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Arches National Park
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussion with Southeast Utah Group (SEUG) resource management staff identified grasslands
and shrublands as the highest priority for long-term monitoring. Both NCPN and SEUG staff
agreed that it was best to monitor the same vegetation types (blackbrush, Pinyon-juniper [PJ],
and grasslands) in ARCH as are currently monitored by NCPN in Canyonlands National Park
(CANY). For ecological sites that occur in both parks, this will provide a larger dataset that
could help detect trends more quickly. The goal of upland monitoring at ARCH is to provide
information on the natural variability of upland resources as well as early warning of system
degradation.

Accessibility

An accessibility map was created for ARCH based on road and trail access using the NCPN
Landscape Accessibility Model tool. Steep slopes (> 50%) and areas isolated due to steep slopes
(e.g. mesa tops) were considered inaccessible. The resulting map (Figure 1) deemed 86.6% of the
park as accessible.
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Figure 1. Accessible areas and hiking distances for Arches National Park.





Defining Target Vegetation Communities

Inspection of the ARCH vegetation map (Coles et al. 2009) and field visits to the park
determined the vegetation associations corresponding to the target communities for monitoring.
Blackbrush and PJ woodlands are the dominant shrubland vegetation types in ARCH, and
substantial areas of grassland exist on valley bottoms. The map units and area for all vegetation
associations in the park are listed in Table 1.

Defining Target Soils and Ecological Sites

Although the vegetation map is used to determine dominant vegetation associations in a park, it
IS not used to create the sampling frame. A more robust survey design can be created using
factors such as soil properties or elevation that are not expected to change over longer time
frames.

A draft soil survey for ARCH was recently provided to NCPN (USDA NRCS unpublished). The
soil survey contains soil map units that are explicitly mapped across the landscape. Soil map
units typically have multiple soil components, and it is the soil component that is directly
associated with a specific ecological site. Using the draft Arches Soil Survey, ecological sites
associated with blackbrush, PJ, and grasslands were summarized in Table 2.

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

Deep Blackbrush

Deep blackbrush was selected as a priority ecological site type at ARCH due to the large
spatial extent and because NCPN is currently not monitoring it at CANY. Although a
substantial area of this ecological site type exists in CANY, it was not recognized in the
old soil survey, and was therefore not included in the CANY upland monitoring design.
In ARCH, the deep blackbrush ecological site type contains 2 ecological sites (see Table
2).

PJ/Blackbrush

At both CANY and ARCH, there is one target ecological site, 236-Semidesert Shallow
Sandy Loam (Utah juniper/blackbrush), in the PJ/blackbrush ecological site type.
Although a second ecological site, 19-Shallow Sand Rock Pocket, was mapped in the
draft Arches Soil Survey, it contains too much bedrock for our monitoring criteria.
Additionally, it was not included in the old CANY soil survey, which was used to
develop the NCPN upland monitoring design at that park.

Grassland

The two grassland ecological sites at ARCH are the same ecological sites that NCPN
monitors at CANY (see Table 2). Two additional grassland ecological sites (115-Desert
Sand and 118-Desert Sandy Loam) were included in the CANY sampling design, but it is
expected that these will be combined with the semidesert grassland ecological sites in the





new version of the Canyonlands Soil Survey, which should be completed within the next
few years.

Although the shallow blackbrush ecological site type has substantial area in ARCH, it was not
selected for monitoring due to the limitations of our affordable effort. This ecological site type is
currently being monitored at CANY.

The estimated area of target ecological sites in ARCH is 6921.9 ha (see Table 2). The area of
each ecological site in the park is calculated using the estimated percentage of that ecological site
within each of the soil map units where it is predicted to occur, and therefore, is often
substantially less than the area of the soil map unit. The target ecological sites for monitoring are
described in detail in Table 3 and are illustrated in Figure 2.

Predictive Mapping of Ecological Sites on the Landscape

Since the draft Arches Soil Survey provided a good estimate of locations of target ecological
sites, we did not explicitly map ecological sites for ARCH like we did for CANY. Instead a
predictive map of deep blackbrush, PJ/blackbrush, and grassland ecological site types was
developed using the soil map units associated with the target ecological sites (Figure 3). All soil
map units that contained >10% of a soil component associated with a target ecological site were
included in the sampling frame. Notice that the area of the sampling frame (Table 4) is larger
than the predicted area of each ecological site (Table 2) because all soil map units used to make
the map contain some nontarget areas. The sampling frame area represents 34.7% of the total
park area and 40.1% of accessible area.

Before site selection, the sampling frame was buffered by 25 m to prevent plots from crossing
roads, trails, the park boundary, non-target vegetation, or inaccessible areas.





Table 1. Area (ha) of vegetation types in Arches National Park.

map unit# Vegetation map unit name area (ha)
Blackbrush shrublands
10 Blackbrush Shrublands 5988.6
Woodlands
20 Pinyon - Juniper / Blackbrush Woodlands 500.2
25 Sand Dune Woodlands 2091.9
31 Moab Tongue Slickrock Woodlands 4395.6
32 Pothole and Jointed Sandstone Woodlands 3776.4
33 Sandstone Ledges Woodlands 3056.0
341 Entrada Fin / Swale Woodland Mosaic 803.3
Grasslands/shrublands
11 Sandsheet Shrublands 1023.3
14 Mormon Tea - Mixed Grass Shrublands 1277.6
17 Weedy Herbaceous Vegetation 908.5
18 High Terrace Shrub Herbaceous Complex 722.1
71 Winterfat Shrublands 335.1
Desert Scrub
5 Badlands Sparse Vegetation 134.2
15 Shale Barrens Desert Scrub 1217.2
26 Mat Saltbush Sparse Vegetation 27.1
27 Salina Lyme Grass Sparse Vegetation 34.2
35 Gypsum Badlands Sparse Vegetation 163.5
Riparian/Wash
1 Tamarisk River Corridor Shrubland 34.4
2 Riverine Sandbar Sparse Willow Shrubland 6.5
4 Gambel Oak Terrace Shrubland 5.4
6 Greasewood Flats 456.8
7 Pinyon - Juniper Intermittently Flooded Woodlands 461.4
8 Basin Big Sagebrush Terrace Shrubland 145.1
9 Tributary Tamarisk and Salix Shrubland Mosaic 129.7
90 Dry Wash Shrublands 91.2
92 Tributary Mesic Herbaceous Complex 8.5
93 Tributary Woodland Complex 284.0
Sparse Vegetation
13 Dune Complex 131.3
30 Talus Sparse Vegetation Complex 1385.2
97 Cliff and Alcove Complex 86.8
111 Colorado River 8.3
130 Entrada Sandstone 1060.3
136 Wingate Sandstone 57.4
Developed areas
210 Residential 0.6
223 Government buildings 13
226 Transportation corridors 167.7
Total 30976.6





Table 2. Estimated area (ha) and associated soil map units for ecological sites supporting grassland, blackbrush, and pinyon-juniper
communities in Arches National Park. Estimates of spatial extent include inaccessible areas. Bold type indicates ecological sites that

were selected for monitoring.

