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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 Dinosaur National Monument (NM) 
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. 

Upland monitoring was initiated at Dinosaur NM in 2009. Based on discussions with park 
resource staff, sagebrush and pinyon-juniper (PJ) were selected for monitoring. Sagebrush 
was additionally stratified by two elevation zones and by grazing status, for a total of four 
vegetation types monitored in sagebrush. For all vegetation types, eight plots will be moni-
tored for three consecutive years to gain an understanding of natural variability. Assessment 
of these data will guide development of an operational sampling design. In 2009, thirty-five 
monitoring plots were established and monitored. In 2010, an additional five pinyon-juniper 
plots were established and monitored, and the first 35 plots were revisited. In 2011, all 40 
plots were revisited. 

In this report, measures from 2011 were summarized for each vegetation type. Early moni-
toring data describe status of vegetation types; interpretation is limited until additional 
data are acquired and more rigorously analyzed after at least five years of monitoring are 
complete. 

Future monitoring activities include formulating an operational survey design for each veg-
etation type using variance measures in conjunction with desired levels of minimum detect-
able change, as derived from the three years of pilot monitoring data. The full monitoring 
design was implemented in 2012.
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1  Introduction

Uplands represent the vast majority of land 
area in national park units of the Northern 
Colorado Plateau Network (NCPN). These 
upland areas include rock outcrops, bad-
lands, shrublands, grasslands, woodlands, 
forests, and subalpine meadows, with lo-
cal 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-

Figure 1-1. Example of damage caused to biological soil crust by off-road vehicle 
use, Arches National Park.
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pected to change levels and seasonality of 
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 Dinosaur National Monument are 
described below. 

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

•	 overall species richness

•	 cover of vegetation by dominant 
species and lifeform 

•	 density of shrubs by size class 

•	 basal area and density of tree species 

•	 fuel volume and litter/duff depth

•	 frequency of exotic invasive species

Determine status and trends in soil stability, 
including:

•	 cover of biological soil crusts by 
morphological group (cyanobacte-
ria, lichen, moss, and undifferenti-
ated crust)

•	 cover of other surface features (e.g., 
litter, 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 Dinosaur National 
Monument

2.1.1  Resource issues driving upland 
monitoring

Dinosaur NM resource management staff 
identified big sagebrush (Artemisia triden-
tata) and grassland communities as the main 
priority for long-term monitoring. Grass-
lands occur as an early successional stage 
of big sagebrush communities after fire and, 
hereafter, these communities will be referred 
to as “sagebrush.” Sagebrush communities 
within the park unit are grazed and are often 
invaded by aggressive exotic plant species. 
Exotic annual grasses, such as cheatgrass 
(Bromus tectorum), can increase fire distur-
bance in the system (Whisenant 1990), mak-
ing it difficult for native vegetation to recover 
after fire (D’Antonio and Vitousek 1992). Di-
nosaur NM managers are interested in moni-
toring sagebrush because of these manage-
ment issues and, more specifically, would like 
to compare grazed and ungrazed sagebrush 
areas. There is also interest in comparing Wy-
oming big sagebrush and mountain big sage-
brush ecosystems, which appear to respond 
differently to fire. 

Dinosaur NM resource managers are also 
interested in monitoring pinyon-juniper (PJ) 
ecosystems because of their abundance in 
the park unit. The goal of monitoring PJ is to 
provide early warning of system degradation 
and 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 fil-
tered out of the sampling frame. Areas lo-
cated on slopes of >50% and/or isolated by 
steep slopes were eliminated. Due primarily 
to costs, areas accessible only by river were 
eliminated from consideration. Accessibility 
and slope features were generated using the 
Landscape Accessibility Model (http://sci-

ence.nature.nps.gov/im/units/ncpn/Tools.
cfm). 

Numerous private inholdings exist within 
the Dinosaur NM boundary, and discussion 
with Dinosaur NM staff determined which 
areas could be used for access and which ar-
eas must be avoided. All private inholdings 
were excluded from the sampling frame. The 
original map of accessible area was based 
on a roads and trails layer created by Bota-
nist Tamara Naumann on BLM Land Status 
maps. Discussion with former Natural Re-
sources Program Manager Cindy Heyd add-
ed access to Pearl Park, the Iron Springs area, 
and the area south of Brown’s Park. After 
field visits, the area north of the Yampa River 
was considered inaccessible, as an issue with 
a private landowner made access possible 
only through lengthy hikes. In the resulting 
accessibility model, 50% of the park unit was 
deemed accessible. 

2.1.2.2  Selection of target vegetation and 
ecological-site types 
Defining the target population typically in-
volves determining the ecological sites that 
correspond to the resource of interest. An 
ecological site is defined by a combination 
of soil properties (e.g., texture, depth, water-
holding capacity), geology, landform, climat-
ic regime, and potential vegetation. 

The spatial extent of ecological sites is largely 
determined by soil map units within a soil 
survey, although the location of an ecological 
site within a soil map unit is not explicit. Al-
though the soils portion of the recently pub-
lished Dinosaur National Monument Soil 
Survey (USDA NRCS 2007) is complete, ad-
ditional work remains to remedy differences 
between the ecological sites used for some 
portions of the survey and the older range 
sites used for other portions. We expect that 
the old range site descriptions eventually will 
no longer be used and that the existing Utah 
MLRA (Major Land Resource Area) ecologi-
cal site descriptions 34 and 47 (USDA NRCS 
2007) will be updated and expanded. It is 
unclear, however, when this update will be 
completed, and until then, we will continue 
to use the outdated range site descriptions.

Soil map units containing soil components 
with greater than 10% area of potential  
sagebrush ecological sites were evaluated 

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


4     Integrated Upland Monitoring in Dinosaur National Monument: Annual Report 2011	

for monitoring. PJ is not well differentiated 
by ecological sites in the Dinosaur NM Soil 
Survey and occurs across the landscape on a 
variety of different landforms and soil compo-
nents. Although soil components associated 
with PJ have the ecological site name “pinyon-
juniper,” no effort has been made to distin-
guish between the different types of PJ eco-
logical sites that exist within Dinosaur NM. 

Field scouting was performed to determine 
which soil map units should be included in 
the sampling frame for each vegetation type. 
Due to the current condition of ecological 
site descriptions for Dinosaur NM (see previ-
ous paragraphs), all potential sagebrush eco-
logical sites were used in upland monitoring. 
This included the 11 Wyoming big sagebrush 
ecological sites and three mountain big sage-
brush ecological sites described in Table 2-1. 

Ecological sites were not used for monitoring 
PJ because none existed in June 2009, when 
the sampling design was developed. Any site 
dominated by a PJ community, or dominated 
by PJ before fire, was included for potential 
monitoring. The only PJ sites that were ex-
cluded were those that could be recognized 
as sagebrush ecological sites with PJ invasion. 
Ecological site descriptions for PJ are not in-
cluded in Table 2-1 because they have not yet 
been determined for Dinosaur NM.

2.1.2.3  Mapping of target vegetation types
A sampling frame was developed based on 
soil map units associated with target ecologi-
cal sites and vegetation types. Changes were 
made to specific polygons based on field as-
sessments. The sampling frame delineated 
accessible sagebrush and PJ types in Dino-
saur NM (see Figure 2-1). 

The sagebrush sampling frame was further 
stratified by elevation and grazing to highlight 
management issues of concern. Elevation 
was divided into high and low based on the 
approximate ranges of Wyoming and moun-
tain big sagebrush. Uinta Basin Flora (Go-
odrich and Neese 1986) listed the boundary 
of the ranges as 6,500–7,000 feet. We used 
2,000 m (6,562 ft) to distinguish between the 
two subspecies of big sagebrush in the sam-
pling frame. A cutoff was necessary because 
the subspecies are known to hybridize where 
their ranges overlap. This meant that Wyo-

ming big sagebrush ecological sites could 
occur in the high-elevation sampling frame 
and mountain big sagebrush ecological sites 
could occur in the low-elevation sampling 
frame. This was not common, however, and 
should be rectified when the ecological sites 
are updated in the future. 

Because PJ communities are the second pri-
ority for upland monitoring but cover the 
greatest area in Dinosaur NM, there was a 
need to limit the PJ sampling frame. Origi-
nally, we thought that soil map units could 
be grouped to form meaningful aggregates 
of PJ according to landform or soil charac-
teristics. Evaluation of the PJ points visited 
during site reconnaissance confirmed large 
variability between landforms and soil types 
where PJ communities occurred. From these 
data, we concluded that there was no easy 
way to stratify PJ using soil map units. As an 
alternative, we consulted with resource man-
agement staff for ideas on how to stratify PJ 
based on management concerns. When no 
ideas were identified, we decided to limit 
sampling by geographic area of the park unit. 
Dinosaur NM was divided into five areas and 
park managers were asked to choose which 
area should be monitored. The area in Fig-
ure 2-1 was chosen (PJ, PJ and sagebrush), 
mainly because it represented a wide range 
of elevation. 

Soil map units within the chosen area were 
evaluated for their ability to predict PJ com-
munities. Many soil map units from the re-
connaissance effort were eliminated from the 
sampling frame because they did not occur 
in the area selected for sampling. This includ-
ed units that were predominantly PJ commu-
nities as well as a few that were dominated 
by both sagebrush and PJ. The five soil map 
units dominated by both vegetation types 
were included in the sampling frame for both 
sagebrush and PJ.

The sampling frame area was restricted to 
a 6-km hiking distance due to the difficulty 
of negotiating the terrain in some sections 
of the park unit. The total area of the sam-
pling frame is approximately 20.8% of the 
total park area (see Table 2-2 for area of each 
stratum). 
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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 vegeta-
tion type based on the areas shown in Figure 
2-1. Points predicted as sagebrush could only 
be accepted if they were one of the 14 sage-
brush ecological sites. Points predicted as PJ 
could only be accepted if they were PJ com-
munities. Points predicted as PJ-sagebrush 
could be accepted as either as one of the 
sagebrush ecological sites or as PJ. Within 
each vegetation type, plots were established 
in ascending order of plot number. If a plot 
was rejected (e.g., due to incorrect vegeta-
tion type or crossing a road, trail, park unit 
boundary, or cliff), the next sequentially or-
dered plot was used. 

Sagebrush points were further categorized by 
elevation (low or high) and grazing (grazed 
or ungrazed), creating four strata for sage-
brush (Figure 2-1). For pilot monitoring, a 

total of 40 plots were monitored, including 8 
ungrazed low-elevation sagebrush, 8 grazed 
low-elevation sagebrush, 8 ungrazed high-
elevation sagebrush, 8 grazed high-elevation 
sagebrush, and 8 PJ. Plots will be monitored 
for three consecutive years to gain under-
standing of variability, and assessment of 
these data will guide the development of an 
operational survey design.  

Figure 2-1. Sampling frame and location of pilot monitoring plots, Dinosaur National Monument.

Table 2-2. Area (ha) of each vegetation type included in the 
sampling frame for upland monitoring at Dinosaur National 
Monument.

Vegetation type Elevation Grazing Area (ha)*
Mountain big sagebrush High Grazed 3,328

Ungrazed 1,680

Wyoming big sagebrush Low Grazed 2,111

Ungrazed 5,917

Total big sagebrush 13,035

Total PJ 6,082

PJ/sagebrush** (1,812)

Total sampling frame 17,306

Numbers are approximate. 
* Based on the accessible area within a 6-km hiking distance. 
** The PJ/sagebrush area has already been included in the estimated areas for all 
of the sagebrush types and PJ.
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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) 
and standard forest, woodland, and fuels 
procedures (NPS 2003; Brown 1974). Sage-
brush is sampled using grassland/shrubland 
methods, while pinyon-juniper is sampled 
using woodland methods. All measures re-
corded along transects are sub-samples 
scaled to the plot level. The plot-level mea-
sures are the primary values used in summa-
ries and statistical analyses. 

2.2.1.1  Grasslands and shrublands
At each plot, observations are recorded along 
three parallel, 50-m transects spaced 25 m 
apart (Figure 2-2). 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) and 
tree seedlings (by species) is recorded 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-
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.

2.2.1.2  Woodlands
Photos of each transect are taken from the 
origin and end because vegetation tends 

to be denser in woodlands. Using the same 
methods as for grasslands/shrublands, point-
intercept cover of vegetation and surface fea-
tures, density of shrubs and tree seedlings, 
and frequency of exotic species are recorded 
for each transect. Gaps are not recorded in 
woodland systems, but soil stability measure-
ments are recorded at sites with potential 
erosion issues. Using the same methods as 
for grasslands/shrublands, disturbances and 
exotic plant species on and around the moni-
toring plot are recorded. 

