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Executive Summary

The goal of the Northern Colorado Plateau Network (NCPN) integrated upland monitoring 
effort is to provide park managers with status and trend information on vegetation and soil 
attributes. This information is intended to provide early warning of resource degradation 
and determine natural variability of upland resources. 

This report summarizes NCPN upland monitoring in Arches National Park (NP) in 2011. It 
outlines goals and objectives of NCPN upland monitoring, methods of the upland monitor-
ing protocol, and procedures for defining and mapping target populations for monitoring, 
and describes the results of this year’s efforts and plans for future monitoring. 

In 2011, NCPN completed its second year of monitoring at Arches NP. Twenty-four plots 
were monitored, including 8 deep blackbrush plots, 8 pinyon-juniper/blackbrush plots, and 
8 grassland plots. Early monitoring data describe status of ecological site types; interpreta-
tion is limited until additional data are acquired and more rigorously analyzed after at least 
five years of monitoring are complete.
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1  Introduction

Uplands represent the vast majority of land 
area in national park units of the NCPN. 
These upland areas include rock outcrops, 
badlands, shrublands, grasslands, wood-
lands, forests, and subalpine meadows, with 
local vegetation determined by soil type 
and depth, topography, climate, and distur-
bance history. Upland vegetation supplies 
most regional primary productivity, which 
translates to energy for other trophic levels. 
The condition of upland vegetation influ-
ences soil stability and nutrient cycling that, 
in turn, determines potential above-ground 
production of native plant species and the 
propensity for invasion by non-native spe-
cies. Vegetation also provides habitat for 
various organisms. The ability of uplands to 
retain soil and nutrients, absorb and release 
water, and buffer high-runoff precipitation 
events also influences conditions in ripar-
ian areas.

Upland ecosystems of the Colorado Pla-
teau, where the majority of NCPN park 
units are located, tend to be dominated by 
shrubs, perennial grasses, and small trees. 
Although these lifeforms play an integral 
role in defining the structure and function 
of Colorado Plateau ecosystems (Whitford 
2002), it is the highly pinnacled biological 
soil crusts that make these dryland systems 
unique. 

Biological soil crusts are biotic communi-
ties composed of cyanobacteria, algae, mi-
crofungi, mosses, and lichens that occur on 
and within the upper few millimeters of the 
soil surface (Belnap et al. 2003). Their pres-
ence stabilizes the soil surface and reduces 
susceptibility to wind and water erosion 
(Williams et al. 1995). They also contribute 
to nutrient cycling by fixing C (Lange 2003) 
and N (Evans and Lange 2003; Belnap 
2002), and affect the availability of nutrients 
to plants (Harper and Belnap 2001). Bio-
logical soil crusts are particularly sensitive 
to disturbances that affect the soil surface, 
such as trampling and off-road vehicle use 
(Rosentreter and Belnap 2003) (Figure 1-1). 

In the basins neighboring the Colorado 
Plateau, where several NCPN park units 
are located, biological soil crusts also play 
an important role but are less dramatically 

pinnacled. In the forests, shrublands, and 
meadows of the mountain regions sur-
rounding the Colorado Plateau, where nu-
merous NCPN park units are also located, 
biological soil crusts do not play an impor-
tant role because much of the soil surface is 
covered by vegetation and litter.

Many upland ecosystems of the region are 
characterized by low resistance and resil-
ience. Even moderate disturbances can af-
fect vegetative composition and structure, 
and recovery to pre-disturbance conditions 
can be relatively slow. Natural disturbance 
regimes of the region include extreme cli-
matic events, fire, insect and disease out-
breaks, herbivory, and trampling (Miller 
2005). 

Grazing, which has been a traditional land 
use throughout much of the plateau, has 
resulted in shifts in vegetation composi-
tion (Harris et al. 2003) and ecological 
states (Miller et al. 2011) that persist for 
many decades or longer. Fire-regime altera-
tion (Whelan 1995) and invasion of exotic 
plants (Bock et al. 1986) have additionally 
contributed to these shifts. Increasing 
recreational use and unauthorized social 
trailing threaten the integrity of upland 
systems through soil-surface disturbance 
and resulting increases in soil erosion by 
water and wind. Additional pressure inside 
parks may also result from land use in ad-
jacent areas. Global climate change is ex-
pected to change levels and seasonality of 

Figure 1-1. Damage caused to biological soil crust by off-road vehicle use, Arches 
National Park.
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dominant precipitation events (Garfin et al. 
2010), and we are only beginning to under-
stand the implications for plateau ecosys-
tems (Munson et al. 2011a,b). Additional  
information on characteristics of Colorado 
Plateau ecosystems and ecological threats 
to the region is provided in Miller (2005). 

The overall goal of the NCPN integrated 
upland monitoring program is to determine 
long-term trends in vegetation, soil stability, 
and hydrologic function in the context of 
changes in other ecological drivers, stressors, 
and processes. Monitoring will increase fun-
damental understanding of upland systems 
and provide managers with early warning 
of undesirable change and information for 
management decisions. Specific objectives of 
integrated upland monitoring at Arches Na-
tional Park are described below. 

Determine status and trends in plant com-
munities, including:

•	 overall species richness

•	 cover of vegetation by dominant species 
and lifeform 

•	 frequency of exotic invasive species

•	 density of shrubs by size class 

Determine status and trends in soil stability, 
including:

•	 cover of biological soil crusts by mor-
phological group (cyanobacteria, lichen, 
moss, and undifferentiated crust)

•	 cover of other surface features (e.g., lit-
ter, rock, bare ground)

•	 soil aggregate stability

•	 canopy-gap size (as an indicator of wind 
erosion potential)

Determine status and trends in hydrologic 
function, including 

•	 basal-gap size

Evaluation of upland monitoring data rela-
tive to other vital signs will help facilitate 
identification of drivers and distinguishing 
“natural” from anthropogenic change. Local 
weather station data can be used to interpret 
responses, whereas remote sensing can be 
used to determine change in vegetation at 
larger scales caused by land use or climate 
change. Historical upland monitoring data 
sets may be integrated with data collected by 
NCPN to allow earlier detection of trends.
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2  Methods