% of
; total
Ecological Ecological Estimated | land | Associated soil map units
Site Type site # Ecological site name area (ha) | area | (>10% area)
R035XY133UT | Desert Shallow Sandy Loam (Blackbrush) 212.6 0.7 | 119
Blackbrush )
(shallow) | Ro3sxY233uT | Semidesert Shallow Sandy Loam 19102 | 6.2 |80, 126, 127
(Blackbrush) ' '
Blackbrush | RO35XY210UT | Semidesert Sand (Blackbrush) 2081.5 6.8 | 91,103
(deep) R035XY218UT | Semidesert Sandy Loam (Blackbrush) 735 0.2 | 129
RO35xY019UT | Snallow Sand Rock Pocket 6277.2 | 20.3 | 81, 83, 85, 86, 100, 117, 126
PJ/ (Utah Juniper-Pinyon)
Blackbrush i
RO35XY236UT | emidesert Shallow Sandy Loam 24066 | 7.8 | 81,87, 88,89
(Utah juniper-blackbrush)
R035XY212UT | Semidesert Sand (Fourwing saltbush) 508.6 1.6 | 108
Grassland i
RO35XY215UT | emidesert Sandy Loam 18516 | 6.0 | 108,116
(Fourwing saltbush)
Total ARCH area=  30976.6






Table 3. Description of ecological sites selected for upland monitoring in Arches National Park.

Ecological Site

Physiognomic | Ecological Name Geological Vegetative Disturbance-mediated
type Site Type Notation / No. Soil properties properties properties alternative states
Semidesert Sand deep sands eolian deposits :
(blackbrush) on dunes and derived from dglr;!:nkekl)tre;dsr?y Description currently N/A
SDS210/ 210 sand sheets sandstone
Blackbrush
(deep) Semidesert deep sandy alluvium and
Sandy Loam loams on eolian deposits dominated by Description currently N/A
shrubland (blackbrush) mesas and derived from blackbrush P y
SDSL218/218 hills sandstone
Semidesert
Shallow Sandy shallow sandy residuum . Decreased bunchgrass and
: dominated by . L
PJ/ Loam loams on and/or eolian blackbrush. iuniner increased juniper, blackbrush,
Blackbrush (Utah juniper/ benches and deposits from SN, JUNIPET, 1 g prickly pear. Cheatgrass
and pinyon pine :
blackbrush) mesas sandstone and annual forbs may invade.
SDSSL236 /236
Semidesert Sand . . dominated by Decreased bgnchgrass and
. deep sands eolian deposits o saltbush and increased
(four-wing . Indian ricegrass, .
on dunes and derived from ) shakeweed, prickly pear,
saltbush) four-wing saltbush, | ;"
sand sheets sandstone juniper, and sand sage.
SDS212 /212 and Mormon tea . . ;
Russian thistle may invade.
herbaceous Grassland - -
Semidesert , dominated by Decreased bunchgrass and
deep sandy alluvium and S .
Sandy Loam : ) Indian ricegrass, increased snakeweed,
; loams on eolian deposits .
(four -wing . : needle and thread, | Mormon tea, and prickly pear.
mesas and derived mainly : )
saltbush) vallevs from sandstone four-wing saltbush, | Cheatgrass and Russian
SDSL215/215 y and Mormon tea | thistle may invade.






Figure 2. Examples of the ecological sites selected for upland monitoring at Arches National Park. See Table 3 for descriptions.
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Table 4. Area (ha) of each ecological site type included in the sampling frame for upland
monitoring at Arches National Park.

Predicted
Ecological site type Area (ha)* | target area**
Deep blackbrush 4375 49.3%
PJ/blackbrush 3871 62.2%
Grassland 2509 94.1%
Total sampling frame 10755 64.4%

* Based on the accessible area within a 10 km hiking distance.

**Predicted amount of target ecological site in the sampling frame

Monitoring Site Selection

Monitoring sites were selected using Reversed Randomized Quadrant Recursive Raster (RRQRR
- Theobald et al. 2007). The sampling frame was converted to a 10-m grid to ensure complete
coverage of the landscape. Sites were selected for the entire buffered sampling frame (Figure 3)
producing the following files. All locations listed in these shape files have a selection probability
of 1.

ARCH_smp_pts- ordered list of all possible monitoring points selected through RRQRR.
ARCH_sample_pts- ordered list of 250 initial monitoring points selected through RRQRR.





I blackbrush (deep)
grassland
[ PJ/blackbrush

Figure 3. Sampling frame for Arches National Park. Deep blackbrush consists of ecological sites
210 and 218; Grassland consists of ecological sites 212 and 215; PJ/blackbrush consists of
ecological site 236.
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Tracking Monitoring Sites

ARCH_upland_master.shp, derived from ARCH_sample_pts.shp, contains the first 250 potential

monitoring plots and any relevant tracking information (Table 5). The attributes include

acceptance or rejections of plots, reasons for rejection, and date of plot establishment. It is used

to schedule pre-monitoring evaluation of sites and for the eventual derivation of selection

probabilities. In this file, the “order_

parks.

Table 5. Attributes of ARCH_upland_master.shp for tracking upland monitoring locations in

Arches National Park.

Field Description

Veg_Type Vegetation type for upland sampling methods (grassland/shrubland)

EcoType Predicted vegetation type based on sampling frame (deep blackbrush =210
or 218, grassland = 212 or 215, PJ = 236)

MasterStra Indicates groups for analyzing data (deep blackbrush, grassland, PJ)

The plot number, based on ascending order of the RQorder field,

PlotID : ; ) )
renumbered to give unique plot numbers for each point on the list.

Panel that plot is associated with in the revisit design (1-7, panel=0 for

Panel .
rejected plots)

PanelYear Year(s) that panel is sampled (1-7)

Ultimate status of a plot (estab = established; NotEval = not visited; accept =

EvalStatus - o RO
visited and deemed to be acceptable as a monitoring site; reject = rejected)

S Action Status of plot determined in the field and recorded on GPS (accept or reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from Arches Soil Survey associated with the monitoring plot

X UTM E (NAD83, Zone 12)

Y UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

ActualEco Actual ecological site number (210, 212, 215, 218, or 236)

RQorder Sequence number produced by RRQRR that doesn'’t start at 1 or increment
by 1 (=order_ in sample_pts shape files and =GRID_CODE in smpts shape
files)

inc_prob inclusion probability; 1 indicates equal probability of selection for all points
from the sample_pts shape file
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Survey Design

We decided that there was no need for pilot monitoring in ARCH because estimates of
variability were made using data from CANY.

Plots are sampled following a rotating-panel design that samples 8 plots each year and a total of
28 plots over 7 years for each of the 3 priority ecological site types. A total of 84 plots are
sampled between all ecological site types. Plots are sampled 2 years in a row (in order to detect
year-to-year differences due to temperature, precipitation, etc.) and rested for 5 years. Every 7
years, the sampling scheme repeats itself. The number of plots in each vegetation type should
approximately represent the area of each vegetation type in the sampling frame.

Year
panel|1 (2|3 |4 |5|6|7|8]9) 10
114 4 4| 4
2 4| 4 4| 4
3 4 | 4 4
4 4| 4
S) 4| 4
6 4| 4
7] 4 4| 4

Figure 4. Number of plots sampled each year per ecological site type based on 7-year rotating
panel revisit design for long-term upland monitoring at Arches National Park.

