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

The Natural Resource Technical Report Series is used to disseminate results of scientific
studies in the physical, biological, and social sciences for both the advancement of science
and the achievement of the National Park Service mission. The series provides contributors
with a forum for displaying comprehensive data that are often deleted from journals because
of page limitations.

All manuscripts in the series receive the appropriate level of peer review to ensure that the
information is scientifically credible, technically accurate, appropriately written for the in-
tended audience, and designed and published in a professional manner. This report received
informal peer review by subject-matter experts who were not directly involved in the collec-
tion, analysis, or reporting of the data.

Views, statements, findings, conclusions, recommendations, and data in this report do not
necessarily reflect views and policies of the National Park Service, U.S. Department of the
Interior. Mention of trade names or commercial products does not constitute endorsement
or recommendation for use by the U.S. Government.

This report is available from the Northern Colorado Plateau Network website,
http://www.nature.nps.gov/im/units/ncpn, as well as at the Natural Resource Publications
Management web site, http://www.nature.nps.gov/publications/nrpm.

Please cite this publication as:

Witwicki, D. 2013. Integrated upland monitoring in Canyonlands National Park: annual re-
port 2011 (non-sensitive version). Natural Resource Technical Report NPS/NCPN/NRTR—
2013/700.N. National Park Service, Fort Collins, Colorado.

NPS 164/119979, March 2013
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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 Canyonlands National Park (NP)
during 2011. It outlines goals and objectives of NCPN upland monitoring, methods of the
upland monitoring 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, the NCPN completed its sixth year of monitoring at Canyonlands NP, which was
the third year of monitoring under the long-term operational sampling design. Forty-seven
plots were monitored in the Island in the Sky and Needles districts of the park, including 23
grassland plots, 12 shallow blackbrush plots, and 12 pinyon-juniper/blackbrush plots. Early
monitoring data describe status of ecological site types; interpretation is limited until addi-
tional 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

use, Arches National Park.

] I R N

Figure 1-1. Example of damage caused to biological soil crust by off-road vehicle
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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 stabil-
ity, and hydrologic function in the con-
text of changes in other ecological drivers,
stressors, and processes. Monitoring will
increase fundamental understanding of
upland systems and provide managers with
early warning of undesirable change and in-
formation for management decisions. Spe-
cific objectives of integrated upland moni-
toring at Canyonlands National Park are
described below.

Determine status and trends in plant com-
munities, including:
e overall species richness

e cover of vegetation by dominant species
and lifeform

e density of shrubs by size class
e frequency of exotic invasive species

Determine status and trends in soil stability,
including:

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

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

e soil aggregate stability

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

Determine status and trends in hydrologic
function, including:

e 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.

2
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2 Methods

2.1 Integrated upland monitoring
in Canyonlands National Park

2.1.1 Resource issues driving upland
monitoring

During discussions with NCPN staff in 2005,
park resource managers identified the de-
velopment and subsequent impacts of un-
authorized social trails in grass- and shrub-
dominated systems as their primary issue
of concern in park uplands. Managers were
concerned about potential system degrada-
tion due to trampling of biological crust and
subsequent increases in wind and water ero-
sion of soil. Due to various limitations, the
initial monitoring effort was restricted to the
Island in the Sky and Needles districts, which
collectively comprise about 77% (104,818
ha) of the park land area (136,610 ha).

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 fil-
tered out of the sampling frame. Areas lo-
cated on slopes of >50% and/or isolated by
steep slopes were eliminated. Due primar-
ily to costs, areas accessible only by floating
the Green and Colorado rivers were also
eliminated from consideration. Accessibil-
ity and slope features were generated using
the Landscape Accessibility Model (http://
science.nature.nps.gov/im/units/ncpn/Tools.
cfm). A 10-m buffer was applied to paved
roads and a 50-m buffer applied to dwellings;
buffered areas were then eliminated from
further consideration.

Monitoring near existing social trails, trans-
portation networks, and developments (e.g.,
campgrounds) was considered acceptable
given the emphasis on monitoring the im-
pacts of unauthorized social trails, and the
propensity for such trails to emanate from
human-use areas. Creating relatively narrow
buffer widths and including trails in the spa-
tial data layers also helped accommodate the
overarching monitoring goals. These filter-
ing procedures retained 58% (61,048 ha) of

the original 104,818 ha area, and provided an
accessible-area map.

2.1.2.2 Selecting and mapping 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. Stratifying by
ecological site allows us to tease out varying
responses to anthropogenic and natural dis-
turbances; however, ecological sites may be
aggregated and analyzed by vegetation type
or ecological-site type for general summary
purposes.

Ecological sites corresponding to grassland
and shrubland systems were identified from
the Canyonlands Soil Survey (SCS 1991).
Given the anticipated limitations of NCPN
monitoring, the four most spatially extensive
grassland sites (Desert Sand, Desert Sandy
Loam, Semidesert Sand, and Semidesert San-
dy Loam) and the two most spatially exten-
sive shrubland sites (Desert Shallow Sandy
Loam [Blackbrush] and Semidesert Shallow
Sandy Loam [Pinyon-Juniper/Blackbrush])
were selected as target ecological sites (Table
2-1, Figure 2-1). Target grassland sites ac-
counted for approximately 18% of the acces-
sible area, but that 18% accounted for 83%
of the accessible land area reported to be
grassland. Target shrubland sites comprised
approximately 27% of total accessible area,
which accounted for 85% of accessible shru-
bland area.

We used predictive mapping software to map
the six target ecological sites in Canyonlands
NP (Garman 2008; Garman et al. 2010).

2.1.3 Selection of monitoring locations

Using the predicted ecological site map, mon-
itoring plots were selected using the Gener-
alized Random Tessellated Stratified (GRTS)
method (Stevens and Olsen 2004) to create a
spatially balanced design. Coordinates corre-
sponded to the centroid of a plot. To accom-

Chapter 2: Methods

3


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

9€71Ssas

"9peAul Aew sqJioj [enuue pue sseibieayd auolspues wouj sesawl / (UoAuig-1adiung  ysnugpe|q
Jead Appuud pue ‘ysnugype|q adiunf auld uoAuid pue Jadiun( sysodap ueljod pue saypuaq uo yein) weo Apues faadiun(
pasealul pue sseabydung paseadsg ‘'ysnugpe|q Aq paleulwog  Jo/pue wnnpisay sweo| Apues mojjeys ouzly  MOJ|BYS 13sIPIWSS -uoAuld

dleys
"apeAul Aew 33sIy} pue ‘auolsawl]| syusawdJiedss uo €€11ssa
ueissny pue sseibjeay) ‘pasmadeus ‘auolspues wouj  sabpa| pue sayduaq / (Ysniagxe|q)
pue ysnigde|q paseadul pue ea) s}sodap UeI[0d  |BINIDNJIS UO SWEO| aidoxuao|p| weoq Apues  ysnugype|q
UOWLIOJA pue sassesbydung paseatdaq ysnigype|q Aq pajeuiwoq pue wnnpisay Kpues mojjeys EEIRIVE MoO||eys 1asaQ Mo|[eys
puejgnays
"apeAul £} UOWIOI\ pue auolspues wouj 5121sas