2.1  Integrated upland monitoring 
in Arches National Park

2.1.1  Resource issues driving upland 
monitoring

Discussion with Southeast Utah Group 
(SEUG) resource management staff identi-
fied grasslands and shrublands as the highest 
priorities for long-term upland monitoring. 
Managers were concerned about potential 
system degradation due to trampling of bio-
logical crust, and subsequent increases in 
wind and water erosion of soil. Both NCPN 
and SEUG staff agreed that it was best to 
monitor (1) dominant vegetation types in the 
park (blackbrush, pinyon-juniper [PJ], and 
grasslands), and (2) some of the same ecolog-
ical site types in Arches National Park (NP) 
that the NCPN monitors in Canyonlands NP. 
For ecological sites that occur in both parks, 
this will provide a larger dataset that could 
help detect trends more quickly. The goal of 
upland monitoring at Arches NP is to pro-
vide early warning of system degradation as 
well as information on the natural variability 
of upland resources. 

2.1.2  Mapping and selecting target 
populations

2.1.2.1  Accessibility
Areas that posed safety threats, were inac-
cessible within budgetary limitations, and/or 
were anthropogenic in nature were filtered 
out of the sampling frame. Areas located 
on slopes of >50% and/or isolated by steep 
slopes were also eliminated. Accessibility 
and slope features were generated using the 
Landscape Accessibility Model (http://sci-
ence.nature.nps.gov/im/units/ncpn/Tools.
cfm). Eighty-seven percent of the park was 
deemed accessible. 

2.1.2.2  Selection of target ecological site 
types 
NCPN upland monitoring uses survey de-
signs and ecological sites (SRM 1989, 1995) 
to define target populations. An ecological 
site is defined by a combination of soil prop-
erties (texture, depth, water-holding capac-
ity), geology, landform, climatic regime, and 
potential vegetation. The spatial extent of 

ecological sites is largely determined by soil 
map units within the soil survey, although 
the location of an ecological site within a soil 
map unit is not explicit. Using the Arches Soil 
Survey (USDA NRCS 2010), ecological sites 
associated with blackbrush, PJ, and grass-
lands were determined. 

At Canyonlands NP and other NCPN parks, 
ecological sites have been lumped into 
broader groups with similar vegetation, pre-
cipitation, and soil depth that we are calling 
ecological site types. Ecological site types 
were also used at Arches NP to group similar 
ecological sites in the soil survey (Table 2-1). 
After further discussion with SEUG resource 
staff, three ecological site types were selected 
for monitoring at Arches NP: deep black-
brush, PJ/blackbrush, and grassland. 

Deep Blackbrush
The deep blackbrush ecological site type is 
characterized by blackbrush (Coleogyne ra-
mosissima) on deep eolian sands and sandy 
loams. Deep blackbrush was selected as a 
priority ecological site type at Arches NP due 
to the large spatial extent in the park and be-
cause the NCPN is currently not monitoring 
it at Canyonlands NP. Although a substantial 
area of this ecological site type exists in Can-
yonlands NP, it was not recognized in the 
soil survey used to create the Canyonlands 
upland monitoring design, and was therefore 
not included. In Arches NP, the deep black-
brush ecological site type includes two eco-
logical sites (see Table 2-1 and Figure 2-1).

PJ/Blackbrush
The PJ/blackbrush ecological site type is 
characterized by blackbrush and Utah juni-
per (Juniperus osteosperma) on shallow sandy 
soils. At both Canyonlands and Arches NPs, 
there is one target ecological site, 236-Semi-
desert Shallow Sandy Loam (Utah juniper/
blackbrush), in the PJ/blackbrush ecological 
site type (see Table 2-1 and Figure 2-1). Al-
though a second ecological site, 19-Shallow 
Sand Rock Pocket, was mapped in the Arches 
Soil Survey, it contains too much bedrock to 
depict trends in vegetation as defined by our 
monitoring criteria. It was also not included 
in the soil survey used to develop the NCPN 
upland monitoring design at Canyonlands 
NP. 

http://science.nature.nps.gov/im/units/ncpn/Tools.cfm
http://science.nature.nps.gov/im/units/ncpn/Tools.cfm
http://science.nature.nps.gov/im/units/ncpn/Tools.cfm
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Grassland
The grassland ecological site type is charac-
terized by native perennial bunchgrasses on 
deep sandy soils. The two grassland ecologi-
cal sites at Arches NP are the same ecological 
sites that NCPN monitors at Canyonlands 
NP (see Table 2-1 and Figure 2-1). Two addi-
tional grassland ecological sites (115-Desert 
Sand and 118-Desert Sandy Loam) were in-
cluded in the Canyonlands sampling design, 
but it is expected that these will be combined 
with the semidesert grassland ecological sites 
in the new version of the Canyonlands Soil 
Survey (USDA NRCS 2010). That survey 
was recently completed, and the issues men-
tioned here will be re-evaluated within the 
context of that report.

Although a shallow blackbrush ecological site 
type has substantial area in Arches NP, it was 
not selected for monitoring due to the limita-
tions of our affordable effort and the park’s 
preference to monitor deep blackbrush. This 
ecological site type is currently being moni-
tored at Canyonlands NP.

The estimated area of target ecological sites 
in Arches NP is 6,921.9 ha (Table 2-2). The 
area of each ecological site in the park is cal-
culated using the estimated percentage of 
that ecological site within each of the soil 
map units where it is predicted to occur; 
therefore, the area of each ecological site is 
often substantially less than the correspond-
ing area shown on the soil map. 

Table 2-1. Description of ecological sites selected for monitoring in Arches National Park.

Ecological 
site type

Ecological site 
name 
Notation / No.