Response Design

The response design for ARCH is based on NCPN upland monitoring protocols for grasslands
and shrublands. Table 6 outlines specific methods used.

12





Table 6. Response design for vegetation monitored in Arches National Park.

Method Grassland/Shrubland
Transects 3 — 50 m transects
Plot establishment Rebar at transect ends
Photos Transect origin, BSCs
Point-intercept X

Gap intercept X
Soil stability X
1-m belt (shrubs, seedlings,

A X
and exotic frequency)

5-m belt (saplings) if trees are present
Tree census if trees are present
Site Impact X
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Black Canyon of the Gunnison National Park and
Curecanti National Recreation Area
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussions with BLCA/CURE resource management staff identified a wide range of vegetative
communities for long-term monitoring. The overall goal of monitoring in these park units is to
provide information on the natural variability of upland resources as well as early warning of
system degradation. Some of the identified communities have limited spatial extent, and due to
this, are especially of concern to park management. Other community types are relatively
dominant in individual park units. Sagebrush, the most extensive community type in
BLCA/CURE, has additional management concerns. Although historically sagebrush has been
grazed over then entire Gunnison Basin, it is not currently grazed in parts of BLCA/CURE,
providing a unique opportunity to compare grazed and ungrazed sagebrush communities.

Park resource management staff identified the following communities as Tier 1 priority for
monitoring: PJ (Pinyon-Juniper), sagebrush, oak scrub, aspen, and cottonwood. Tier 2 priority
was mixed-conifer, Douglas-fir, and mixed shrub. Initial investigations found that Douglas-fir
tended to occur on very steep terrain. Due to this and the affordable sampling effort, only Tier 1
communities were considered for the initial monitoring effort in BLCA/CURE.

Accessibility

Steep slopes (> 50%) and areas isolated due to steep slopes (e.g., mesa tops) are considered
inaccessible for NCPN upland monitoring. NCPN does not rely on boat access for upland
monitoring, and therefore, created an accessibility map based on road and trail access. As a
standard procedure, inaccessible areas are delineated and eventually eliminated from
consideration in the site-selection procedures. Accessibility in BLCA/CURE was derived
separately for each park unit using the NCPN Landscape Accessibility Model tool.

Creation of the BLCA/CURE accessibility map involved many unique challenges not found in
other NCPN park units. BLCA contains numerous parcels of private property within its
boundary, and boundaries change regularly as BLM and private parcels are transitioned to NPS
ownership. Only private property with conservation easements and agreeable landowners were
considered for the accessibility map. Parcels that were heavily managed with active hay fields
and elk ranching (including a 10-foot fence) were eliminated from the accessibility map.
Additional discussion with BLCA/CURE resource management staff included NPS land in the
Blue Creek and Pine Creek areas accessible by crossing private land with agreeable owners or
established NPS access easements through private property.

An additional challenge of the BLCU/CURE accessibility map is that some included areas are
inaccessible during high water. Access to islands in the Neversink and Cooper Ranch areas are
only accessible by wading through parts of the Gunnison River during low water flows in July
and August. The old highway on the south side of the Gunnison River Canyon provides access to
sagebrush in the area. However, when the Blue Mesa Reservoir is near complete fill, the old





highway becomes submerged, eliminating access to this area. During spring runoff, many creeks
in CURE become impassible although the accessibility map displays them as wadeable.

Though field scouting, we discovered two areas that were not accessible even though the map
predicted that they were. This included land on the west sides of the Lake Fork Arm and the
Cebolla Arm. These areas were excluded from the final accessibility map.

Specific instructions and maps with special access concerns have been created for BLCA/CURE
to assist crews in the future.

Grazing allotments

Much of BLCA/CURE has historically been grazed by cattle and sheep. Because BLCA and
CURE have some of the only ungrazed land in the Gunnison Basin, park managers were
interested in comparing grazed and ungrazed parts of the parks. Park managers met with BLM
range conservationists from the Montrose and Gunnison field offices in May-June 2008 to
update their grazing data. New spatial data were received for CURE in addition to time and type
of grazing for both parks . Parts of the Grizzly Gulch allotment on the North Rim of Black
Canyon have recently expired and a new fence line is expected to be built in the next few years.
This fence line was approximated in the sampling frame. This file also contains all grazing
allotments relevant to the sampling frame for BLCA/CURE.

Delineating the Target Population

Defining Target Vegetation Communities & Ecological Site Types

Inspection of the draft NCPN BLCA/CURE vegetation maps (as of 8/31/2007) and field visits to
the park units determined the association types which corresponded to the vegetation
communities of interest to park management. Initial evaluation of NRCS ecological sites
suggested that oak/sagebrush (map unit #40) can not be distinguished from other sagebrush
ecological sites. In addition, the similarity of biophysical properties between oak scrub and
mixed montane communities suggested the potential to combine them into a more general
grouping (Table 1). These groupings are documented in Table 1.

Soil map units of vegetative communities (Table 1) were overlaid on the two existing soil survey
maps which cover portions of both park units (NRCS CO662 and NRCS CO679) to acquire an
aerial estimates of ecological site by community type. The two soil surveys combined, however,
did not cover the entire portion of either park unit. In addition, ecological sites are described as
proportions of a soil map unit, and thus, the location of an ecological site within a soil map unit
is not explicit.

To complicate matters further, the soil surveys were old (1976 and 1981) and only provided
limited range site descriptions for soil map units. This meant that ecological sites for aspen and
cottonwood were not well defined in the soil survey, and soil map units with PJ were not paired
with any ecological sites. Existing ecological site descriptions for Major Land Resource Area
(MLRA) 48 for the most part did not match range sites from the soil surveys. Thus, defining





ecological site types for BLCA/CURE was a challenge, and ecological site types are
approximate, based on both range sites and available ecological site descriptions for MLRA 48.

Despite these limitations, ecological site types were characterized for oak scrub and sagebrush
(Table 1). PJ ecological sites from MLRA 48 were reviewed, but there was no way to initially
determine which sites would be dominant in the parks. They served as a guide for further field
evaluation. Aspen and cottonwood were not assessed by ecological site type due to their limited
extent in BLCA/CURE.





Table 1. Vegetation map units and dominant ecological sites corresponding with priority vegetation
community types for upland monitoring in the BLCA/CURE.