Kew 3J3s1y3 ueissny pue sseabyeayd uead  ‘ysngijes buiminoy ‘peasyy Kuiew panuap / (ysngyes
Appud pue ‘a1 UOWIOI ‘pPaSMIRUS pue 3|pasu ‘sselbadi sysodap ueljod sAS||eA pue sesaw uo jueqpay Buiminoy) weon
paseaJdul pue sseibydung paseadag ueipu| Aq paleutwoq pue wniAn||y sweo| Apues deag ‘oneub) ‘Aebag Kpueg 1asapiwas

‘apenul Aew
9351y} ueissny "abes pues pue “adiun| B3} UOWIOI\ pue auolspues SEETIN z1zsas
“1ead Appiud ‘pasmadeus paseasdul pue  ‘ysngijes buiminoy ‘sseibadil woJ) panLIap pues pue saunp / (ysngijes buiminoy)
ysngyjes pue sseibydung paseatdaq uelpu| Aq pajeuiwoq sysodap ueljo3 uo spues daaq opIIAl pues 1asapIwas
‘apeAul auolspues shajen
Kew 3351y} uelssny pue ssedbieayd "eay ysngyjes buiminoy pue W0y PAAIIBP  peouq pue ‘sadessd)  alepybnouoyl 8111sd
UOWLIO|A| puB paamayeus paseasdul pue ‘spaasdolp ‘e3a|eb ‘sse1badii sysodap ueljoa weals ‘sesaw Uo ‘IeleN  / (Ysngijes buiminoy)
ysngyjes pue sseibadll ueipu| paseatdaq uelpu| Aq pajeuiwog  JOo/pue WnIAN||Y sweo| Apues daag ‘1a1ydan|g  weoq Apues 1asaqg
Yysniqiiqqe
MO| pue ‘paamaeus ‘ysnigabes pues ysniqgabes pues auolspues s199ys S1L1sd
pasealul pue ‘spaasdoup ‘peatyy pue pue ‘spaasdoup ‘sse1bad14 woly PanLIBp pues pue ssunp / (ysnigabes
9|paau ‘sseubad1J uelpu| paseatdaq uelpu| Aq pajeuiwoq sysodap ueljo3 uo spues daaq pseddays pues) pues 1959 pue|sseln
snoacequaH
S23e)s saijiadoid annejabap sapadoid saipadoud 105 S9119S |10S LIOREJON /owieu ady ays
9AleUId) e palelpaw-dueqlnisig : : |edibojoan : : ; : 9)is |e2160]0d3 |e2160j033

adA} s;jwouboisAyd Aq dued [euoneN spuejuoAue) ui Huliojuow 1o} paldadIas sa}s [ed160]029 jo uondidsaq "L-z 9|qeL

Integrated Upland Monitoring in Canyonlands National Park: Annual Report 2011

4



 Semidesert ShaIIowUSahdy Loam

Figure 2-1. Examples of ecological sites monitored in Canyonlands National Park: Desert Sand (sand sagebrush), Desert Sandy Loam
(fourwing saltbush), Semidesert Sand (fourwing saltbush), Semidesert Sandy Loam (fourwing saltbush), Desert Shallow Sandy Loam
(blackbrush), and Semidesert Shallow Sandy Loam (Utah juniper/pinyon). See Table 2-1 for descriptions of ecological sites.
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modate rejection, 300 sites were selected per
ecological site. Within each ecological site,
plots were established in ascending order of
plot number. If a plot was rejected (e.g., due
to incorrect ecological site type), the next se-
quentially ordered plot was used.

2.1.4 Pilot study and long-term
sampling design

Upland monitoring was initiated at Canyon-
lands National Park in 2006. Eight monitor-
ing plots were established for each target
ecological site except Desert Sand, which was
not sampled during pilot monitoring due to
low spatial extent across the landscape. Plots
were sampled for 2-3 years and variances of
measures were used to evaluate power for
trend of potential operational sampling de-
signs. Details of this analysis are provided in
Witwicki (2010).

2.1.4.1 Long-term sampling design

Based on the analysis of pilot data, a long-
term operational sampling design was cre-
ated and implemented in 2009. To deal with
the cost of sampling extremely remote areas
of the park, the sampling frame was further
limited to a 4-km hiking distance. Ecological
sites were lumped into broader groups with
similar vegetation, precipitation, and soil
depth that we are calling ecological site types,
and the sampling design at Canyonlands NP
(Figure 2-2) was based on this. All four deep
grassland ecological sites were combined

into a larger grassland sampling frame, and
plots were established in order within this
ecological site type. This allowed the num-
ber of plots for each grassland ecological site
sampled to be determined by its approximate
area in the sampling frame. The two shru-
bland ecological sites remained as separate
ecological site types (shallow blackbrush and
pinyon-juniper (PJ)/blackbrush) containing
one ecological site each.

2.1.4.2 Revisit design

Each year, 24 grassland, 12 blackbrush, and
12 PJ/blackbrush plots are monitored (Figure
2-3). A total of 252 plots are sampled over a
seven-year revisit schedule. Half of the plots
arevisited for two consecutive years; the other
half are visited only once before being rested
for 5-6 years. This revisit strategy maximizes
the ability to detect trends and minimizes the
impact on biological soil crusts.

Plots in the Needles backcountry, defined
as the western part of the Needles district
accessed by driving very technical 4-wheel
drive roads, either over Elephant Hill or
down Bobby’s Hole, are considered the most
remote in the sampling design. These plots
have been lumped into panels 9 and 12 so
that they are only visited in two of the seven
years of the revisit design. This was done to
minimize travel time and costs associated
with getting to this remote part of the park
and to maximize the number of plots that
could be sampled overall.
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Figure 2-2. Location of monitoring plots in Canyonlands National Park, 2011.
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Figure 2-3. Number of plots sampled each year in grassland (A), shallow blackbrush (B), and PJ/blackbrush (B)
based on 7-year rotating panel revisit designs for long-term upland monitoring at Canyonlands National Park.

In grasslands, 24 plots are sampled each year among the 4 target grassland ecological sites, and 126 unique
plots are sampled over 7 years. In shallow blackbrush and PJ/blackbrush, 12 plots are sampled each year in
each ecological site type, and 63 unique plots are sampled in each ecological site type over 7 years.

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).
The location of a sample unit (or plot) is ran-
domly selected using procedures described
above. 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.

