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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 Bryce Canyon National Park (NP) in
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 moni-
toring, and describes the results of this year’s efforts and plans for future monitoring.

In 2011, NCPN completed its second year of monitoring at Bryce Canyon NP. Eighteen plots
were monitored, including ten pinyon-juniper and eight mixed conifer plots. Early moni-
toring data describe status of vegetation types, and interpretation is limited until additional
data are acquired and more rigorously analyzed after at least five years of monitoring are
complete.
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1 Introduction

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

Upland ecosystems of the Colorado Pla-
teau, where the majority of NCPN park
units are located, tend to be dominated by
shrubs, perennial grasses, and small trees.
Although these life forms 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 threatens the integrity of upland
systems through soil-surface disturbance
and resulting increases in soil erosion by
water and wind. Additional pressure inside
parks may also result from land use in ad-
jacent areas. Global climate change is ex-
pected to change levels and seasonality of

use, Arches National Park.

] I R N

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

The overall goal of the NCPN integrated
upland monitoring program is to deter-
mine long-term trends in vegetation, soil
stability, and hydrologic function in the
context of changes in other ecological driv-
ers, stressors, and processes. Monitoring
will increase fundamental 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:
e overall species richness

e cover of vegetation by dominant species
and life form

e density of shrubs by size class

e basal area and density of tree species
e canopy closure

e fuelloading

e frequency of exotic invasive species

Determine status and trends in soil stability,
including:

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

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

e soil aggregate stability

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

2
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2 Methods

2.1 Integrated upland monitoring
in Bryce Canyon National Park

2.1.1 Resource issues driving upland
monitoring

Park resource management staff identified
two-needle pinyon (Pinus edulis) and Utah
juniper (Juniperus osteosperma) woodlands
(hereafter referred to as pinyon-juniper [P]])
and mixed-conifer forests as the highest pri-
orities for long-term monitoring. P] wood-
lands occur at lower elevations in the park,
primarily below the rim, and vary depending
on elevation and aspect. At the lowest eleva-
tions, P] woodlands have an understory of
Wyoming big sagebrush (Artemisia tridenta-
ta), bunchgrass, and/or sparse vegetation. As
elevation increases, P] woodlands mix with
Gambel oak (Quercus gambelii) and mixed
montane shrubs, and with ponderosa pine
(Pinus ponderosa) 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 (4b-
ies concolor), Douglas-fir (Pseudotsuga men-
ziesii), and ponderosa pine.

The overall goal of monitoring these veg-
etation types is to provide early warning of
system degradation and information on the
natural variability of upland resources not
already monitored through the fire-effects
monitoring program based out of Zion Na-
tional Park.

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, land form, 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
National Park (NP) within the Panguitch
Soil Survey (USDA NRCS 1990). However,
because NRCS did not have permission to
dig soil pits within the park for this survey,
accuracy of soil map units within the park is
questionable—there were obvious discrep-
ancies between the soil survey and the veg-
etation map units shown on the draft NCPN
vegetation map. Due to these problems with
the soil survey, ecological sites were not used
in Bryce Canyon NP. Instead, the sampling
frame was stratified by elevation.

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

I PJ (<2,300 m)
I Mixed conifer (>2,600 m)
e 2011 monitoring plots

Figure 2-2. Sampling frame and location of monitoring plots in Bryce Canyon

National Park, 2011.
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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.

The only vegetation types that were rejected
in the PJ sampling frame were sagebrush and
salt desert shrublands and grasslands found
at low elevations in the park. Gambel oak
shrublands and ponderosa pine forests were
considered acceptable in the PJ sampling
frame because they were usually mixed with
two-needle pinyons and Utah junipers. No
plots were rejected for incorrect vegetation
in the mixed-conifer vegetation type.