Dominant
ecological site | Vegetation
Community type types Map Unit | Vegetation Map Unit Name
Aspen none 52 Quaking aspen/ tall shrubs
55 Quaking aspen-Douglas-fir/Saskatoon serviceberry
Cottonwood none 2 Salix geyeriana / Mesic Graminoids Shrubland
7 Alnus incana / Agrostis stolonifera Shrubland
Oak scrub / Rocky Loam, 42 Gambel Oak/Montane shrubland
Mixed montane Brushy Loam 43 Gambel Oak Woodlands
shrubs 44 Serviceberry-Mixed shrub
48 Scree slope — Mixed Montane shrubs
49 Mixed Montane Shrub/Big sagebrush
90 Rock outcrop — UT Serviceberry
PJ none 69 Sparsely wooded PJ/True Mt. Mahogany
71 PJ/Oak
72 PJ/sagebrush
74 PJ/Mixed grass and shrubs
78 UT Juniper/WY Big sagebrush
87 Sparsely wooded PJ
92 Sparsely wooded PJ-mixed shrubs
Sagebrush Mountain Loam, 31 Wyoming Big Sagebrush
Dry Mountain 32 Artemisia nova — Purshia tridentata shrubland
Loam 33 Mountain Big Sagebrush
35 Artemisia tridentata ssp. vaseyana/Pascopyrum
smithii shrubland
40 Gambel Oak/Big Sagebrush

Assessing Ecological Site Types of Community Aggregates

Field scouting was performed in order to assess the suitability of vegetation map units and the
extent of dominant ecological site types for proposed community groupings. All potential
vegetation map units (Table 1) were combined, clipped to the accessible area in the park
boundaries, and rasterized to10 m. Reversed randomized quadrat-recursive raster (RRQRR) was
used to randomly select 1000 points within this area. Using RRQRR order, the top 3 points of
each unique vegetation/soil/grazing allotment combination were selected (423 points total). At
each point, vegetation type and ecological site, if applicable, were recorded in addition to other
biophysical site characteristics. An attempt was made to visit all recon points, however, this was
not possible in the available time frame. Points that were skipped were either repetitive of other
vegetation/soil map unit combinations or could not be reached in the allotted time due to dense
oak scrub/mixed montane shrubs and long hikes. A total of 362 points were visited. The spatial
extent of priority vegetation types is summarized in Table 2.





Table 2. Summary of grazed and ungrazed area (ha) in each priority vegetation type for
monitoring in BLCA/CURE

area (ha)
Vegetation type grazed | ungrazed total
aspen 9 113 122
cottonwood 1 66 67
oak scrub 1384 3041 4425
pj 924 1335 2260
sagebrush 2309 2790 5099

Predictive Mapping

Each vegetation map unit was evaluated for appropriateness in its respective vegetation
community type. Based on our field scouting, the following changes were made to the original
sampling frame:

1) Polygons of map unit 40 west of the Blues Mesa Dam were switched to oak scrub.
2) Areas of map unit 49 on the north rim were switched to sagebrush. These included:
a. Polygons of soil map units 64, 81, and 82
b. Areas around recon points 369, 370, and 371.
3) PJareas in the center of the south rim were switched to oak scrub.
4) Map unit 90 was excluded from the sampling frame.
5) The vegetation community of specific polygons was corrected when the extent of the
entire polygon was assessed in the field.
a. In map unit 40, the polygon with recon point 218 was switched to oak scrub.
b. In map unit 43, the polygon with recon point 359 was switched to aspen.
c. Inmap unit 71, polygons with recon points 452, 465, and 470 were switched to
oak scrub.
d. In map unit 74, polygons with recon points 486, 533, and 538 were switched to
oak scrub.

From this data, a predictive map was created delineating accessible aspen, cottonwood, oak
scrub/mixed montane shrubs, PJ, and sagebrush vegetation community types in BLCA/CURE.
This map includes areas on the west sides of the Lake Fork Arm and the Cebolla Arm deemed
inaccessible for upland monitoring. These areas were included in the original version of the
sampling frame because BLCA/CURE used it to select sites for bird monitoring, and their
monitoring program includes reliable boat access to monitoring sites.

An alternative version of the sampling frame was created for upland monitoring that does not
include inaccessible areas on the west sides of the Lake Fork Arm and the Cebolla Arm (Figure
1).
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Figure 1. Map of accessible BLCA/CURE target vegetation types for upland monitoring.

Target Ecological Site Types

Field scouting confirmed that Brushy Loam was the dominant ecological site type in the oak
scrub/mixed montane shrub vegetation type. Scouting also confirmed that Mountain Loam and
Dry Mountain Loam were the dominant sagebrush ecological site types in BLCA/CURE. They
seemed to form a continuum across the landscape, however, making it extremely difficult to
classify sagebrush sites in the middle of the range. Initially, the plan is to attempt to distinguish
Mountain Loam and Dry Mountain Loam sites, but eventually we may have to lump these sites.
The dominant ecological sites types for PJ were Upland Shallow Loam and Upland Stony Loam.
These ecological sites are similar and were often mixed on the landscape, therefore, we decided
to combine the two for monitoring PJ. Aspen and cottonwood sites will be accepted based on the
presence of trees from the appropriate forest type. Target vegetation and ecological site types
selected for monitoring are described in Table 3 and illustrated in Figure 2. Additional photos, a
table, and a dichotomous key were assembled to help distinguish target and non-target ecological
site types in the field.

The proposed number of monitoring sites per vegetation/ecological site type is listed in Table 4.
These numbers will be reassessed after 3 years of pilot monitoring, and the actual number of
sites will be based on estimates variability within each ecological site type.





Table 3. Description of target vegetation and ecological site types selected for upland monitoring in BLCA/CURE.

] Physio- ] )
Vegetation | Ecological | gnomic Geological Vegetative Disturbance-mediated Potential non-
Type site type type Soil properties | properties properties alternative states target areas
alluvium Dominated by aspen,
aspen no forest deep loams on glacial till, cgc;l;ek;?gcr)rny, Ranges from skeleton to areas with no live
b stratification mountain sides or iceb climax forest. aspen
colluvium serviceberry,
snowberry
deep alluvium recent Dominated _by N .
cottonwood no forest of varying alluvium on cottonwoods, willows, Rgnges from skeleton to riparian areas with
stratification texture floodolains sedges, grasses, climax forest. no cottonwood
P rushes
Grazing: Decreased perennial arsehz;is”?jvt\)/h:ﬁggd
o0ak scrub/ alluvium, Dominated by grasses, increased woody b arasses and
mixed Brushy deep loams on slope Gamble oak, shrubs. %ogrbS' steep
montane Loam shrubland uplands and alluvium, or serviceberry, Fire: increased Gambel oak, coIIuvia’I slopes
shrubs mountain sides glacial snowberry, mountain | snowberry, and rabbitbrush, with 0ak scrub/
deposits big sagebrush decreased perennial grasses, ;
forb d other shrub mixed montane
orbs, and other shrubs. shrubs
shallow to . . Grazing: decreased
. . moderately . Pinyon pine and Utah understory plants, increased sparse PJ on
pinyon pine Upland deep loams and residuum | juniper with sparse to PJ badlands; sparse
/ Utah Shallow/ | woodland stor? loams on or moderate understory Fi N ; iv d d PJ in dense oak
juniper Stony Loam ridy es and colluvium cover of shrubs, #re_. emporfé” y ecr_eellse scrub, PJ on deep
ges an grasses and forbs , Increased perennia soils
mountain sides grasses and shrubs.
deep loams on alluvium Tall big sagebrush | Grazing: decreased perennial
valleys slope ' with dense cover of | grasses, increased
Mountain ) op grasses; may also | sagebrush.
shrubland | benches, and | alluvium, or : : very shallow
Loam hillslopes glacial include small Fire: decreased sagebrush, q y ith
deposits amounts of mixed | increased rabbitbrush and sandy areas with
montane shrubs snowberry. black sa_gebrus_h,
sagebrush depressions with
rig?jlel.\?\;vté?y residuum Smaller big Grazing: decreased perennial basin big
Dry d I t lluvium ' sagebrush with rasses. increased sage.brus.h and
Mountain | shrubland eep loams to atluvidm, bunchgrasses and | & ’ basin wildrye
Loam stony loams on glacm_ll gravelly/stony sz_igebrush and snakeweed.
benches, deposits Fire: decreased sagebrush.

ridges, and hills

interspaces
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Mountain Loam (sagebrush) Dry ountain Loam (sagebrus)

Figure 2. Examples of the six target vegetation/ecological site types for Upland Vegetation and
Soils Monitoring in BLCA/CURE (see Table 3 for descriptions).





