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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 field crews sampled 31 plots in the mixed conifer ecosystem at Grand Canyon
National Park. Although our original sampling frame targeted ‘unburned’ mixed conifer, we are
witnessing the dynamic nature of these forests. As many as 28 of our 46 total plots have been
impacted by recent (2012-2019) fires, although most not severely. We continued to get a lot of
support from Li Brannsfors and the GRCA Fire Effects Monitoring crew. Our teams worked
collaboratively on most of the plots we sampled this season. Staff from the park nursery were also
able to join us for a day of sampling. Nonnative species continue to be only infrequently sampled in
our plots. No new species were encountered during sampling.



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 non-native 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://irma.nps.gov/DataStore/DownloadFile/456615

Methods

Monitoring Site Selection

The mixed conifer ecosystem was selected for upland monitoring at Grand Canyon National Park.
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 are not appropriate for monitoring.
Excluded areas include 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 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 was

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%
3 >0.5-1% 0.75%




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

Cover Class Range Midpoint
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, including 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

and for 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.

Trees

Trees are assessed in one of three ways depending on the stage of growth (seedling, sapling, and
overstory) as described below. Because of their irregular growth-form, species of junipers
(Juniperus) are measured at root crown and have different size classes than other tree species at the
seedling stage. All other tree species are measured at breast height (1.37 m).

Seedlings
Tree seedlings are tallied by species and size class in the 10 m? quadrats (Table 2). Non-juniper tree

species are categorized by height until they reach 137 cm (standard breast height). Once a seedling
reaches 137 cm, it is then measured and categorized by diameter at breast height. Juniper seedlings
are categorized by diameter at root crown regardless of height.



Table 2. Size classes used for seedlings of juniper and non-juniper trees.

Tree Type Size Classes

0 to <15 cm height

Non-junipers 15 to <137 cm height

0 to <2.5 cm in diameter at breast height

0 to <0.5 cm diameter at root crown

Junipers

0.5 to <2.5 cm diameter at root crown

Saplings

Saplings are tallied by species and size class in a 10 x 25 m sub-plot nested within the overstory tree
plot (see Figure 1) (Table 3). Saplings of all tree species are measured at breast height (137 cm)
except for junipers, which are measured at root crown.

Table 3. Size classes used for saplings of juniper and non-juniper trees.

Tree Type Size Classes

2.5 to <5 cm diameter at breast height

Non-junipers 5 to < 10 cm diameter at breast height

10 to < 15 cm diameter at breast height

2.5 to <5 cm diameter at root crown

Junipers 5 to < 10 cm diameter at root crown

10 to < 15 cm diameter at root crown

Overstory

Overstory trees are assessed in a 20 x 50 m subplot located below the center transect (see Figure 1).
Any tree greater than 15 cm in diameter and rooted at least 50% within the subplot area is tagged,
measured and identified to species. Overstory trees are each assigned a status (Table 4) and crown
health class (Table 5).

Table 4. Tree status codes used for overstory trees.

Tree Status Code Definition

Live

Standing dead

Dead and down
Cut

Status unknown

Consumed by fire

Unconfirmed

Not found

Ol |N|o|AA|WIN]-~




Table 5. Crown health codes used for overstory trees.

Crown Health Code Definition

1 >85-100% live foliage
2 >50-85% live foliage
3 >156-50% live foliage
4 >0-15% live foliage

All trees except junipers are tagged and measured at breast height (137 cm). Juniper species are
tagged and measured at root crown (the lowest part of the stem). For trees that are forked below the
measurement point, each stem is tagged and measured individually as a sub-part of the main stem.
Status and crown health codes are updated during every visit to a plot and all live trees within a plot
are remeasured every six years.

Tree Canopy Closure

In mixed conifer systems, a convex spherical densiometer is used to measure tree canopy closure.
Canopy closure is the proportion of the sky hemisphere obscured by vegetation when viewed from a
single point. Measurements are taken in 4 directions (toward the transect start, transect end, and the
two perpendicular directions) at five locations along each transect.



Data Summary

This report provides a basic summary of data collected during the 2019 season for the mixed conifer
ecosystem at Grand Canyon National Park. Data are 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 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.

Herbaceous and Shrub Vegetation

Ocular estimates of percent foliar cover using 1 of 12 cover classes are made at each 10 m* quadrat,
then averaged to obtain a mean foliar cover for each plot. The midpoint of the cover class that was
assigned in the field is used to represent percent cover, e.g., cover class 6 (5-10%) = 7.5%. In some
cases, plants identified to species in the field were later grouped at the genus level to increase
consistency through time.