Additional measurements are taken in wood-
land systems in order to capture the dynam-
ics of stand replacement (Figure 2-3). Sap-
lings (2.5–15-cm diameter) are identified to 
species, and density by size class is tallied 
in a 5-m belt transect centered on Transect 
2. All overstory trees (>15 cm diameter) in 
Quadrant 1 are identified to species, tagged 
with unique numbers, and measured for di-
ameter. Diameter of trees is measured at 
breast height, except for woodland species 
that typically have multistem growth forms—
for example, pinyon pine (Pinus edulis) and 
Utah juniper (Juniperus osteosperma), which 
are measured at the root crown (drc). Before 
2011, all trees were measured at breast height 
(dbh). Fuels are measured using Brown’s pla-
nar method (Brown 1974) along four 50-ft 
transects that extend beyond the plot on two 
corners. Counts of fine woody fuels and di-
ameters of coarse woody fuels are recorded 
to derive volumes of each fuel class. Depth of 
litter and duff are also recorded.

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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Figure 2-2. Plot layout for upland monitoring of grasslands and shrublands.

Figure 2-3. Plot layout for upland monitoring of woodlands.
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3  Results

3.1  Monitored plots
In 2011, all 40 previously established plots 
were revisited in the third year of pilot moni-
toring (Figure 2-1). Table 3-1 summarizes plot 
visits by vegetation, elevation, grazing status, 
and year (tables start on page 12). Each plot 
was sampled using the suite of measures ap-
propriate for that vegetation type. 

3.2  Vegetation 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 summa-
ries of the measures listed in Chapter 1 were 
generated for each monitoring plot, then 
summarized by vegetation type and year. 
Summaries are simply a mean and the range 
(minimum, maximum) for a measured attri-
bute. Given the limited data, measures were 
not statistically compared among vegetation 
types. The reader is cautioned not to draw 
wide-reaching conclusions from these pre-
liminary summaries. 

3.2.1  Species richness

A total of 131 species were detected in Di-
nosaur NM in 2011. Species richness by life-
form is reported in Table 3-2 for all vegeta-
tion types. Recorded species were compared 
to the NPSpecies database to determine first-
time observations in Dinosaur NM. Two new 
species, redroot wild buckwheat (Eriogonum 
racemosum) and stork’s bill (Erodium cicu-
tarium), were detected in 2011. 

Although Dinosaur NM has populations of 
only one federally listed threatened or en-
dangered plant species within its borders, 
at least 80 rare plant species exist within 
the monument (Fertig 2009). One of these 
species, plains spring parsley (Cymopterus 
acaulis), was detected at a low-elevation, un-
grazed sagebrush plot in 2011. 

3.2.2  Cover by lifeform and dominant 
species

Percent cover of live and total vegetation by 
lifeform is shown in Table 3-3 for all veg-
etation types. Live cover includes photosyn-
thetic and live woody tissue. Total cover ad-
ditionally 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 un-
derstory species for each vegetation 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 (dino11_species.xls). 

3.2.3  Shrub density

Density of shrub species is shown in Table 
3-5 for all vegetation types. Big sagebrush had 
the highest density in all vegetation types. 

3.2.4  Tree density

Density of live seedlings, saplings, and over-
story trees is shown in Table 3-6 for PJ. Den-
sity and diameter of all overstory trees >15 
cm diameter at root crown are shown in Ta-
ble 3-7 for this vegetation type. 

3.2.5  Exotic species

Percent cover and frequency of detection of 
exotic plant species are shown in Table 3-8 
for all vegetation types. When exotic plant 
species were detected, cover was summa-
rized for all plots in the vegetation type. 

In 2011, a total of 15 exotic species were de-
tected during upland monitoring. Most of 
the exotic plant species detected were an-
nuals. Cheatgrass (Bromus tectorum) and 
desert madwort (Alyssum desertorum) were 
detected in all vegetation types. Cheatgrass 
was detected in the largest number of plots, 
including all PJ and low-elevation sagebrush 
plots, with cover as high as 70%. 
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Beginning in 2011, NCPN upland sam-
pling methods also included an “exotic spe-
cies walk” to search for other exotic plants  
present in plots. A list of all exotic plant 
species detected, and descriptions of the 
number of plants, size of invasions, and ap-
proximate locations, are included in an elec-
tronic appendix that accompanies this report 
(dino11_exotics.xls).

3.2.6  Biological soil crust and surface 
features

Biological soil crust and surface-feature cov-
er are shown in Table 3-9 for all vegetation 
types. Litter had the highest cover and un-
differentiated crust had the second-highest 
cover for all vegetation types. 

3.2.7  Canopy and basal gaps 

Canopy- and basal-gap sizes are shown in 
Table 3-10 for all sagebrush sites. The dis-
tribution of gaps by size class is illustrated 
in Figures 3-1 and 3-2 for all sagebrush sites 
(figures start on page 23). Low-elevation 
sagebrush plots had larger canopy and basal 

gaps than high-elevation sagebrush plots. 
There was little difference between grazed 
and ungrazed sites.

3.2.8  Soil aggregate stability

Measures of soil aggregate stability are re-
ported in Table 3-11 for all vegetation types. 
Soil stability numbers range from 1 (least 
stable) to 6 (most stable) and are correlated 
with current erosion resistance and soil bi-
otic integrity. They also usually reflect hydro-
logic 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 compari-
sons to similar soils that have comparable 
amounts of sand, silt, and clay. Extremely 
sandy soils may not have maximum soil sta-
bility values of 6.

3.2.9  Fuels

Fuel volumes and depth of litter and duff are 
reported in Table 3-12 for PJ. Fuels consisted 
largely of sound 1,000-hr fuels.

Table 3-1. Response design and number of plots monitored by dominant vegetation, elevation, and grazing 
status in Dinosaur National Monument, 2009–2011.

Dominant 
vegetation

Response 
design Elevation

Grazing 
status

Number of plots monitored

2009 
(September–October)

2010 
(June–July)

2011 
(June–July)

Sagebrush Grassland/ 
shrubland

High Ungrazed 8 8 8

Grazed 8 8 8

Low Ungrazed 8 8 8

Grazed 8 8 8

PJ Woodland none na 3 8 8

Total 35 40 40
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Table 3-4. Mean (range) percent cover of dominant species by vegetation type, Dinosaur National Monument, 
2011.

Scientific name Common name Lifeform Duration Nativity

No. of plots 
with species 

present*

Percent cover

Live Total
Sagebrush–Low-elevation, ungrazed

Artemisia tridentata big sagebrush Shrub Perennial Native 7
4.1

(0–11.3)
5.9

(0–15.0)

Elymus spicatus bluebunch wheatgrass Graminoid Perennial Native 1
0.04

(0–0.3)
0.04

(0–0.3)

Gutierrezia sarothrae broom snakeweed Dwarf Shrub Perennial Native 6
1.3

(0–5.3)
1.6

(6.3)

Koeleria macrantha junegrass Graminoid Perennial Native 2
0.5

(0–2.0)
0.6

(0–2.7)

Poa fendleriana muttongrass Graminoid Perennial Native 3
0.3

(0–2.3)
1.0

(0–7.3)

Stipa comata needle and thread Graminoid Perennial Native 8
6.5

(0–15.0)
9.8

(0.3–23.3)

Sagebrush–Low-elevation, grazed

Artemisia tridentata big sagebrush Shrub Perennial Native 7
8.8

(0–20.3)
11.0

(0–21.7)

Elymus spicatus bluebunch wheatgrass Graminoid Perennial Native 2
1.1

(0–7.3)
1.6

(0–11.7)

Gutierrezia sarothrae broom snakeweed Dwarf Shrub Perennial Native 5
1.3

(0–5.7)
1.4

(0–5.7)

Koeleria macrantha junegrass Graminoid Perennial Native 3
0.9

(0–2.7)
1.1

(0–3.3)

Poa fendleriana muttongrass Graminoid Perennial Native 4
1.2

(0–5.0)
1.7

(0–8.0)

Stipa comata needle and thread Graminoid Perennial Native 8
7.5

(2.3–26.7)
9.8

(3.0–32.7)

Sagebrush–High-elevation, ungrazed

Artemisia tridentata big sagebrush Shrub Perennial Native 8
7.2

(0.3–24.0)
9.6

(0.3–25.0)

Elymus spicatus bluebunch wheatgrass Graminoid Perennial Native 2
1.1

(0–8.0)
1.3

(0–8.3)

Gutierrezia sarothrae broom snakeweed Dwarf Shrub Perennial Native 4
0.7

(0–3.3)
1.0

(0–4.0)

Koeleria macrantha junegrass Graminoid Perennial Native 6
1.2

(0–3.7)
1.3

(0–4.0)

Poa fendleriana muttongrass Graminoid Perennial Native 8
1.3

(0.3–3.3)
2.0

(0.3–4.0)

Stipa comata needle and thread Graminoid Perennial Native 7
10.0

(0–23.7)
12.9

(0–34.0)
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Scientific name Common name Lifeform Duration Nativity

No. of plots 
with species 

present*

Percent cover

Live Total
Sagebrush–High-elevation, grazed

Artemisia tridentata big sagebrush Shrub Perennial Native 7
13.9

(0–29.7)
18.4

(0–36.7)

Elymus spicatus bluebunch wheatgrass Graminoid Perennial Native 4
2.0

(0–8.0)
2.3

(0–9.7)

Gutierrezia sarothrae broom snakeweed Dwarf Shrub Perennial Native 2
0.6

(0–3.3)
0.8

(0–4.7)

Koeleria macrantha junegrass Graminoid Perennial Native 7
2.8

(0–9.0)
3.0

(0–9.3)

Poa fendleriana muttongrass Graminoid Perennial Native 6
2.8

(0–9.0)
3.0

(0–9.7)

Stipa comata needle and thread Graminoid Perennial Native 6
8.9

(0–57.7)
10.3

(0–64.7)

PJ

Gutierrezia sarothrae broom snakeweed Dwarf Shrub Perennial Native 6
0.7

(0–1.7)
0.8

(0–1.7)

Juniperus osteosperma Utah juniper Tree Perennial Native 8
20.6

(12.7–
31.7)

23.1
(15.0–
34.3)

Pinus edulis two-needle pinyon Tree Perennial Native 5
4.6

(0–14.7)
5.2

(0–15.0)

Poa fendleriana muttongrass Graminoid Perennial Native 8
1.3

(0–4.7)
1.7

(0.3–5.7)

Poa secunda Sandberg’s bluegrass Graminoid Perennial Native 5
0.5

(0–1.0)
1.5

(0–3.3)

* Eight plots were monitored in PJ and in each sagebrush vegetation type in 2011. 

Table 3-4. Mean (range) percent cover of dominant species by vegetation type, Dinosaur National Monument, 2011.
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Table 3-5. Mean (range) density of shrub species per hectare by vegetation type, Dinosaur National 
Monument, 2011.