Table 4. Proposed number of monitoring sites for each ecological site type in BLCA/CURE.

Proposed
Vegetation Type Ecological site type Grazing number of sites
aspen no stratification no stratification 4-5
cottonwood no stratification no stratification 4-5
oa}k scrub/ Brushy Loam no stratification 30
mixed montane shrubs
pinyon p]ne/ Upland Shallow / Stony no stratification 30
Utah juniper Loam
) grazed 30
Mountain Loam
ungrazed 30
sagebrush
_ grazed 30
Dry Mountain Loam
ungrazed 30

Monitoring Site Selection

Using the sampling frame created from field scouting, monitoring sites were selected using
RRQRR (Theobold et al. 2007) and a 10-m grain size. Sites were selected separately for aspen,
cottonwood, oak scrub, PJ, and sagebrush by giving the selected vegetation type a selection
probability of “1” and the other vegetation types a probability of “0” for each RRQRR run. For
each vegetation type, sites were selected with equal probability of selection. The use of a 10-m
grid was to ensure complete coverage of the landscape. In field implementation of monitoring
plots, selected sites must be rejected if too close to an established plot. Points from each RRQRR
run were clipped using a 20-m buffer to help eliminate points that would get rejected for being to
close to a vegetation type boundary. The sampling frame was not buffered prior to RRQRR site
selection because BLCA/CURE was also using this same sampling frame for bird monitoring
site selection, which required a different buffer size. Sagebrush points were further separated by
grazed and ungrazed area. Additionally, the number of monitoring locations by sagebrush
ecological site must be tracked during plot establishment to ensure a balanced number of
locations per ecological site in both grazed and ungrazed areas.

Monitoring Site Selection Shape Files

For each vegetation type, the shape file listed below contains the first X number of potential
monitoring plot locations in sequential order that are contained within the sampling frame minus
the 20 m buffer and inaccessible area (X=20 for aspen and cottonwood; X=100 for oak and pj;
X=200 for sagebrush). These shape files also contain the PlotID attribute used by field crews and
recorded in the upland database.

BLCU_aspen20 — contains PlotID’s 1 to 20.
BLCU_cw20 — contains PlotID’s 21 to 40.
BLCU_0ak100 — contains PlotID’s 41 to 140.
BLCU_pj100 - contains PlotID’s 141 to 240.
BLCU_sage200 — contains PlotID’s 241 to 440.





The sagebrush points in BLCU_sage200.shp have further been separated into grazed and
ungrazed areas of the park.

Tracking Monitoring Sites

Using the order provided by RRQRR, the first 20 aspen locations, the first 20 cottonwood
locations, the first 100 oak locations, the first 100 PJ locations, and the first 200 sagebrush
locations were consecutively renumbered. This generated the PlotIDs used by field crews and
recorded in the upland database.

BLCU_upland_master.shp includes all points given PlotID’s and any relevant tracking
information (Table 5). The attributes include acceptance or rejections of plots, reasons for
rejection, and date of plot establishment. It is used to schedule pre-monitoring evaluation of sites
and for the eventual derivation of selection probabilities. In this file, the GRID_CODE attribute
was renamed “RQorder” for consistency among parks.

Response Design

The response design for BLCA/CURE is based on NCPN upland monitoring protocols and
varies by vegetation type. In BLCA/CURE, sagebrush is monitored using the
grassland/shrubland response design, PJ is monitored using the woodland response design, aspen
is monitored using the forest response design, and oak scrub is monitored using a variation of the
forest/woodland response design outlined in SOP #19. Table 6 outlines specific methods used for
each response design.





Table 5. Attributes of BLCU_upland_master.shp for tracking BLCA/CURE upland monitoring
locations.

Field Description

Veg_Type Vegetation type for upland sampling methods (grassland/shrubland, forest,
woodland, or oak)

EcoType Predicted vegetation type based on sampling frame (aspen, cottonwood,
oak, PJ, or sagebrush)

Grazing Indicates whether grazed or ungrazed for sagebrush; not applicable to any
other vegetation types (na)

MasterStrt Indicates groups for analyzing data (aspen, cottonwood, oak, pj ungrazed
sage DML, grazed sage DML, ungrazed sage ML, or grazed sage ML)
The plot number, based on ascending order of the RQorder field,

PlotID : ) ) )
renumbered to give unique plot numbers for each point on the list.

panel Panel that plot is associated with in the revisit design

PanelYear Year(s) that panel is sampled
Ultimate status of a plot (estab = established; NotEval = not visited; accept =

EvalStatus - o R SORe
visited and deemed to be acceptable as a monitoring site; reject = rejected)

S _Action Status of plot determined in the field and recorded on GPS (accept or reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from CO662 (Gunnison) or CO679 (Paonia)

X UTM E (NADS83, Zone 13)

Y UTM N (NAD83, Zone 13)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

ActualEco Actual ecological site name for sagebrush sites (Mountain Loam, Dry
Mountain Loam); not listed for other vegetation types

RQorder Sequence number produced by RRQRR that doesn't start at 1 or increment
by 1 (=GRID_CODE in original smpts shape files)

inc_prob inclusion probability

SoilSurvey Soil survey (CO662=Gunnison or CO679=Paonia) associated with soil map
units






Table 6. Response design for vegetation types in BLCA/CURE.

Grassland,
Method Shrubland Woodland Forest Oak
Transects 3 -50 mtransects | 3—-50 m transects | 3 —-50 m transects | 3 — 20 m transects

Plot establishment

Rebar at transect
ends

Rebar at transect
ends, plot side
slopes, optional

witness trees

Rebar at transect
ends, plot side
slopes, optional

witness trees

Rebar at transect
ends, optional
witness trees

Photos

Transect origin,
BSCs

Transect origin &
end, BSCs

Transect origin &
end

Transect origin &
end

Point-intercept

0.5 m intervals

0.5 m intervals

0.5 m intervals (hits
below monopod

0.25 m intervals

only)
Gap intercept X
Soil stability X X
1-m belt (shrubs, Seedlings and
seedlings, & exotic X X X exotic frequency
frequency) only
5-m belt (saplings) X X X X

Tree census

Quadrat 1 only (if
trees are present)

Quadrat 1 only

Quadrat 1 only,
record crown health

Entire plot & include
Quegam >10 cm

& crown class DBH
Spherical densiometer X
Fuels X X
Site Impact X X X X

Modifications of Original Design

After field visits to the cottonwood areas proposed for monitoring, we decided that our upland
response design was not well-suited for monitoring this area. The areas of interest tended to be
long and narrow and did not fit a forest upland monitoring plot in most areas. In addition, the
upland response design would not allow us to investigate the hydrology and geomorphology of
the Gunnison River, important parts of understanding the vegetation dynamics. The river is
wadeable in just a couple sections at the lowest flows, therefore, this vegetation type is best
suited for big rivers riparian monitoring.
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Bryce Canyon National Park
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Initial discussion with BRCA resource staff identified mixed conifer forests, Ponderosa pine
forests, subalpine meadows, and Pinyon Juniper (PJ) woodlands as potential vegetation types for
long-term monitoring. 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. Ponderosa pine forests
occur at middle elevations and are interspersed with subalpine meadows above the rim in the
northern half of the park. The spatial extent of meadows is limited, but these areas are of
particular interest because they provide habitat for the threatened Utah prairie dog. PJ woodlands
occur at lower elevations in the park, primarily below the rim, and vary depending on elevation
and aspect. At the lowest elevations, PJ woodlands have an understory of Wyoming big
sagebrush, bunchgrass, and/or sparse vegetation. As elevation increases, PJ woodlands mix with
Gambel oak and mixed montane shrubs, and with Ponderosa pine at the highest elevations in its
range.