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 mixed conifer ecosystem at Grand Canyon
National Park. 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 at Grand Canyon National Park 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 25t percentile (25% of plot means fell below this value) and the upper box limit is the 75t
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 mixed conifer ecosystem is shown in Figure 3. 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.
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Figure 3. Mean percent vegetated cover and percent foliar cover for dominant species (over 0.5% mean
percent cover) at Grand Canyon National Park 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.



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 cover of 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.

Frequency and Cover of Exotic Species

All nonnative species detected through time in any of the plots monitored in 2019 are shown in
Figure 4. 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.

10


https://plants.usda.gov/java/

Frequency and Cover of Nonnative Species
Bromus Chenopodium Lactuca
tectorum album serriola
@ e 8 g © @ ) { B )
@
® @
Poa Taraxacum Tragopogon
pratensis officinale dubius
Average percent
@ @ @ cover in plot
o -
0.75
e 0.50
s8g§ ¢ 8¢ e o0 L
(-
@ e
@
® g o}
T ' ’ T ' zero cover for species
5 @2 2 2wk @ 5 2 2 2 B 8 & O
Verbascum &S 8§ 8 8 8 8 8 8 &8 8 8 8 8 8 8 %
thapsus
@
@
e @
~ © 0'3 o © w ~ !‘7
£ 2 8 &8 & & % 8%
Year

Figure 4. Chart showing mean percent foliar cover of all exotic species at Grand Canyon National Park
over the entire 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 Figure 5. Plants that were grouped to genus or
did not have a nativity in USDA Plants were assigned native status for the figure. A list of all species
sampled in the ecosystem including nativity status can be viewed in the 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
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microclimate, topology and disturbance. High numbers of non-native species can indicate disturbed
or invaded areas.
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Figure 5. Species richness for each plot sampled in 2019 at Grand Canyon National Park. 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/).

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.
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Cover of Surface Features
Ocular cover of all soil surface features is 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
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 Figure 6.
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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.
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Figure 6. Mean percent cover of soil surface features Grand Canyon National Park 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 25t
percentile (25% of plot means fell below this value) and the upper box limit is the 75t 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.
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Trees

Tree data is collected at the quadrat-level for seedlings and at plot-level for saplings and overstory
and presented by hectare. For overstory trees, trees are measured every other visit. The most recent
data are used in this summary and therefore tree measurements and status are presented for all plots
and may represent data collected in different years.

Seedlings

Number of tree seedlings per hectare in the mixed conifer forest at Grand Canyon National Park is
shown in Figure 7. Any species of tree that occurs in any plot, regardless of life stage (seedling,
sapling or overstory tree) are included in this figure, separated by size class.
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Figure 7. Number of seedlings by species and size class for every plot at Grand Canyon National Park in
2019.
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Saplings

Number of saplings per hectare, by species and size class, are displayed in Figure 8. All tree species
that occurred in any plot and life stage (seedling, sapling or overstory tree) are included, separated by
species and size class.
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Figure 8. Number of saplings by species size class for every plot at Grand Canyon National Park in 2019.
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Overstory Trees
Figure 9 shows the basal area per hectare of overstory trees by species for each plot. Basal area of

live trees is shown in blue and standing dead trees in red. Due to changes in the protocol and small
discrepancies through time in overstory tree measurement, this data represents the most recent basal
area and status for overstory trees, and does not necessarily represent the data collected during 2019.
Basal area does not include trees with any status other than live or standing dead. This excludes trees
with status including dead and down, cut, consumed by fire and status unclear.
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Figure 9. Basal area of overstory trees by species for every plot at Grand Canyon National Park in 2019.




Tree Canopy Closure

Percent canopy closure for each plot for each plot is summarized in Figure 10. Canopy closure is a
measurement of the density of the overstory tree canopies. High canopy closure values are measured
under denser canopies and taller trees which obscure more of the sky hemisphere. Low values
indicate a more open canopy and more available light for understory plant growth.

Tree Canopy Closure
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Figure 10. Percent canopy closure for every plot at Grand Canyon National Park in 2019. The red vertical
line indicates the median, the left bound of the box is the 25th quartile, the right bound of the box is the
75th quartile and the horizontal line represent the range.

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 Grand Canyon

National Park in 2019.