Ateach 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 1x1-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-
soil samples are taken along each transect to
assess soil-aggregate stability. Disturbances
observed on and around the site are also re-
corded. Beginningin 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 predicted
ecological site map, and the GRTS-generated
sampling locations are GIS-ArcMap shape
files and are stored with the Access database
on NCPN servers.
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Figure 2-4. Plot layout for upland monitoring of grasslands and shrublands.
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3 Results

3.1 Monitored plots

In 2011, forty-eight plots were monitored as
part of the long-term revisit design, including
24 grassland, 12 shallow blackbrush, and 12
PJ/blackbrush plots (see Figure 2-2). Twelve
plots were revisited (1/4 of the plots in each
ecological site type), and 36 new plots were
established among the three ecological site
types. Table 3-1 summarizes plot visits by
ecological site type, ecological site, and year
(tables begin on page 13).

Only 23 grassland plots, instead of the 24
original plots, are included in this report.
One plot was later determined to be a non-
target ecological site. Rebar was removed
from this plot, and it will not be included in
the long-term data set.

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 the 2012 field
season.

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 78 species were detected in Can-
yonlands NP in 2011. Species richness by
lifeform is reported in Table 3-2. Recorded
species were compared to the NPSpecies da-
tabase to determine first-time observations

in Canyonlands NP. No new species were
detected in the park in 2011.

No threatened or endangered species were
found on any plots in 2011. Threatened and
endangered plant species are not common in
the areas of Canyonlands NP monitored by
the network, and the NCPN does not specifi-
cally 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.

Percent cover of live and total dominant spe-
cies for each ecological site type is shown in
Table 3-4. Dominant species were selected
using species predicted by ecological site de-
scriptions and species frequently detected
in plots. The percent cover of all species re-
corded for each plot is included in an elec-
tronic appendix that accompanies this report
(canyll_species.xls).

3.2.3 Shrub density

Density of shrub species for each ecological
site type is shown in Table 3-5. In grasslands,
fourwing saltbush (Atriplex canescens) oc-
curred in the highest number of plots and
winterfat (Krascheninnikovia lanata) had
the highest density. Blackbrush (Coleogyne
ramosissima) occurred in all shallow black-
brush and PJ blackbrush plots and had the
highest shrub density in both ecological site
types. In shallow blackbrush plots, shadscale
(Atriplex confertifolia) and Torrey’s jointfir
(Ephedra torreyana) also had high densities.

Green ephedra (Ephedra viridis) is common
in grasslands at Canyonlands NP but is not
counted in our shrub density counts. Its low,
sprawling lifeform in this ecosystem makes it
extremely difficult to distinguish individuals,
and measuring density of E. viridis in Can-
yonlands NP grasslands is not repeatable.
Cover can alternatively be used to assess the
status of this species.
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3.2.4 Exotic species

Percent cover and frequency of detection of
exotic plant species is shown in Table 3-6.
When exotic species were detected, cover
and frequency were summarized for all plots
in the ecological site type.

Cover of exotic species was relatively low in
all ecological site types. Exotic species were
detected at a higher percentage of shallow
blackbrush plots (83% of plots) than in the
other ecological site types (65% of grassland
plots and 33% of PJ/blackbrush plots). Rus-
sian thistle (Salsola tragus) in grasslands had
the highest frequency of detection, with fre-
quency as high as 100% in one plot. Cheat-
grass (Bromus tectorum) was detected in all
ecological site types.

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 (canyll_exotics.
xIs).

3.2.5 Biological soil crust and surface
features

Biological soil crust and surface-feature cov-
er are shown in Table 3-7. The surface cover
at grassland plots was predominantly undif-
ferentiated crust with substantial portions of
litter and some more developed biological
soil crust components. Similarly, the surface
cover at PJ/blackbrush plots had the highest

amounts of undifferentiated crust and lit-
ter and more well-developed biological soil
crust components than any other ecological
site type. Shallow blackbrush plots tended to
have a surface cover of small rocks and undif-
ferentiated crust.

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 (Figures
begin on page 16). The most common size
of both canopy and basal gaps was >2 m in
length for all ecological 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. The numbers
are affected by soil texture, so it is important
to limit comparisons to similar soils that have
comparable amounts of sand, silt, and clay.
Extremely sandy soils may not have maxi-
mum soil stability values of 6.

The mean soil stability was generally lower in
shallow blackbrush than the other two eco-
logical site types. The soil surface has a high
cover of rocks (mean of nearly 65% cover of
small and large rocks and bedrock), and is
generally well-armored despite this low soil
stability rating.
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Table 3-1. Number of plots by ecological site type and ecological site monitored in Canyonlands National

Park, 2006-2011.

Number of plots monitored

2006 2007 2008 2009 2010 2011
(August- (May- (April- (May- (April- (April-

Ecological site type Ecological site September) June) August) June) May) May)
Grassland Desert Sand 0 0 0 1 2 6
Desert Sandy Loam 7 8 8 10 12 5
Semidesert Sand 7 8 8 4 2 3
Semidesert Sandy Loam 8 8 8 9 8 9
Non-target - - - - - 1
Shallow blackbrush  Desert Shallow Sandy Loam 1 8 8 10 12 12
PJ / blackbrush Semidesert Shallow Sandy Loam 8 8 8 12 12 12
Total 31 40 40 46 48 48

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, Canyonlands National Park, 2011.

Number of species detected

Ecological site type i

g yp Total Tree Shrub Perennial Annual Forb/
grass grass Herb

Grassland 11.9 0.3 2.8 3.8 0.6 4.3
(5-19) (0-2) (0-8) 2-7) (0-2) (1-8)

7.6 4.4 1.0 0.6 1.6

Shallow blackbrush (4-13) 0 (2-8) (0-2) (0-2) (0-5)

8.6 1.6 4.4 0.5 0.7 1.4

PJ / blackbrush (5-13) (0-2) (2-8) (0-2) (0-2) (0-4)
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Table 3-5. Density of shrub species per hectare by ecological site type, Canyonlands National Park, 2011.

Scientific name

Common name

No. of plots with

Density (number of shrubs/ha)

