

Cyanobacteria -

Moss
Lichen-
Live Plant Base -
Dead Herbaceous Base-
Dead Woody Base-
Woody Debris -
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Bare Ground-
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Figure 6a. Mean percent cover of soil surface features in the Bullfrog region of Glen Canyon National
Recreation Area in 2019.
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Figure 6b. Mean percent cover of soil surface features in the Escalante region of Glen Canyon National
Recreation Area in 2019.

Soil Aggregate Stability

Soil stability ratings for each plot in the desert sand ecosystem are shown in Figures 7a and 7b. Soil
stability values closer to 6 represent stable and resilient soils with less erosion potential and intact
hydrologic function, particularly in ecosystems with little bare ground and few large gaps. High
stability values also are strongly correlated with healthy soil biotic communities, including biological
soil crusts. Maximum soil stability values are intrinsic to the communities sampled. In some systems
with coarse sandy soils or a dense layer of surface gravel, maximum possible soil stability values
may be less than 6.
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Figure 7a. Soil stability rating class for each plot sampled in the Bullfrog region of Glen Canyon National
Recreation Area in 2019. The plot mean is represented by the red circle, the median by a horizontal line,
and the upper and lower bounds of the box show the 75" and 25™ quartiles, respectively. The whiskers
show the full range of values for the plot.
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Figure 7b. Soil stability rating class for each plot sampled in the Escalante region of Glen Canyon
National Recreation Area in 2019. The plot mean is represented by the red circle, the median by a
horizontal line, and the upper and lower bounds of the box show the 75t and 25" quartiles, respectively.
The whiskers show the full range of values for the plot.

Basal Gap Size Distribution

Total transect length sampled for basal gaps by plot is shown in Figures 8a and 8b. Vegetation
represents the aggregated length of all segments of perennial plant base recorded along the transects.
Segments of basal gap are categorized by size classes (<100 cm, 100-200 cm, 200-300 cm, 300—400
cm, 400—-the 500 cm, and >500 cm). In cases where an error was made in the field causing one or
more gap segments to overlap, the transect was removed from the summary.

Greater proportion of large (>200 cm) basal gaps is related to increased water erosion and increased
establishment of ruderal plant species, especially in areas with low litter and rock cover and low soil
aggregate stability. Note that the typical size of basal gaps is intrinsic to each ecosystem and large
gaps may be expected for some vegetation communities.
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Figure 8a. Size distribution of basal gaps for every plot sampled in the Bullfrog region of Glen Canyon

National Recreation Area in 2019.
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Figure 8b. Size distribution of basal gaps for every plot sampled in the Escalante region of Glen Canyon
National Recreation Area in 2019.

Data Requests
The data used to generate this annual data summary is available from SCPN. Please submit a detailed

request through the SCPN Upland Project Manager Megan Swan, or the current project contact at the
bottom of the SCPN Upland Project webpage.
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Appendix A.

Table A-1. Mean percent cover and plot frequency for every plant species sampled in 2019 in the Bullfrog

region of Glen Canyon National Recreation Area.