After reviewing ideas for an upland design at BRCA, it was agreed that high elevation mixed
conifer forests and PJ woodlands were the highest priority for NCPN monitoring. The goal of
monitoring these vegetation types is to provide information on the natural variability of upland
resources as well as early warning of system degradation. Ponderosa pine forests in the park are
already heavily monitored through the fire management program at BRCA. The Utah prairie dog
may have created some additional challenges for upland monitoring with concerns about placing
rebar through burrows. BRCA resource staff agreed that meadows could be looked at more
closely through a smaller research project.

Accessibility

An accessibility map was created for BRCA based on road and trail access using the NCPN
Landscape Accessibility Model (Figure 1). Steep slopes (> 50%) and areas isolated due to steep
slopes (e.g. mesa tops) were considered inaccessible.

Delineating the Target Population

Defining Target Vegetation Communities

Inspection of the draft NCPN vegetation map for BRCA and field visits to the park determined
the vegetation associations corresponding to the target communities for monitoring (Table 1).
High elevation mixed conifer forests primarily consist of white fir vegetation map units. PJ
woodlands include all vegetation map units with Pinyon Pine / Juniper spp. in the name.

Defining Target Soils and Ecological Sites

NCPN typically creates a sampling frame based on ecological sites and their associated soil map
units. The National Resource Conservation Service (NRCS) mapped soils for BRCA within the
Panguitch Soil Survey (1990). NRCS did not have permission to dig soil pits within the park for
this soil survey, however, and accuracy of soil map units within the park is questionable. When





compared to the draft NCPN vegetation map, there was quite a bit of discrepancy between the
vegetation map units and the soil survey. Due to these problems with the soil survey, ecological
sites were not used in BRCA. Instead the sampling frame was stratified by elevation.

Areas surrounded by steep slopes
Il Slopes > 50%
Accessible areas

Figure 1. Accessible areas of Bryce Canyon National Park.





Table 1. Area (ha) of vegetation types in Bryce Canyon National Park. Shading designates
priority map units for monitoring.

Map area (ha)

unit # | Map unit name entire park | accessible
1 White Fir Forest Complex 1038.2 958.4
2 White Fir / Gambel Oak - (Bigtooth Maple) Forest 103.1 82.1
3 White Fir / Manzanita - Mixed Shrub Forest 1273.4 964.5
5 White Fir / Mixed Herbaceous Forest 175.1 167.6
6 Blue Spruce Forest Complex 83.0 66.3
7 Ponderosa Pine - (Douglas Fir) / Manzanita Woodland Complex 3302.8 2841.2
8 Ponderosa Pine / Mixed Mountain Shrub Woodland Complex 367.0 328.3
9 Ponderosa Pine / Mixed Herbaceous Woodland Complex 797.1 784.6
10 Ponderosa Pine / Gambel Oak Woodland 286.2 219.0
11 Ponderosa Pine / Pinyon Pine - Juniper spp. / Gambel Oak Forest 336.1 235.2
12 Ponderosa Pine / Pinyon Pine - Juniper spp. / Mixed Mountain Shrub Forest 624.4 485.8
13 Bristlecone Pine Woodland 695.2 474.4
14 Pinyon Pine - Juniper spp. / Saline Wildrye Woodland 170.2 89.2
15 Pinyon Pine - Juniper spp. / Sagebrush spp. Woodland Complex 26.5 25.9
16 Pinyon Pine - Juniper spp. / Mixed Mountain Shrub Woodland Complex 2135.1 1375.7
17 Pinyon Pine - Juniper spp. / Gambel Oak Woodland Complex 644.6 505.4
18 Pinyon Pine - Juniper spp. / Sparse Understory Woodland 69.9 64.0
23 Aspen Forest Complex 17.5 17.0
24 Narrowleaf Cottonwood Woodland Alliance 3.8 3.7
25 Curl-leaf Mountain-mahogany Woodland Complex 32.2 24.5
26 Gambel Oak Shrubland Complex 119.8 92.9
27 Mixed Mountain Shrubland Complex 254.5 161.9
28 Water Birch Shrubland 0.8 0.6
29 Willow spp. Temporarily Flooded Shrubland Complex 4.3 4.3
30 Black Sagebrush Shrubland Complex 276.8 276.4
31 Manzanita Shrubland 127.7 105.3
32 Rabbitbrush spp. Shrubland Complex 50.1 48.7
33 Bottomland Shrubland Complex 0.6 0.5
34 Big Sagebrush Shrubland Complex 75.3 72.6
37 Pygmy Sagebrush Dwarf-shrubland 6.5 6.5
40 Dry Meadow Mixed Herbaceous Vegetation Mosaic 110.1 101.2
41 Perennial Disturbed Grassland Complex 36.0 35.9
42 Sedge and Rush Wet Meadow Herbaceous Vegetation Mosaic 39.0 38.9
43 Roadside Restored Herbaceous Vegetation 43.6 42.8
45 Mixed Desert Shrubland Complex 114.3 74.4
46 Claron Formation 985.1 142.3
47 Barren Washes 81.2 78.1
48 Siltbush Shrubland 16.7 10.5
50 Transportation, Communications, and Utilities 74.5 73.9
51 Mixed Urban or Built-up Land 14.2 14.2
57 Reservoirs 1.2 1.2
60 Strip Mines, Quarries, and Gravel Pits 0.9 0.9
61 Seeps and Springs 0.2 0.1
Total 14614.5 11097.3






Basis for Sampling Frame

The sampling frame was delineated by elevation in order to include areas dominated by high
elevation mixed conifer forest and PJ woodland. The mixed conifer sampling frame included
accessible areas above 2600 m, and the PJ sampling frame included accessible areas 2300 m and
below (Figure 2). The total and accessible area for each part of the sampling frame is
summarized in Table 2.

Before site selection, the sampling frame was buffered by 65 m to prevent plots from crossing
roads, trails, the park boundary, and inaccessible areas (Figure 3).

Table 2. Area (ha) of the sampling frame by vegetation type for upland monitoring at Bryce
Canyon National Park.

area (ha)
total in sampling sampling frame
Dominant vegetation Elevation BRCA frame* buffered by 65 m**
Mixed conifer above 2600 m 1659 1404 644
PJ 2300 m & below 5423 4042 951

* Includes only accessible area (<50% slope)

** Area where plot centroid can occur.

Monitoring Site Selection

Monitoring sites were selected using RRQRR (Reversed Randomized Quadrant Recursive Raster
- Theobold et al. 2007). The sampling frame was converted to a 10-m grid to ensure complete
coverage of the landscape. Sites were selected for the entire buffered sampling frame (Figure 3),
producing the following shape files. All locations listed in these shape files have a selection
probability of 1.