species present* Mean Minimum Maximum
Grassland
Artemisia tridentata big sagebrush 2 81 0 1,533
Atriplex canescens fourwing saltbush 13 168 0 800
Atriplex confertifolia shadescale 1 46 0 1,067
Chrysothamnus nauseosus rubber rabbitbrush 3 29 0 400
Chrysothamnus viscidiflorus green rabbitbrush 2 386 0 6,133
Coleogyne ramosissima blackbrush 6 168 0 2,133
Ephedra torreyana Torrey’s jointfir 1 12 0 267
Eriogonum leptocladon sand wild buckwheat 2 130 0 1,667
Juniperus osteosperma Utah juniper 1 6 0 133
Krascheninnikovia lanata winterfat 9 820 0 7,267
Mahonia fremontii Fremont’s mahonia 1 3 0 67
Sarcobatus vermiculatus greasewood 1 6 0 133
Symphoricarpos longiflorus long-flower snowberry 1 9 0 200
Shallow blackbrush
Artemisia bigelovii Bigelow’s sagebrush 22 0 200
Artemisia spinescens budsage 33 0 333
Atriplex confertifolia shadscale 11 1,294 0 3,667
Brickellia microphylla littleleaf brickellbush 1 11 0 133
Brickellia oblongifolia Mojave brickellbush 1 39 0 467
Chrysothamnus nauseosus rubber rabbitbrush 6 83 0 467
Coleogyne ramosissima blackbrush 12 2,400 200 6,867
Ephedra torreyana Torrey’s Mormon tea 11 639 0 1,200
Philadelphus microphyllus littleleaf mock-orange 1 6 0 67
Rhus trilobata skunkbush sumac 2 17 0 133
PJ / blackbrush
Artemisia bigelovii Bigelow's sagebrush 3 56 0 333
Atriplex canescens fourwing saltbush 2 11 0 67
Cercocarpus intricatus dwarf mountain mahogany 2 17 0 133
Chrysothamnus nauseosus rubber rabbitbrush 1 44 0 533
Chrysothamnus viscidiflorus green rabbitbrush 3 44 0 267
Coleogyne ramosissima blackbrush 12 2,228 33 6,333
Ephedra torreyana Torrey’s jointfir 3 61 0 600
Ephedra viridis Mormon tea 8 178 0 467
Eriogonum microthecum slender wild buckwheat 1 17 0 200
Fraxinus anomala singleleaf ash 5 50 0 200
Juniperus osteosperma Utah juniper 9 122 0 267
Pinus edulis two-needle pinyon 7 56 0 267
Purshia mexicana cliffrose 5 167 0 933
Symphoricarpos longiflorus long-flower snowberry 1 33 0 400

*1n 2011, 23 grassland, 12 shallow blackbrush, and 12 PJ/blackbrush plots were monitored.
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4 Discussion

In general, data from 2011 were similar to those
from previous years. Three-quarters of the plots
monitored in 2011 were newly established, and it
isimportant 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 these preliminary data.

One notable difference in the 2011 data, com-
pared to those of previous years, is the amount of
exotic plant species detected. Exotic species were
much more likely to be detected at plots using the
new frequency method than by using cover de-
rived from point-intercept sampling or density of
exotic perennials in the 1-m belt (which excluded
the common exotic annual species at Canyon-
lands NP). This difference is most likely because
the exotic frequency methods are better-suited
for detecting exotic species in these ecological
site types, and not due to an actual increase in ex-
otic plant species in the park in 2011.

In 2012, forty-eight plots will be monitored ac-
cording to the full operational monitoring design,
including 36 plots that will be newly established.
Continued discussion will occur with Canyon-
lands National Park resource staff to ensure that
park expectations and needs are satisfied by
NCPN integrated upland monitoring. A status
and trend report will be produced after the 2012
field season.
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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

		CANY		2011		blackbrush		DSSL133		195		Bromus tectorum		Cheatgrass		Graminoid		Annual				less than 1% of plot

		CANY		2011		blackbrush		DSSL133		230		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered throughout plot.  A few specimens pulled along T2.

		CANY		2011		blackbrush		DSSL133		406		Bromus tectorum		Cheatgrass		Graminoid		Annual				scattered sparsely throughout plot but not on the transects.

		CANY		2011		blackbrush		DSSL133		423		Bromus tectorum		Cheatgrass		Graminoid		Annual

		CANY		2011		blackbrush		DSSL133		487		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered on T3 and between T2 and T3 origins (scattered near wash).

		CANY		2011		blackbrush		DSSL133		550		Bromus tectorum		Cheatgrass		Graminoid		Annual				Slightly scattered throughout plot.

		CANY		2011		blackbrush		DSSL133		554		Bromus tectorum		Cheatgrass		Graminoid		Annual				very few and small patches

		CANY		2011		blackbrush		DSSL133		566		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few specimens noted along and just downhill of transects.

		CANY		2011		blackbrush		DSSL133		570		Bromus tectorum		Cheatgrass		Graminoid		Annual				There was one very small patch (several plants) of Bromus tectorum on the plot.

		CANY		2011		blackbrush		DSSL133		609		Bromus tectorum		Cheatgrass		Graminoid		Annual				covers less than 1% of plot

		CANY		2011		blackbrush		DSSL133		262		Halogeton glomeratus		Halogeton		Forb		Annual				Lightly scattered throughout plot.

		CANY		2011		blackbrush		DSSL133		423		Halogeton glomeratus		Halogeton		Forb		Annual

		CANY		2011		blackbrush		DSSL133		550		Halogeton glomeratus		Halogeton		Forb		Annual				Scattered throughout plot.

		CANY		2011		blackbrush		DSSL133		566		Halogeton glomeratus		Halogeton		Forb		Annual				Scattered throughout plot.

		CANY		2011		blackbrush		DSSL133		195		Malcolmia africana		African mustard		Forb		Annual				not much, far less than 1% of plot

		CANY		2011		blackbrush		DSSL133		554		Salsola tragus		Russian-thistle		Forb		Annual				one spot, on T.3 at 30 meters

		CANY		2011		blackbrush		DSSL133		390		Sisymbrium altissimum		Tumble mustard		Forb		Annual				scattered, only a few plants on plot

		CANY		2011		grassland		SDSL215		197		Bassia scoparia		Summer-cypress		Forb		Annual				The tall (>2 m) old skeletons from last year's crop are scattered throughout the plot.  It is too early in the season for any seedlings.

		CANY		2011		grassland		SDS212		266		Bromus tectorum		Cheatgrass		Graminoid		Annual				one sprig near T3 - pulled

		CANY		2011		grassland		DS115		292		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few Bromus tectorum plants were spotted on the plot.

		CANY		2011		grassland		DS115		298		Bromus tectorum		Cheatgrass		Graminoid		Annual				There are a few small patches of Bromus tectorum throughout the plot.

		CANY		2011		grassland		DSL118		304		Bromus tectorum		Cheatgrass		Graminoid		Annual				There is some Bromus tectorum along the wash around T2.

		CANY		2011		grassland		DS115		310		Bromus tectorum		Cheatgrass		Graminoid		Annual				scattered throughout plot although not too invasive on transects.

		CANY		2011		grassland		DS115		319		Bromus tectorum		Cheatgrass		Graminoid		Annual				One Bromus tectorum spotted near T3.

		CANY		2011		grassland		DSL118		356		Bromus tectorum		Cheatgrass		Graminoid		Annual				There is also a very small amount of Bromus tectorum on the plot.

		CANY		2011		grassland		DS115		360		Bromus tectorum		Cheatgrass		Graminoid		Annual				a couple of plants along T.1; just below T.2-O there was a small clump

		CANY		2011		grassland		SDS212		363		Bromus tectorum		Cheatgrass		Graminoid		Annual				Cheatgrass is concentrated underneath the burned juniper, and is widely scattered on plot otherwise.

		CANY		2011		grassland		SDS212		369		Bromus tectorum		Cheatgrass		Graminoid		Annual				Lots of Bromus tectorum between T1 and T2 in a patch under juniper. There is also Bromus tectorum around the plot.