Scientific name Common name

No. of plots 
with species 

present*

Density (number of shrubs/ha)

Mean Minimum Maximum
Sagebrush–Low-elevation, ungrazed

Artemisia nova black sagebrush 1 358 0 2,867

Artemisia tridentata big sagebrush 7 3,483 0 7,067

Atriplex confertifolia shadscale 3 92 0 467

Chrysothamnus nauseosus rubber rabbitbrush 1 125 0 1,000

Chrysothamnus viscidiflorus green rabbitbrush 3 392 0 1,933

Eriogonum lonchophyllum spearleaf buckwheat 2 75 0 533

Eriogonum microthecum slender wild buckwheat 4 250 0 1,400

Grayia spinosa spiny hopsage 1 117 0 933

Juniperus osteosperma Utah juniper 2 33 0 200

Krascheninnikovia lanata winterfat 1 42 0 333

Pinus edulis two-needle pinyon 1 17 0 133

Sarcobatus vermiculatus greasewood 2 25 0 133

Tetradymia nuttallii Nuttall’s horsebrush 1 117 0 933

Sagebrush–Low-elevation, grazed

Artemisia tridentata big sagebrush 7 10,700 0 22,267

Atriplex confertifolia shadscale 2 267 0 2,067

Chrysothamnus nauseosus rubber rabbitbrush 3 25 0 67

Chrysothamnus viscidiflorus green rabbitbrush 1 8 0 67

Eriogonum corymbosum crisp-leaf wild buckwheat 2 25 0 133

Eriogonum microthecum slender wild buckwheat 2 117 0 867

Juniperus osteosperma Utah juniper 2 175 0 867

Krascheninnikovia lanata winterfat 2 92 0 533

Leptodactylon pungens prickly-phlox 2 33 0 133

Pinus edulis two-needle pinyon 1 33 0 267

Sarcobatus vermiculatus greasewood 1 75 0 600

Sagebrush–High-elevation, ungrazed

Artemisia nova black sagebrush 1 25 0 200

Artemisia tridentata big sagebrush 7 10,775 0 41,133

Cercocarpus montanus alder-leaf mountain mahogany 3 200 0 933

Chrysothamnus nauseosus rubber rabbitbrush 1 17 0 133

Chrysothamnus viscidiflorus green rabbitbrush 1 42 0 333

Eriogonum lonchophyllum spearleaf buckwheat 1 8 0 67

Eriogonum microthecum slender wild buckwheat 2 442 0 3,200

Juniperus osteosperma Utah juniper 1 67 0 533

Krascheninnikovia lanata winterfat 1 8 0 67

Pinus edulis two-needle pinyon 1 8 0 67

Purshia tridentata antelope bitterbrush 1 92 0 733

Tetradymia canescens spineless horsebrush 2 300 0 1,867

Sagebrush–High-elevation, grazed

Artemisia frigida fringed sagebrush 1 17 0 133

Artemisia nova black sagebrush 1 33 0 267

Artemisia tridentata big sagebrush 6 4,583 0 9,933

Cercocarpus montanus alder-leaf mountain mahogany 1 842 0 6,733
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Scientific name Common name

No. of plots 
with species 

present*

Density (number of shrubs/ha)

Mean Minimum Maximum

Chrysothamnus nauseosus rubber rabbitbrush 1 92 0 733

Chrysothamnus parryi Parry’s rabbitbrush 1 25 0 200

Chrysothamnus viscidiflorus green rabbitbrush 5 142 0 467

Eriogonum corymbosum crisp-leaf wild buckwheat 1 142 0 1,133

Eriogonum lonchophyllum spearleaf buckwheat 3 842 0 6,000

Eriogonum microthecum slender wild buckwheat 2 92 0 667

Juniperus osteosperma Utah juniper 4 100 0 400

Leptodactylon pungens prickly-phlox 1 8 0 67

Pinus edulis two-needle pinyon 2 167 0 1,000

Purshia tridentata antelope bitterbrush 1 8 0 67

Tetradymia canescens spineless horsebrush 4 117 0 400

PJ

Artemisia nova black sagebrush 3 108 0 333

Artemisia tridentata big sagebrush 5 892 0 3,267

Cercocarpus montanus alder-leaf mountain mahogany 1 25 0 200

Ephedra virdis Mormon tea 1 17 0 133

Eriogonum microthecum slender wild buckwheat 2 542 0 3,467

Purshia tridentate antelope bitterbrush 1 17 0 133

Rhus trilobata skunkbush sumac 1 8 0 67

Tetradymia canescens spineless horsebush 1 83 0 667

* Eight plots were monitored in PJ and in each sagebrush vegetation type in 2011. 

Table 3-5. Mean (range) density of shrub species per hectare by vegetation type, Dinosaur National Monument, 2011.



18     Integrated Upland Monitoring in Dinosaur National Monument: Annual Report 2011	

Ta
b

le
 3

-6
. M

ea
n

 (
ra

n
g

e)
 d

en
si

ty
 o

f 
liv

e 
se

ed
lin

g
s,

 s
ap

lin
g

s,
 a

n
d

 o
ve

rs
to

ry
 t

re
es

 in
 P

J,
 D

in
o

sa
u

r 
N

at
io

n
al

 M
o

n
u

m
en

t,
 2

01
1.

Sc
ie

n
ti

fi
c 

n
am

e
C

o
m

m
o

n
 n

am
e

N
o

. o
f 

p
lo

ts
 w

it
h

 
sp

ec
ie

s 
d

et
ec

te
d

*

D
en

si
ty

 o
f 

liv
e 

tr
ee

s 
b

y 
d

ia
m

et
er

**
 c

la
ss

 (
n

o
. o

f 
tr

ee
s/

h
a)

Se
ed

lin
g

 
Sa

p
lin

g
Tr

ee

<2
.5

 c
m

2.
5–

5.
0 

cm
5.

1–
10

.0
 c

m
10

.1
–1

5.
0 

cm
>1

5 
cm

Ju
ni

pe
ru

s 
os

te
os

pe
rm

a
U

ta
h 

ju
ni

pe
r

8
25

8
(0

–7
33

)
95

(0
–2

80
)

24
5

(4
0–

64
0)

16
5

(0
–3

20
)

32
8

(1
76

–5
92

)

Pi
nu

s 
ed

ul
is

tw
o-

ne
ed

le
 p

in
yo

n
7

46
7

(0
–1

,2
67

)
5

(0
–4

0)
35

(0
–1

20
)

10
(0

–4
0)

20
(0

–9
6)

* 
Ei

gh
t 

PJ
 p

lo
ts

 w
er

e 
m

on
ito

re
d 

in
 2

01
1.

 
**

 D
ia

m
et

er
 w

as
 m

ea
su

re
d 

at
 ro

ot
 c

ro
w

n 
fo

r 
U

ta
h 

ju
ni

pe
r 

an
d 

tw
o-

ne
ed

le
 p

in
yo

n.

Ta
b

le
 3

-7
. M

ea
n

 (
ra

n
g

e)
 d

en
si

ty
, d

ia
m

et
er

 a
t 

ro
o

t 
cr

o
w

n
 (

d
rc

),
 a

n
d

 p
er

ce
n

t 
d

ea
d

 f
o

r 
al

l t
re

es
 >

15
 c

m
 d

b
h

 
in

 P
J,

 D
in

o
sa

u
r 

N
at

io
n

al
 M

o
n

u
m

en
t,

 2
01

1.

Sc
ie

n
ti

fi
c 

n
am

e
C

o
m

m
o

n
 n

am
e

N
o

. o
f 

p
lo

ts
 w

it
h

 
sp

ec
ie

s 
d

et
ec

te
d

*
D

en
si

ty
 (

n
o

. o
f 

tr
ee

s/
h

a)
D

rc
 (

cm
)

%
 d

ea
d

Ju
ni

pe
ru

s 
os

te
os

pe
rm

a
U

ta
h 

ju
ni

pe
r

8
34

2
(1

76
–5

92
)

24
.0

(1
9.

0–
26

.6
)

4
(0

–1
3)

Pi
nu

s 
ed

ul
is

tw
o-

ne
ed

le
 p

in
yo

n
4

22
(0

–9
6)

22
.1

(1
6.

8–
29

.4
)

13
(0

–5
0)

* 
Ei

gh
t 

PJ
 p

lo
ts

 w
er

e 
m

on
ito

re
d 

in
 2

01
1.



	 Chapter 3: Results     19

Table 3-8. Mean (range) percent cover and frequency of exotic plant species detected in Dinosaur National 
Monument, 2011.

Scientific name Common name Lifeform Duration

No. of plots 
with exotic 

species 
detected*

Percent cover
Frequency 

of detection 
(%)Live Total

Sagebrush–Low-elevation, ungrazed

Alyssum desertorum desert madwort Forb Annual 6
0.1

(0–0.7)
1.1

(0–3.3)
53.8

(0–100)

Bromus tectorum cheatgrass Graminoid Annual 8
0.3

(0–0.7)
23.5

(1.0–70.3)
75.4

(26.7–100)

Eremopyrum triticeum annual wheatgrass Graminoid Annual 1 0 0
0.4

(0–3.3)

Erodium cicutarium stork’s bill Forb Annual 1 0 0
0.4

(0–3.3)

Lactuca serriola prickly lettuce Forb Annual 2
0.8

(0–6.7)
0.9

(0–7.3)
12.5

(0–93.3)

Ranunculus testiculatus bur buttercup Forb Annual 2 0
0.04

(0–0.3)
2.1

(0–10.0)

Salsola tragus Russian-thistle Forb Annual 1
0.1

(0–0.7)
0.3

(0–2.3)
4.2

(0–33.3)

Sisymbrium altissimum tumble mustard Forb Annual 4
0.1

(0–0.3)
0.1

(0–0.3)
3.8

(0–13.3)

Tragopogon dubius yellow salsify Forb Biennial 3 0 0
5.0

(0–23.3)

Sagebrush–Low-elevation, grazed

Alyssum desertorum desert madwort Forb Annual 7
0.3

(0–1.7)
5.5

(0–15.3)
57.5

(0–100)

Bromus tectorum cheatgrass Graminoid Annual 8
4.0

(0–20.3)
13.8

(2.3–49.7)
79.6

(63.3–100)

Malcolmia africana African mustard Forb Annual 1 0
0.04

(0–0.3)
2.9

(0–23.3)

Tragopogon dubius yellow salsify Forb Biennial 3
0.1

(0–0.7)
0.1

(0–0.7)
2.5

(0–13.3)

Sagebrush–High-elevation, ungrazed

Alyssum desertorum desert madwort Forb Annual 5
0.04

(0–0.3)
1.2

(0–6.3)
33.3

(0–100)

Bromus tectorum cheatgrass Graminoid Annual 7
0.2

(0–1.0)
0.8

(0–2.3)
15.4

(0–46.7)

Chorispora tenella blue mustard Forb Annual 1 0 0
0.4

(0–3.3)

Lactuca serriola prickly lettuce Forb Annual 3 0 0
5.0

(0–16.7)

Poa pratensis Kentucky bluegrass Graminoid Perennial 1
1.0

(0–7.7)
1.1

(0–9.0)
3.3

(0–26.7)

Ranunculus testiculatus bur buttercup Forb Annual 1 0
0.3

(0–2.7)
4.6

(0–36.7)

Taraxacum officinale common dandelion Forb Perennial 2
0.04

(0–0.3)
0.04

(0–0.3)
4.6

(0–23.3)

Tragopogon dubius yellow salsify Forb Biennial 5
0.3

(0–1.3)
0.3

(0–1.3)
15.4

(0–70.0)
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Scientific name Common name Lifeform Duration

No. of plots 
with exotic 

species 
detected*

Percent cover
Frequency 

of detection 
(%)Live Total

Sagebrush–High-elevation, grazed

Alyssum desertorum desert madwort Forb Annual 4 0
0.8

(0–4.3)
26.7

(0–100)

Bromus tectorum cheatgrass Graminoid Annual 5
0.7

(0–3.3)
0.8

(0–3.7)
25.4

(0–80.0)

Lactuca serriola prickly lettuce Forb Annual 1 0 0
0.8

(0–6.7)

Poa bulbosa bulbous bluegrass Graminoid Perennial 1 0 0
0.4

(0–3.3)

Taraxacum officinale common dandelion Forb Perennial 2
0.04

(0–0.3)
0.04

(0–0.3)
1.3

(0–10.0)

Tragopogon dubius yellow salsify Forb Biennial 3
0.2

(0–1.3)
0.2

(0–1.3)
9.2

(0–63.3)

PJ

Alyssum desertorum desert madwort Forb Annual 5
0.1

(0–0.7)
0.2

(0–1.0)
18.3

(0–76.7)

Bromus tectorum cheatgrass Graminoid Annual 8
1.5

(0–8.3)
4.7

(0–12.3)
54.6

(3.3–100)

Descurainia sophia flixweed Forb Annual 2 0 0
1.7

(0–6.7)

Ranunculus testiculatus bur buttercup Forb Annual 1 0 0
0.4

(0–3.3)

Salsola tragus Russian thistle Forb Annual 1 0 0
1.3

(0–10.0)

Sisymbrium altissimum tumble mustard Forb Annual 1
0.1

(0–0.7)
0.1

(0–0.7)
2.9

(0–23.3)

* Eight plots were monitored in PJ and in each sagebrush vegetation type in 2011. 

Table 3-8. Mean (range) percent cover and frequency of exotic plant species detected in Dinosaur National Monument, 
2011, cont.
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Table 3-9. Mean (range) percent cover of surface features by vegetation type, Dinosaur National Monument, 
2011.