BRCA _smp_pts- ordered list of all possible monitoring points selected through RRQRR.
BRCA _sample_pts- ordered list of 250 initial monitoring points selected through RRQRR.





I PJ (2300 m and below)
I Mixed conifer (above 2600 m)

Figure 2. Sampling frame for Bryce Canyon National Park.






B PJ (2300 m and below)
Il Mixed conifer (above 2600 m)

Figure 3. Sampling frame buffered by 65 m used for selecting plot centroids at Bryce Canyon
National Park.





Tracking Monitoring Sites

BRCA upland_master.shp, derived from BRCA_sample_pts.shp, contains the first 250 potential

monitoring plots and any relevant tracking information (Table 3). The attributes include

acceptance or rejections of plots, reasons for rejection, and date of plot establishment. It is used

to schedule pre-monitoring evaluation of sites and for the eventual derivation of selection

probabilities. In this file, the “order_

parks.

Table 3. Attributes of BRCA upland_master.shp for tracking upland monitoring locations in

Bryce Canyon National Park.

Field Description
Veg_Type Vegetation type for upland sampling methods (forest, woodland, oak)
EcoType Predicted vegetation type based on sampling frame (Mixed conifer, PJ)
MasterStrat Indicates groups for analyzing data
The plot number, based on ascending order of the RQorder field,
PlotID ' : ) )
renumbered to give unique plot numbers for each point on the list.
Panel that plot is associated with in the revisit design (1-5, panel=0 for
panel !
rejected plots)
PanelYear Year(s) that panel is sampled (1-5)
Ultimate status of a plot (estab = established; NotEval = not visited; accept =
EvalStatus - o RO
visited and deemed to be acceptable as a monitoring site; reject = rejected)
S _Action Status of plot determined in the field and recorded on GPS (accept or reject)
EvalReason Describes why a site was accepted or rejected
Estab_Date Month, day, and year of plot establishment
Soil_MU Soil map unit from UT636 (Panguitch Soil Survey) associated with the
monitoring plot
X UTM E (NADS83, Zone 12)
Y UTM N (NAD83, Zone 12)
Hike_km Hiking distance to plot in kilometers
AreaDescr General area of the park where the plot is located
Comments Miscellaneous
RQorder Sequence number produced by RRQRR that doesn't start at 1 or increment
by 1 (=order_ in sample_pts shape files and =GRID_CODE in smpts shape
files)
inc_prob inclusion probability; 1 indicates equal probability of selection for all points

from the sample_pts shape file

attribute was renamed “RQorder” for consistency among






Survey Design

We decided that there was no need for pilot monitoring in BRCA because the number of
monitoring plots is more limited by affordable effort than variability of vegetation. The
affordable effort for BRCA is one pay period for a 6-person crew or approximately 18
monitoring plots per year.

Plots are sampled following a rotating-panel design (Figure 4) that samples 8 mixed conifer plots
and 10 PJ plots each year. A total 20 mixed conifer plots and 25 PJ plots are sampled over 5
years. Plots are sampled 2 years in a row (in order to detect year-to-year differences due to
temperature, precipitation, etc.) and rested for 3 years. Every 5 years, the sampling scheme
repeats itself.

This design provides inference to all upland vegetation within the elevation zones sampled and
allows us to investigate movement of species with climate change.

A. Mixed Conifer (Above 2600 m)

Year
panel|1 (2|3 |4 |5|6|7|8]9) 10
14| 4 4| 4
2 4 | 4 4 | 4
3 4| 4 4 | 4
4 4 | 4 4 | 4
5| 4 4| 4 4

B. PJ (2300 m and below)

Year
panel|1 (2|3 |4 |5|6|7|8]9) 10
11515 5|5
2 5|5 5|5
3 5|5 515
4 5|5 5|5
5|15 5|5 5

Figure 4. Number of mixed conifer (A) and PJ (B) plots sampled each year based on 5-year
rotating panel revisit designs for long-term upland monitoring at Bryce Canyon National Park.





Response Design

The response design for BRCA is based on the NCPN upland monitoring protocol. Mixed
conifer plots are sampled with forest methods, and PJ plots are sampled using woodland
methods. Table 4 outlines specific measurements by vegetation type.

Table 4. Response design for vegetation monitored in Bryce Canyon National Park.

Method Forest Woodland

Transects 3 - 50 m transects | 3 —50 m transects

Rebar at transect Rebar at transect

Plot establishment ends, plot §|de ends, plot §|de
slopes, optional slopes, optional
witness trees witness trees

Transect origin & Transect origin &

Photos end end, BSCs

0.5 m intervals
Point-intercept (hits below 0.5 mintervals
monopod only)

Soil stability X

1-m belt (density of
shrubs and seedlings, X X
exotic frequency)

5-m belt
(sapling density) X X

Quadrat 1 only,
record crown

health & crown Quadrat 1 only

Tree census

class
Spherical densiometer X
Fuels X X
Site Impact X X
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Canyonlands National Park
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussions with Canyonlands National Park (CANY) resource management staff identified
upland grasslands and shrublands as the major resource of concern for long-term monitoring.
These communities dominate the vegetative portion of the park landscape, are sensitive to soil
erosion resulting from unauthorized social trailing by park visitors. Monitoring these areas would
provide indication of natural variability as well as provide early warning of system degradation
due to human disturbances.

CANY consists of three administrative units — Needles, Island in the Sky (ISKY), and the Maze.
Due to logistical reasons, only the Needles and ISKY districts were initially selected for Upland

Vegetation and Soils monitoring. Monitoring effort in the Maze district will be determined in the
future.

Accessibility

Steep slopes (> 50%) and areas isolated due to steep slopes (e.g., mesa tops) have been deemed
to be inaccessible for NCPN upland monitoring. In addition to slope steepness, areas only
accessible by river travel were also eliminated due to costs of access. Accessibility in CANY was
derived using the NCPN Landscape Accessibility Model. The resulting accessibility data layer
was clipped to the two districts in further processing (described below).

Delineating the Target Population

Target Ecological Site Types

The Canyonlands Area soil survey map (SCS 1991) and corresponding Ecological Site
Descriptions were used to identify the types of ecological sites which potentially supported
herbaceous (Table 1) and shrubland (Table 2) vegetation. Based on perceived costs of upland
monitoring, the three most spatially extensive ecological site types supporting herbaceous or
shrubland communities were selected for further consideration, for a total of six target ecological
sites (Table 3, Fig. 1).





Table 1. Area (ha) of ecological sites (ecosites) supporting herbaceous communities in the
Needles and ISKY districts of CANY. Estimates of spatial extent exclude inaccessible areas.
Bold type indicates the three most spatially extensive site types that were selected for
monitoring.