Species Family Common Name Nativity Mean Fre::::ncy
Abronia fragrans Nyctaginaceae snowball sand verbena | native 0.03 83.33
Achnatherum hymenoides | Poaceae Indian ricegrass native 0.03 66.67
Amauriopsis dissecta Asteraceae ragleaf bahia native 0.00 16.67
Ambrosia acanthicarpa Asteraceae flatspine bur ragweed native 0.00 16.67
Androstephium breviflorum | Asparagaceae pink funnel lily native 0.00 16.67
Aristida purpurea Poaceae purple threeawn native 0.00 16.67
Artemisia filifolia Asteraceae sand sagebrush native 0.1 50
Asclepias involucrata Apocynaceae dwarf milkweed native 0.00 16.67
Astragalus amphioxys Fabaceae Crescent milkvetch native 0.00 50
Atriplex canescens Amaranthaceae fourwing saltbush native 0.01 50
Bromus rubens Poaceae red brome nonnative 0.00 33.33
Bromus tectorum Poaceae cheatgrass nonnative 0.07 83.33
Coleogyne ramosissima Rosaceae blackbrush native 0.16 33.33
Cordylanthus wrightii Orobanchaceae Wright's bird's beak native 0.00 16.67
Cryptantha angustifolia Boraginaceae Panamint cryptantha native 0.05 83.33
Cryptantha crassisepala Boraginaceae thicksepal cryptantha native 0.02 50
Cymopterus spp. Apiaceae NA NA 0.00 16.67
Dalea candida Fabaceae white prairie clover native 0.01 33.33
Dalea flavescens Fabaceae g?)c:ronlands prairie native 0.00 33.33
Dicoria canescens Asteraceae desert twinbugs native 0.00 33.33
Dieteria canescens Asteraceae hoary tansyaster native 0.01 50
Ephedra cutleri Ephedraceae Cutler's jointfir native 0.72 66.67
Ephedra torreyana Ephedraceae Torrey's jointfir native 0.56 33.33
ff: ;’;fl)acr' ;’;’r‘:;?um Liliaceae lonely lily native 0.00 33.33
Erigeron bellidiastrum Asteraceae western daisy fleabane | native 0.00 16.67
Eriogonum inflatum Polygonaceae desert trumpet native 0.00 16.67
Eriogonum leptocladon Polygonaceae sand buckwheat native 0.11 33.33
Euphorbia parryi Euphorbiaceae Parry's sandmat native 0.00 33.33
Gaillardia pinnatifida Asteraceae red dome blanketflower | native 0.00 16.67
Gutierrezia sarothrae Asteraceae broom snakeweed native 0.01 50
Helianthus spp. Asteraceae NA NA 0.00 33.33
Hilaria jamesii Poaceae galleta native 0.05 16.67
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Plot

Species Family Common Name Nativity Mean | Frequency
Hoffmannseggia repens Fabaceae creeping nicker native 0.00 16.67
Hymenopappus filifolius Asteraceae fineleaf hymenopappus | native 0.01 50
Ipomopsis gunnisonii Polemoniaceae sanddune ipomopsis native 0.01 33.33
Linum aristatum Linaceae bristle flax native 0.03 66.67
Mentzelia multiflora Loasaceae Adonis blazingstar native 0.00 16.67
Oenothera albicaulis Onagraceae \F/;/r?r::erztszvening native 0.00 16.67
Oenothera pallida Onagraceae pale evening primrose native 0.01 66.67
Opuntia spp. Cactaceae NA NA 0.03 66.67
Plantago patagonica Plantaginaceae woolly plantain native 0.01 83.33
Psoralidium junceum Fabaceae rush lemonweed native 0.18 16.67
Psorothamnus fremontii Fabaceae Fremont's dalea native 0.89 83.33
Salsola tragus Amaranthaceae prickly Russian thistle nonnative 0.00 16.67
Schismus barbatus Poaceae ;(r)arr;;non Mediterranean nonnative 4.67 100
Sclerocactus spp. Cactaceae NA NA 0.00 16.67
Sphaeralcea spp. Malvaceae NA NA 0.03 100
Sporobolus spp. Poaceae NA NA 0.1 100
Stephanomeria exigua Asteraceae small wirelettuce native 0.24 66.67
Tripterocalyx carneus Nyctaginaceae winged sandpuffs native 0.00 16.67
Vulpia octoflora Poaceae sixweeks fescue native 0.14 100
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Table A-2. Mean percent cover and plot frequency for every plant species sampled in 2019 in the
Escalante region of Glen Canyon National Recreation Area.

