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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 determine natural variability of upland resources
and provide early warning of resource degradation.

This report summarizes NCPN upland monitoring in Bryce Canyon National Park (NP) in
2010. This report 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 Bryce Canyon NP in 2010. Based on discussions with
park resource staff, pinyon-juniper woodlands and mixed conifer forests were selected

for monitoring. The sampling frame was delineated using the elevation zone where each
vegetation type occurs in the park. Ten pinyon-juniper and eight mixed conifer plots were
established and monitored in 2010. One of the pinyon-juniper plots was excluded from the
monitoring summaries because a spring was discovered along one of the transects.

In this report, measures were summarized for each vegetation type. The only analysis per-
formed was an ordination of species cover. Results of this ordination indicated good sepa-
ration between the vegetation types. Early monitoring data describe status of vegetation
types. Interpretation will be limited until additional data are acquired and more rigorously
analyzed.
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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 disturbance
history. Upland vegetation supplies most re-
gional primary productivity, which translates
to energy for other trophic levels. The condi-
tion of upland vegetation influences soil sta-
bility and nutrient cycling, which, in turn, de-
termines potential above-ground production
of native plant species and the propensity for
invasion by non-native species. Vegetation
also provides habitat for various organisms.
The ability of uplands to retain soil and nu-
trients, absorb and release water, and buffer
high-runoff precipitation events also influ-
ences conditions in riparian areas.

Upland ecosystems of the Colorado Plateau,
where the majority of NCPN park units are
located, tend to be dominated by shrubs,
perennial grasses, and small trees. Although
these life forms play an integral role in defin-
ing the structure and function of Colorado
Plateau ecosystems (Whitford 2002), it is the
highly pinnacled biological soil crusts that
make these these dryland systems unique.
Biological soil crusts are biotic communities
composed of cyanobacteria, algae, micro-
fungi, mosses, and lichens that occur on and
within the upper few millimeters of the soil
surface (Belnap et al. 2003). Their presence
stabilizes the soil surface and reduces suscep-
tibility to wind and water erosion (Williams
et al. 1995). They also contribute to nutrient
cycling by fixing C (Lange 2003) and N (Ev-
ans and Lange 2003; Belnap 2002) and affect
the availability of nutrients to plants (Harper
and Belnap 2001).

Biological soil crusts are particularly sensitive
to disturbances that affect the soil surface,
such as trampling and off-road vehicle use
(Rosentreter and Belnap 2003). In the basins
neighboring the Colorado Plateau, where
a couple of 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 surrounding the Colorado
Plateau, where numerous NCPN park units
are located, the role of biological soil crusts is
less important because much of the soil sur-
face is covered by vegetation and litter.

Many of the region’s upland ecosystems are
characterized by low resistance and resil-
ience. Even moderate disturbances can affect
vegetative composition and structure, and re-
covery to pre-disturbance conditions can be
relatively slow. Natural disturbance regimes
of the region include extreme climatic events;
fire, insect and disease outbreaks; herbivory;
and trampling (Miller 2005). Grazing, which
has been a traditional land use throughout
much of the plateau, has resulted in shifts in
vegetation composition (Harris et al. 2003)
and ecological states (Miller et al. 2011) that
may persist for many decades or longer. Fire-
regime alteration (Whelan 1995) and exotic-
plant invasion (Bock et al. 1986) have addi-
tionally contributed to these shifts.

Increasing recreational use and unauthor-
ized social trailing threatens the integrity of
upland systems through soil surface distur-
bance and resulting increases in soil ero-
sion by water and wind. Additional pressure
inside parks may also result from land use
in adjacent areas. Global climate change is
expected 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 ecosystems
(Munson et al. 2011a,b). Additional informa-
tion on characteristics of Colorado Plateau
ecosystems and ecological threats to the re-
gion is provided in Miller (2005).