Surface feature

Vegetation type
Sagebrush–Low-

elevation, ungrazed
Sagebrush–Low-
elevation, grazed

Sagebrush–High-
elevation, ungrazed

Sagebrush–High-
elevation, grazed PJ

Crust, 
undifferentiated

27.9
(12.3–49.3)

30.8
(14.7–62.0)

24.0
(14.7–43.7)

21.7
(9.0–41.7)

29.9
(26.3–36.3)

Cyanobacteria
1.8

(0–7.3)
0.5

(0–1.7)
0 0

2.1
(0–5.3)

Lichen
0.8

(0–3.7)
0.5

(0–2.0)
0.04

(0–0.3)
0.1 

(0–0.7)
0.9

(0–6.7)

Moss
2.2

(0–6.7)
12.3

(0.3–21.3)
1.3

(0–5.3)
1.1

(0–5.3)
1.4

(0.7–3.0)

Bare soil
0.3

(0–1.0)
0.3

(0–1.0)
1.2

(0–3.7)
1.3

(0–5.0)
1.0

(0–3.7)

Litter
46.3

(31.0–72.3)
41.9

(22.7–61.0)
57.8

(37.7–71.7)
57.1

(40.0–77.7)
45.6

(37.3–55.0)

Woody debris
0.5

(0–1.3)
0.5

(0–1.3)
0.3

(0–1.0)
0.7 

(0–1.7)
0.7

(0–1.3)

Small rock
9.0

(0–25.7)
3.0

(0–14.3)
2.1

(0–7.3)
3.2

(0–16.7)
10.3

(3.7–19.3)

Large rock
1.6

(0–3.0)
1.1 

(0–4.7)
1.0

(0–2.7)
3.1

(0–14.0)
3.2

(1.3–5.0)

Bedrock 0 0
0.5

(0–2.7)
0

2.7
(0–11.7)

Table 3-10. Mean (range) canopy- and basal-gap size by 
vegetation type, Dinosaur National Monument, 2011.

Vegetation type Canopy gap (cm) Basal gap (cm)

Sagebrush–Low-elevation, ungrazed
103

(39–198)
157

(41–325)

Sagebrush–Low-elevation, grazed
86

(52–141)
110

(51–201)

Sagebrush–High-elevation, ungrazed
45

(28–59)
53

(32–76)

Sagebrush–High-elevation, grazed
46

(36–57)
54

(40–73)
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Table 3-11. Mean (range) soil-aggregate stability measures by vegetation 
type, Dinosaur National Monument, 2011.

Vegetation type Total Protected* Unprotected*

Sagebrush–Low-elevation, ungrazed
5.3

(4.1–5.8)
5.5

(4.5–6.0)
5.1

(3.7–5.9)

Sagebrush–Low-elevation, grazed
5.2

(3.8–5.8)
5.4

(4.2–6.0)
4.3

(1.0–5.8)

Sagebrush–High-elevation, ungrazed
4.4

(2.4–5.2)
4.4

(2.5–5.2)
4.0

(2.0–5.0)

Sagebrush–High-elevation, grazed
4.4

(2.8–5.5)
4.5

(2.9–5.6)
3.7

(2.3–5.8)

PJ
4.4

(3.1–5.6)
4.3

(3.0–5.6)
4.4

(3.1–5.5)

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

Table 3-12. Mean (range) fuel volume and depth of litter and duff in PJ, Dinosaur National Monument, 2011.

Fuel volume (tons/acre) Depth (cm)

Total 1-hr 10-hr 100-hr
1,000-hr

Litter Duff
Sound* Rotten*

3.5
(0.5–12.1)

0.1
(0.03–0.3)

0.4
(0–1.3)

0.7
(0–3.0)

2.3
(0–7.1)

0.1
(0–0.7)

0.8
(0.2–1.5)

0.05
(0–0.2)

*A piece of fuel is rotten when it is obviously punky or can be easily kicked apart at the intersection point; otherwise it is considered sound.
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4  Discussion

Based on a cursory review, data from 2011 were 
similar to those from previous years. One notable 
difference was in the amount of exotic plant spe-
cies detected. Exotic species were much more 
likely to be detected at plots using the new fre-
quency method than by using cover derived from 
point-intercept sampling or density of exotic pe-
rennials in the 1-m belt. This difference is most 
likely because the exotic frequency methods 
are better-suited for detecting exotic species in 
these vegetation types, and not due to an actual 
increase in exotic plant species in the monument 
in 2011.

After the 2011 field season, the 2–3 years of pilot 
monitoring data will be analyzed for estimates of 
variance. Variance serves as the basis for deter-
mining the ability to detect a minimum trend and 
is used to evaluate the number of plots needed 
and potential revisit designs. Recommendations 
for an operational survey design were presented 
to Dinosaur NM resource staff for discussion 
and approval, and new plots were established and 
monitored according to the long-term sampling 
design in 2012. After five full years of monitoring 
are complete, data will be analyzed for status and 
trends. Continued discussion with park resource 
staff will occur to ensure that park expectations 
and needs are satisfied by NCPN integrated up-
land monitoring.





	 Chapter 5: Literature Cited     27

5  Literature Cited

Belnap, J. 2002. Nitrogen fixation in bio-
logical soil crusts from southeast Utah, 
U.S.A. Biology and Fertility of Soils 
35:128–135.

Belnap, J., B. Budel, and O. L. Lange. 2003. 
Biological soil crusts: Characteristics 
and distribution. Pages 3–30 in J. Belnap 
and O. L. Lange, eds., Biological soil 
crusts: Structure, function, and manage-
ment (2nd ed.). Ecological studies series 
150. Berlin: Springer-Verlag.

Bock, C. E., J. H. Bock, K. L. Jepsen, and 
J. C. Ortega. 1986. Ecological effects 
of planting African lovegrass in Ari-
zona. National Geographic Research 
2(4):456–463.

Brown, J. K. 1974. Handbook for invento-
rying downed woody material. USDA 
Forest Service General Technical Report 
INT-16. Intermountain Forest and 
Range Experiment Station, Ogden, 
Utah.

D’Antonio, C. M., and P. M. Vitousek. 1992. 
Biological invasions by exotic grasses, 
the grass/fire cycle, and global change. 
Annual Review of Ecology and System-
atics 23:63-87

Evans, R. D., and O. L. Lange. 2003. Biologi-
cal soil crusts and ecosystem nitrogen 
and carbon dynamics. Pages 263–279 in 
J. Belnap and O. L. Lange, eds., Biologi-
cal soil crusts: Structure, function, and 
management (2nd ed.). Ecological studies 
series 150. Berlin: Springer-Verlag.

Fertig, W. 2009. Annotated checklist of 
vascular flora: Dinosaur National 
Monument. Natural Resource Technical 
Report NPS/NCPN/NRTR—2009/225. 
National Park Service, Fort Collins, 
Colorado.

Garfin, G. M., J. K. Eischeid, M. T. Lenart, K. 
L. Cole, K. Ironside, and N. Cobb. 2010. 
Downscaling climate projections in to-
pographically diverse landscapes of the 
Colorado Plateau in the arid southwest-
ern United States. In C. van Riper III, 
B. F. Wakeling, and T. D. Sisk, eds., The 
Colorado Plateau IV: Shaping conserva-
tion through science and management. 
Tucson: The University of Arizona Press.

Goodrich, S., and E. Neese. 1986. Uinta Ba-
sin Flora. USDA Forest Service, Ogden, 
Utah.

Harper, K. T., and J. Belnap. 2001. The 
influence of biological soil crusts on 
mineral uptake by associated vascular 
plants. Journal of Arid Environments 
47(3):347–357.

Harris, T. A., G. P. Asner, and M. E. Miller. 
2003. Changes in vegetation structure 
after long-term grazing in pinyon–ju-
niper ecosystems: Integrating imaging 
spectroscopy and field studies. Ecosys-
tems 6(4):368–383.

Herrick, J. E., J. W. Van Zee, K. M. Havs-
tad, L. M. Burkett, and W. G. Whitford. 
2005. Monitoring manual for grassland, 
shrubland, and savanna ecosystems. 
Published as 2 volumes. USDA Jornada 
Experimental Range, Las Cruces, New 
Mexico. 

Lange, O. L. 2003. Photosynthesis of soil-
crust biota as dependent on environ-
mental factors. Pages 217–240 in J. 
Belnap and O. L. Lange, eds., Biologi-
cal soil crusts: Structure, function, and 
management (2nd ed.). Ecological studies 
series 150. Berlin: Springer-Verlag.

Miller, M. E., R. T. Belote, M. A. Bowker, 
and S. L. Garman. 2011. Alternative 
states of a semiarid grassland ecosystem: 
Implications for ecosystem services. 
Ecosphere 2(5):1–18.

Miller, M. E. 2005. The structure and 
functioning of dryland ecosystems: 
Conceptual models to inform long-term 
ecological monitoring. U.S. Geological 
Survey Scientific Investigations Report 
2005-5197.

Munson, S. M., J. Belnap, C. D. Schelz, M. 
Moran, and T. W. Carolin. 2011a. On 
the brink of change: Plant responses to 
climate change on the Colorado Plateau. 
Ecosphere 2(6):1–15.

Munson, S. M., J. Belnap, and G. S. Okin. 
2011b. Responses of wind erosion to 
climate-induced vegetation changes on 
the Colorado Plateau. Proceedings of 
the National Academy of Sciences of the 
USA 108(10):3854–3859.



28     Integrated Upland Monitoring in Dinosaur National Monument: Annual Report 2011	

National Park Service (NPS). 2003. Fire 
monitoring handbook. Fire Manage-
ment Program Center, National Inter-
agency Fire Center, Boise, Idaho.

Rosentreter, R., and J. Belnap. 2003. Biologi-
cal soil crusts of North America. Pages 
31–51 in J. Belnap and O. L. Lange, 
eds., Biological soil crusts: Structure, 
function, and management (2nd ed.). 
Ecological studies series 150. Berlin: 
Springer-Verlag.

Theobald, D. M., D. L. Stevens Jr., D. White, 
S. Urquhart, A. R. Olsen, and J. B. Nor-
man. 2007. Using GIS to generate spa-
tially balanced random survey designs 
for natural resource applications. Envi-
ronmental Management 40:134–146.

U.S. Department of Agriculture Natural 
Resources Conservation Service (USDA 
NRCS). 2007. Soil survey Report for Di-
nosaur National Monument, Colorado 
and Utah counties. Richfield, Utah.

Whelan, R. J. 1995. The ecology of fire. 
Cambridge, U.K.: Cambridge University 
Press.

Whisenant S. G. 1990. Changing fire fre-
quencies on Idaho’s Snake River plains: 
Ecological and management implica-
tions. U.S. Forest Service, Intermountain 
Research Center, Logan, Utah. General 
Technical Report INT-276.

Whitford, W. G. 2002. Ecology of desert sys-
tems. San Diego, Calif.: Academic Press.

Williams, J. D., J. P. Dombrowolski, D. A. 
Gillette, and N. E. West. 1995. Micro-
phytic crust influence on wind erosion. 
Transactions of the American Society of 
Agricultural Engineers 38:131–137.



The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides 
scientific and other information about those resources; and honors its special responsibilities to American Indians, Alaska 
Natives, and affiliated Island Communities.

NPS 122/120132, March 2013



Natural Resource Stewardship and Science 
1201 Oak Ridge Drive, Suite 150  
Fort Collins, Colorado  80525 
 
www.nature.nps.gov

EXPERIENCE YOUR AMERICA™ 

National Park Service
U.S. Department of the Interior


	1  Introduction
	2  Methods
	2.1  Integrated upland monitoring in Dinosaur National Monument
	2.2  Integrated upland monitoring procedures
	2.3  Database

	3  Results
	3.1  Monitored plots
	3.2  Vegetation type summaries

	4  Discussion
	5  Literature Cited
	Figure 1-1. Example of damage caused to biological soil crust by off-road vehicle use, Arches National Park.
	Figure 2-1. Sampling frame and location of pilot monitoring plots, Dinosaur National Monument.
	Figure 2-2. Plot layout for upland monitoring of grasslands and shrublands.
	Figure 2-3. Plot layout for upland monitoring of woodlands.
	Figure 3-1. Distribution of canopy gaps for (a) low-elevation ungrazed, (b) low-elevation grazed, (c) high-elevation ungrazed, and (d) high-elevation grazed sagebrush sites in Dinosaur National Monument, 2011.
	Figure 3-2. Distribution of basal gaps for (a) low-elevation ungrazed, (b) low-elevation grazed, (c) high-elevation ungrazed, and (d) high-elevation grazed sagebrush sites in Dinosaur National Monument, 2011.
	Table 2-1. Description of big sagebrush ecological sites selected for upland monitoring in Dinosaur National Monument.
	Table 2-2. Area (ha) of each vegetation type included in the sampling frame for upland monitoring at Dinosaur National Monument.
	Table 3-1. Response design and number of plots monitored by dominant vegetation, elevation, and grazing status in Dinosaur National Monument, 2009–2011.
	Table 3-2. Mean (range) number of plant species detected per monitoring plot by lifeform and vegetation type, Dinosaur National Monument, 2011.
	Table 3-3. Mean (range) percent cover of vegetation by lifeform for each vegetation type, Dinosaur National Monument, 2011.
	Table 3-4. Mean (range) percent cover of dominant species by vegetation type, Dinosaur National Monument, 2011.
	Table 3-5. Mean (range) density of shrub species per hectare by vegetation type, Dinosaur National Monument, 2011.
	Table 3-6. Mean (range) density of live seedlings, saplings, and overstory trees in PJ, Dinosaur National Monument, 2011.
	Table 3-7. Mean (range) density, diameter at root crown (drc), and percent dead for all trees >15 cm dbh in PJ, Dinosaur National Monument, 2011.
	Table 3-8. Mean (range) percent cover and frequency of exotic plant species detected in Dinosaur National Monument, 2011.
	Table 3-9. Mean (range) percent cover of surface features by vegetation type, Dinosaur National Monument, 2011.
	Table 3-10. Mean (range) canopy- and basal-gap size by vegetation type, Dinosaur National Monument, 2011.
	Table 3-12. Mean (range) fuel volume and depth of litter and duff in PJ, Dinosaur National Monument, 2011.
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK19
	OLE_LINK20
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	_GoBack
	_GoBack