2.1.4 Revisit design

A rotating-panel revisit design (Figure 2-3)
was created that samples ten PJ plots and
eight mixed-conifer plots each year. A total
of 25 PJ plots and 20 mixed-conifer plots are
sampled over five years. Plots are sampled
for two consecutive years (in order to detect
year-to-year differences due to temperature,
precipitation, etc.) and rested for three years.
The sampling scheme repeats 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 colleagues (2005)
and standard forest, woodland, and fuels
procedures (NPS 2003; Brown 1974). Pin-
yon-juniper woodlands are sampled using
woodland 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 of each transect
are taken from the origin and end. Photos
of the soil surface are also taken at a speci-
fied point along each transect for woodland
plots. 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. Vegetation cover is re-
corded in the understory (<2 m) in forests

A. Pinyon-juniper (2,300 m and below)

< Year

E 112 (3|4|5(6|7|8[9]|10
1]15]|5 5|5

2 515 5|5

3 5|5 5|5

4 5|5 5| 5
515 515 5

B. Mixed Conifer (above 2,600 m)

E Year
&|l1]/2|3|4|5|6|7|8]|9]|10
1144 4

2 4 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.

and at all heights for woodlands. Density of
shrubs (by species and height class) and tree
seedlings (by species) are recorded in a 1-m
belt upslope of each transect. Density moni-
toring of exotic perennial species in the 1-m
belt was discontinued beginning in the 2011
field season. Instead, frequency of all exotics
species (annual and perennial) is recorded
using 1 x 1-m quadrats placed every 5 m

Transect 1

5-m belt
transect

Fuels
transects

Fuels
transects

T @ Rebar
ﬁﬁ? Flag

= Quadrat

transect

% = 1-m belt

downslope

b

Figure 2-4. Plot layout for upland monitoring of forests and woodlands.
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Figure 2-5. The relative positions of trees using four classes for crown
classification. D =Dominant, C = Codominant, | = Intermediate, and O
= Overtopped/Suppressed.

along each transect.

Saplings (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), except for woodland species
that typically have multi-stem growth forms
(e.g., pinyon pine and Utah juniper), which
are measured at the root crown (drc). Be-
fore 2011, all trees were measured at breast
height. Crown health and class of trees are
also recorded in forest plots. Crown health
describes the percent of live foliage for each
tree. Crown class describes the relative po-
sition of each live tree in the canopy. The
NCPN uses the following crown classes (Fig-
ure 2-5):

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 ad-
jacent 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.

Overstory canopy closure is recorded along
each transect using a concave spherical den-
siometer in forest plots. Fuels are measured
using Brown’s planar method (Brown 1974)
along four 50-ft transects that extend be-
yond the plot on two corners. Counts of fine
woody fuels, diameters of coarse woody fu-
els, and depth of litter and duff are record-
ed to derive fuel loading of each fuel class.
Disturbances observed on and around the
site are also recorded. Beginning in 2011, an
“exotic species walk” was added to search for
other exotic plants present in plots. Soil sta-
bility is also recorded at woodland plots.

All measures recorded along transects were
sub-samples scaled to the plot level. The
plot-level measures are 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 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.

6
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3 Results

3.1 Monitored plots

In August 2011, eighteen plots were moni-
tored as part of the long-term revisit design,
including ten in PJ] woodland and eight in
mixed-conifer forest (see Figure 2-2). Six
PJ and four mixed-conifer plots were estab-
lished, and the remaining plots were revisited.
Each plot was sampled using the suite of mea-
sures appropriate for that vegetation type.

3.2 Vegetation type summaries

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 statis-
tically compared among vegetation types.
The reader is cautioned not to draw wide-
reaching conclusions from these preliminary
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.

3.2.1 Species richness

Eighty-three species were detected during
monitoring: 44 species in PJ plots and 54
species in mixed-conifer plots. Species rich-
ness by life form is reported for each vegeta-
tion type in Table 3-1 (tables begin on page
8). Recorded species were compared to the
NPSpecies database to determine first-time
observations in Bryce Canyon NP. One new
species, wild hollyhock (Iliamna rivularis),
was detected in 2011. A voucher was created
for this species.

Although Bryce Canyon NP does not have
any populations of federally listed threat-
ened or endangered plant species within its
borders, at least 51 species of special concern
exist within the park (Fertig and Topp 2009).
One of these species, Markagunt aster (Aster
wasatchensis), was detected at a mixed-coni-
fer plotin 2011.