		CANY		2011		grassland		DSL118		184		Salsola tragus		Russian-thistle		Forb		Annual				seedlings abundant, but only cover less than 1% of plot

		CANY		2011		grassland		DS115		200		Salsola tragus		Russian-thistle		Forb		Annual				hardly any seedlings or skeletons

		CANY		2011		grassland		DSL118		212		Salsola tragus		Russian-thistle		Forb		Annual				little seedlings and some dead skeletons, still less than 1% of plot

		CANY		2011		grassland		SDSL215		264		Salsola tragus		Russian-thistle		Forb		Annual				seedlings only, so they cover hardly any of the plot

		CANY		2011		grassland		DS115		292		Salsola tragus		Russian-thistle		Forb		Annual				There is a small number of Salsola tragus seedlings throughout the plot.  About 200 m downhill from the plot there is an increase in Salsola, this may be invading toward the plot.

		CANY		2011		grassland		DSL118		296		Salsola tragus		Russian-thistle		Forb		Annual				many seedlings sprouting, so still covers less than 1-1% of plot

		CANY		2011		grassland		DS115		298		Salsola tragus		Russian-thistle		Forb		Annual				Very small amount.

		CANY		2011		grassland		DS115		319		Salsola tragus		Russian-thistle		Forb		Annual				There is a small amount of Salsola tragus throughout the plot.

		CANY		2011		grassland		DSL118		356		Salsola tragus		Russian-thistle		Forb		Annual				This plot has Salsola throughout. Just downhill of the plot there is less winterfat and Salsola becomes the dominant species.

		CANY		2011		grassland		DS115		360		Salsola tragus		Russian-thistle		Forb		Annual				abundant seedlings, especially on T.3, so 1-2% of plot

		CANY		2011		grassland		SDS212		363		Salsola tragus		Russian-thistle		Forb		Annual				A few old Russian thistle skeletons are scattered around, as are a few seedlings.

		CANY		2011		grassland		SDS212		369		Salsola tragus		Russian-thistle		Forb		Annual				Dead litter from last season scattered in plot.

		CANY		2011		grassland		SDSL215		201		Tragopogon dubius		Yellow salsify		Forb		Biennial				A few scattered plants.

		CANY		2011		grassland		SDSL215		277		Tragopogon dubius		Yellow salsify		Forb		Biennial				Tragopogon is scattered throughout the plot.

		CANY		2011		grassland		SDSL215		361		Tragopogon dubius		Yellow salsify		Forb		Biennial				only a few plants seen

		CANY		2011		nontarget		Non-target		318		Bromus tectorum		Cheatgrass		Graminoid		Annual				There is a small amount of Bromus tectorum throughout the plot.

		CANY		2011		nontarget		Non-target		318		Halogeton glomeratus		Halogeton		Forb		Annual				There are lots of last years halogeton plants throughout the plot. There are also a few halogeton seedlings on the plot.

		CANY		2011		PJ		SDSSL236		445		Bromus tectorum		Cheatgrass		Graminoid		Annual				A very few individuals scattered around.

		CANY		2011		PJ		SDSSL236		461		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered throughout plot.  Some specimens pulled.

		CANY		2011		PJ		SDSSL236		776		Bromus tectorum		Cheatgrass		Graminoid		Annual				There was a small patch of Bromus tectorum on transect 3.

		CANY		2011		PJ		SDSSL236		779		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered lightly throughout plot.  Noted specimens pulled.

		CANY		2011		PJ		SDSSL236		445		Salsola tragus		Russian-thistle		Forb		Annual				One spot had about ten seedlings.
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Live_Percent_Cover

		UnitCode		Visit_Year		Ecosite_Type		Ecosite		PlotID		ABFR2		ACHY		AMTO2		AMUT		ARBI3		ARCA12		ARPU9		ARTR2		ASTRA		ATCA2		ATCO		BOGR2		BROB		BRTE		CEIN7		CHST		CHVI		CORA		COWR2		CRCR3		CRYPT		CYAC		DEPI		ELEL5		EPTO		EPVI		ERCE		ERIN4		ERLE9		ERNA10		EROV		FRAN2		GAPI		GIIN2		GILE3		GILIA		GUSA2		HECO		HEVI4		HYFI		JUOS		KRLA		LAOC		LEMO2		MACA		MAGR2		MEAL6		MUPU2		OEPA		OPUNT		PAMU11		PIDE4		PIED		PLJA		PLPA2		POFE		PUST		QUGA		QUHA3		RHTR		RUHY		SATR12		SAVE4		SPCO		SPCO4		SPCR		SPFL2		SPJA3		SPORO		SPPA2		STEX		STIPA		SYLO		TOIN		TRDU		UNKPF		UNKPG		VUOC		XYVE		YUCCA

		CANY		2011		grassland		DSL118		184				1.7																																				2.0																										0.7																																										0.3		0.3														4.0						1.3		1.7								0.7

		CANY		2011		grassland		SDSL215		197																				0.3				0.3																												9.0																								2.3																								1.0										0.7												0.7										0.3												4.3												1.0

		CANY		2011		grassland		DS115		200												0.3		0.3						1.0																				0.7												0.3								0.3																														4.3						0.7		1.0												0.3																2.3				0.3		0.3		0.7				0.3

		CANY		2011		grassland		SDSL215		201				2																				2.0																												5.3																		1.3		0.3				5.3								0.7																		0.7						0.3		0.3																						0.3												0.3						0.7

		CANY		2011		grassland		SDSL215		202				1.3																0.3				2.0								0.3		8.0																		4.3																								1.7						1.0																												1.7																																														1.0

		CANY		2011		grassland		DSL118		212				0.3												2.7				3.0																				0.3																																		0.3								3.0																										1.0		1.3																						0.7

		CANY		2011		grassland		SDSL215		264														0.3																						0.7																0.3																						0.7										3.3																								2.3																0.3

		CANY		2011		grassland		SDS212		266				1.3																0.3				0.3								0.7		3.0																		3.0										0.3												0.3		0.3						9.3						2.0												0.3																																								0.3				1.0												0.3

		CANY		2011		grassland		SDSL215		277				1.3																0.3				1.7																												6.0																								10.0																								0.3		0.3																														0.3								0.3														0.3

		CANY		2011		grassland		SDSL215		281				5.0										0.3						2.0				3.0																						0.3						8.0		0.3																		0.3				5.0																		0.3																																						0.7												1.7												0.3

		CANY		2011		grassland		SDSL215		289				0.3																								2.0								13.7										0.7						12.0																1.0								0.3										0.3														0.3		0.3																														0.3																								0.3

		CANY		2011		grassland		DS115		292				0.7																																																																																7.0																								2.7																								0.7

		CANY		2011		grassland		DSL118		296				0.3																1.0																																																																						1.7				0.3																														1.3								1.7								0.7