Soil 
series

Soil 
properties

Geological 
properties

Vegetative 
properties

Disturbance-mediated 
alternative states

Shrubland

Deep 
blackbrush 

Semidesert Sand 
(blackbrush) 
SDS210 / 210

Mido Deep sands 
on dunes and 
sand sheets

Eolian 
deposits 
derived from 
sandstone

Dominated by 
blackbrush

Description currently N/A

Semidesert 
Sandy Loam 
(blackbrush) 
SDSL218 / 218

Milok Deep sandy 
loams on 
mesas and hills

Alluvium 
and eolian 
deposits 
derived from 
sandstone

Dominated by 
blackbrush

Description currently N/A

PJ / 
Blackbrush

Semidesert 
Shallow Sandy 
Loam 
(Utah juniper/ 
blackbrush) 
SDSSL236 / 236

Arches, 
Crosscan, 
Reef, 
Simel

Shallow 
sandy loams 
on benches, 
mesas, and 
hillslopes

Residuum, 
colluvium 
and/or eolian 
deposits from 
sandstone

Dominated by 
blackbrush, juniper, 
and pinyon pine

Decreased bunchgrass 
and increased juniper, 
blackbrush, and prickly pear. 
Cheatgrass and annual forbs 
may invade.

Herbaceous

Grassland Semidesert 
Sand (fourwing 
saltbush) 
SDS212 / 212

Mido Deep sands 
on dunes and 
sand sheets

Eolian 
deposits 
derived from 
sandstone

Dominated by 
Indian ricegrass, 
fourwing saltbush, 
and Mormon tea

Decreased bunchgrass and 
saltbush and increased 
snakeweed, prickly pear, 
juniper, and sand sage. 
Russian thistle may invade.

Semidesert 
Sandy Loam 
(fourwing 
saltbush) 
SDSL215 / 215

Begay, 
Milok

Deep sandy 
loams on 
mesas and 
valleys

Alluvium 
and eolian 
deposits 
derived 
mainly from 
sandstone

Dominated by 
Indian ricegrass, 
needle and thread, 
fourwing saltbush, 
and Mormon tea

Decreased bunchgrass 
and increased snakeweed, 
Mormon tea, and prickly 
pear. Cheatgrass and Russian 
thistle may invade.
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Figure 2-1. Examples of ecological sites selected for upland monitoring at Arches National Park. See Table 2-1 for descriptions.

A) Semidesert Sand (blackbrush) B) Semidesert Sandy Loam (blackbrush)

C) Semidesert Shallow Sandy Loam  
(Utah juniper/blackbrush)

D) Semidesert Sand (fourwing saltbush)

E)  Semidesert Sandy Loam (fourwing saltbush)
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2.1.2.3  Mapping of target ecological site 
types
Because the draft Arches Soil Survey pro-
vided a good estimate of locations of target 
ecological sites, we did not explicitly map 
ecological sites for Arches NP (while we did 
for Canyonlands NP). Instead, we devel-
oped a predictive map of deep blackbrush, 
PJ/blackbrush, and grassland ecological site 
types using the soil map units associated with 
the target ecological sites (Figure 2-2). All 
soil map units that contained >10% of a soil 
component associated with a target ecologi-
cal site were included in the sampling frame. 

The area of the sampling frame is larger than 
the predicted area of each ecological site (see 
Table 2-2) because all soil map units used to 
make the map contain some non-target areas. 
The sampling frame area represents 34.7% 
of the total park area and 40.1% of acces-
sible area. Before site selection, the sampling 
frame was buffered by 25 m to prevent plots 
from crossing roads, trails, the park bound-
ary, non-target vegetation, or inaccessible 
areas. 

2.1.3  Selection of monitoring locations

Monitoring plots were selected using the 
Reversed Randomized Quadrant Recursive 
Raster (RRQRR) method (Theobald et al. 
2007) to create a spatially balanced design 
within the sampling frame. RRQRR pro-
vides an ordered list of centroids for all pos-
sible monitoring plots in the sampling frame. 
Points were then assigned a predicted eco-
logical site type based on the areas shown in 
Figure 2-2. Within each ecological site type, 
plots were established in ascending order of 
plot number. If a plot was rejected (e.g., due 
to incorrect vegetation type, crossing a road, 
trail, park unit boundary, or cliff), the next 

sequentially ordered plot was used. 

2.1.4  Revisit design

A rotating-panel revisit design (Figure 2-3) 
was created that samples eight plots each 
year and a total of 28 plots over seven years 
for each of the three priority ecological site 
types. A total of 84 plots are sampled among 
all ecological site types. Plots are sampled for 
two consecutive years (in order to detect an-
nual variation due to temperature, precipita-
tion, etc.) and then rested for five years. The 
sampling scheme repeats itself every seven 
years. The number of plots in each ecological 
site should approximately represent the area 
of each ecological site in the sampling frame. 
This revisit strategy maximizes our ability to 
detect trends and minimizes the impact on 
biological soil crusts in the park. 

2.2  Integrated upland monitoring 
procedures

2.2.1  Response design 

The response design (methods used to col-
lect observations) for integrated upland 
monitoring in NCPN parks is based largely 
on rangeland monitoring procedures recom-
mended by Herrick and colleagues (2005). 
All measures recorded along transects are 
sub-samples scaled to the plot level. The 
plot-level measures are the primary values 
used in summaries and statistical analyses. 

At each plot, observations are recorded along 
three parallel, 50-m transects spaced 25 m 
apart (Figure 2-4). At the origin of each tran-
sect, a photo is taken down the length of the 
transect toward the end point. Photos of bio-
logical soil crusts are also taken at a specified 
point along each transect. A point-intercept 
method is used to record percent cover of 
plant species and ground-cover attributes at 
0.5-m intervals along each transect. Density 
of shrubs (by species and height class) is re-
corded in a 1-m belt upslope of each transect. 
Density of exotic perennial species in the 
1-m belt was discontinued beginning in the 
2011 field season. Instead, frequency of all 
exotic species (annual and perennial) is re-
corded using 1×1-m quadrats placed every 5 
m along each transect. Canopy and basal-gap 
measures are acquired along each transect 
using line-intercept methods. Six surface-

Table 2-2. Area (ha) of each ecological site type included in the 
sampling frame for upland monitoring, Arches National Park.