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
understory species is shown in Table 3-3.
Dominant species were selected using spe-
cies frequently detected in plots. The percent
cover of all species recorded for each plot is
included in an electronic appendix that ac-
companies this report (brcall_species.xls).

3.2.3 Shrub density

Density of shrub species is shown in Table
3-4 for all vegetation types. In PJ, alder-leaf
mountain mahogany (Cercocarpus monta-
nus) was found at all but one plot and had
one of the highest densities. In mixed-coni-
fer forests, Utah mountain-lilac (Ceanothus
martini) had the highest density and was de-
tected at three-quarters of the plots.

3.2.4 Tree density

Density of live seedlings, saplings, and over-
story trees, and crown class of live overstory
trees, are shown in Table 3-5. Density, diam-
eter, and crown health for all overstory trees
>15 cm diameter are shown in Table 3-6.

3.2.5 Exotic species

Percent cover and frequency of detection of
exotic plant species are shown in Table 3-7.
When exotic species were detected, cover
and frequency were summarized for all plots
in the ecological site type.

Three perennial exotic plant species, orchard
grass (Dactylis glomerata), Kentucky blue-
grass (Poa pratensis), and common dande-
lion (Taraxacum officinale), were detected at
mixed-conifer plots. All of these species had
low cover and frequency. No exotic plant
species were detected at PJ plots.

Chapter 3: Results
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Beginning in 2011, NCPN upland sampling
methods also included an “exotic species
walk” to search for other exotic plants pres-
ent in plots. A list of all exotic species detect-
ed, and descriptions of the number of plants,
size of invasions, and approximate locations,
are included in an electronic appendix that
accompanies this report (brcall_exotics.xls).

3.2.6 Surface features

Surface-feature cover is shown in Table 3-8.
The surface cover at PJ 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 3.2 and a range of 1.9-4.4. Soil stabil-

ity numbers range from 1 (least stable) to 6
(most stable) and are correlated with current
erosion resistance and soil biotic integrity.
They also usually reflect hydrologic function,
because stable soils are less likely to disperse
and clog soil pores during rainstorms. The
numbers are affected by soil texture, so it is
important to limit comparisons to similar
soils that have comparable amounts of sand,
silt, and clay. Extremely sandy soils may not
have maximum soil stability values of 6.

3.2.8 Fuels

Fuel loading of downed woody material, lit-
ter, and duff is reported in Table 3-9. Mixed-
conifer plots were characterized by higher
fuel loading than PJ plots.

Table 3-1. Mean (range) number of plant species detected per monitoring plot by life
form and vegetation type, Bryce Canyon National Park, 2011.

Number of species detected

Vegetation

type Total Tree Shrub Perennial Annual Forb/Herb
grass grass
P) 11.4 2.5 6.3 0.6 0 2.0
(6-17) (2-4) (3-11) (0-3) (0-4)
. . 17.5 3.6 5.9 3.6 4.3
Mixed conifer (9-25) (2-4) (4-8) (0-7) 0 (1-9)
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Table 3-4. Density of shrub species per hectare by vegetation type, Bryce Canyon National Park, 2011.