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

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

Chapter 1: Introduction
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« overall species richness

+  cover of vegetation by dominant species
and life form

+ density of shrubs by size class

+ basal area and density of tree species
« canopy closure

+ fuel volume and litter/duft depth

+ frequency of exotic invasive species

Determine status and trends in soil stability,
including:

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

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

+ soil aggregate stability

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

Determine status and trends in hydrologic
function, including;

+ basal-gap size

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

2
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2 Methods

2.1 Integrated Upland Monitoring
in Bryce Canyon National Park

2.1.1 Resource issues driving upland
monitoring

Park resource management staff identified
pinyon-juniper (P]) woodlands and mixed
conifer forests as the highest priority for
long-term monitoring. PJ] woodlands occur
at lower elevations in the park, primarily be-
low the rim, and vary depending on eleva-
tion and aspect. At the lowest elevations, PJ
woodlands have an understory of Wyoming
big sagebrush, bunchgrass, and/or sparse
vegetation. As elevation increases, PJ] wood-
lands mix with Gambel oak and mixed mon-
tane shrubs, and with ponderosa pine at the
highest elevations in its range. Mixed conifer
forests occur in high-elevation areas in the
southern half of the park and are dominated
by white fir, Douglas-fir, and ponderosa pine.

The overall goal of monitoring these veg-
etation types is to provide information on
the natural variability of upland resources
not already monitored through the fire ef-
fects program and early warning of system
degradation.

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. Accessibility
and slope features were generated using the
Landscape Accessibility Model (http://sci-
ence.nature.nps.gov/im/units/ncpn/Tools.
cfm).

2.1.2.2 Selection of target vegetation
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 (texture, depth, water-hold-
ing capacity), geology, landform, climatic re-
gime, 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 ecologi-
cal site within a soil map unit is not explicit.
The National Resource Conservation Ser-
vice (NRCS) mapped soils for Bryce Canyon
NP within the Panguitch Soil Survey (USDA
NRCS 1990). However, because the NRCS
did not have permission to dig soil pits within
the park for this soil survey, the accuracy of
soil map units within the park is question-
able. When compared to the draft NCPN
vegetation map, there was quite a bit of dis-
crepancy between the vegetation map units
and the soil survey. Due to these problems
with the soil survey, ecological sites were not
used in Bryce Canyon NP. Instead, the sam-
pling frame was stratified by elevation.

2.1.2.3 Mapping of target vegetation types
A sampling frame was created using elevation
zones dominated by PJ woodland and high-
elevation mixed conifer forest (see Figure
2-1). For P] woodlands, this included acces-
sible areas at elevations of 2,300 m and below
(Figure 2-2). For mixed conifer forests, this
included accessible areas at elevations above
2,600 m (Figure 2-2).

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 provides
an ordered list of centroids for all possible
monitoring plots in the sampling frame. The
sampling frame was buffered by 65 m, and
any points within the buffer were not used
for monitoring. This reduced the number of
points rejected for overlapping roads, trails,
or the park boundary. Within each vegeta-
tion type, plots were established in ascending
order of plot number. If a plot was rejected
(e.g., due to incorrect vegetation type), the
next sequentially ordered plot was used.

2.1.4 Revisit design

A rotating-panel revisit design (Figure 2-3)
was created that samples 10 PJ plots and 8
mixed conifer plots each year. A total of 25 P]
plots and 20 mixed conifer plots are sampled
over five years. Plots are sampled for two
consecutive years (in order to detect annual

Chapter 2: Methods
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Figure 2-1. Examples of vegetation types
monitored in Bryce Canyon National Park. A)
Pinyon-juniper woodland. B) Mixed conifer forest.