Ecological site type Area (ha)a Predicted target areab

Deep blackbrush 4,375 49.3%

PJ/blackbrush 3,871 62.2%

Grassland 2,509 94.1%

Total sampling frame 10,755 64.4%

a Based on the accessible area within a 10-km hiking distance. 
b Predicted amount of target ecological site in the sampling frame.
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Figure 2-3. Number of plots 
sampled each year per ecological 
site type based on 7-year rotating 
panel revisit design for long-term 
upland monitoring at Arches 
National Park.

Figure 2-2. Sampling frame and 
location of monitoring plots in Arches 
National Park, 2011.

2011 plots
Deep blackbrush
PJ / Blackbrush
Grassland

0    1    2    3    4
Kilometers

Figure 2-4. Plot layout for upland monitoring of grasslands and shrublands.
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soil samples are taken along each transect to 
assess soil-aggregate stability. Disturbances 
observed on and around the site are also re-
corded. Beginning in 2011, an “exotic species 
walk” was added to search for other exotic 
plants present in plots.

2.3  Database
All observations recorded in the field are 
stored in an NCPN Access database. Qual-
ity assurance and quality control (QA/QC) 

procedures include domain checking in da-
ta-entry procedures, checks for missing val-
ues, and logic checks. All spatial data used in 
selecting monitoring locations, the sampling 
frame, and the RRQRR -generated sampling 
locations are GIS-ArcMap shape files and are 
stored with the Access database on NCPN 
servers.
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3  Results

3.1  Monitored plots
In April and May 2011, twenty-four plots 
were monitored as part of the long-term 
revisit design, including 8 deep blackbrush, 
8 PJ/blackbrush, and 8 grassland plots (see 
Figure 2-2). Half of the plots were revisited 
and half were established in each ecological 
site type. Table 3-1 (tables and figures begin 
on page 11) summarizes plot visits by eco-
logical site and year. Each plot was sampled 
using the suite of measures appropriate for 
that vegetation type. 

3.2  Ecological site type summaries
Status and trend assessments are more mean-
ingful after many years of monitoring, and as 
the number of monitoring plots increases. 
More intensive evaluation of monitoring data 
is slated to commence after five full years of 
monitoring are complete. 

For this annual report, plot-level summaries 
of the measures listed in Chapter 1 were gen-
erated for each monitoring plot, then sum-
marized by ecological site type. Summaries 
are simply a mean and the range (minimum, 
maximum) for a measured attribute. Given 
the limited data, measures were not statisti-
cally compared among ecological site types. 
Qualitative comparisons of summary mea-
sures could be misleading, given the small 
number of plots visited each year. Compari-
sons between years may also be misleading, 
because a different set of plots is visited each 
year. The reader is cautioned not to draw 
wide-reaching conclusions from these pre-
liminary summaries. 

3.2.1  Species richness

A total of 53 species were detected in Arches 
NP in 2011. Species richness by lifeform is 
reported in Table 3-2. Recorded species were 
compared to the NPSpecies database to de-
termine first-time observations in Arches 
NP. No new species were detected in the 
park in 2011. 

No threatened or endangered species or oth-
er plants of special concern were found on 
any plots in 2011. Arches NP does not have 

any federally listed threatened or endangered 
plant species. Plants of special concern are 
not common in the areas of Arches NP mon-
itored by the network, and the NCPN does 
not specifically monitor them in this park. 

3.2.2  Cover by lifeform and dominant 
species

Percent cover of live and total vegetation by 
lifeform is shown in Table 3-3. Live cover in-
cludes photosynthetic and live woody tissue. 
Total cover additionally includes dead plants, 
dead parts of live plants, and senesced tissue 
that was alive earlier in the growing season. 

Live and total percent cover of dominant 
species for each ecological site type are 
shown in Table 3-4. Dominant species were 
selected using species predicted by ecologi-
cal site descriptions and species frequently 
detected in plots. The percent cover of all 
species recorded for each plot is included in 
an electronic appendix that accompanies this 
report (arch11_species.xls).

3.2.3  Shrub density

Density of shrub species for each ecological 
site type is shown in Table 3-5. In both shru-
bland ecological site types, there was a high 
density of blackbrush, and numerous other 
shrub species were detected. Grassland plots 
had a relatively high density of winterfat 
(Krascheninnikovia lanata), but few other 
shrub species were detected.

Green ephedra (Ephedra viridis) is common 
in grasslands at Arches NP but is not counted 
in our shrub density counts. Its low, sprawl-
ing lifeform in this ecosystem makes it ex-
tremely difficult to distinguish individuals, 
and measuring density of E. viridis in Arches 
NP grasslands is not repeatable. Cover can 
alternatively be used to assess the status of 
this species. 

3.2.4  Exotic species

Percent cover and frequency of detection of 
exotic plant species are shown in Table 3-6. 
When exotic species were detected, cover 
and frequency were summarized for all plots 
in the ecological site type. 
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Cheatgrass (Bromus tectorum) was detected 
in all ecological site types, but it had the high-
est cover (4.6% mean total cover) and fre-
quency of detection (34.2% mean frequen-
cy) in grassland plots. Russian thistle (Salsola 
tragus) was also detected at many grassland 
and deep blackbrush plots. Few exotic plant 
species were detected in PJ/blackbrush plots. 

Beginning in 2011, NCPN upland sampling 
methods also included an “exotic species 
walk” to search for other exotic plants pres-
ent in plots. A list of all exotic species detect-
ed, and descriptions of the number of plants, 
size of invasions, and approximate locations, 
are included in an electronic appendix that 
accompanies this report (arch11_exotics.
xls).

3.2.5  Biological soil crust and surface 
features

Biological soil crust and surface-feature cov-
er are shown in Table 3-7. Undifferentiated 
crust was the dominant surface cover for all 
vegetation types. Dark cyanobacteria and li-
chen, indicators of well-developed crust, had 
the highest cover in PJ/blackbrush plots and 
were not recorded in grassland plots.

3.2.6  Canopy and basal gaps 

Canopy- and basal-gap sizes are shown in Ta-
ble 3-8. The distribution of gaps by size class 
is illustrated in Figures 3-1 and 3-2. A length 
of more than two meters was the most com-
mon canopy- and basal-gap size for all eco-
logical site types. 