No. of Density (number of shrubs/ha)
plots with

species . .
Scientific name Common name prI:sent* Mean  Minimum  Maximum
PJ
Arctostaphylos patula greenleaf manzanita 3 960 0 7,467
Artemisia nova black sagebrush 1 67 0 667
Ceanothus martinii Utah mountain-lilac 4 313 0 1,333
Cercocarpus ledifolius curl-leaf mountain mahogany 3 293 0 2,533
Cercocarpus montanus alder-leaf mountain mahogany 9 553 0 1,533
Chrysothamnus nauseosus rubber rabbitbrush 2 53 0 333
Chrysothamnus viscidiflorus green rabbitbrush 1 13 0 133
Ephedra viridis Mormon tea 3 60 0 333
Mahonia fremontii Fremont’s mahonia 2 33 0 267
Purshia mexicana cliffrose 1 40 0 400
Purshia tridentata antelope bitterbrush 6 367 0 2,267
Rhus trilobata skunkbush sumac 1 20 0 200
Sambucus caerulea blue elderberry 3 27 0 133
Shepherdia rotundifolia roundleaf buffaloberry 1 47 0 467
Tetradymia canescens spineless horsebrush 4 87 0 400
Mixed conifer
Arctostaphylos patula greenleaf manzanita 7 283 0 667
Ceanothus martinii Utah mountain-lilac 6 842 0 4,000
Cercocarpus ledifolius curl-leaf mountain mahogany 1 17 0 133
Chrysothamnus depressus dwarf rabbitbrush 2 58 0 400
Chrysothamnus nauseosus rubber rabbitbrush 1 8 0 67
Chrysothamnus parryi Parry’s rabbitbrush 4 208 0 1,133
Chrysothamnus vaseyi Vasey'’s rabbitbrush 1 8 0 67
Juniperus communis common juniper 2 100 0 733
Pachystima myrsinites mountain-lover 1 167 0 1,333
Purshia tridentata antelope bitterbrush 1 8 0 67
Ribes cereum wax currant 5 358 0 1,467

* 10 PJ and 8 mixed-conifer plots were monitored in 2011.
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Table 3-9. Mean (range) fuel loading of downed woody material (1-hr, 10-hr, 100-hr, and 1,000-hr fuels), litter,
and duff by vegetation type, Bryce Canyon National Park, 2011.

Fuel loading (tons/acre)

Vegetation Total 1-hr 10-hr 100-hr 1000-hr Litter Duff

type Sound* Rotten*

pJ 13.5 0.2 0.8 0.6 3.1 0.7 4.8 3.1
(5.6-33.0) (0.04-0.4) (0.1-2.1) (0-2.2) (0-13.6) (0-5.6) (0.6-9.3) (0-6.2)

Mixed conifer 23.9 0.3 0.9 1.8 15.5 0.6 2.9 1.9
(6.1-41.1) (0-0.5) (0-2.2) (0-7.1) (4.0-29.3) (0-3.8) (0.2-5.6) (0-5.0)

*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

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

One notable difference in the 2011 data com-
pared to those from the previous year was the
number of exotic plant species detected. Exotic
species were much more likely to be detected at
plots using the new frequency method than using
cover derived from point-intercept sampling or
density of exotic perennials in the 1-m belt. This
difference is most likely because the new exotic
frequency methods are better-suited to detecting
exotic species in these ecological site types, and
not due to an actual increase in exotic plant spe-
cies in the park in 2011.

Another important difference in the 2011 data
compared to those from the previous year was
the amount of fuels reported. Again, this is likely
due to a change in the way we summarized fuels,
rather than an actual change in fuel loading in the
areas monitored at Bryce Canyon NP. In the 2010
report (Witwicki 2012), fuel volumes were calcu-
lated using a general specific gravity from Brown
(1974), and depth of litter and duff was summa-
rized. In this report, fuel loading, which is the
same as fuel volume, is reported for all fuel types,
including litter and duff. The specific gravities of
downed woody materials and bulk densities of
litter and duff used in the 2011 calculations were
derived from values for the dominant tree species
in each vegetation type.

In 2012, we plan to monitor 18 plots according to
the full operational monitoring design. One-half
of the plots visited in 2011 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 sat-
isfied 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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Exotic Plant Walk

		Unit_Code		Visit_Year		Master_Stratification		Plot_ID		Utah_Species		Master_Common_Name		Lifeform		Duration		Alive		Notes

		BRCA		2011		High-MixedConifer		23		Bromus inermis		smooth brome		Graminoid		Perennial				A small clump in between T2 and T1, probably from the nearby paved road.

		BRCA		2011		High-MixedConifer		42		Bromus inermis		smooth brome		Graminoid		Perennial

		BRCA		2011		High-MixedConifer		14		Cirsium vulgare		Bull thistle		Forb		Perennial				one basal rosette below T3 midway on transect

		BRCA		2011		High-MixedConifer		43		Cirsium vulgare		Bull thistle		Forb		Perennial				One individual below T1 at about 40 m- pulled, but rhizome still in there.