Species Family Common Name Nativity Mean Fre::::ncy
Achillea millefolium Asteraceae common yarrow native 0.05 45.16
Achnatherum nelsonii Poaceae Columbia needlegrass native 0.06 25.81
Agastache pallidiflora Lamiaceae Siign\/tvgl)izzz)spMountain native 0.00 3.23
Agoseris glauca Asteraceae pale agoseris native 0.00 3.23
Agrostis scabra Poaceae rough bentgrass native 0.00 12.9
Amelanchier alnifolia Rosaceae Saskatoon serviceberry | native 0.01 3.23
Androsace septentrionalis | Primulaceae fgg& fl;)rr\:eer native 0.00 19.35
Antennaria marginata Asteraceae whitemargin pussytoes | native 0.09 48.39
Antennaria parvifolia Asteraceae small-leaf pussytoes native 0.05 67.74
Aquilegia coerulea Ranunculaceae SSTrLab?Seblue native 0.00 3.23
Arceuthobium spp. Santalaceae NA NA 0.00 3.23
Arenatria lanuginosa Caryophyllaceae spreading sandwort native 0.00 38.71
Berberis repens Berberidaceae creeping barberry native 0.17 61.29
Brickellia californica Asteraceae California brickellbush native 0.02 3.23
Brickellia grandiflora Asteraceae tasselflower brickellbush | native 0.01 3.23
Bromus spp. Poaceae NA NA 0.16 96.77
Bromus tectorum Poaceae cheatgrass nonnative 0.00 6.45
Calypso bulbosa Orchidaceae fairy slipper native 0.00 3.23
Campanula parryi Campanulaceae Parry's bellflower native 0.00 3.23
Carex spp. Cyperaceae NA NA 0.98 100
Castilleja spp. Orobanchaceae NA NA 0.00 16.13
Ceanothus fendleri Rhamnaceae Fendler's ceanothus native 0.12 25.81
Chamerion angustifolium | Onagraceae fireweed native 0.12 41.94
Chenopodium fremontii Amaranthaceae Fremont's goosefoot native 0.01 19.35
Chimaphila umbellata Ericaceae pipsissewa native 0.00 9.68
Cirsium wheeleri Asteraceae Wheeler's thistle native 0.01 38.71
Collinsia parviflora Plantaginaceae maiden blue eyed Mary | native 0.00 12.9
Conyza canadensis Asteraceae Canadian horseweed native 0.01 29.03
Corallorhiza maculata Orchidaceae summer coralroot native 0.00 22.58
Cryptantha setosissima Boraginaceae bristly cryptantha native 0.00 3.23
Dieteria canescens Asteraceae hoary tansyaster native 0.00 6.45
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Plot

Species Family Common Name Nativity Mean | Frequency
Draba asprella Brassicaceae rough draba native 0.00 6.45
Elymus canadensis Poaceae Canada wildrye native 0.02 6.45
Elymus elymoides Poaceae squirreltail native 0.04 64.52
Elymus glaucus Poaceae blue wildrye native 0.00 3.23
Epilobium brachycarpum | Onagraceae tall annual willowherb native 0.00 12.9
Eremogone fendleri Caryophyllaceae Fendler's sandwort native 0.01 22.58
Erigeron divergens Asteraceae spreading fleabane native 0.00 6.45
Erigeron formosissimus Asteraceae beautiful fleabane native 0.00 12.9
Erigeron speciosus Asteraceae aspen fleabane native 0.31 67.74
Eriogonum racemosum Polygonaceae redroot buckwheat native 0.01 32.26
Euphorbia brachycera Euphorbiaceae horned spurge native 0.00 6.45
Festuca arizonica Poaceae Arizona fescue native 0.00 3.23
Fragaria virginiana Rosaceae Virginia strawberry native 0.14 90.32
Frasera speciosa Gentianaceae elkweed native 0.00 3.23
Gayophytum diffusum Onagraceae spreading groundsmoke [ native 0.01 29.03
Gentiana parryi Gentianaceae Parry's gentian native 0.00 3.23
Geranium caespitosum Geraniaceae pineywoods geranium native 0.00 6.45
Geranium richardsonii Geraniaceae Richardson's geranium | native 0.05 29.03
Goodyera oblongifolia Orchidaceae \SZ?;:: rattlesnake native 0.07 90.32
Hackelia floribunda Boraginaceae manyflower stickseed native 0.00 3.23
Heliomeris multiflora Asteraceae showy goldeneye native 0.01 9.68
Hesperostipa comata Poaceae needle and thread native 0.00 3.23
Heterotheca villosa Asteraceae hairy false goldenaster | native 0.00 16.13
Hieracium fendleri Asteraceae yellow hawkweed native 0.01 67.74
Hymenoxys subintegra Asteraceae Arizona rubberweed native 0.00 3.23
Juniperus communis Cupressaceae common juniper native 1.54 48.39
Kelloggia galioides Rubiaceae milk kelloggia native 0.01 3.23
Koeleria macrantha Poaceae prairie Junegrass native 0.00 25.81
Lactuca serriola Asteraceae prickly lettuce nonnative 0.00 3.23
Laennecia schiedeana Asteraceae pineland horseweed native 0.01 12.9
Ligusticum porteri Apiaceae Porter's licorice-root native 0.10 25.81
Lithospermum multifliorum | Boraginaceae Zszzzzgdered native 0.00 3.23
Lotus utahensis Fabaceae Utah bird's-foot trefoil native 0.07 48.39
Lupinus spp. Fabaceae NA NA 0.01 22.58
Maianthemum stellatum Asparagaceae starry false lily of the native 0.00 9.68