B PJ (<2,300 m)
B Mixed conifer (>2,600 m)
e 2010 monitoring plots

Figure 2-2. Sampling frame and location of monitoring plots in Bryce Canyon
National Park, 2010.
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A. Pinyon-juniper (2,300 m and below)

?Ca Year
cl1(2(3|4a|5|/6|7|8|9]10
1]5]|5 5|5

2 5|5 5|5

3 5|5 5|5

4 5|5 5] 5
515 5|5 5
B. Mixed Conifer (above 2,600 m)

T:’ Year

e 3(4|5(6|7|8|9]10
1144 4

2 4

3 4

4

5|4 4|4

Figure 2-3. Number of pinyon-juniper (A) and mixed
conifer (B) plots sampled each year based on five-
year rotating panel revisit designs for long-term
upland monitoring at Bryce Canyon National Park.

variation due to temperature, precipitation,
etc.) and rested for three years. The sampling
scheme repeats itself every five years.

2.2 Integrated Upland Monitoring
Procedures

2.2.1 Response design

The response design (methods used to col-
lect observations) for integrated upland
monitoring in NCPN parks is based largely
on rangeland monitoring procedures recom-
mended by Herrick and others (2005) and
on standard forest, woodland, and fuels pro-
cedures (USDI 2003; Brown 1974). Pinyon-
juniper woodlands are sampled using wood-
land methods, while mixed conifer forests
are sampled using forest methods.

At each plot, observations are recorded
along three parallel, 50-m transects spaced
25 m apart (Figure 2-4). Photos are taken
at the origin and end of 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), tree seedlings (by species), and
exotic perennials (by species) are recorded
in a 1-m belt upslope of each transect. Sap-
lings (2.5-15-cm diameter) are identified to
species, and density is tallied in a 5-m belt
transect centered on Transect 2. All over-
story trees (>15-cm diameter) in Quadrant 1
are identified to species, tagged with unique
numbers, and measured for diameter. Diam-
eter of trees is typically measured at breast
height (dbh). Crown class and health of trees
are also recorded in forest plots. Overstory
canopy closure is recorded along each tran-
sect using a concave spherical densiometer
in forest plots.

Fuels are measured using Brown’s planar
method (Brown 1974) along four 15-m tran-
sects that extend beyond the plot on two cor-
ners. Counts of fine woody fuels and diam-
eters of coarse woody fuels are recorded to
derive volumes of each fuel class. Depth of
litter and duft is also recorded. Disturbances
observed on and around the site are record-
ed at each plot. Soil stability is also recorded
at woodland (in this case, PJ) plots.

All measures recorded along transects were
sub-samples scaled to the plot level. The
plot-level measures were the primary values
used in summaries and statistical analyses.

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
data-entry procedures, checks for miss-
ing values, 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.

Chapter 2: Methods
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Figure 2-4. Plot layout for upland monitoring of forests and woodlands.
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3 Results

3.1 Monitored Plots

In July 2010, eighteen plots were established
and monitored as part of the long-term revisit
design, including 10 in P] woodland and eight
in mixed conifer forest (see Figure 2-2). Each
plot was sampled using the suite of measures
appropriate for that vegetation type.

Only nine PJ plots, instead of the 10 original
plots, were included in this report. One plot
contained a spring with riparian vegetation
for approximately 10 m along a transect. Re-
bar was removed from this plot in 2010, and it
will not be included in the long-term data set.

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 have been completed.

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. Summaries
are simply a mean and the range (minimum,
maximum) for a measured attribute. Given
the limited data, measures were not statisti-
cally compared among vegetation types. The
reader is cautioned not to draw wide-reach-
ing conclusions from this initial set of results.

The only statistical assessment provided is a
multivariate assessment of the similarity of
vegetation conditions within and among veg-
etation types (see Section 3.2.9). Data from
2010 were ordinated using NMS (non-metric
multidimensional scaling), which involves
scaling plots on the basis of similarity (or dis-
similarity) of species composition and cover.
Plots are distributed in multivariate space,
typically along 1-3 axes, and within this space,
plots with similar composition are located
closer together and correlated with dominant
species.