3.2.7  Soil aggregate stability

Measures of soil aggregate stability are re-
ported in Table 3-9. Soil stability numbers 
range from 1 (least stable) to 6 (most stable) 
and are correlated with current erosion re-
sistance and soil biotic integrity. They also 
usually reflect hydrologic function because 
stable soils are less likely to disperse and clog 
soil pores during rainstorms. Because the 
numbers are affected by soil texture, it is im-
portant to limit comparisons to similar soils 
that have comparable amounts of sand, silt, 
and clay. Extremely sandy soils may not have 
maximum soil stability values of 6.
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Table 3-1. Number of plots by ecological site type and ecological site monitored, 
Arches National Park, 2010–2011.

Ecological site type Ecological site*

# of plots

2010
(September–

October)

2011
(April– 
May)

Deep blackbrush Semidesert Sand 8 8

Semidesert Sandy Loam 0 0

PJ / blackbrush Semidesert Shallow Sandy Loam 8 8

Grassland Semidesert Sand 1 2

Semidesert Sandy Loam 7 6

* See Table 2-1 for description of ecological sites.

Table 3-2. Mean (range) number of plant species detected per monitoring plot by lifeform and 
ecological site type, Arches National Park, 2011.

Ecological 
site type

Number of species detected

Total Tree Shrub Perennial grass Annual grass Forb/Herb

Deep blackbrush
9.8

(5–16)
0.5

(0–1)
3.8

(2–5)
0.8

(0–2)
1.4

(0–2)
3.4

(0–6)

PJ / blackbrush
8.3

(6–12)
1.8

(1–2)
5.1

(3–8)
0.3

(0–1)
0.1

(0–1)
1.0

(0–3)

Grassland
10.4

(6–15)
0

1.9
(1–4)

3.1
(2–5)

1.0
(0–2)

4.4
(2–7)
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Table 3-5. Density of shrub species per hectare by ecological site type, Arches National Park, 2011.

Scientific name Common name
No. of plots with 
species present*

Density (number of shrubs/ha)

Mean Minimum Maximum
Deep blackbrush

Artemisia filifolia sand sagebrush 3 217 0 1,000

Atriplex canescens fourwing saltbush 1 8 0 67

Coleogyne ramosissima blackbrush 8 5,292 1,133 8,800

Ephedra torreyana Torrey’s jointfir 2 42 0 200

Ephedra viridis Mormon tea 2 58 0 267

Eriogonum leptocladon sand wild buckwheat 4 208 0 1,133

Juniperus osteosperma Utah juniper 3 25 0 67

Poliomintha incana purple sage 1 50 0 400

Purshia mexicana cliffrose 2 17 0 67

PJ / blackbrush

Cercocarpus intricatus dwarf mountain mahogany 1 8 0 67

Chrysothamnus nauseosus rubber rabbitbrush 2 25 0 133

Chrysothamnus viscidiflorus green rabbitbrush 3 33 0 133

Coleogyne ramosissima blackbrush 8 5,217 1,133 8,867

Ephedra torreyana Torrey’s jointfir 5 92 0 267

Ephedra viridis Mormon tea 6 300 0 1,000

Eriogonum bicolor pretty wild buckwheat 1 8 0 67

Eriogonum corymbosum crisp-leaf wild buckwheat 2 25 0 133

Eriogonum microthecum slender wild buckwheat 1 25 0 200

Fraxinus anomala singleleaf ash 1 17 0 133

Juniperus osteosperma Utah juniper 6 100 0 200

Pinus edulis two-needle pinyon 5 58 0 133

Purshia mexicana cliffrose 5 142 0 533

Grassland

Artemisia filifolia sand sagebrush 1 83 0 667

Atriplex canescens fourwing saltbush 2 58 0 267

Coleogyne ramosissima blackbrush 1 42 0 333

Krascheninnikovia lanata winterfat 6 3,225 0 13,800

* 8 plots were monitored in each ecological site type in 2011.
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Table 3-8. Mean (range) canopy- and basal-gap size by 
ecological site type, Arches National Park, 2011.

Ecological site type Canopy gap (cm) Basal gap (cm)

Deep blackbrush 
169

(107–206)
307

(193–408)

PJ / blackbrush
246

(169–342)
565

(336–1,145)

Grassland
176

(92–384)
215

(89–478)

Table 3-9. Mean (range) soil-aggregate stability measures by 
ecological site type, Arches National Park, 2011.

Ecological site type Total Protected* Unprotected*

Deep blackbrush
2.8

(1.9–4.1)
3.5

(1.0–4.9)
2.4

(1.4–3.4)

PJ / blackbrush
3.2

(1.9–4.8)
3.9

(1.8–5.3)
2.9

(1.6–4.8)

Grassland
3.1

(1.9–4.3)
4.0

(2.5–5.1)
2.6

(1.4–3.8)

*Protected are samples collected under vegetation; unprotected are samples col-
lected in the open.
Numbers range from 1 (least stable) to 6 (most stable).
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4  Discussion

In general, data from 2011 were similar to those 
from the previous year. One-half of plots moni-
tored in 2011 were newly established, and it is 
important to remember that any differences be-
tween years could be due to the different suite of 
plots sampled, rather than actual changes in eco-
logical site types. This variation will be accounted 
for in status and trend analyses after plots have 
been revisited; it is too early to draw conclusions 
from this preliminary data.

One notable difference in the 2011 data com-
pared to those from the previous year was that to-
tal grassland cover was much lower in 2011 than 
in 2010 (25.3% cover in 2011 vs. 40.3% in 2010; 
Witwicki 2012). This lower grassland cover can 
be attributed to a much higher cover of annual 
forbs in 2010, particularly Russian thistle (0.3% 
cover in 2011 vs. 20.1% in 2010; Witwicki 2012). 
The higher cover of annual forbs was likely due to 

the timing of sampling. Whereas plots were moni-
tored in the fall of 2010, after the annual forbs had 
had the entire growing season to mature, plots 
were sampled in the spring of 2011—too early to 
detect much Russian thistle cover, because plants 
would be very small at that time of year. Future 
monitoring at Arches NP is scheduled for spring; 
thus, frequency data, in which individuals are de-
tected regardless of size, will probably be more 
useful than cover data for monitoring changes in 
Russian thistle populations.