		CANY		2011		grassland		DS115		298				2.0																		0.3														2.0																																																0.3																0.3								3.3		0.7																														1.0

		CANY		2011		grassland		DSL118		304														0.3		5.7				1.3																												0.3				0.3								2.0																		0.3				10.7						0.3												1.3						2.7		1.3								5.7																														0.7						0.3

		CANY		2011		grassland		DS115		310				2.0		1.3																										0.7				4.0														1.3										0.7								0.3																														0.3																																		0.3								0.7

		CANY		2011		grassland		DS115		319		0.3																		1.0																				2.0																		1.0																																4.0																		0.3																				0.7		0.7		0.3																								0.3

		CANY		2011		grassland		SDSL215		345				3.7																				0.3												0.7										0.7						9.0																		0.3						6.0																								0.7																																0.3												2.7												0.3

		CANY		2011		grassland		DSL118		356																																																																																				5.7																								0.7		0.3																						1.7

		CANY		2011		grassland		DS115		360				0.3																																				1.0																										2.0																												0.3														0.7		0.7														2.3								5.7

		CANY		2011		grassland		SDSL215		361				3.0																				0.7																												10.7																		0.3						7.7																								0.7								0.3

		CANY		2011		grassland		SDS212		363		0.3										0.3																1.3																								5.7						1.7																														0.3		0.3								1.0		1.3										3.3																						0.7										0.3														0.3

		CANY		2011		grassland		SDS212		369				4																								1.3								1.3										0.7						0.7																								1.7				0.7		6.0						2.0								0.7				0.7						3.3				2.0																																		0.3				0.7								1.7

		CANY		2011		nontarget		nontarget		318																		0.7										0.3								0.3														1.3																																				0.3																						3.3																																				0.3												0.3

		CANY		2011		PJ		SDSSL236		413																																				0.3																2.0												0.7																		3.7																		0.3						3.3								2.7

		CANY		2011		PJ		SDSSL236		445				0.3																																4.7										0.3						1.7																														11.7						0.3												0.7																																																								0.3

		CANY		2011		PJ		SDSSL236		461																												0.3		0.3						0.3		0.3				0.3				0.7						1.0																1.0														8.7				0.3																				8.7						0.3		0.3																																										0.3

		CANY		2011		PJ		SDSSL236		551										0.7																										7.3														0.7		1.7												0.7										0.3								7.3																										0.7						0.3

		CANY		2011		PJ		SDSSL236		557																																		0.3		0.3																								1.7														0.3								4.0																								5.3												1.0																												1.3

		CANY		2011		PJ		SDSSL236		578																																0.7				15.3																1.7																																																2.0																																																								0.3

		CANY		2011		PJ		SDSSL236		637																																				5.3																2.3																														3.0																		0.3						4.3

		CANY		2011		PJ		SDSSL236		653																														0.7				0.3		2.0																												1.7																		2.0										0.3														6.3																																																						0.3

		CANY		2011		PJ		SDSSL236		669																																				2.0																2.0																														7.7																								3.3								4.0

		CANY		2011		PJ		SDSSL236		678																																				7.3								0.3						2.7														0.3																		3.0																								1.0								1.0

		CANY		2011		PJ		SDSSL236		776										0.7																										8.7																0.3																														0.7						0.7

		CANY		2011		PJ		SDSSL236		779								0.3																												2.3										0.3						0.7												0.3																		5.7																								3.0								1.7																																										0.3

		CANY		2011		shallow blackbrush		DSSL133		195				0.3		0.7																						0.7				0.3				3.0														4.0										0.3														0.3																																				0.3																																														0.3

		CANY		2011		shallow blackbrush		DSSL133		230																						0.3														2.7														0.7										0.7														0.3																																		0.3												0.7

		CANY		2011		shallow blackbrush		DSSL133		262																						1.3				0.3										0.7														1.3						0.7																																																				0.7

		CANY		2011		shallow blackbrush		DSSL133		390																						1.3														3.7														0.7

		CANY		2011		shallow blackbrush		DSSL133		406																						0.3														2.0														1.0																																																										0.7																												0.3

		CANY		2011		shallow blackbrush		DSSL133		423										0.3												1.0						0.3								0.3														1.0										0.3																																												0.7				0.3

		CANY		2011		shallow blackbrush		DSSL133		487										0.3												1.7														4.3														0.3																								0.3																																		0.3

		CANY		2011		shallow blackbrush		DSSL133		550																						2.7														2.0														4.7										0.3																																																0.7

		CANY		2011		shallow blackbrush		DSSL133		554																						1.0														9.7														2.0																																																																																																												1.0

		CANY		2011		shallow blackbrush		DSSL133		566																						1.7														1.3														2.0																																												0.3														1.0

		CANY		2011		shallow blackbrush		DSSL133		570																																				11.7														1.0

		CANY		2011		shallow blackbrush		DSSL133		609																						0.7														3.3														0.3																								0.7																																		2.7
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Total_Percent_Cover

		UnitCode		Visit_Year		Ecosite_Type		Ecosite		PlotID		ABFR2		ACHY		AMTO2		AMUT		ARBI3		ARCA12		ARPU9		ARTR2		ASTRA		ATCA2		ATCO		BOGR2		BROB		BRTE		CEIN7		CHST		CHVI		CORA		COWR2		CRCR3		CRFL5		CRYPT		CYAC		DEPI		ELEL5		EPTO		EPVI		ERCE		ERIN4		ERLE9		ERNA10		EROV		FRAN2		GAPI		GIIN2		GILE3		GILIA		GUSA2		HAGL		HECO		HEVI4		HYFI		JUOS		KOAM		KRLA		LAOC		LEMO2		MACA		MAGR2		MEAL6		MUPU2		OEPA		OPUNT		PAMU11		PIDE4		PIED		PLJA		PLPA2		POFE		PUST		QUGA		QUHA3		RHTR		RUHY		SATR12		SAVE4		SPCO		SPCO4		SPCR		SPFL2		SPGI		SPJA3		SPORO		SPPA2		STEX		STIPA		SYLO		TOIN		TRDU		UNKAF		UNKPF		UNKPG		UNKS		VUOC		XYTO2		XYVE		YUCCA

		CANY		2011		grassland		DSL118		184				2.3																0.7																				2.0																												0.7																																														3.3		0.3														4.0						2.7		2.0										0.7												0.3

		CANY		2011		grassland		SDSL215		197				0.3																1.0				0.7																														11.0		6.3																								5.7																0.3										1.7										0.7												0.7										1.7														6.3												1.3				1.0

		CANY		2011		grassland		DS115		200				2.0								0.3		0.7						3.7																				1.0														0.3								1.7																																		7.7						1.0		1.0												0.3																4.3				2.3		3.0		1.0		0.3				0.3														1.3				1.0

		CANY		2011		grassland		SDSL215		201				2.7																				5.3																														7.3		2.3																1.3		0.3						11.3										0.7																0.3		0.7						0.3		0.3																						0.7														1.0						0.7		0.7				7.7