3.2.1 Species richness

Sixty-one species were detected during moni-
toring: 36 species in PJ] plots and 37 species in
mixed conifer plots. Species richness by life
form is reported for each vegetation type in
Table 3-1 (tables begin on page 9). Recorded
species were compared to the NPSpecies da-
tabase to determine first-time observations in
Bryce Canyon NP; no new species were de-
tected in 2010.

No threatened or endangered species were
found on any plots in 2010. Threatened and
endangered plant species are not common in
the areas of Bryce Canyon NP monitored by
the network, and the NCPN does not specifi-
cally monitor them in this park.

3.2.2 Overstory canopy closure and
cover by life form and dominant
species

Overstory canopy closure and percent cov-
er of live and total vegetation by life form is
shown in Table 3-2. Live cover includes pho-
tosynthetic and live woody tissue. Total cover
additionally includes dead plants, dead parts
of live plants, and senesced tissue that was
alive earlier in the growing season.

Live and total percent cover of dominant un-
derstory species is shown in Table 3-3. Domi-
nant species were selected using species fre-
quently detected in plots. The percent cover
of all species recorded for each plot is includ-
ed in an electronic appendix that accompa-
nies this report (brcal0_species.xls).

3.2.3 Shrub density

Density of shrub species for all vegetation
types is shown in Table 3-4.

3.2.4 Tree density

Density of live seedlings, saplings, and over-
story trees is shown in Table 3-5. Density and
dbh for all overstory trees of >15-cm dbh is
shown in Table 3-6.

Chapter 3: Results
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Figure 3-1. The relative positions of trees using four classes for crown
classification. D=Dominant, C=Codominant, I=Intermediate, and O=Overtopped/

Suppressed.

Crown health classes that describe the per-
cent of live foliage for each tree were ad-
ditionally recorded for mixed conifer plots
and used to indicate standing dead trees at PJ
plots. Crown classes that describe the relative
position of a live tree in the canopy were re-
corded for mixed conifer plots. The NCPN
uses the following crown classes (Figure 3-1):

Dominant. Trees have crowns extending
above the general level of the main canopy
of adjacent trees and receive full light from
above and partly from the sides.

Codominant. Trees have crowns forming the
general level of the main canopy of adjacent
trees and receive full light from above and
comparatively little from the sides.

Intermediate. Trees have crowns extending
into the lower portion of the main canopy of
adjacent trees, but are shorter in height than
the codominants. They receive little direct
light from above and none from the sides. In-
termediate crown-classed trees usually have
small crowns that are crowded on the sides.

Overtopped/Suppressed. Trees have crowns
entirely below the general level of the canopy
of adjacent trees, and receive no direct light
from above or from the sides.

3.2.5 Exotic species

Only one exotic species, yellow salsify (Trago-
pogon dubius), was detected at one mixed
conifer plot. This plot had 0.3% cover and a
density of 200 plants per hectare. No exotic
species were detected at PJ plots.

In 2010, NCPN upland sampling methods
were not intended as an early detection sur-
vey; therefore, lack of detection does not
mean that other exotic species were not pres-
entin plots. In 2011, methods will be added to
include early detection of exotics.

3.2.6 Surface features

Surface-feature cover is shown in Table 3-7.
The surface cover at P] plots was dominated
by litter, small rocks, and undifferentiated
crust. Litter was the dominant surface cover
at all mixed conifer plots.

3.2.7 Soil stability

At PJ sites, soil aggregate stability had a mean
of 2.3 and a range of 1.8-3.1. Soil stability
numbers range from 1 (least stable) to 6 (most
stable) and are correlated with current ero-
sion resistance and soil biotic integrity. They
also usually reflect hydrologic function be-
cause stable soils are less likely to disperse
and clog soil pores during rainstorms. The
numbers are affected by soil texture, so it is
important to limit comparisons to similar
soils that have comparable amounts of sand,
silt, and clay. Extremely sandy soils may not
have maximum soil stability values of 6.