In 2012, twenty-four plots will be monitored ac-
cording to the full operational monitoring design, 
including 12 plots that will be newly established. 
Continued discussion will occur with Arches NP 
resource staff to ensure park expectations and 
needs are satisfied by NCPN integrated upland 
monitoring. A status and trend report will be 
produced after five full years of monitoring have 
been completed.
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Exotic Plant Walk

		Unit_Code		Visit_Year		Master_Stratification		Ecosite		Plot_ID		Utah_Species		Master_Common_Name		Lifeform		Duration		Alive		Notes

		ARCH		2011		deep blackbrush		SDS210		20		Bromus tectorum		Cheatgrass		Graminoid		Annual				Lightly scattered throughout plot, except for a dense patch at the end of T1.

		ARCH		2011		deep blackbrush		SDS210		21		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered throughout plot.

		ARCH		2011		deep blackbrush		SDS210		28		Bromus tectorum		Cheatgrass		Graminoid		Annual				a few individuals

		ARCH		2011		deep blackbrush		SDS210		46		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few sprigs in the middle of T1 and T3

		ARCH		2011		deep blackbrush		SDS210		20		Salsola tragus		Russian-thistle		Forb		Annual				Scattered throughout plot.

		ARCH		2011		deep blackbrush		SDS210		21		Salsola tragus		Russian-thistle		Forb		Annual				Sparsely scattered throughout plot.

		ARCH		2011		deep blackbrush		SDS210		28		Salsola tragus		Russian-thistle		Forb		Annual				a few seedlings

		ARCH		2011		grassland		SDSL215		25		Bromus tectorum		Cheatgrass		Graminoid		Annual				A single specimen noted at the beginning of T3

		ARCH		2011		grassland		SDSL215		34		Bromus tectorum		Cheatgrass		Graminoid		Annual				Cheatgrass is scattered throughout the plot.

		ARCH		2011		grassland		SDS212		38		Bromus tectorum		Cheatgrass		Graminoid		Annual				I would say it is not taking over, as there is a lot of Festuca octoflora underneath the shrubs.

		ARCH		2011		grassland		SDSL215		43		Bromus tectorum		Cheatgrass		Graminoid		Annual				Lots of it in plot.

		ARCH		2011		grassland		SDSL215		34		Chorispora tenella		Blue mustard		Forb		Annual				Musk mustard is widely scattered throughout the plot.

		ARCH		2011		grassland		SDSL215		25		Salsola tragus		Russian-thistle		Forb		Annual				Scattered throughout plot

		ARCH		2011		grassland		SDSL215		43		Salsola tragus		Russian-thistle		Forb		Annual				Only a few seedlings; more to come.

		ARCH		2011		grassland		SDSL215		47		Salsola tragus		Russian-thistle		Forb		Annual				Just a few seedlings scattered around this early in the year - difficult to see them!

		ARCH		2011		grassland		SDSL215		43		Sisymbrium altissimum		Tumble mustard		Forb		Annual				Only one plant.

		ARCH		2011		PJ		SDSSL236		19		Bromus tectorum		Cheatgrass		Graminoid		Annual				One individual on T1 was plucked.

		ARCH		2011		PJ		SDSSL236		62		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few plants near plot.

		ARCH		2011		PJ		SDSSL236		79		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few specimens located next to wash on T2.  All noted plants pulled!

		ARCH		2011		PJ		SDSSL236		69		Malcolmia africana		African mustard		Forb		Annual				Small patches near T2, T3 origins.
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Live_Percent_Cover

		Unit_ Code		Visit_Year		Ecosite_Type		Ecosite		PlotID		ABFR2		ACHY		AMUT		ARFI2		ASTRA		ATCA2		BRTE		CHER2		CHST		CHVI		COAR2		CORA		CRCR3		CRYPT		DEAN		DEIN5		DESO2		EPTO		EPVI		ERCO14		ERLE9		ERNA10		FRAN2		HECO		JUOS		KRLA		LAOC		LEDE		LEMO2		MACA		OPUNT		PIED		PLJA		PLPA2		POFE		POIN3		PUST		QUHA3		RUHY		SATR12		SPCR		SPPA2		STIPA		STLO4		TOIN		UNKAF		VUOC		WYSC		YUCCA

		ARCH		2011		deep blackbrush		SDS210		16		0.3												0.3										11.7														0.7																								0.7												0.7														0.3

		ARCH		2011		deep blackbrush		SDS210		20								2.0						0.3										13.0														1.0																								2.0																										0.3

		ARCH		2011		deep blackbrush		SDS210		21		0.3		0.3				1.3						1.0				0.3						4.0		0.7												7.3				2.0								2.3						0.7						0.3						1.0																		0.7						0.3		0.7

		ARCH		2011		deep blackbrush		SDS210		28								0.7																10.7														0.3												2.7																						0.3																		0.3				0.7		0.3

		ARCH		2011		deep blackbrush		SDS210		35																								6.0														5.7																				0.3				0.7																																0.3

		ARCH		2011		deep blackbrush		SDS210		36																								6.3																										4.0												0.3												0.7		1.3																						0.3

		ARCH		2011		deep blackbrush		SDS210		46																								14.3												1.3																										1.3				0.3																						0.3						0.7

		ARCH		2011		deep blackbrush		SDS210		49														1.0										20.0		0.7												1.3				0.3								1.0												0.7						0.3										0.3										0.7						0.3

		ARCH		2011		grassland		SDS212		30				1.7								0.3										0.3				0.3												5.0										0.3				0.3																1.0														0.3		1.0

		ARCH		2011		grassland		SDS212		38				0.7										4.3																0.3		0.3																				9.7														1.0		3.7														0.3												2.3

		ARCH		2011		grassland		SDSL215		25																										1.0																																										4.3														2.3		0.3		0.3						0.3