valley
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Plot

Species Family Common Name Nativity Mean | Frequency
Muhlenbergia montana Poaceae mountain muhly native 0.02 22.58
Muhlenbergia tricholepis Poaceae pine dropseed native 0.01 16.13
Noccaea fendleri Brassicaceae Fendler's pennycress native 0.00 29.03
Oreochrysum parryi Asteraceae Parry's goldenrod native 0.10 54.84
Orthilia secunda Ericaceae sidebells wintergreen native 0.00 12.9
Osmorhiza depauperata Apiaceae bluntseed sweetroot native 0.01 9.68
Packera multilobata Asteraceae lobeleaf groundsel native 0.03 48.39
Packera neomexicana Asteraceae New Mexico groundsel | native 0.00 3.23
Packera werneriifolia Asteraceae hoary groundsel native 0.00 19.35
Pedicularis centranthera Orobanchaceae dwarf lousewort native 0.16 80.65
Penstemon barbatus Plantaginaceae beardlip penstemon native 0.01 16.13
Penstemon virgatus Plantaginaceae EZ;? dhttozlgl;fe native 0.00 25.81
Phacelia heterophylla Boraginaceae varileaf phacelia native 0.00 22.58
Poa fendleriana Poaceae muttongrass native 0.12 100
Poa pratensis Poaceae Kentucky bluegrass nonnative 0.00 6.45
Polygonum douglasii Polygonaceae Douglas' knotweed native 0.00 22.58
Polygonum sawatchense | Polygonaceae knotweed native 0.00 19.35
Polygonum spp. Polygonaceae NA NA 0.00 3.23
Potentilla hippiana Rosaceae woolly cinquefoil native 0.00 6.45
;S;l;;jgz mopterus Apiaceae :Ipprii:lzgzlrsjey native 0.01 38.71
Pseudognaphalium , .

macounii Asteraceae Macoun's cudweed native 0.01 25.81
Pseudostellaria jamesiana | Caryophyllaceae tuber starwort native 0.10 38.71
Pteridium aquilinum Dennstaedtiaceae | western brackenfern native 0.41 38.71
Pyrola chlorantha Pyrolaceae \g/vriiteenrfgljoreweer:ed native 0.00 9.68
Pyrola picta Pyrolaceae whiteveined wintergreen | native 0.00 19.35
Robinia neomexicana Fabaceae New Mexico locust native 0.97 16.13
Rosa woodsii Rosaceae Woods' rose native 0.01 3.23
Rubus idaeus Rosaceae American red raspberry | native 0.07 25.81
Senecio wootonii Asteraceae Wooton's ragwort native 0.01 16.13
Silene scouleri Caryophyllaceae simple campion native 0.01 41.94
Solidago spp. Asteraceae NA NA 0.08 9.68
Sorbus dumosa Rosaceae Arizona mountain ash native 0.01 9.68
Z‘}; n;z:;g:arpos Caprifoliaceae mountain snowberry native 0.14 6.45
Taraxacum officinale Asteraceae common dandelion nonnative 0.01 25.81
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Plot

Species Family Common Name Nativity Mean | Frequency
Thalictrum fendleri Ranunculaceae Fendler's meadow-rue native 0.03 12.9
Thlaspi spp. Brassicaceae NA NA 0.00 3.23
Tragopogon dubius Asteraceae yellow salsify nonnative 0.00 12.9
Verbascum thapsus Scrophulariaceae | common mullein nonnative 0.00 16.13
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Appendix B.

Location of plots sampled in 2019 at Grand Canyon National Park.
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