3.2.8 Fuels

Fuel volumes and depth of litter and duff are
reported in Table 3-8. Mixed conifer plots
had a greater volume of fuels than PJ plots,
primarily because there were greater amounts
of sound 1,000-hour fuels at these sites.

3.2.9 Plot ordinations

Non-metric multidimensional scaling ordina-
tion was performed using species with relative
cover values of >10% (Figure 3-2). Relative

8 Integrated Upland Monitoring in Bryce Canyon NP: Annual Report 2010



cover is the percent cover of the species di-
vided by the total vegetation cover on a plot.
This requirement was imposed to emphasize
dominant species. The direction and rela-
tive magnitude of correlations of species are
shown in the graph. The species vector from
the origin shows the direction of positive
correlation.

The ordination illustrates the high degree of
separation between the vegetation types and
differences within vegetation types. Within
the PJ sites, five of the plots were tightly cor-
related with pinyon pine (Pinus edulis), Utah
juniper (Juniperus osteosperma), and green-
leaf mountain mahogany (Cercocarpus
montanus), which are associated with typi-

cal low-elevation P] woodlands. The other
four PJ plots were also associated with pon-
derosa pine (Pinus ponderosa) and greenleaf
manzanita (Arctostaphylos patula) to varying
degrees, which occur at higher-elevation PJ
woodlands.

The mixed conifer sites were more tightly
grouped than the PJ sites but were separat-
ed into two distinct groups. All mixed coni-
fer plots were very strongly associated with
white fir (Abies concolor) and strongly asso-
ciated with Douglas-fir (Pseudotsuga mengzie-
sii) and Oregon grape (Mahonia repens). The
four mixed conifer plots on the right side of
the ordination were associated with green-
leaf manzanita to varying degrees.

Table 3-1. Mean (range) number of plant species detected per monitoring plot by life
form and vegetation type, Bryce Canyon NP, 2010.

Number of species detected

Vegetation Perennial Annual

type Total Tree Shrub grass grass Forb/Herb

PJ 10.3 2.3 0.6 0 2.2
(7-18) (2-3) (3-9) (0-3) (1-5)

Mixed 13.4 35 1.6 0 1.9

conifer (9-18) (2-4) (3-9) (0-4) (0-3)

Chapter 3: Results
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Table 3-4. Density of shrub species per hectare by vegetation type, Bryce Canyon NP, 2010.

No. of plots with

Density (number of shrubs/ha)

Scientific name Common name species present* Mean | Minimum  Maximum
PJ

Amelanchier utahensis Utah serviceberry 1 22 0 200
Arctostaphylos patula greenleaf manzanita 4 1,311 0 4,600
Ceanothus martinii Utah mountain-lilac 2 237 0 1,467
Cercocarpus montanus alder-leaf mountain mahogany 8 563 0 1,533
Chrysothamnus parryi Parry’s rabbitbrush 1 30 0 267
Ephedra viridis Mormon tea 4 111 0 467
Eriogonum corymbosum crisp-leaf wild buckwheat 1 7 0 67
Mahonia fremontii Fremont’s mahonia 2 30 0 200
Purshia mexicana cliff-rose 1 37 0 333
Purshia tridentata antelope bitterbrush 7 126 0 267
Quercus gambelii Gambel oak 4 178 0 667
Sambucus caerulea blue elderberry 1 7 0 67
Shepherdia rotundifolia roundleaf buffaloberry 1 30 0 267
Symphoricarpos oreophilus mountain snowberry 2 96 0 800
Tetradymia canescens spineless horsebrush 3 59 0 267
Mixed conifer