Exotic Plant Walk

		Unit_Code		Visit_Year		Master_Stratification		Ecosite		Plot_ID		Utah_Species		Master_Common_Name		Lifeform		Duration		Alive		Notes

		DINO		2011		PJ		PJ		4		Alyssum desertorum		Desert madwort		Forb		Annual				scattered throughout

		DINO		2011		PJ		PJ		25		Alyssum desertorum		Desert madwort		Forb		Annual				a few spots

		DINO		2011		PJ		PJ		39		Alyssum desertorum		Desert madwort		Forb		Annual				a few, but more than cheatgrass

		DINO		2011		PJ		PJ		47		Alyssum desertorum		Desert madwort		Forb		Annual				only on T3

		DINO		2011		PJ		PJ		51		Alyssum desertorum		Desert madwort		Forb		Annual				a few seen

		DINO		2011		PJ		PJ		4		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout

		DINO		2011		PJ		PJ		9		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout, but especially common under trees

		DINO		2011		PJ		PJ		17		Bromus tectorum		Cheatgrass		Graminoid		Annual

		DINO		2011		PJ		PJ		22		Bromus tectorum		Cheatgrass		Graminoid		Annual				Pretty consistent throughout plot.

		DINO		2011		PJ		PJ		25		Bromus tectorum		Cheatgrass		Graminoid		Annual				everywhere

		DINO		2011		PJ		PJ		39		Bromus tectorum		Cheatgrass		Graminoid		Annual				hardly any

		DINO		2011		PJ		PJ		47		Bromus tectorum		Cheatgrass		Graminoid		Annual				abundant, throughout, but not especially

		DINO		2011		PJ		PJ		51		Bromus tectorum		Cheatgrass		Graminoid		Annual				some seen

		DINO		2011		PJ		PJ		4		Descurainia sophia		Flixweed		Forb		Annual				maybe, only a few seen on T.3

		DINO		2011		PJ		PJ		4		Lactuca serriola		Prickly lettuce		Forb		Annual				only one seen, near T.2

		DINO		2011		PJ		PJ		47		Lactuca serriola		Prickly lettuce		Forb		Annual				a couple seen

		DINO		2011		PJ		PJ		51		Lactuca serriola		Prickly lettuce		Forb		Annual				a few seen

		DINO		2011		PJ		PJ		25		Ranunculus testiculatus		Bur buttercup		Forb		Annual				seen in one weed box on T.1

		DINO		2011		PJ		PJ		22		Salsola tragus		Russian-thistle		Forb		Annual				A few individuals

		DINO		2011		PJ		PJ		4		Sisymbrium altissimum		Tumble mustard		Forb		Annual				only a few seen

		DINO		2011		PJ		PJ		22		Sisymbrium altissimum		Tumble mustard		Forb		Annual				A few individuals

		DINO		2011		PJ		PJ		4		Taraxacum officinale		Common dandelion		Forb		Perennial				only a few seen

		DINO		2011		PJ		PJ		9		Tragopogon dubius		Yellow salsify		Forb		Biennial				one seen on plot, between transects 1 & 2, near 40 meter mark

		DINO		2011		PJ		PJ		22		Tragopogon dubius		Yellow salsify		Forb		Biennial				One spotted near T1-0

		DINO		2011		sage-high, grazed		430-MtnLoam		2		Alyssum desertorum		Desert madwort		Forb		Annual				a few throughout

		DINO		2011		sage-high, grazed		430-MtnLoam		11		Alyssum desertorum		Desert madwort		Forb		Annual				pretty much everywhere

		DINO		2011		sage-high, grazed		298-RollingLoam		36		Alyssum desertorum		Desert madwort		Forb		Annual				scattered throughout plot

		DINO		2011		sage-high, grazed		430-MtnLoam		54		Alyssum desertorum		Desert madwort		Forb		Annual				A few at T3-O.

		DINO		2011		sage-high, grazed		430-MtnLoam		63		Alyssum desertorum		Desert madwort		Forb		Annual				A couple individuals on T3.

		DINO		2011		sage-high, grazed		430-MtnLoam		2		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout

		DINO		2011		sage-high, grazed		430-MtnLoam		11		Bromus tectorum		Cheatgrass		Graminoid		Annual				patches throughout plot

		DINO		2011		sage-high, grazed		298-RollingLoam		36		Bromus tectorum		Cheatgrass		Graminoid		Annual				scattered throughout plot

		DINO		2011		sage-high, grazed		430-MtnLoam		54		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few small patches.

		DINO		2011		sage-high, grazed		430-MtnLoam		63		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered towards T3-E.

		DINO		2011		sage-high, grazed		430-MtnLoam		3		Lactuca serriola		Prickly lettuce		Forb		Annual				One individual on T3, pulled.

		DINO		2011		sage-high, grazed		430-MtnLoam		54		Lactuca serriola		Prickly lettuce		Forb		Annual				A few scattered plants.

		DINO		2011		sage-high, grazed		430-MtnLoam		2		Poa bulbosa		Bulbous bluegrass		Graminoid		Perennial				beginning of T3

		DINO		2011		sage-high, grazed		430-MtnLoam		2		Poa pratensis		Kentucky bluegrass		Graminoid		Perennial				below T1

		DINO		2011		sage-high, grazed		430-MtnLoam		15		Taraxacum officinale		Common dandelion		Forb		Perennial				Just a few scattered plants.

		DINO		2011		sage-high, grazed		430-MtnLoam		46		Taraxacum officinale		Common dandelion		Forb		Perennial				one on T3

		DINO		2011		sage-high, grazed		430-MtnLoam		2		Tragopogon dubius		Yellow salsify		Forb		Biennial				a few throughout

		DINO		2011		sage-high, grazed		430-MtnLoam		3		Tragopogon dubius		Yellow salsify		Forb		Biennial				One individual below T1, one above T3.

		DINO		2011		sage-high, grazed		430-MtnLoam		11		Tragopogon dubius		Yellow salsify		Forb		Biennial				one spotted below T3

		DINO		2011		sage-high, grazed		298-RollingLoam		36		Tragopogon dubius		Yellow salsify		Forb		Biennial				a few individuals

		DINO		2011		sage-high, grazed		430-MtnLoam		46		Tragopogon dubius		Yellow salsify		Forb		Biennial				several around end of T3

		DINO		2011		sage-high, grazed		430-MtnLoam		54		Tragopogon dubius		Yellow salsify		Forb		Biennial				Many plants throughout plot.

		DINO		2011		sage-high, grazed		430-MtnLoam		63		Tragopogon dubius		Yellow salsify		Forb		Biennial				Noted one near T1

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		Alyssum desertorum		Desert madwort		Forb		Annual				quite a bit of this one

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		130		Alyssum desertorum		Desert madwort		Forb		Annual				Widely scattered

		DINO		2011		sage-high, ungrazed		430-MtnLoam		136		Alyssum desertorum		Desert madwort		Forb		Annual				throughout plot

		DINO		2011		sage-high, ungrazed		430-MtnLoam		56		Bromus tectorum		Cheatgrass		Graminoid		Annual				small patch on T3

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		Bromus tectorum		Cheatgrass		Graminoid		Annual				several patches surrounding old sagebrush stumps

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		130		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered around on T2 but not detected in exotic frequency.

		DINO		2011		sage-high, ungrazed		430-MtnLoam		136		Bromus tectorum		Cheatgrass		Graminoid		Annual				not much

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		Chorispora tenella		Blue mustard		Forb		Annual				only one individual near a big ant hill

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		68		Lactuca serriola		Prickly lettuce		Forb		Annual				in T3 1 meter belt

		DINO		2011		sage-high, ungrazed		430-MtnLoam		129		Lactuca serriola		Prickly lettuce		Forb		Annual				several scattered throughout plot, mostly on T2, T3

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		68		Taraxacum officinale		Common dandelion		Forb		Perennial				near T3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		129		Taraxacum officinale		Common dandelion		Forb		Perennial				many scattered throughout plot, many below T3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		56		Tragopogon dubius		Yellow salsify		Forb		Biennial				a few plants

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		Tragopogon dubius		Yellow salsify		Forb		Biennial				scattered throughout plot

		DINO		2011		sage-high, ungrazed		430-MtnLoam		136		Tragopogon dubius		Yellow salsify		Forb		Biennial				not much

		DINO		2011		sage-low, grazed		298-RollingLoam		41		Alyssum desertorum		Desert madwort		Forb		Annual				throughout

		DINO		2011		sage-low, grazed		330-Sandyland		58		Alyssum desertorum		Desert madwort		Forb		Annual				covers 50-70% or more of plot

		DINO		2011		sage-low, grazed		298-RollingLoam		142		Alyssum desertorum		Desert madwort		Forb		Annual				everywhere

		DINO		2011		sage-low, grazed		212-SDLoam		151		Alyssum desertorum		Desert madwort		Forb		Annual				This is a field of cheatgrass and alyssum.

		DINO		2011		sage-low, grazed		298-RollingLoam		41		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout

		DINO		2011		sage-low, grazed		330-Sandyland		58		Bromus tectorum		Cheatgrass		Graminoid		Annual				covers 25-50% of plot

		DINO		2011		sage-low, grazed		212-SDLoam		65		Bromus tectorum		Cheatgrass		Graminoid		Annual				The cheatgrass is thick on T2 and T3.

		DINO		2011		sage-low, grazed		298-RollingLoam		124		Bromus tectorum		Cheatgrass		Graminoid		Annual				Scattered throughout plot.

		DINO		2011		sage-low, grazed		298-RollingLoam		142		Bromus tectorum		Cheatgrass		Graminoid		Annual				many throughout plot

		DINO		2011		sage-low, grazed		212-SDLoam		151		Bromus tectorum		Cheatgrass		Graminoid		Annual				This is a field of cheatgrass and alyssum.

		DINO		2011		sage-low, grazed		298-RollingLoam		142		Erodium cicutarium		Stork's-bill		Forb		Annual				several in wash

		DINO		2011		sage-low, grazed		298-RollingLoam		41		Lactuca serriola		Prickly lettuce		Forb		Annual				one near T-2

		DINO		2011		sage-low, grazed		298-RollingLoam		142		Poa bulbosa		Bulbous bluegrass		Graminoid		Perennial				few in wash

		DINO		2011		sage-low, grazed		298-RollingLoam		41		Tragopogon dubius		Yellow salsify		Forb		Biennial				several across plot

		DINO		2011		sage-low, grazed		212-SDLoam		50		Tragopogon dubius		Yellow salsify		Forb		Biennial				noted near T2-O

		DINO		2011		sage-low, grazed		330-Sandyland		58		Tragopogon dubius		Yellow salsify		Forb		Biennial				a few scattered about plot

		DINO		2011		sage-low, grazed		212-SDLoam		65		Tragopogon dubius		Yellow salsify		Forb		Biennial				One individual by  T2

		DINO		2011		sage-low, grazed		298-RollingLoam		124		Tragopogon dubius		Yellow salsify		Forb		Biennial				one individual near T3-0

		DINO		2011		sage-low, grazed		216-SDSandyLoam		126		Tragopogon dubius		Yellow salsify		Forb		Biennial				near T3-E (not noted in 1 meter belt)

		DINO		2011		sage-low, grazed		298-RollingLoam		142		Tragopogon dubius		Yellow salsify		Forb		Biennial				spread throughout plot

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		7		Alyssum desertorum		Desert madwort		Forb		Annual				a few patches around plot

		DINO		2011		sage-low, ungrazed		298-RollingLoam		8		Alyssum desertorum		Desert madwort		Forb		Annual				throughout plot

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		Alyssum desertorum		Desert madwort		Forb		Annual				Only a few near T1

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		Alyssum desertorum		Desert madwort		Forb		Annual

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Alyssum desertorum		Desert madwort		Forb		Annual				Difficult to see beneath the other weeds

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29		Alyssum desertorum		Desert madwort		Forb		Annual				Scattered throughout plot

		DINO		2011		sage-low, ungrazed		326-SDSandyLoam		1		Bromus tectorum		Cheatgrass		Graminoid		Annual				numerous throughout plot

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		7		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout plot

		DINO		2011		sage-low, ungrazed		298-RollingLoam		8		Bromus tectorum		Cheatgrass		Graminoid		Annual				patchy

		DINO		2011		sage-low, ungrazed		298-RollingLoam		12		Bromus tectorum		Cheatgrass		Graminoid		Annual				A few large patches

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		Bromus tectorum		Cheatgrass		Graminoid		Annual				throughout plot

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		Bromus tectorum		Cheatgrass		Graminoid		Annual

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Bromus tectorum		Cheatgrass		Graminoid		Annual				A sea of cheatgrass

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29		Bromus tectorum		Cheatgrass		Graminoid		Annual				Covers entire plot.