		BRCA		2011		High-MixedConifer		49		Cirsium vulgare		Bull thistle		Forb		Perennial				One large plant above T2 around 30 m and one below T3 at 10 m.

		BRCA		2011		High-MixedConifer		42		Dactylis glomerata		Orchard grass		Graminoid		Perennial

		BRCA		2011		High-MixedConifer		14		Lactuca serriola		Prickly lettuce		Forb		Annual				one near T1-0, one midway on T2 and one near T2-0

		BRCA		2011		High-MixedConifer		43		Lactuca serriola		Prickly lettuce		Forb		Annual				a few individuals scattered around

		BRCA		2011		High-MixedConifer		44		Lactuca serriola		Prickly lettuce		Forb		Annual				one individual beyond T3-0

		BRCA		2011		High-MixedConifer		49		Lactuca serriola		Prickly lettuce		Forb		Annual				Mostly around T2-0 and T1-0, a few below T3

		BRCA		2011		High-MixedConifer		34		Poa pratensis		Kentucky bluegrass		Graminoid		Perennial				Some in the meadows

		BRCA		2011		High-MixedConifer		42		Poa pratensis		Kentucky bluegrass		Graminoid		Perennial

		BRCA		2011		High-MixedConifer		42		Taraxacum officinale		Common dandelion		Forb		Perennial

		BRCA		2011		High-MixedConifer		44		Taraxacum officinale		Common dandelion		Forb		Perennial				midway down T1

		BRCA		2011		High-MixedConifer		49		Taraxacum officinale		Common dandelion		Forb		Perennial				One plant on T3 at 6.5 m.

		BRCA		2011		High-MixedConifer		43		Tragopogon dubius		Yellow salsify		Forb		Biennial				at the beginning of T3

		BRCA		2011		High-MixedConifer		49		Tragopogon dubius		Yellow salsify		Forb		Biennial				Below T3, one plant.

		BRCA		2011		Low-PJ/Oak/Ponderosa		57		Bromus tectorum		Cheatgrass		Graminoid		Annual				Between T1 and T2.
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Live_Percent_Cover

		UnitCode		Visit_Year		Vegetation_Type		PlotID		ABCO		ACHY		ACLE9		ACMI2		ANPA4		ARDI3		ARFE3		ARNO4		ARPA6		ARPE2		ASHU2		ASME2		ASMI9		BASA3		CAREX		CARO5		CELE3		CEMA2		CEMO2		CHDE2		CHFE3		CHFR3		CICA10		CIUN		CLCO2		COKI		CRYPT		DAGL		DEPI		ELEL5		ELLA3		ELTR7		EPVI		ERAL4		ERFL		ERPA30		ERRA3		EUWA4		GECA3		GUSA2		HECO		HYFI		JUCO6		JUOS		JUSC2		KOMA		LEIN3		LESA4		LIIN2		LIMU3		MAFR3		MARE11		OEHO2		ORPA3		PAMU11		PAMY		PECE		PELE7		PEPU7		PHHO		PHJU		PIED		PIFL2		PIPO		POFE		POTR5		PSME		PSSP6		PUTR2		QUGA		RHTR		RICE		SANIC6		SHRO		SYAS3		SYOR2		TEAC

		BRCA		2011		High-MixedConifer		14		5.3																2.3																																																																																						3.3												0.3										0.3		1.0		0.3				1.0

		BRCA		2011		High-MixedConifer		23		20.0																1.0														0.3		0.3						0.7																				1.0																																								0.7				0.7										0.3																1.3				1.0				0.3														1.3

		BRCA		2011		High-MixedConifer		29		15.7																								0.7																																																												2.0																		5.0								0.7																						1.3																		1.0

		BRCA		2011		High-MixedConifer		34		18.3				1.0		0.3												0.3				0.3				3.0				0.7																												0.3										0.7		0.3		0.3																		0.3												1.0										0.7														1.0		2.7		0.3		4.3																0.3		4.3