		CANY		2011		grassland		SDSL215		202				2.0																0.3				2.7								0.3		12.0																				5.0		2.7																				1.3				2.7						1.0																														1.7																																				1.3												0.7				1.0

		CANY		2011		grassland		DSL118		212				1.3												4.0				4.0																				0.3																																				2.0										3.7																												3.7		5.0																						1.0																						0.3				0.3

		CANY		2011		grassland		SDSL215		264				1.0										1.0																						0.7																		0.7																						7.3				0.3										6.0																								11.7																0.3								0.7														0.3

		CANY		2011		grassland		SDS212		266				2.0																0.3				0.7								0.7		4.0				0.3																3.7		0.3								0.3												0.7				0.3						10.3								3.0								0.3				0.3																																0.3										0.3				1.3												0.7		0.3		0.3

		CANY		2011		grassland		SDSL215		277				1.7																0.7				4.0																														7.0		8.3																								15.7																										0.3		0.3																														0.3										0.3				0.3												2.3

		CANY		2011		grassland		SDSL215		281				6.3										0.3						2.3				5.0																								0.3						9.7		12.0																		0.3						7.0																0.3				0.3																																						1.0														3.0												8.0		0.3		0.3

		CANY		2011		grassland		SDSL215		289				1.3																0.7				0.3				2.3								14.3		0.3										0.7						13.3		2.3														1.0										0.3												0.3														0.7		0.3																														0.3																						0.7				0.3		0.3		0.3

		CANY		2011		grassland		DS115		292				1.3																																																																																						13.3																								6.7		1.0																						1.7																										1.0

		CANY		2011		grassland		DSL118		296				2.0																2.0																				0.7																																																								4.3				0.3														1.3																2.0								9.3										0.7												0.7		0.3		0.7

		CANY		2011		grassland		DS115		298				2.0																		2.3														3.0																																																						0.3																1.0								20.0		0.7														0.3																		1.3				0.3								0.3

		CANY		2011		grassland		DSL118		304				0.3										0.3		8.7				4.7																						0.3								1.0				0.3								3.7														0.7				0.7		1.0				10.7								0.3												2.0						2.7		4.7								5.7																0.3																0.7								0.3		1.3

		CANY		2011		grassland		DS115		310				5.0		2.3																										0.7				5.0																1.3										1.3								0.3						0.7																												0.3																																		0.3										0.7														0.3		0.7		0.3

		CANY		2011		grassland		DS115		319		0.3		0.7																2.7																				3.7																				3.7																																				9.0																		0.3																				0.7		2.0		3.7								4.7														0.7		1.0		0.7				0.3

		CANY		2011		grassland		SDSL215		345				4.7																1.7				0.7												0.7												0.7						11.0		3.3																0.3								11.0								0.7								0.3										0.7																																1.3														6.3								1.0				3.3				0.7

		CANY		2011		grassland		DSL118		356																																																																																										13.7																								3.0		2.0														0.3								2.7																						0.3

		CANY		2011		grassland		DS115		360				0.7																																				1.3																												2.0																																0.3														1.7		2.3														2.3								15.3																						0.3				0.7

		CANY		2011		grassland		SDSL215		361				4.3																0.3				1.0																														14.7		2.3																0.3								18.3																										1.7								0.3																																						1.7

		CANY		2011		grassland		SDS212		363		0.3		1.7								0.3																1.7																										6.0						4.0																										0.7								0.3		0.3						0.7		1.0		1.7										3.3																						1.0												0.3										0.3		0.3		2.0				0.3

		CANY		2011		grassland		SDS212		369				5.7																								1.3								1.3		0.7										0.7						1.0		1.0																								4.3				0.7		8.3								3.0								0.7				1.0						3.3				2.0																						0.3														1.0				1.0				0.3		0.3		1.0				1.7

		CANY		2011		nontarget		nontarget		318																		0.7										0.3								0.7																1.3										1.3																1.0														0.3																						9.7																																						0.3																0.3

		CANY		2011		PJ		SDSSL236		413																																				0.7		0.7																2.3												2.7										0.3										6.0																				0.3						3.3								4.0

		CANY		2011		PJ		SDSSL236		445				0.3																1.3																5.3												0.3						2.0																																13.3								0.3												1.7																																																														0.3

		CANY		2011		PJ		SDSSL236		461																												0.3		0.7						0.3		1.0						0.3				0.7						1.0																1.0																9.3						0.3																				11.0						0.3		0.3																																																0.3

		CANY		2011		PJ		SDSSL236		551										1.0																										10.0																0.7		2.0												1.3										0.3				0.3						8.7																												3.0						0.3

		CANY		2011		PJ		SDSSL236		557																																		0.3		0.3		0.3																								2.0														0.3										5.3																										8.0												1.0																														1.3

		CANY		2011		PJ		SDSSL236		578																																0.7				24.7																		2.3																																								0.7												3.3																																																						0.7				0.3				0.3

		CANY		2011		PJ		SDSSL236		637																																				11.0		0.3																2.3																																3.0																				0.3						4.3

		CANY		2011		PJ		SDSSL236		653																														1.7				0.7		2.3																														1.7																				2.0												0.7														8.7																																																														0.7

		CANY		2011		PJ		SDSSL236		669																																				2.7		0.3																2.3																						0.3										14.3																										5.3								5.7

		CANY		2011		PJ		SDSSL236		678																																				11.7		0.3								0.3						3.0														0.7																				4.7																										1.0								1.7

		CANY		2011		PJ		SDSSL236		776				0.3						0.7																										17.0																		0.3																																0.7								1.0																				1.0

		CANY		2011		PJ		SDSSL236		779								0.3																												2.7								0.3				0.3						1.3												0.7																				6.7																										3.7								2.0																																																0.3

		CANY		2011		shallow blackbrush		DSSL133		195				0.7		0.7																						0.7				0.3				7.0																5.0										0.3														0.3																																						1.3		0.3																																																0.3				0.3						0.7

		CANY		2011		shallow blackbrush		DSSL133		230																						1.7														2.7																0.7										0.7														0.7																																						1.7												0.7

		CANY		2011		shallow blackbrush		DSSL133		262																						1.7				0.3										2.0																1.3						0.7																																																								1.0

		CANY		2011		shallow blackbrush		DSSL133		390																						1.3														6.7																1.3																																																														0.3

		CANY		2011		shallow blackbrush		DSSL133		406																						4.7														2.7																2.0						0.3																																																								3.7																														1.0																0.3										0.3

		CANY		2011		shallow blackbrush		DSSL133		423										0.7												6.3						0.3								0.3																1.3						0.7				0.3														0.3																																		0.7				0.7																																																						0.3

		CANY		2011		shallow blackbrush		DSSL133		487										1.0												2.3														8.7																0.7																								0.3																																						1.3

		CANY		2011		shallow blackbrush		DSSL133		550						0.3																3.0														2.3				0.3												6.0										0.7														0.7																																						4.7																								0.3						0.7				0.3																				0.3