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		Erodium cicutarium		Stork's-bill		Forb		Annual				One in wash - pulled

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		Lactuca serriola		Prickly lettuce		Forb		Annual				A couple in wash

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		Lactuca serriola		Prickly lettuce		Forb		Annual

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Lactuca serriola		Prickly lettuce		Forb		Annual				Lots of Lactuca mixed in

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Ranunculus testiculatus		Bur buttercup		Forb		Annual				Scattered individuals, mostly around T1

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29		Ranunculus testiculatus		Bur buttercup		Forb		Annual				Only seen on T1

		DINO		2011		sage-low, ungrazed		326-SDSandyLoam		1		Salsola tragus		Russian-thistle		Forb		Annual				one just above T3, pulled

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29		Salsola tragus		Russian-thistle		Forb		Annual				Scattered individuals

		DINO		2011		sage-low, ungrazed		298-RollingLoam		12		Sisymbrium altissimum		Tumble mustard		Forb		Annual				One clump on T3

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		Sisymbrium altissimum		Tumble mustard		Forb		Annual				Several on T2

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Sisymbrium altissimum		Tumble mustard		Forb		Annual				Scattered individuals

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29		Sisymbrium altissimum		Tumble mustard		Forb		Annual				A few individuals

		DINO		2011		sage-low, ungrazed		298-RollingLoam		8		Tragopogon dubius		Yellow salsify		Forb		Biennial				scattered individuals

		DINO		2011		sage-low, ungrazed		298-RollingLoam		12		Tragopogon dubius		Yellow salsify		Forb		Biennial				Scattered individuals

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		Tragopogon dubius		Yellow salsify		Forb		Biennial

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19		Tragopogon dubius		Yellow salsify		Forb		Biennial				A few individuals mostly around T2
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		UnitCode		Visit_Year		Master_Stratification		Ecosite		PlotID		ACHY		ACLE9		ACMI2		ACNE9		AGGL		AGOSE		ALAC4		ALDE		AMUT		ANDI2		ANMI3		ANPA4		ANRO2		ANTEN		ARABI2		ARCO5		ARFE3		ARLU		ARNO4		ARTR2		ASCO12		ATCA2		ATCO		BASA3		BRTE		CAAPM		CANU3		CAREX		CARO5		CASC19		CEAR4		CEMO2		CHER2		CHFE3		CHFR3		CHVI		COLI2		COPA3		CORA5		COUM		CRIN4		CRYPT		DRRE2		ELEL5		ELLA3		ELYMU		EPVI		ERBR5		ERCO14		ERDI4		ERHE2		ERIGE2		ERLO4		ERMI4		ERNA10		EROV		ERPA30		ERPU2		ERRA3		ERUM		EUBR		FEOV		GABI		GARA2		GIIN2		GRSP		GUSA2		HEBO		HECO		HEVI4		JUOS		JUSC2		KOMA		LAOC		LASE		LILE3		LIRU4		LOJU		LOTR2		LUAR3		MACA		MAGR2		MARE11		MEBU		MEMU2		MEOB		OECA10		OPFR		OPUNT		PAMU11		PASM		PECA4		PEHU		PENST		PEPA6		PEPU7		PHAU3		PHHO		PHLO2		PIED		PLJA		PLPA2		PODO4		POFE		POPR		POSE		PRVI		PSSP6		PUTR2		SATR12		SAVE4		SEIN2		SELA		SIAL2		SPCO		SPCR		STAC		STIPA		SYOR2		TAOF		TECA2		TENU2		TOIN		TRDU		TRGY		UNKF		UNKPF		VUOC

		DINO		2011		PJ		none		4		0.3														0.7																								0.3																								0.3																								0.3																																														1.3								12.7																																																										4.3		0.3						0.7

		DINO		2011		PJ		none		9		2.0																																				0.3		1.7		0.7						0.7		2.7																								0.7						0.7								0.3								0.3												0.7												1.0				0.7										0.7				1.3				23.7				0.7												0.3		0.3																										1.0		0.3				2.0						1.7		8.0						0.3		4.7								2.7																				0.3						0.3

		DINO		2011		PJ		none		17														1.7		0.3				0.7																				3.7								0.3		8.3																										1.0												0.3		0.7		0.3										0.3																																0.7				0.3		1.0		31.7				1.3										0.3																														0.3																				0.7		3.7				1.0																						0.3																				0.3

		DINO		2011		PJ		none		22																																																		0.3																																						1.0																																														1.7								24.7																																																																		0.3																				0.7

		DINO		2011		PJ		none		25		0.3																																																																				1.0																0.3								1.0																																				1.0				1.0								23.7																																																																		0.3				1.0

		DINO		2011		PJ		none		39																																		1.0								1.3																																										0.3				0.3																																																		0.7				20.3				0.3																		0.3																								0.3								0.3																0.3																						0.3																0.3

		DINO		2011		PJ		none		47																														0.3																				0.3																				0.3														0.3																																														0.3												14.3																												0.3																														14.7								0.3				1.0																																		0.3

		DINO		2011		PJ		none		51																				1.7								0.3		0.3										0.3		1.7																																																														0.7																														0.3								13.7				2.0																																										0.3		0.3		1.0				2.3				9.7								0.3				0.7				1.0																																		0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		2										0.7		0.3						2.7																		0.3				23.3		2.0						0.3		3.3				0.7																		0.3		0.3		3.0				2.3								1.7		2.3		2.0				3.0						2.7																						0.7														2.7				1.3				2.0												0.7		8.3								0.3				1.3						0.3				0.3				0.3												0.3		2.3								4.3				0.7																										0.3												0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		3										1.3																														22.0		2.0						29.7										1.3																														0.7		11.0																																																								9.0												1.7		21.3																																		1.0				1.7								0.7		1.7										0.7																																0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		11																																										2.7								1.0				0.3																																				15.0																				0.3																								3.3		0.3		0.7																																												1.0														0.7		2.0														2.3				0.7														1.0												0.3								2.7

		DINO		2011		sage-high, grazed		430-MtnLoam		15				0.3		0.3												1.0				3.3		0.3								0.7		0.3						8.7		0.3														0.3								5.3																				0.3								0.3						0.3								1.0												0.3		0.3																										1.3																																														0.7		4.0		2.3				7.3								1.3				0.3				8.0										2.0								3.3								0.3								0.3

		DINO		2011		sage-high, grazed		298-RollingLoam		36		0.3																																						18.0		3.0								1.0				1.3																		0.3																7.7				0.3																		0.3				0.7																				1.3				3.0				2.0				3.0																																																		0.3		1.3														3.0																		0.3																				2.0

		DINO		2011		sage-high, grazed		430-MtnLoam		46		0.3																				2.7		0.3																9.7		2.3												0.7																								1.0		1.0				0.7						4.0																														1.3																		6.7				9.0				2.7																																						0.7		2.3										2.7		2.3		7.3								9.0				0.3				7.3																		2.0						0.3										2.0

		DINO		2011		sage-high, grazed		430-MtnLoam		54																												0.3														0.7								0.3																														0.3																																																										57.7								0.7		0.7																																		2.3																								3.0		1.3				0.3				0.3																																1.3		1.3		0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		63				5.0						0.7																														29.7								10.3																																								2.7				3.3										2.3																						0.3														0.3								4.0												1.3		19.7																																						3.7								3.3		4.3																0.3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		26																																								3.0		0.3																																																																																						0.3						0.3				7.7		1.0								0.3																																		18.3																0.7										0.7				1.7																		4.0										0.3										2.0

		DINO		2011		sage-high, ungrazed		430-MtnLoam		56																		0.3																						24.0		0.3																																						0.7								1.3		0.3		2.7																																														23.7		3.3						1.0														1.7								1.0																														0.3								0.3		3.3				4.3						0.3																																0.7

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		68				2.3		2.3		2.7								0.3		1.3														0.7								8.0										0.3						0.3								0.3						0.3						0.7												2.3		1.3						0.7						3.0																								0.7												12.0		4.0				3.0										1.3						2.3						0.3																																0.3								4.0		0.3		7.7								1.0

		DINO		2011		sage-high, ungrazed		298-RollingLoam		97		1.3		0.7																																				1.7		3.7																																																3.7																		1.3																										3.3				11.3								0.7																0.7																0.3																		0.3												0.7								1.0														1.7				0.3		0.7												1.3		0.3

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		1.7								1.0																														0.3		0.7								1.0																																								2.7																		0.3																										1.3				20.3								3.7						0.3																																														0.3										1.7				2.0				8.0														2.0												1.3						1.0

		DINO		2011		sage-high, ungrazed		430-MtnLoam		129																																								0.3																																																																																																										1.0																																				28.3																0.3										1.7				2.0																		1.3																				2.0

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		130		1.0				1.7												4.0																1.0						10.3																		0.3				1.7		7.0								0.7																4.0														2.3																		3.0														0.3				4.0		2.3						2.0														0.7						3.7										0.3																								0.7						0.3		0.3						0.3				5.3								0.3												1.0

		DINO		2011		sage-high, ungrazed		430-MtnLoam		136		0.3																																				0.3		10.0		6.0								0.3		0.7		0.3										1.7																0.7								0.7				2.0																																												0.7		1.3		0.3		11.0				1.0														0.3		0.3						1.0												1.7		1.0				0.3								2.0				1.3										1.7				1.0																								0.3		0.7

		DINO		2011		sage-low, grazed		298-RollingLoam		41																1.7																								6.7		1.7								2.3										0.3																																0.3																								0.3																		5.7				26.7								2.0																						0.3														1.0																						0.3				4.0																						1.7																				0.3						1.7

		DINO		2011		sage-low, grazed		212-SDLoam		50																																								20.3																																																		1.3																																												1.0				3.0																																																												0.7																								0.3								1.3

		DINO		2011		sage-low, grazed		330-Sandyland		58																0.3																																		20.3																						1.0																																																																		13.0		2.0																																								0.3		0.3																																																		7.0																								0.3

		DINO		2011		sage-low, grazed		212-SDLoam		65		0.7																		0.3																				10.3		0.7								2.0				0.3																																																																																1.7				3.0				10.0																																								0.7																		1.7								0.3				0.3				1.3														0.3

		DINO		2011		sage-low, grazed		298-RollingLoam		124		0.3																								0.3														4.7		2.0								3.7																																1.0																0.3																								0.3																3.3				6.3				2.7																		1.7																										1.3		4.0				1.3		0.3		3.0												0.3				7.3																		0.3																0.3

		DINO		2011		sage-low, grazed		216-SDSandyLoam		126		0.3																																						9.7						1.7				0.3																																																0.7																																				0.3				2.7																																				0.3																												2.0										0.3																		1.0

		DINO		2011		sage-low, grazed		298-RollingLoam		142																0.3																								15.0		1.7								3.0										0.3																												0.3				2.0																																										2.0				5.7		0.3						2.3												0.3																																								0.3								0.3		5.0																						2.0																		0.7		0.7						0.3

		DINO		2011		sage-low, grazed		212-SDLoam		151																0.3																								3.7										0.7																																																																																								2.3																																								1.7																																																				4.0		5.7

		DINO		2011		sage-low, ungrazed		326-SDSandyLoam		1		1.7																																						4.3										0.3																						4.7																																																												2.3		1.3				5.0				5.7																																																																																1.7										0.3

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		7		1.3														0.7																						2.0		3.3						0.3																				0.7						2.7																0.3																								0.3																						5.3				5.3																																								0.3																																																																		1.7

		DINO		2011		sage-low, ungrazed		298-RollingLoam		8										0.3										1.7																				11.3		1.3								0.7										0.3																												1.7		1.0																		0.3				0.3																						0.7				13.0								2.0																																																		2.0												0.3				3.0				0.3														3.3				0.3																0.3