		BRCA		2011		High-MixedConifer		42		3.7				0.7				0.3																						1.0				1.3												3.3								0.7				3.0										0.3																																		2.3																										1.3				1.0																		2.0

		BRCA		2011		High-MixedConifer		43																										2.3										0.7														0.3										0.3																1.0		0.3																										1.0				0.3		0.7				0.3																0.3																						1.7

		BRCA		2011		High-MixedConifer		44				0.7		0.7												0.3				0.3										0.7												0.3				6.3												0.3		1.3												0.3				0.7				0.3																																																														1.3								1.0

		BRCA		2011		High-MixedConifer		49		0.3								0.3				0.7																						0.3																								1.3				0.7										0.7																		1.3												0.3																										2.0														0.3						0.3		0.7

		BRCA		2011		Low-PJ/Oak/Ponderosa		16												0.3																										5.0																				0.3																						0.3				0.7				6.3																																		0.3		10.3														2.7										5.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		21												0.3																										0.3				0.7										0.3		0.3												0.7																						8.3														0.3																						15.7																														0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		27																																						4.3																												0.3																		0.3				12.0																																0.3				14.7																2.7

		BRCA		2011		Low-PJ/Oak/Ponderosa		31																		6.7														1.3				0.3		1.0								1.0																																		0.3										7.3						0.3		0.3						3.0		0.3																						16.3												2.3						1.3						0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		32																		12.3																		0.7		0.3																														0.3																0.3				3.7						0.3																								1.3						1.7				11.0

		BRCA		2011		Low-PJ/Oak/Ponderosa		36																		9.0																6.3		1.0																																																				0.3		0.7																																						13.3												15.3		0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		37																																						2.3				0.3										0.3		0.7																																		7.0														0.7																						15.0																2.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		46																																						0.3																																																		13.3																																				27.0														2.0		8.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		56																		6.7												0.7				1.0		0.7		2.0																																																				9.3										0.7				1.3																								22.7										0.3		7.3												1.0

		BRCA		2011		Low-PJ/Oak/Ponderosa		57				0.3												0.3		2.3																		0.3		1.7																																										0.3		0.3								10.7																																		6.0				14.3								5.0		10.0		8.0						0.3
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Total_Percent_Cover

		UnitCode		Visit_Year		Vegetation_Type		PlotID		ABCO		ACHY		ACLE9		ACMI2		ANPA4		ARABI2		ARDI3		ARFE3		ARNO4		ARPA6		ARPE2		ASHU2		ASME2		ASMI9		BASA3		CAREX		CARO5		CELE3		CEMA2		CEMO2		CHDE2		CHFE3		CHFR3		CICA10		CIUN		CLCO2		COKI		CRYPT		DAGL		DEPI		DRABA		ELEL5		ELLA3		ELTR7		EPVI		ERAL4		ERFL		ERNA10		ERPA30		ERRA3		EUWA4		GECA3		GUSA2		HECO		HYFI		JUCO6		JUOS		JUSC2		KOMA		LEIN3		LESA4		LIIN2		LIMU3		LUAR3		MAFR3		MARE11		OEHO2		ORPA3		PAMU11		PAMY		PECE		PELE7		PEPU7		PHHO		PHJU		PIED		PIFL2		PIPO		POFE		POTR5		PSME		PSSP6		PUTR2		QUGA		RHTR		RICE		SANIC6		SHRO		STAC		SYAS3		SYOR2		TEAC		TECA2		UNKPG		UNKS

		BRCA		2011		High-MixedConifer		14		7.7																		2.3																																																																																												3.3												0.3										0.3		1.7		0.3				2.0

		BRCA		2011		High-MixedConifer		23		21.3																		1.0														0.7		0.3						0.7																						1.3																																										0.7						0.7										0.3														0.3		3.0				2.3				0.3																1.3

		BRCA		2011		High-MixedConifer		29		17.0																										0.7																																																																2.3																				5.0								0.7																						1.7																				1.0

		BRCA		2011		High-MixedConifer		34		18.7				1.3		0.3														0.3				0.3				3.0				1.0																														0.7										0.7				0.3		0.3																		0.3										0.3				1.0										0.7														1.0		4.3		0.3		5.3																		0.3		5.0