		CANY		2011		shallow blackbrush		DSSL133		554																						2.0														14.3																2.0																																																																																																																								1.7

		CANY		2011		shallow blackbrush		DSSL133		566																						2.0														2.0																3.0																																																0.3														4.7

		CANY		2011		shallow blackbrush		DSSL133		570																																				15.7																2.0																																																						0.3								0.7

		CANY		2011		shallow blackbrush		DSSL133		609																						1.0														4.0																0.7																								0.7																																						7.0





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

		AMTO2		Amsonia tomentosa		woolly bluestar		Forb		Perennial		Native

		AMUT		Amelanchier utahensis		Utah serviceberry		Shrub		Perennial		Native

		ARBI3		Artemisia bigelovii		Bigelow's sagebrush		Shrub		Perennial		Native

		ARCA12		Artemisia campestris		Sand wormwood		Forb		Perennial		Native

		ARPU9		Aristida purpurea		Purple three-awn		Graminoid		Perennial		Native

		ARTR2		Artemisia tridentata		big sagebrush		Shrub		Perennial		Native

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

		ATCA2		Atriplex canescens		Four-wing saltbush		Shrub		Perennial		Native

		ATCO		Atriplex confertifolia		Shadscale		Shrub		Perennial		Native

		BOGR2		Bouteloua gracilis		Blue grama		Graminoid		Perennial		Native

		BROB		Brickellia oblongifolia		Mojave brickellbush		DwarfShrub		Perennial		Native

		BRTE		Bromus tectorum		Cheatgrass		Graminoid		Annual		NonNative

		CEIN7		Cercocarpus intricatus		Dwarf mountain mahogany		Shrub		Perennial		Native

		CHST		Chaenactis stevioides		Stevia dusty-maiden		Forb		Annual		Native

		CHVI		Chrysothamnus viscidiflorus		Green rabbitbrush		Shrub		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

		CRFL5		Cryptantha flava		Plateau yellow cryptanth		Forb		Perennial		Native

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

		CYAC		Cymopterus acaulis		Plains spring-parsley		Forb		Perennial		Native

		DEPI		Descurainia pinnata		Western tansymustard		Forb		Annual		Native

		ELEL5		Elymus elymoides		Squirreltail		Graminoid		Perennial		Native

		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

		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

		EROV		Eriogonum ovalifolium		Cushion wild buckwheat		Forb		Perennial		Native

		FRAN2		Fraxinus anomala		Singleleaf ash		Shrub		Perennial		Native

		GAPI		Gaillardia pinnatifida		Hopi blanketflower		Forb		Perennial		Native

		GIIN2		Gilia inconspicua		Shy gilia		Forb		Annual		Native

		GILE3		Gilia leptomeria		Common gilia		Forb		Annual		Native

		GILIA		Gilia sp.		gilia (sp).		Forb		unk		Native

		GUSA2		Gutierrezia sarothrae		Broom snakeweed		DwarfShrub		Perennial		Native

		HAGL		Halogeton glomeratus		Halogeton		Forb		Annual		NonNative

		HECO		Stipa comata		Needle-and-thread		Graminoid		Perennial		Native

		HEVI4		Chrysopsis villosa		hairy false goldenaster		Forb		Perennial		Native

		HYFI		Hymenopappus filifolius		hyalineherb		Forb		Perennial		Native

		JUOS		Juniperus osteosperma		Utah juniper		Tree		Perennial		Native

		KOAM		Bassia americana		Greenmolly		Forb		Perennial		Native

		KRLA		Krascheninnikovia lanata		Winterfat		Shrub		Perennial		Native

		LAOC		Lappula occidentalis		Western stickseed		Forb		Annual		Native

		LEMO2		Lepidium montanum		Mountain pepperwort		Forb		Perennial		Native

		MACA		Machaeranthera canescens		Hoary aster		Forb		Perennial		Native

		MAGR2		Machaeranthera grindelioides		Gumweed aster		Forb		Perennial		Native

		MEAL6		Mentzelia albicaulis		White-stem blazingstar		Forb		Annual		Native

		MUPU2		Muhlenbergia pungens		Sandhill muhly		Graminoid		Perennial		Native

		OEPA		Oenothera pallida		Pale evening-primrose		Forb		Perennial		Native

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

		PAMU11		Senecio multilobatus		Basin groundsel		Forb		Perennial		Native

		PIDE4		Artemisia spinescens		Budsage		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

		PUST		Purshia mexicana		Cliff-rose		Shrub		Perennial		Native

		QUGA		Quercus gambelii		Gambel oak		Shrub		Perennial		Native

		QUHA3		Quercus welshii		Havard oak		Shrub		Perennial		Native

		RHTR		Rhus trilobata		skunkbush sumac		Shrub		Perennial		Native

		RUHY		Rumex hymenosepalus		Canaigre dock		Forb		Perennial		Native

		SATR12		Salsola tragus		Russian-thistle		Forb		Annual		NonNative

		SAVE4		Sarcobatus vermiculatus		Greasewood		Shrub		Perennial		Native

		SPCO		Sphaeralcea coccinea		Scarlet globe-mallow		Forb		Perennial		Native

		SPCO4		Sporobolus contractus		Spike dropseed		Graminoid		Perennial		Native

		SPCR		Sporobolus cryptandrus		Sand dropseed		Graminoid		Perennial		Native

		SPFL2		Sporobolus flexuosus		Mesa dropseed		Graminoid		Perennial		Native

		SPGI		Sporobolus giganteus		Giant dropseed		Graminoid		Perennial		Native

		SPJA3		Sphaeralcea janeae		Jane's globemallow		Forb		Perennial		Native

		SPORO		Sporobolus sp.		dropseed (sp).		Graminoid		Perennial		Native

		SPPA2		Sphaeralcea parvifolia		Small-leaf globemallow		Forb		Perennial		Native

		STEX		Stephanomeria exigua		White-plume wire-lettuce		Forb		Annual		Native

		STIPA		Stipa sp.				Graminoid		Perennial		Native

		SYLO		Symphoricarpos longiflorus		Long-flower snowberry		Shrub		Perennial		Native

		TOIN		Townsendia incana		Hoary townsendia		Forb		Perennial		Native

		TRDU		Tragopogon dubius		Yellow salsify		Forb		Biennial		NonNative

		UNKAF		unknown annual forb				Forb		Annual

		UNKPF		unknown perennial forb				Forb		Perennial

		UNKPG		unknown perennial graminoid				Graminoid		Perennial

		UNKS		unknown shrub				Shrub		Perennial

		VUOC		Festuca octoflora		Six-weeks fescue		Graminoid		Annual		Native

		XYTO2		Xylorhiza tortifolia		Mojave woodyaster		Forb		Perennial		Native

		XYVE		Xylorhiza venusta		Cisco woodyaster		Forb		Perennial		Native

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