		DINO		2011		sage-low, ungrazed		298-RollingLoam		12		0.7																																																0.7				0.7																																				0.3																																												0.3				0.3																																								0.7				19.7																																																6.7																				0.3

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		0.3																																						5.3																												0.3																																																																		1.0				15.0																																																																																										0.3		0.7		0.3

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		0.3														0.3																								0.7		0.3								0.7																																		0.3				0.7		4.0										0.3										3.3																												13.3				7.7				1.7																																0.3																														2.3

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19																																								2.0				0.3		2.0																																																																																																								6.7																																																				5.3										0.3										1.7								2.0

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29																																								5.7																												0.7																																																																		1.3																																																																																						0.7								0.3		3.0
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		UnitCode		Visit_Year		Master_Stratification		Ecosite		PlotID		ACHY		ACLE9		ACMI2		ACNE9		AGGL		AGOSE		ALAC4		ALDE		AMUT		ANDI2		ANMI3		ANPA4		ANRO2		ANTEN		ARABI2		ARCO5		ARFE3		ARLU		ARNO4		ARTR2		ASCO12		ATCA2		ATCO		BASA3		BRTE		CAAPM		CANU3		CAREX		CARO5		CASC19		CEAR4		CEMO2		CETE5		CHER2		CHFE3		CHFR3		CHVI		COLI2		COPA3		CORA5		COUM		CRAC2		CREPI		CRIN4		CRYPT		CYAC		DESCU		DRRE2		ELEL5		ELLA3		ELYMU		EPVI		ERBR5		ERCO14		ERDI4		ERHE2		ERIGE2		ERLO4		ERMI4		ERNA10		EROV		ERPA30		ERPU2		ERRA3		ERUM		EUBR		FEOV		GABI		GARA2		GIIN2		GILIA		GRSP		GUSA2		HEBO		HECO		HEVI4		JUOS		JUSC2		KOMA		LAOC		LASE		LILE3		LIRU4		LOJU		LOMAT		LOTR2		LUAR3		LUPU		MAAF		MACA		MAGR2		MARE11		MEAL6		MEBU		MEMU2		MEOB		OECA10		OPFR		OPUNT		PAMU11		PASM		PECA4		PEHU		PENST		PEPA6		PEPU7		PHAU3		PHHO		PHLO2		PIED		PLJA		PLPA2		POA		PODO4		POFE		POPR		POSE		PRVI		PSSP6		PUTR2		SATR12		SAVE4		SEIN2		SELA		SIAL2		SPCO		SPCR		STAC		STIPA		SYOR2		TAOF		TECA2		TENU2		TOIN		TRDU		TRGY		UNKAF		UNKF		UNKPF		UNKPG		UNKS		VUOC		ZIVE

		DINO		2011		PJ		PJ		4		0.3														1																								0.3										4.0														0.3																																		0.3																																																1.3								16.7																																												0.3																						4.7		0.7								1.0

		DINO		2011		PJ		PJ		9		2.7																																				0.7		3.0		0.7						0.7		6.0																										0.7		1.0				0.7																1.0								0.3												0.7												1.0				0.7												0.7				1.7				24.7				1.7														0.3		0.3																																1.0		0.3				2.3						2.3		8.0								0.7		5.7								4.0																				0.3						0.3																0.7		0.3

		DINO		2011		PJ		PJ		17		0.3												2.3		0.3				1.0																				7.7								0.3		10.0																												3.3																				0.7		1.7		0.3										0.3																																		1.0				0.7		1.0		34.3				2.0										0.3																																						0.3																						0.7		4.3				2.7																						0.3		0.3																				0.3		0.3

		DINO		2011		PJ		PJ		22																																																		4.0																																																1																																										0.3		3.3				1.7								27.0																																0.3																																												0.3																				0.7

		DINO		2011		PJ		PJ		25		0.3																																																12.3																						1.0																								0.3								1.0																																				4.7						1.0								26.3																																																																												0.7				3.3

		DINO		2011		PJ		PJ		39																																		1.0						0.3		1.7																																																0.3				0.7				0.3																																																				0.7				24.7				0.7																								0.3																0.3										0.3								0.7				0.3										1.0				1.3				1.0																		0.3																0.3

		DINO		2011		PJ		PJ		47																														0.3																				1.0																						0.3																		0.3																																																		2.0														16.3																																				0.3																														15.0										0.3				1.3																																		0.3						0.7

		DINO		2011		PJ		PJ		51																				1.7								0.3		0.3										0.3		1.7																																																																								0.7																																0.3								15.0				2.0																																								0.3										0.3		0.3		1.0				3.0				13.3										0.3				3.3				1.3																																		0.3								1.3

		DINO		2011		sage-high, grazed		430-MtnLoam		2										0.7		0.3						3.0																		0.3				31.0		2.0						0.3		3.7				0.7																				0.3		0.3		4.3				2.3																1.7		3.0		2.0				3.0						2.7																						0.7																4.0				1.3				2.0														0.7		8.3														0.3				1.3						0.3				0.3				0.3												0.3		2.3										4.7				0.7																										0.3												0.3								0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		3										1.7																														31.7		2.0						29.7										1.3																				0.3						0.3														1.0		12.0																																																										9.3														1.7		21.7																																								1.0				2.0										0.7		1.7				0.3						0.7																																0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		11		0.3														4.3																								0.3		2.7								1.0				0.3																																														21.0																				0.3																										4.7		0.3		0.7																																																				1.3														0.7		2.0																18.0				0.7														1.0												0.3								2.7

		DINO		2011		sage-high, grazed		430-MtnLoam		15				0.3		0.3												1.0				3.7		0.3								0.7		0.3						10.7		0.3														0.3								5.7										0.3																0.3												0.3						0.3								1.0												0.3		0.3																												1.3																																																						0.7		4.3		2.3				7.7										1.7				1.7				9.7										2.0								3.7								0.3								0.3

		DINO		2011		sage-high, grazed		298-RollingLoam		36		0.3								0.3						2.0																								24.0		3.0								1.3				1.3																				0.3																								10.0				0.3																		0.3				1																						1.3				5.0				2.3				3.3																																																										0.7		1.7																14.3																		0.3																				2.0														0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		46		0.3																				2.7		0.3																13.0		2.3												0.7																										1.0		1.0								0.7										4.0																														1.3																				7.3				9.0				2.7																																														0.7		2.3										2.7		2.3		7.3										9.7				0.3				8.0																		2.0						0.3										2.0

		DINO		2011		sage-high, grazed		430-MtnLoam		54																												0.3														0.7								0.3																																0.3																																																																				64.7								0.7		0.7																																										5.0																										3.3		2.0				14.0				0.3																																1.3		1.3				0.3				0.3

		DINO		2011		sage-high, grazed		430-MtnLoam		63				5.3						1.0																														36.7								12.0																														1.3																				3.0		0.3		4.0										2.3																						0.3																0.3								4.3														1.3		19.7																																												4.3										3.3		4.3				0.3												0.3																																		0.3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		26																																								3.0		0.3								1.7																																																																																								0.3								0.3				8.0		1.0								0.3																																										27.3																0.7												2.3				20.3																		4.0										0.3										2.0

		DINO		2011		sage-high, ungrazed		430-MtnLoam		56																		0.3																						25.0		0.3								0.3																																0.7																1.3		0.3		2.7																																																24.3		3.3						1.0																1.7														1.0																														0.3										0.3		3.7				20.7						0.3																																0.7								0.3

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		68				2.7		2.3		2.7								0.3		1.7														0.7								12.0										0.3						0.7								0.3								0.3						0.7																				2.3		1.7						0.7						3.3																								1.0														14.3		4.0				3.0										1.3								2.3										0.3																																		0.3										4.0		0.3		9.0								1.0

		DINO		2011		sage-high, ungrazed		298-RollingLoam		97		1.7		0.7												1.3																								3.3		3.7								2.3																2.7																				0.3														5.0																		1.7																												4.0				15.7								0.7																						0.7																		0.3																		0.7														1.0				12.0				1.7														1.7				0.7		1.0												1.3		0.3								0.7

		DINO		2011		sage-high, ungrazed		298-RollingLoam		116		2.0								1.3						6.3																								0.7		0.7								1.3																																																		2.7																		0.3																												3.0				34.0								4.0						0.3																																																						0.3												2.7				3.0				8.3														2.0												2.0						1.0								0.3				0.3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		129																																								0.3																																																																																																																						1.3																																												36.3																0.3												2.0				42.0																		1.3																				2.0								0.3

		DINO		2011		sage-high, ungrazed		310-SandyFoothills		130		1.0				3.0				0.3						0.7		4.3																1.0						13.7																		0.7				2.0		7.3										0.7																								4.0														2.3																		3.7																0.3				5.7		2.3						2.3																0.7										3.7												0.3																								0.7								0.3		0.3				0.3		0.3				5.7								0.3												1.0																		0.3		0.7		0.3

		DINO		2011		sage-high, ungrazed		430-MtnLoam		136		0.3														0.7																						0.3		18.7		6.3								0.3		0.7		0.3										1.7																		0.7																1.0				4.3																																														0.7		1.3		0.7		11.0				1.3																0.3						0.3								1.3												1.7		1.7				0.3								2.3				1.3												4.0				2.7																								0.3		0.7																				1.3

		DINO		2011		sage-low, grazed		298-RollingLoam		41																6.7																								7.3		1.7								2.3										0.3																																										0.3																								0.3																				5.7				32.7								2.0																														0.3														1.7																						0.3						4.7																						1.7																				0.3								2.0				1.7

		DINO		2011		sage-low, grazed		212-SDLoam		50																0.3																								21.7										5.0																																																		1.3																																														1.0				3.3																																																																				0.7						1.3										7.7										0.3								1.3

		DINO		2011		sage-low, grazed		330-Sandyland		58		0.7														14.0																																		22.3																								1.0																																																																												18.3		2.3																																																0.7		0.7																						0.3						0.7				1.3																				9.7																										1.3				1.0

		DINO		2011		sage-low, grazed		212-SDLoam		65		0.7														0.3				0.3																				15.0		0.7								15.7				0.3																																												0.7																																																1.7				5.7				10.0																																																0.7																		1.7										0.3				9.7				1.3														0.3

		DINO		2011		sage-low, grazed		298-RollingLoam		124		0.3																								0.3														10.7		2.0								6.0																																						1.0																				0.3												0.3												0.3																		4.0				6.3				3.3																								2.0																												1.3		4.7				1.3		0.3		3.0														2.7				11.7																		0.3																0.3

		DINO		2011		sage-low, grazed		216-SDSandyLoam		126		1.3														0.3																								11.7						1.7				5.7																																																										1.3																																						0.3				5.3																												0.3																0.3																												2.3												2.7																		1.0

		DINO		2011		sage-low, grazed		298-RollingLoam		142																7.0																								18.0		2.0								3.7										0.3																																						1.0		0.3		2.7																																												2.3				6.3		0.3						3.3														0.3																																														0.3										0.3		8.0																						2.0																		0.7		0.7								0.7				0.3

		DINO		2011		sage-low, grazed		212-SDLoam		151																15.3																								3.7										49.7																																																																																																				3.0																																																1.7																																				1.0																		4.0		6.0

		DINO		2011		sage-low, ungrazed		326-SDSandyLoam		1		2.3																																						5.7										9.0																								5.0																																																																						3.7		1.3				6.0				5.7																																																																																										1.7										0.3																										0.7

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		7		1.7														1.0																						2.3		3.7						0.3				19.3																		1.0						3.7																								0.3																								0.3																								6.3				7.0																																																0.3																																																																				2.3														0.3				0.3

		DINO		2011		sage-low, ungrazed		298-RollingLoam		8										0.3						0.7				1.7																				15.0		1.3								1.0										0.3																																0.3						1.7		1.0																		0.3				0.3																								2.0				18.7								2.3												0.7																												0.3																		2.3														0.3				7.3				0.3														3.3				0.3																0.3

		DINO		2011		sage-low, ungrazed		298-RollingLoam		12		0.7																																																2.0				0.7																																														0.3																																														0.3				0.3																																																0.7				22.0																																25.7																		6.7																				0.3												0.7

		DINO		2011		sage-low, ungrazed		225-SDShallowLoam		13		0.3														0.3																								11.3										27.3																				0.3																																																																								0.3				1.0				23.3																																																																																				1.0																0.3		0.7		0.3

		DINO		2011		sage-low, ungrazed		330-Sandyland		14		0.3														2.7																								0.7		0.3								7.7																																								0.3								1.3		8.3										0.3										5.3																														22.0				9.0				2.7																																								0.3																												0.3				7.3																																												0.3						0.7