		ARCH		2011		grassland		SDSL215		26				0.3										7.0												3.3								0.3																				0.3														3.3												0.3		0.3		0.3										1.7

		ARCH		2011		grassland		SDSL215		34				1.0										8.0		2.7																						7.0														4.0								0.3						0.7																												0.3

		ARCH		2011		grassland		SDSL215		39				1.7																				1.3		0.3						0.3						2.7														0.7										2.0				1.7		0.7														0.7				1.0

		ARCH		2011		grassland		SDSL215		43				1.0								0.3		15.0												0.3						1.0						0.3																0.3												0.3		1.0										2.7		0.7		1.3		0.3

		ARCH		2011		grassland		SDSL215		47				1.0						0.3																												3.7																												0.7		0.7														0.3				8.3

		ARCH		2011		PJ		SDSSL236		19																								2.0														1.7												6.0														1.7						0.3

		ARCH		2011		PJ		SDSSL236		24																				0.3				9.0														1.3								0.3				3.7				0.3										0.3

		ARCH		2011		PJ		SDSSL236		45						0.3																		7.0														0.7		0.3										5.3														0.7										0.3

		ARCH		2011		PJ		SDSSL236		62																								5.7				0.3								2.0														3.3																								0.3		0.3

		ARCH		2011		PJ		SDSSL236		69																				0.3				3.7																										2.3																								1.0

		ARCH		2011		PJ		SDSSL236		79																								5.7																										3.3												0.7		0.7												0.3

		ARCH		2011		PJ		SDSSL236		81																								5.3								0.3																		9.3												1.7		7.3										1.7

		ARCH		2011		PJ		SDSSL236		97				0.3																				4.3												0.7		1.3						0.3						0.7												0.7		1.7
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Total_Percent_Cover

		Unit_ Code		Visit_Year		Ecosite_Type		Ecosite		PlotID		ABFR2		ACHY		AMAC2		AMUT		ARFI2		ARPU9		ASTRA		ATCA2		BRTE		CHER2		CHST		CHVI		COAR2		CORA		COWR2		CRCR3		CRYPT		DEAN		DEIN5		DESO2		EPHED		EPTO		EPVI		ERCE		ERCO14		ERIN4		ERLE9		ERNA10		FRAN2		GUSA2		HECO		HEVI4		JUOS		KRLA		LAOC		LEDE		LEMO2		MACA		MEAL6		OPUNT		PIED		PLJA		PLPA2		POFE		POIN3		PUST		QUHA3		RUHY		SATR12		SPCR		SPPA2		STIPA		STLO4		TOIN		UNKAF		UNKPF		UNKPG		VUOC		WYSC		YUCCA

		ARCH		2011		deep blackbrush		SDS210		16		0.3																0.7										14.0						0.3												0.7								0.3																										0.7												0.7						0.3								0.3				0.3

		ARCH		2011		deep blackbrush		SDS210		20						0.3				5.7								0.3										16.3		0.7																1.0								0.7																				0.3						2.0																		1.0								0.3

		ARCH		2011		deep blackbrush		SDS210		21		0.3		0.3						1.7								1.0				0.3						5.3				0.7														8.3								2.7						0.7						2.3						0.7								1.3						1.0														1.0				0.7						0.7						0.7

		ARCH		2011		deep blackbrush		SDS210		28				0.7						1.3																		15.0		0.3																0.3																				3.0																		0.7						0.3				0.3														0.3								0.7		0.3

		ARCH		2011		deep blackbrush		SDS210		35																												10.0														0.3				6.7		6.3																						0.7				1.0						1.3																																		0.3		0.3

		ARCH		2011		deep blackbrush		SDS210		36																												9.7																																						4.3														0.3												0.7		2.0																										1.0

		ARCH		2011		deep blackbrush		SDS210		46																												20.7																1.7																																				3.0				0.3																						0.3				0.3						0.7

		ARCH		2011		deep blackbrush		SDS210		49																		1.0										31.3				0.7														1.3								0.3												1.0														0.7						0.3										0.3				0.3						0.7				0.7						0.3

		ARCH		2011		grassland		SDS212		30				1.7						0.7		0.3				0.3										0.3						0.7														6.0		0.7														1.0						0.3												0.7				1.3		1.0														1.0		1.0		0.3										1.7

		ARCH		2011		grassland		SDS212		38				0.7														4.7																		0.3		0.3																														13.7																5.7		4.0														1.3														0.7		2.3

		ARCH		2011		grassland		SDSL215		25																																1.0																																																				0.3		4.7												0.7		6.7		0.3		0.3						0.3				0.3

		ARCH		2011		grassland		SDSL215		26				0.3														7.3														3.3								0.3																												0.3		0.3														0.7		3.7												0.7		4.3		0.3														1.7

		ARCH		2011		grassland		SDSL215		34				1.7														9.3		2.7																										7.7																						5.3								0.3								8.3																1.3														0.3		0.3

		ARCH		2011		grassland		SDSL215		39				2.7																								1.7				0.3						0.3								3.0																						1.3												4.0				9.3		1.0														2.7				1.3										2.0

		ARCH		2011		grassland		SDSL215		43				2.0												0.3		15.3														0.3						1.0								0.3																								0.3														0.7		1.0										2.7		0.7		4.3		0.3										0.3		0.7

		ARCH		2011		grassland		SDSL215		47				1.0										0.3																																6.0																																						2.0		0.7														2.3				19.3						0.3				2.0

		ARCH		2011		PJ		SDSSL236		19																												2.7																		2.3														0.3						6.3																3.7						0.3																						0.3

		ARCH		2011		PJ		SDSSL236		24																								0.3				12.0						0.3										0.3		1.7												0.7						0.3		4.0				0.3												0.3

		ARCH		2011		PJ		SDSSL236		45								0.7																				8.7																		0.7				0.3								0.7								5.7																0.7										2.0

		ARCH		2011		PJ		SDSSL236		62																												9.0						0.3										2.7																						3.3																										0.7		0.3																0.3

		ARCH		2011		PJ		SDSSL236		69																								0.3				4.7																0.7								0.7								0.3						2.3																										2.3