Arctostaphylos patula greenleaf manzanita 6 533 0 1,933
Ceanothus martinii Utah mountain-lilac 5 767 0 4,400
Cercocarpus ledifolius curl-leaf mountain mahogany 1 17 0 133
Chrysothamnus depressus dwarf rabbitbrush 1 58 0 467
Chrysothamnus nauseosus rubber rabbitbrush 1 8 0 67
Chrysothamnus parryi Parry’s rabbitbrush 2 58 0 333
Juniperus communis common juniper 3 75 0 467
Pachystima myrsinites mountain-lover 3 1,050 0 5,133
Purshia tridentata antelope bitterbrush 2 33 0 200
Ribes cereum wax currant 5 508 0 3,200
Ribes sp. currant 1 8 0 67
Rosa woodsii Woods' rose 4 142 0 600
Sambucus caerulea blue elderberry 1 8 0 67
Symphoricarpos oreophilus mountain snowberry 8 2,475 267 4,133

* A total of 9 PJ and 8 mixed conifer plots were monitored in 2010.
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Figure 3-2. Non-metric multidimensional scaling (NMS) ordination of plots from the two vegetation types monitored in Bryce
Canyon National Park in 2010. Points are labeled by Plot ID.

Species codes

ABCO = Abies concolor (white fir) MARE11 = Mahonia repens (Oregon grape)
ARPAG = Arctostaphylos patula (greenleaf manzanita) PIED = Pinus edulis (two-needle pinyon pine)
CEMO?2 = Cercocarpus montanus (alder-leaf mountain mahogany)  PIPO = Pinus ponderosa (ponderosa pine)
ELEL5 = Elymus elymoides (squirreltail) PSME = Pseudotsuga menziesii (Douglas fir)
JUOS = Juniperus osteosperma (Utah juniper) QUGA2 = Quercus gambelii (Gambel oak)
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4 Discussion

This was the first year of monitoring at Bryce Can-
yon NP. Early monitoring data, which describe
status and conditions of sites inside the park, may
be useful in understanding reference conditions
of more intensively managed sites outside the
park. PJ] and mixed conifer sites had similar spe-
cies richness, with PJ sites dominated by tree and
shrub cover and the understory of mixed coni-
fer sites dominated by tree cover. Although litter
and duff depths were similar in both vegetation
types, fuel volumes were over two times higher at
mixed conifer sites, primarily due to the presence
of greater amounts of sound 1,000-hr fuels. An-
nual grasses were not detected in any plot, mean-
ing that cheatgrass (Bromus tectorum),a common
invasive annual grass, was not a significant com-
ponent of either of these vegetation types in the
park. In general, exotic plant species appeared to
have little presence in the vegetation types moni-
tored at the park.

In 2011, we plan to monitor 18 plots at Bryce
Canyon NP, in accordance with the full opera-
tional monitoring design. One-half of the plots
visited in 2010 will be revisited and the remaining
plots will be established. Further discussion will
occur with park resource staff to ensure that park
expectations and needs are satisfied by NCPN
integrated upland monitoring. A status and trend
report will be produced after five full years of
monitoring have been completed.

Chapter 4: Discussion
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		BRCA		High-MixedConifer		High-MixedConifer		6		9.7		0.3								5.3				0.7												0.3				0.3												0.3																				1.3								0.3						0.3												1.7		0.3														0.3														0.3

		BRCA		High-MixedConifer		High-MixedConifer		11		11.0														0.3																																																1.0														0.3		0.3		0.3																		2.3

		BRCA		High-MixedConifer		High-MixedConifer		14		7.0										5.3																																										0.3																		2.0																		1.0										3.3

		BRCA		High-MixedConifer		High-MixedConifer		20		2.7				0.7						1.7										0.3																				1.0										0.7																				0.7																												1.0																				0.3						0.3

		BRCA		High-MixedConifer		High-MixedConifer		22		6.7																								1.0								0.3																																						0.7								0.3																		0.3		0.3

		BRCA		High-MixedConifer		High-MixedConifer		23		19.3										0.7														0.3																2.0								0.3																						2.0										0.3														0.7				1.7						0.3														0.7

		BRCA		High-MixedConifer		High-MixedConifer		29		11.7																																																										3.0												3.3										1.0																		0.7																				0.7