		DINO		2011		sage-low, ungrazed		216-SDSandyLoam		19																0.7																								4.0				0.3		3.0				70.3				0.3												0.3																																																																																				0.3												7.3														0.3																																														7.7												5.7										2.0						0.3		2.0																														2.0

		DINO		2011		sage-low, ungrazed		298-RollingLoam		29																3.3																								7.0										51.0																				0.7																												1.3																																																1.7				0.3																																																																																0.3				0.3								2.3								0.3		3.3





Species_code

		Master_PLANT_Code		Utah_Species		Master_Common_Name		Lifeform		Duration		Nativity

		ACHY		Stipa hymenoides		Indian ricegrass		Graminoid		Perennial		Native

		ACLE9		Stipa lettermanii		Letterman's needlegrass		Graminoid		Perennial		Native

		ACMI2		Achillea millefolium		common yarrow		Forb		Perennial		Native

		ACNE9		Stipa nelsonii		Columbia needlegrass		Graminoid		Perennial		Native

		AGGL		Agoseris glauca		pale agoseris		Forb		Perennial		Native

		AGOSE		Agoseris sp.		agoseris

		ALAC4		Allium acuminatum		Taper-tip onion		Forb		Perennial		Native

		ALDE		Alyssum desertorum		Desert madwort		Forb		Annual		NonNative

		AMUT		Amelanchier utahensis		Utah serviceberry		Shrub		Perennial		Native

		ANDI2		Antennaria dimorpha		Low pussytoes		Forb		Perennial		Native

		ANMI3		Antennaria microphylla		Small-leaf pussyoes		Forb		Perennial		Native

		ANPA4		Antennaria parvifolia		Common pussytoes		Forb		Perennial		Native

		ANRO2		Antennaria rosea		Rosy pussytoes		Forb		Perennial		Native

		ANTEN		Antennaria sp.		pussytoes

		ARABI2		Arabis sp.		rockcress (sp.)		Forb		Perennial		Native

		ARCO5		Arenaria congesta		ballhead sandwort		Forb		Perennial		Native

		ARFE3		Arenaria fendleri		Fendler's sandwort		Forb		Perennial		Native

		ARLU		Artemisia ludoviciana		Louisiana wormwood		Forb		Perennial		Native

		ARNO4		Artemisia nova		black sagebrush		DwarfShrub		Perennial		Native

		ARTR2		Artemisia tridentata		big sagebrush		Shrub		Perennial		Native

		ASCO12		Astragalus convallarius		lesser rushy milkvetch		Forb		Perennial		Native

		ATCA2		Atriplex canescens		Four-wing saltbush		Shrub		Perennial		Native

		ATCO		Atriplex confertifolia		Shadscale		Shrub		Perennial		Native

		BASA3		Balsamorhiza sagittata		Arrowleaf balsamroot		Forb		Perennial		Native

		BRTE		Bromus tectorum		Cheatgrass		Graminoid		Annual		NonNative

		CAAPM		Castilleja chromosa		Desert paintbrush		Forb		Perennial		Native

		CANU3		Calochortus nuttallii		Sego-lily		Forb		Perennial		Native

		CAREX		Carex sp.		sedge		Graminoid		Perennial		Native

		CARO5		Carex rossii		Ross' sedge		Graminoid		Perennial		Native

		CASC19		Castilleja scabrida		rough Indian paintbrush		Forb		Perennial		Native

		CEAR4		Cerastium arvense		Field chickweed		Forb		Perennial		Native

		CEMO2		Cercocarpus montanus		Alder-leaf mountain mahogany		Shrub		Perennial		Native

		CETE5		Ranunculus testiculatus		Bur buttercup		Forb		Annual		NonNative

		CHER2		Chaetopappa ericoides		Rose-heath		Forb		Perennial		Native

		CHFE3		Chamaesyce fendleri		Fendler's spurge		Forb		Perennial		Native

		CHFR3		Chenopodium fremontii		Fremont's goosefoot		Forb		Annual		Native

		CHVI		Chrysothamnus viscidiflorus		Green rabbitbrush		Shrub		Perennial		Native

		COLI2		Collomia linearis		Small collomia		Forb		Annual		Native

		COPA3		Collinsia parviflora		Blue-eyed Mary		Forb		Annual		Native

		COUM		Comandra umbellata		Bastard toadflax		Forb		Perennial		Native

		CORA5		Cordylanthus ramosus		Bushy bird's-beak		Forb		Annual		Native

		CRAC2		Crepis acuminata		Mountain hawksbeard		Forb		Perennial		Native

		CREPI		Crepis sp.		hawksbeard

		CRIN4		Crepis intermedia		Gray hawksbeard		Forb		Perennial		Native

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

		CYAC		Cymopterus acaulis		Plains spring-parsley		Forb		Perennial		Native

		DESCU		Descurainia sp.		tansymustard

		DRRE2		Draba reptans		Dwarf draba		Forb		Annual		Native

		ELEL5		Elymus elymoides		Squirreltail		Graminoid		Perennial		Native

		ELLA3		Elymus lanceolatus		Thickspike wheatgrass		Graminoid		Perennial		Native

		ELYMU		Elymus sp.		wildrye

		EPVI		Ephedra viridis		Green ephedra		Shrub		Perennial		Native

		ERBR5		Eriogonum brevicaule		shortstem buckwheat		Forb		Perennial		Native

		ERCO14		Eriogonum corymbosum		Crisp-leaf wild buckwheat		Shrub		Perennial		Native

		ERDI4		Erigeron divergens		Spreading daisy		Forb		Perennial		Native

		ERHE2		Eriogonum heracleoides		Whorled wild buckwheat		Forb		Perennial		Native

		ERIGE2		Erigeron sp.		daisy (sp).		Forb		Perennial		Native

		ERLO4		Eriogonum lonchophyllum		spearleaf buckwheat		DwarfShrub		Perennial		Native

		ERMI4		Eriogonum microthecum		Slender wild buckwheat		DwarfShrub		Perennial		Native

		ERNA10		Chrysothamnus nauseosus		rabbitbrush (sp).		Shrub		Perennial		Native

		EROV		Eriogonum ovalifolium		Cushion wild buckwheat		Forb		Perennial		Native

		ERPA30		Chrysothamnus parryi		Parry's rabbitbrush		DwarfShrub		Perennial		Native

		ERPU2		Erigeron pumilus		shaggy fleabane		Forb		Perennial		Native

		ERRA3		Eriogonum racemosum		Redroot wild buckwheat		Forb		Perennial		Native

		ERUM		Eriogonum umbellatum		sulphur-flower buckwheat		Forb		Perennial		Native

		EUBR		Euphorbia brachycera		Shorthorn spurge		Forb		Perennial		Native

		FEOV		Festuca ovina		fescue		Graminoid		Perennial		Native

		GABI		Galium bifolium		Twin-leaf bedstraw		Forb		Annual		Native

		GARA2		Gayophytum ramosissimum		Branching groundsmoke		Forb		Annual		Native

		GIIN2		Gilia inconspicua		Shy gilia		Forb		Annual		Native

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

		GRSP		Grayia spinosa		Spiny hopsage		Shrub		Perennial		Native

		GUSA2		Gutierrezia sarothrae		Broom snakeweed		DwarfShrub		Perennial		Native

		HEBO		Hedysarum boreale		Utah sweetvetch		Forb		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

		JUSC2		Juniperus scopulorum		Rocky Mountain juniper		Tree		Perennial		Native

		KOMA		Koeleria macrantha		Junegrass		Graminoid		Perennial		Native

		LAOC		Lappula occidentalis		Western stickseed		Forb		Annual		Native

		LASE		Lactuca serriola		Prickly lettuce		Forb		Annual		NonNative

		LILE3		Linum perenne		Lewis flax		Forb		Perennial		Native

		LIRU4		Lithospermum ruderale		Western stoneseed		Forb		Perennial		Native

		LOJU		Lomatium juniperinum		Juniper lomatium		Forb		Perennial		Native

		LOMAT		Lomatium sp.		desertparsley		None		None		None

		LOTR2		Lomatium triternatum		nineleaf biscuitroot		Forb		Perennial		Native

		LUAR3		Lupinus argenteus		silvery lupine		Forb		Perennial		Native

		LUPU		Lupinus pusillus		Dwarf lupine		Forb		Annual		Native

		MAAF		Malcolmia africana		African mustard		Forb		Annual		NonNative

		MACA		Machaeranthera canescens		Hoary aster		Forb		Perennial		Native

		MAGR2		Machaeranthera grindelioides		Gumweed aster		Forb		Perennial		Native

		MARE11		Mahonia repens		Oregon-grape		DwarfShrub		Perennial		Native

		MEAL6		Mentzelia albicaulis		White-stem blazingstar		Forb		Annual		Native

		MEBU		Melica bulbosa		Oniongrass		Graminoid		Perennial		Native

		MEMU2		Mentzelia multicaulis		manystem blazingstar		Forb		Perennial		Native

		MEOB		Mertensia oblongifolia		Western bluebell		Forb		Perennial		Native

		OECA10		Oenothera caespitosa		Tufted evening-primrose		Forb		Perennial		Native

		OPFR		Opuntia fragilis		Brittle prickly-pear		DwarfShrub		Perennial		Native

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

		PAMU11		Senecio multilobatus		Basin groundsel		Forb		Perennial		Native

		PASM		Elymus smithii		Western wheatgrass		Graminoid		Perennial		Native

		PECA4		Penstemon caespitosus		mat penstemon		Forb		Perennial		Native

		PEHU		Penstemon humilis		low beardtongue		Forb		Perennial		Native

		PENST		Penstemon sp.		penstemon (sp).		Forb		Perennial		Native

		PEPA6		Penstemon pachyphyllus		thickleaf beardtongue		Forb		Perennial		Native

		PEPU7		Petradoria pumila		rock goldenrod		Forb		Perennial		Native

		PHAU3		Phlox austromontana		mountain phlox		Forb		Perennial		Native

		PHHO		Phlox hoodii		spiny phlox		Forb		Perennial		Native

		PHLO2		Phlox longifolia		Long-leaf phlox		Forb		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

		POA		Poa sp.		bluegrass (sp).		Graminoid		Perennial		unk

		PODO4		Polygonum douglasii		Douglas' knotweed		Forb		Annual		Native

		POFE		Poa fendleriana		Muttongrass		Graminoid		Perennial		Native

		POPR		Poa pratensis		Kentucky bluegrass		Graminoid		Perennial		NonNative

		POSE		Poa secunda		Sandberg's bluegrass		Graminoid		Perennial		Native

		PRVI		Prunus virginiana		chokecherry		Shrub		Perennial		Native

		PSSP6		Elymus spicatus		Bluebunch wheatgrass		Graminoid		Perennial		Native

		PUTR2		Purshia tridentata		Antelope bitterbrush		Shrub		Perennial		Native

		SATR12		Salsola tragus		Russian-thistle		Forb		Annual		NonNative

		SAVE4		Sarcobatus vermiculatus		Greasewood		Shrub		Perennial		Native

		SEIN2		Senecio integerrimus		lambstongue ragwort		Forb		Perennial		Native

		SELA		Sedum lanceolatum		Lance-leaved stonecrop		Forb		Perennial		Native

		SIAL2		Sisymbrium altissimum		Tumble mustard		Forb		Annual		NonNative

		SPCO		Sphaeralcea coccinea		Scarlet globe-mallow		Forb		Perennial		Native

		SPCR		Sporobolus cryptandrus		Sand dropseed		Graminoid		Perennial		Native

		STAC		Haplopappus acaulis		stemless mock goldenweed		Forb		Perennial		Native

		STIPA		Stipa sp.				Graminoid		Perennial		Native

		SYOR2		Symphoricarpos oreophilus		mountain snowberry		Shrub		Perennial		Native

		TAOF		Taraxacum officinale		Common dandelion		Forb		Perennial		NonNative

		TECA2		Tetradymia canescens		Spineless horsebrush		Shrub		Perennial		Native

		TENU2		Tetradymia nuttallii		Nuttall's horsebrush		Shrub		Perennial		Native

		TOIN		Townsendia incana		Hoary townsendia		Forb		Perennial		Native

		TRDU		Tragopogon dubius		Yellow salsify		Forb		Biennial		NonNative

		TRGY		Trifolium gymnocarpon		hollyleaf clover		Forb		Perennial		Native

		UNKAF		unknown annual forb				Forb		Annual

		UNKF		unknown forb				Forb

		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

		ZIVE		Zigadenus venenosus		meadow deathcamas		Forb		Perennial		Native