		ARCH		2011		PJ		SDSSL236		79																												10.0																																						3.7														0.7		0.7												1.7

		ARCH		2011		PJ		SDSSL236		81																												8.3										0.3																												11.0								0.3				0.3		3.0		7.7										1.7																												0.3

		ARCH		2011		PJ		SDSSL236		97				0.3																								8.7																0.7		1.7										0.3										1.3								1.0						0.7		3.3





Species_code

		Master_PLANT_Code		Utah_Species		Master_Common_Name		Lifeform		Duration		Nativity

		ABFR2		Abronia fragrans		Fragrant sand-verbena		Forb		Perennial		Native

		ACHY		Stipa hymenoides		Indian ricegrass		Graminoid		Perennial		Native

		AMAC2		Ambrosia acanthicarpa		Bur ragweed		Forb		Annual		Native

		AMUT		Amelanchier utahensis		Utah serviceberry		Shrub		Perennial		Native

		ARFI2		Artemisia filifolia		Sand sagebrush		Shrub		Perennial		Native

		ARPU9		Aristida purpurea		Purple three-awn		Graminoid		Perennial		Native

		ASTRA		Astragalus sp.		milkvetch (sp).		Forb		Perennial		Native

		ATCA2		Atriplex canescens		Four-wing saltbush		Shrub		Perennial		Native

		BRTE		Bromus tectorum		Cheatgrass		Graminoid		Annual		NonNative

		CHER2		Chaetopappa ericoides		Rose-heath		Forb		Perennial		Native

		CHST		Chaenactis stevioides		Stevia dusty-maiden		Forb		Annual		Native

		CHVI		Chrysothamnus viscidiflorus		Green rabbitbrush		Shrub		Perennial		Native

		COAR2		Corydalis aurea		Golden smoke		Forb		Perennial		Native

		CORA		Coleogyne ramosissima		Blackbrush		Shrub		Perennial		Native

		COWR2		Cordylanthus wrightii		Wright's bird's-beak		Forb		Annual		Native

		CRCR3		Cryptantha crassisepala		Thick-sepaled cryptanth		Forb		Annual		Native

		CRYPT		Cryptantha sp.		cryptanth (sp).		Forb		Perennial		Native

		DEAN		Delphinium andersonii		Anderson's larkspur		Forb		Perennial		Native

		DEIN5		Descurainia incana		mountain tansymustard		Forb		Annual		Native

		DESO2		Descurainia sophia		Flixweed		Forb		Annual		NonNative

		EPHED		Ephedra sp.		jointfir

		EPTO		Ephedra torreyana		Torrey's mormontea		Shrub		Perennial		Native

		EPVI		Ephedra viridis		Green ephedra		Shrub		Perennial		Native

		ERCE		Eriogonum cernuum		Nodding wild buckwheat		Forb		Annual		Native

		ERCO14		Eriogonum corymbosum		Crisp-leaf wild buckwheat		Shrub		Perennial		Native

		ERIN4		Eriogonum inflatum		Desert trumpet		Forb		Perennial		Native

		ERLE9		Eriogonum leptocladon		Sand wild buckwheat		Shrub		Perennial		Native

		ERNA10		Chrysothamnus nauseosus		rabbitbrush (sp).		Shrub		Perennial		Native

		FRAN2		Fraxinus anomala		Singleleaf ash		Shrub		Perennial		Native

		GUSA2		Gutierrezia sarothrae		Broom snakeweed		DwarfShrub		Perennial		Native

		HECO		Stipa comata		Needle-and-thread		Graminoid		Perennial		Native

		HEVI4		Chrysopsis villosa		hairy false goldenaster		Forb		Perennial		Native

		JUOS		Juniperus osteosperma		Utah juniper		Tree		Perennial		Native

		KRLA		Krascheninnikovia lanata		Winterfat		Shrub		Perennial		Native

		LAOC		Lappula occidentalis		Western stickseed		Forb		Annual		Native

		LEDE		Lepidium densiflorum		Prairie pepperwort		Forb		Annual		Native

		LEMO2		Lepidium montanum		Mountain pepperwort		Forb		Perennial		Native

		MACA		Machaeranthera canescens		Hoary aster		Forb		Perennial		Native

		MEAL6		Mentzelia albicaulis		White-stem blazingstar		Forb		Annual		Native

		OPUNT		Opuntia sp.		pricklypear (sp).		DwarfShrub		Perennial		Native

		PIED		Pinus edulis		Two-needle pinyon		Tree		Perennial		Native

		PLJA		Hilaria jamesii		Galleta		Graminoid		Perennial		Native

		PLPA2		Plantago patagonica		Woolly plantain		Forb		Annual		Native

		POFE		Poa fendleriana		Muttongrass		Graminoid		Perennial		Native

		POIN3		Poliomintha incana		Purple sage		Shrub		Perennial		Native

		PUST		Purshia mexicana		Cliff-rose		Shrub		Perennial		Native

		QUHA3		Quercus welshii		Havard oak		Shrub		Perennial		Native

		RUHY		Rumex hymenosepalus		Canaigre dock		Forb		Perennial		Native

		SATR12		Salsola tragus		Russian-thistle		Forb		Annual		NonNative

		SPCR		Sporobolus cryptandrus		Sand dropseed		Graminoid		Perennial		Native

		SPPA2		Sphaeralcea parvifolia		Small-leaf globemallow		Forb		Perennial		Native

		STIPA		Stipa sp.				Graminoid		Perennial		Native

		STLO4		Streptanthella longirostris		Long-beak fiddle-mustard		Forb		Annual		Native

		TOIN		Townsendia incana		Hoary townsendia		Forb		Perennial		Native

		UNKAF		unknown annual forb				Forb		Annual

		UNKPF		unknown perennial forb				Forb		Perennial

		UNKPG		unknown perennial graminoid				Graminoid		Perennial

		VUOC		Festuca octoflora		Six-weeks fescue		Graminoid		Annual		Native

		WYSC		Wyethia scabra		Rough mule's-ears		Forb		Perennial		Native

		YUCCA		Yucca sp.		yucca (sp).		DwarfShrub		Perennial		Native