		BRCA		High-MixedConifer		High-MixedConifer		42		4.7				1.7				0.3		0.3		0.3												1.3		1.3				3.0										2.3																														0.3																								1.7				1.3																				1.0												1.0

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		2				1.7				1.3				24.7												2.0				2.7		7.0										0.3																								3.0		0.7				0.3		4.0				0.7								1.7								7.0										0.7						0.3												0.3		0.3

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		7																														14.7						0.7																										14.7						1.3														0.3						19.7																		0.3		1.0

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		9				1.7								3.0														2.0				1.0																		0.3						0.3										1.3						2.0						1.0												6.3				4.7										6.3				0.7		0.7																0.7

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		12												16.3																		2.0										0.3																						15.0																										3.0				7.3														1.3		1.7										0.7						0.7

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		13																														7.0						0.7										0.3																6.7																										9.7																		0.3		0.7

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		16																														8.7						1.3				0.3																1.3						10.0																										10.0																		3.3										6.3

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		21																																				3.3				0.3						1.3																11.0						1.3														1.0				0.7		18.7																0.3

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		27												0.3												0.3						6.0																0.7												0.3				11.7																				0.3						10.0																				3.3

		BRCA		Low-PJ/Oak/Ponderosa		Low-PJ/Oak/Ponderosa		32												21.3												0.3				1.0																																		4.0																						0.7				2.0				11.0														0.7

		BRCA		nontarget		Non-target		25																		0.3		1.7																		4.7																										3.7										1.3														1.7				0.7		0.7												9.7		36.3		1.0		0.7		2.3						0.7								0.3		1.3





Species_code

		Master_PLANT_code		Utah_Species		Master_Common_Name		Lifeform		Duration		Nativity

		ABCO		Abies concolor		White fir		Tree		Perennial		Native

		ACHY		Stipa hymenoides		Indian ricegrass		Graminoid		Perennial		Native

		ACLE9		Stipa lettermanii		Letterman's needlegrass		Graminoid		Perennial		Native

		AMUT		Amelanchier utahensis		Utah serviceberry		Shrub		Perennial		Native

		ARFE3		Arenaria fendleri		Fendler's sandwort		Forb		Perennial		Native

		ARPA6		Arctostaphylos patula		Greenleaf manzanita		Shrub		Perennial		Native

		ASME2		Astragalus megacarpus var. parryi		Great bladdery milkvetch		Forb		Perennial		Native

		ASMI9		Astragalus miser		timber milkvetch		Forb		Perennial		Native

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

		BEOC2		Betula occidentalis		Water birch		Tree		Perennial		Native

		BRCI2		Bromus ciliatus		Fringed brome		Graminoid		Perennial		Native

		CAREX		Carex sp.		sedge		Graminoid		Perennial		Native

		CARO5		Carex rossii		Ross' sedge		Graminoid		Perennial		Native

		CEMA2		Ceanothus martinii		Utah mountain-lilac		Shrub		Perennial		Native

		CEMO2		Cercocarpus montanus		Alder-leaf mountain mahogany		Shrub		Perennial		Native