		BRCA		2011		High-MixedConifer		42		4.0				0.7				0.3										0.3														1.3				1.3												3.7								0.7						4.3										0.3																																						2.3																										2.7				1.0																				2.0						0.7

		BRCA		2011		High-MixedConifer		43		4.0																										2.3										0.7														0.3												0.3																		1.0		0.3																												1.0				0.3		0.7				0.3																0.3																								1.7

		BRCA		2011		High-MixedConifer		44		0.3		0.7		1.0														1.7				0.3										0.7												0.3				7.0														0.3		1.7														0.3				0.7				0.3																														0.3																		0.3		0.3														1.3										1.0

		BRCA		2011		High-MixedConifer		49		1.3								0.3						0.7																						0.3																										1.7				0.7												0.7																		1.3														0.3																										2.7				0.3										0.3								0.3		0.7

		BRCA		2011		Low-PJ/Oak/Ponderosa		16														0.3																										7.3																				0.3				0.3																						0.3				0.7				8.0																																				0.3		10.7														3.3										6.7

		BRCA		2011		Low-PJ/Oak/Ponderosa		21														0.3																										0.3				0.7										1.3		0.3						1.0								0.7																								9.7																1.0																						18.7																																0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		27												0.3																				0.3								5.0																														0.3																				0.3				12.7																																		0.3				16.3																2.7

		BRCA		2011		Low-PJ/Oak/Ponderosa		31																				8.3														1.7				1.0		4.3								1.0																																						0.3										7.3						1.3		0.3								3.0		0.3																						16.3												2.3						1.3				0.3				1.0

		BRCA		2011		Low-PJ/Oak/Ponderosa		32																				18.3																		1.0		0.3																																0.3																		0.3				4.3						0.3																										1.7						2.0				11.3										0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		36																				11.3																16.0		1.3																																																								0.3		0.7																																								13.7												17.7		0.7																				0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		37																																								2.7				0.3										4.0		0.7						0.3																																7.7																0.7																						15.3																2.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		46																																								0.3																				0.7																																		15.0																																						29.3														2.0		9.7								0.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		56																				8.3												0.7				1.3		0.7		2.3																																																								10.0										0.7						1.3																								23.3										0.3		9.0														1.3

		BRCA		2011		Low-PJ/Oak/Ponderosa		57				0.3														0.3		2.7																		0.3		1.7																																				1.3										0.3		0.7								10.7																																				6.0				15.0								7.3		13.3		8.7						0.3												0.3





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

		ACMI2		Achillea millefolium		common yarrow		Forb		Perennial		Native

		ANPA4		Antennaria parvifolia		Common pussytoes		Forb		Perennial		Native

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

		ARDI3		Arceuthobium divaricatum		Pinyon dwarf-mistletoe		Forb		Perennial		Native

		ARFE3		Arenaria fendleri		Fendler's sandwort		Forb		Perennial		Native

		ARNO4		Artemisia nova		black sagebrush		DwarfShrub		Perennial		Native

		ARPA6		Arctostaphylos patula		Greenleaf manzanita		Shrub		Perennial		Native

		ARPE2		Arabis perennans		perennial rockcress		Forb		Perennial		Native

		ASHU2		Astragalus humistratus		groundcover milkvetch		Forb		Perennial		Native

		ASME2		Astragalus megacarpus		Great bladdery milkvetch		Forb		Perennial		Native

		ASMI9		Astragalus miser		timber milkvetch		Forb		Perennial		Native

		BASA3		Balsamorhiza sagittata		Arrowleaf balsamroot		Forb		Perennial		Native

		CAREX		Carex sp.		sedge		Graminoid		Perennial		Native

		CARO5		Carex rossii		Ross' sedge		Graminoid		Perennial		Native

		CELE3		Cercocarpus ledifolius		curl-leaf mountain mahogany		Shrub		Perennial		Native

		CEMA2		Ceanothus martinii		Utah mountain-lilac		Shrub		Perennial		Native

		CEMO2		Cercocarpus montanus		Alder-leaf mountain mahogany		Shrub		Perennial		Native