Species Family Common Name Nativity Mean Fre::::ncy
Abronia fragrans Nyctaginaceae snowball sand verbena | native 0.05 50
Achnatherum hymenoides | Poaceae Indian ricegrass native 0.09 100
Androstephium breviflorum | Asparagaceae pink funnel lily native 0.00 33.33
Artemisia filifolia Asteraceae sand sagebrush native 1.08 100
Asclepias involucrata Apocynaceae dwarf milkweed native 0.02 33.33
Astragalus amphioxys Fabaceae Crescent milkvetch native 0.00 16.67
Astragalus lentiginosus Fabaceae freckled milkvetch native 0.00 16.67
Astragalus spp. Fabaceae NA NA 0.00 33.33
Bromus rubens Poaceae red brome nonnative 0.01 16.67
Bromus tectorum Poaceae cheatgrass nonnative 0.01 66.67
Chaenactis stevioides Asteraceae Esteve's pincushion native 0.08 100
Chrysothamnus greenei Asteraceae Greene's rabbitbrush native 0.37 33.33
Chrysothamnus stylosus Asteraceae Resinbush native 0.12 33.33
Coleogyne ramosissima Rosaceae blackbrush native 1.15 66.67
Cordylanthus wrightii Orobanchaceae Wright's bird's beak native 0.06 50
Corispermum americanum | Amaranthaceae American bugseed native 0.00 16.67
Cryptantha angustifolia Boraginaceae Panamint cryptantha native 0.40 100
Cryptantha circumscissa Boraginaceae cushion cryptantha native 0.01 66.67
Cryptantha crassisepala Boraginaceae thicksepal cryptantha native 0.04 83.33
Cryptantha flava Boraginaceae Srrye;tc;i'tsh;/ellow native 0.10 33.33
Cryptantha micrantha Boraginaceae redroot cryptantha native 0.01 50
Cycloloma atriplicifolium Amaranthaceae winged pigweed native 0.00 16.67
Delphinium nuttallianum Ranunculaceae twolobe larkspur native 0.00 16.67
Descurainia pinnata Brassicaceae western tansymustard native 0.00 16.67
Descurainia sophia Brassicaceae herb sophia nonnative 0.00 16.67
Dicoria canescens Asteraceae desert twinbugs native 0.00 16.67
Dimorphocarpa wislizeni Brassicaceae touristplant native 0.06 50
Ephedra cutleri Ephedraceae Cutler's jointfir native 2.83 100
flfc;':):):rg/']:;?um Liliaceae lonely lily native 0.02 50
Erigeron bellidiastrum Asteraceae western daisy fleabane | native 0.02 66.67
Eriogonum inflatum Polygonaceae desert trumpet native 0.01 16.67
Eriogonum leptocladon Polygonaceae sand buckwheat native 0.37 66.67
Euphorbia parryi Euphorbiaceae Parry's sandmat native 0.02 66.67
Euphorbia spp. Euphorbiaceae NA NA 0.00 16.67
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Plot

Species Family Common Name Nativity Mean | Frequency
Gutierrezia sarothrae Asteraceae broom snakeweed native 0.40 100
Helianthus spp. Asteraceae NA NA 0.00 16.67
Hilaria jamesii Poaceae galleta native 0.08 33.33
Hymenopappus filifolius Asteraceae fineleaf hymenopappus | native 0.10 66.67
Ipomopsis gunnisonii Polemoniaceae sanddune ipomopsis native 0.04 100
Linum aristatum Linaceae bristle flax native 0.02 66.67
Lupinus pusillus Fabaceae rusty lupine native 0.00 16.67
Mentzelia albicaulis Loasaceae whitestem blazingstar native 0.03 33.33
Mentzelia multiflora Loasaceae Adonis blazingstar native 0.01 66.67
Mentzelia spp. Loasaceae NA NA 0.00 16.67
Muhlenbergia pungens Poaceae sandhill muhly native 0.01 16.67
Nama hispida Boraginaceae bristly nama native 0.01 50
Oenothera pallida Onagraceae pale evening primrose native 0.12 50
Opuntia spp. Cactaceae NA NA 0.03 50
Penstemon ambiguus Plantaginaceae gilia beardtongue native 0.02 33.33
Plantago patagonica Plantaginaceae woolly plantain native 0.15 100
Psorothamnus fremontii Fabaceae Fremont's dalea native 1.87 83.33
Salsola tragus Amaranthaceae prickly Russian thistle nonnative 0.00 16.67
Schismus barbatus Poaceae ;San;rsnon Mediterranean nonnative 0.16 83.33
Schismus spp. Poaceae NA NA 0.23 33.33
Sphaeralcea spp. Malvaceae NA NA 0.05 83.33
Sporobolus spp. Poaceae NA NA 0.16 100
Stephanomeria exigua Asteraceae small wirelettuce native 0.59 100
Streptanthella longirostris | Brassicaceae longbeak streptanthella | native 0.00 16.67
Tripterocalyx carneus Nyctaginaceae winged sandpuffs native 0.00 16.67
Vulpia octoflora Poaceae sixweeks fescue native 0.07 83.33
Yucca angustissima Asparagaceae narrowleaf yucca native 0.18 66.67
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Appendix B.

Location of plots sampled in 2019 at Bullfrog region and Escalante region of Glen Canyon National
Recreation Area.
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Figure B-1. Location of plots sampled in 2019 in the Bullfrog region of Glen Canyon National Recreation
Area.
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Figure B-2. Location of plots sampled in 2019 in the Escalante region of Glen Canyon National

Recreation Area.
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