		CIUN		Cirsium undulatum		wavyleaf thistle		Forb		Perennial		Native

		CLCO2		Clematis columbiana		Columbian virgin's-bower		Vine		Perennial		Native

		COKI		Cordylanthus kingii		King's bird's-beak		Forb		Annual		Native

		COSE16		Cornus sericea		redosier dogwood		Shrub		Perennial		Native

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

		ELEL5		Elymus elymoides		Squirreltail		Graminoid		Perennial		Native

		ELLA3		Elymus lanceolatus		Thickspike wheatgrass		Graminoid		Perennial		Native

		EPVI		Ephedra viridis		Green ephedra		Shrub		Perennial		Native

		ERPA13		Eriogonum panguicense		Panguitch wild buckwheat		Forb		Perennial		Native

		ERRA3		Eriogonum racemosum		Redroot wild buckwheat		Forb		Perennial		Native

		ERSP4		Erigeron speciosus		aspen fleabane		Forb		Perennial		Native

		EUBR		Euphorbia brachycera		Shorthorn spurge		Forb		Perennial		Native

		GUSA2		Gutierrezia sarothrae		Broom snakeweed		DwarfShrub		Perennial		Native

		HYFI		Hymenopappus filifolius		hyalineherb		Forb		Perennial		Native

		JUCO6		Juniperus communis		common juniper		Shrub		Perennial		Native

		JUOS		Juniperus osteosperma		Utah juniper		Tree		Perennial		Native

		JUSC2		Juniperus scopulorum		Rocky Mountain juniper		Tree		Perennial		Native

		LIMU3		Lithospermum multiflorum		Southwestern stoneseed		Forb		Perennial		Native

		MAFR3		Mahonia fremontii		Fremont's mahonia		Shrub		Perennial		Native

		MAGR2		Machaeranthera grindelioides		Gumweed aster		Forb		Perennial		Native

		MARE11		Mahonia repens		Oregon-grape		DwarfShrub		Perennial		Native

		MAST4		Smilacina stellata		Starry false Solomon's-seal		Forb		Perennial		Native

		OEHO2		Oenothera howardii		Bronze evening-primrose		Forb		Perennial		Native

		PAMU11		Senecio multilobatus		Basin groundsel		Forb		Perennial		Native

		PAMY		Pachystima myrsinites		Mountain-lover		DwarfShrub		Perennial		Native

		PECE		Pedicularis centranthera		Dwarf lousewort		Forb		Perennial		Native

		PEPU7		Petradoria pumila		rock goldenrod		Forb		Perennial		Native

		PHJU		Phoradendron juniperinum		Juniper mistletoe		Forb		Perennial		Native

		PIED		Pinus edulis		Two-needle pinyon		Tree		Perennial		Native

		PIFL2		Pinus flexilis		Limber pine		Tree		Perennial		Native

		PIPO		Pinus ponderosa		ponderosa pine		Tree		Perennial		Native

		POAC5		Populus x intercurrens		Lance-leaf cottonwood		Tree		Perennial		Native

		POFE		Poa fendleriana		Muttongrass		Graminoid		Perennial		Native

		POTR5		Populus tremuloides		Quaking aspen		Tree		Perennial		Native

		PSME		Pseudotsuga menziesii		Douglas-fir		Tree		Perennial		Native

		PSSP6		Elymus spicatus		Bluebunch wheatgrass		Graminoid		Perennial		Native

		PUST		Purshia mexicana		Cliff-rose		Shrub		Perennial		Native

		PUTR2		Purshia tridentata		Antelope bitterbrush		Shrub		Perennial		Native

		QUGA		Quercus gambelii		Gambel oak		Shrub		Perennial		Native

		RHTR		Rhus trilobata		skunkbush sumac		Shrub		Perennial		Native

		ROWO		Rosa woodsii		Woods' rose		Shrub		Perennial		Native

		SAEX		Salix exigua		coyote willow		Shrub		Perennial		Native

		SHRO		Shepherdia rotundifolia		Roundleaf buffaloberry		Shrub		Perennial		Native

		STAR		Haplopappus armerioides		Thrift goldenweed		Forb		Perennial		Native

		SYOR2		Symphoricarpos oreophilus		mountain snowberry		Shrub		Perennial		Native

		TEAC		Hymenoxys acaulis		stemless four-nerve daisy		Forb		Perennial		Native

		TECA2		Tetradymia canescens		Spineless horsebrush		Shrub		Perennial		Native

		TRDU		Tragopogon dubius		Yellow salsify		Forb		Biennial		NonNative

		TRIFO		Trifolium sp.		clover

		UNKF		unknown forb				Forb

		UNKPG		unknown perennial graminoid				Graminoid		Perennial