		CHDE2		Chrysothamnus depressus		Dwarf rabbitbrush		DwarfShrub		Perennial		Native

		CHFE3		Chamaesyce fendleri		Fendler's spurge		Forb		Perennial		Native

		CHFR3		Chenopodium fremontii		Fremont's goosefoot		Forb		Annual		Native

		CICA10		Cirsium calcareum		Cainville thistle		Forb		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

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

		DAGL		Dactylis glomerata		Orchard grass		Graminoid		Perennial		NonNative

		DEPI		Descurainia pinnata		Western tansymustard		Forb		Annual		Native

		DRABA		Draba sp.		draba

		ELEL5		Elymus elymoides		Squirreltail		Graminoid		Perennial		Native

		ELLA3		Elymus lanceolatus		Thickspike wheatgrass		Graminoid		Perennial		Native

		ELTR7		Elymus trachycaulus		slender wheatgrass		Graminoid		Perennial		Native

		EPVI		Ephedra viridis		Green ephedra		Shrub		Perennial		Native

		ERAL4		Eriogonum alatum		Winged wild buckwheat		Forb		Perennial		Native

		ERFL		Erigeron flagellaris		Trailing daisy		Forb		Perennial		Native

		ERNA10		Chrysothamnus nauseosus		rabbitbrush (sp).		Shrub		Perennial		Native

		ERPA30		Chrysothamnus parryi		Parry's rabbitbrush		DwarfShrub		Perennial		Native

		ERRA3		Eriogonum racemosum		Redroot wild buckwheat		Forb		Perennial		Native

		EUWA4		Aster wasatchensis		Markagunt aster		Forb		Perennial		Native

		GECA3		Geranium caespitosum		pineywoods geranium		Forb		Perennial		Native

		GUSA2		Gutierrezia sarothrae		Broom snakeweed		DwarfShrub		Perennial		Native

		HECO		Stipa comata		Needle-and-thread		Graminoid		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

		KOMA		Koeleria macrantha		Junegrass		Graminoid		Perennial		Native

		LEIN3		Physaria intermedia		Watson's bladderpod		Forb		Perennial		Native

		LESA4		Elymus salinus		Salina wildrye		Graminoid		Perennial		Native

		LIIN2		Lithospermum incisum		Showy stoneseed		Forb		Perennial		Native

		LIMU3		Lithospermum multiflorum		Southwestern stoneseed		Forb		Perennial		Native

		LUAR3		Lupinus argenteus		silvery lupine		Forb		Perennial		Native

		MAFR3		Mahonia fremontii		Fremont's mahonia		Shrub		Perennial		Native

		MARE11		Mahonia repens		Oregon-grape		DwarfShrub		Perennial		Native

		OEHO2		Oenothera howardii		Bronze evening-primrose		Forb		Perennial		Native

		ORPA3		Solidago parryi		Parry's goldenweed		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

		PELE7		Penstemon leiophyllus		smoothleaf beardtongue		Forb		Perennial		Native

		PEPU7		Petradoria pumila		rock goldenrod		Forb		Perennial		Native

		PHHO		Phlox hoodii		spiny phlox		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

		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

		PUTR2		Purshia tridentata		Antelope bitterbrush		Shrub		Perennial		Native

		QUGA		Quercus gambelii		Gambel oak		Shrub		Perennial		Native

		RHTR		Rhus trilobata		skunkbush sumac		Shrub		Perennial		Native

		RICE		Ribes cereum		wax currant		Shrub		Perennial		Native

		SANIC6		Sambucus caerulea		Blue elderberry		Shrub		Perennial		Native

		SHRO		Shepherdia rotundifolia		Roundleaf buffaloberry		Shrub		Perennial		Native

		STAC		Haplopappus acaulis		stemless mock goldenweed		Forb		Perennial		Native

		SYAS3		Aster ascendens		Pacific aster		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

		UNKPG		unknown perennial graminoid				Graminoid		Perennial

		UNKS		unknown shrub				Shrub		Perennial