Estimated % of
area of total % of total
ecosite land herbaceous
Ecosite # Ecosite Description (ha) area land area
RO35XY118UT | Desert Sandy Loam (Four-wing 2617.9 4.2 195
Saltbush)
R0O35XY015UT | Sandy Bottom (Fourwing Saltbush) 1638.5 2.6 12.2
RO35XY212uT | Semidesert Sand (Fourwing 4467.7 7.3 33.3
Saltbush)
Semidesert Sandy Loam
RO35XY215UT . 4090.9 6.7 30.5
(Four-Wing Saltbush)
RO35XY230UT Semidesert Shallow Sandy Loam 562 2 0.9 4
(Shadscale)
Total land area = 61048.2 ha Total herbaceous land = 13377.4 ha






Table 2. Areas (ha) of ecological sites (ecosites) supporting shrub communities in the Needles
and ISKY districts of CANY. Estimates of spatial extent exclude inaccessible areas. Bold type

indicates the three most spatially extensive site types that were selected for monitoring.

Estimated | % of
area of total | % of total
ecosite land | shrubland

Ecosite # Ecosite Description (ha) area area
RO35XY009UT | Alkali Flat (Greasewood) 286.6 0.5 15
R0O35XY115UT | Desert Sand (Sand Sagebrush) 1848.7 3.0 9.7
R035XY121UT | Desert Sandy Loam (Blackbrush) 177.9 0.3 0.9
R0O35XY130UT | Desert Shallow Sandy Loam (Shadscale) 146.2 0.2 0.8
R035xY133yuT | Desert Shallow Sandy Loam 9671.9 | 15.8 50.5

(Blackbrush)
RO0O35XY139UT | Desert Stony Loam (Blackbrush) 219.7 0.4 1.1
R035XY011UT | Loamy Bottom (Basin Big Sagebrush) 87.7 0.1 0.5
R035XY218UT | Semidesert Sandy Loam (Blackbrush) 0 0 0
RO35xY236uUT | ccmidesert Shallow Sandy Loam 47416 | 7.8 24.8

(Utah Juniper-Pinyon)
R035XY243UT | Semidesert Stony Loam (Blackbrush) 391.3 0.6 2.0
RO35XY012UT Semiwet Saline Streambank 62.7 01 03

(Fremont Cottonwood)
R035XY018UT | Talus Slope (Blackbrush-Shadscale) 1184.5 1.9 6.2
R035XY306UT | Upland Loam (Basin Big Sagebrush) 232.2 0.4 1.2
R035XY312UT | Upland Shallow Loam (Black Sagebrush) 93.9 0.2 0.5

Total land area = 61048.2 ha Total shrubland = 19145.0 ha






Table 3. Description of ecological sites selected for upland monitoring in Canyonlands National Park.

DS115/115

sheets

sandstone

sagebrush

Ecological Site Name/ Geological Disturbance-mediated alternative
notation/ No. Physiognomic type Soil properties properties Vegetative properties states
dominated by Indian Decreased bunchgrass and
Semidesert Sand deep sands on eolian deposits : ynd saltbush and increased
; : ricegrass, four-wing : I
(four-wing saltbush) / herbaceous dunes and sand derived from saltbush. and snakeweed, prickly pear, juniper,
SDS212 /212 sheets sandstone ' and sand sage. Russian thistle
Mormon tea .
may invade.
. . dominated by Indian | Decreased bunchgrass and
Semidesert Sandy alluvium and ; .
deep sandy . ; ricegrass, needle and | increased snakeweed, Mormon
Loam eolian deposits ; X
. herbaceous loams on mesas ; : thread, four-wing tea, and prickly pear. Cheatgrass
(four -wing saltbush) / and valleys derived mainly saltbush, and and Russian thistle may invade
SDSL215/ 215 y from sandstone M ' y '
ormon tea
Semidesert Shallow shallow sandy . . Decreased bunchgrass and
residuum and/or dominated by ; g
Sandy Loam loams on . . S increased juniper, blackbrush,
shrubland eolian deposits blackbrush, juniper, .
(blackbrush) / benches and from sandstone and pinvon pine and prickly pear. Cheatgrass and
SDSSL236 / 236 mesas pinyon p annual forbs may invade.
. . . Decreased Indian ricegrass and
Desert Sandy Loam deep sandy aIIuymm and/_or do_mlnated by Indian saltbush and increased
. loams on mesas, | eolian deposits ricegrass, galleta,
(four -wing saltbush) / herbaceous . snakeweed and Mormon tea.
stream terraces, derived from dropseeds, and four- : .
DSL118/118 . Cheatgrass and Russian thistle
and broad valleys sandstone wing saltbush :
may invade.
shallow sandy . Decreased bunchgrasses and
residuum and .
loams on : . Mormon tea and increased
Desert Shallow Sandy eolian deposits .
structural dominated by blackbrush and snakeweed.
Loam (blackbrush) / shrubland from sandstone, : ;
benches and . blackbrush Cheatgrass and Russian thistle
DSSL133/133 limestone, and .
ledges on may invade.
shale
escarpments
dominated by Indian Decreased Indian ricegrass,
Desert Sand find sands on eolian deposits . y needle and thread, dropseeds,
shrubland/ . ricegrass, dropseed .
(sand sagebrush) / dunes and sand derived from . and increased sand sagebrush,
herbaceous species, sand

broom snakeweed, and low
rabbitbrush






Figure 1. Examples of the ecological sites initially selected for upland monitoring in Needles and ISKY districts of CANY. See Table
3 for descriptions.
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Soil map units corresponding to the selected ecological site types were evaluated based on the
reported percentages of site types within a map unit, and the spatial extent of map units. Based
on this evaluation, 17 soil map units were selected for further consideration (Table 4). After the
initial filtering of inaccessible areas, and of unsuitable soil map units, the remaining area (shown
in Fig. 2 as target areas) was included in field-based investigations of ecological site types.

Table 4. List of soil map units by selected ecological site. Bold, italicized map units were
deleted from consideration due to limited amounts of target ecological sites within the map unit
or the limited spatial extent of the map unit.

Vegetation community —

target ecological site no. Soil map units with >35% of | Soil map units with <35% of

(name) target ecological site target ecological site

SHRUBS - 133

(DesertShallowSandyLoam (Bl. | 1, 56, 57 11,20, 40,51, 58,71, 73, 75,
76, 80, 99

Brush))

SHRUBS — 236

(SemidesertShallowSandyLoam | 71 42,55, 71,75, 76

(PJ))

SHRUBS - 115 (DesertSand 80 1,57 58, 73

(Sand Sagebrush))

HERB — 212 (SemidesertSand 51 76 7,8,10,41, 42,55, 63, 70,
(4-wing Saltbush)) ' 71,74,75

HERB - 215
(SemidesertSandyLoam (4-wing | 7, 10, 42, 66, 67 6,51, 63,71
Saltbush))

HERB - 118
(DesertSandyLoam (4-wing 11, 58, 88 1, 20, 56, 61, 73, 80, 89, 95
Saltbush))






Island in the Sky
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" - Target areas k \
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Figure 2. Location of the districts selected for initial Upland Vegetation and Soils monitoring in
CANY, and the resulting portion (target areas) of these districts considered in field investigations
of ecological sites.





Training Samples for Predictive Mapping

Mapping of ecological sites was required since the soil components which define ecological sites
are not explicitly mapped in soil surveys. Predictive mapping requires the use of training sites.
Training sites for predictive mapping were acquired in 2006 by sampling 376 locations across
the soil map units listed in Table 4. Additionally, 85 samples were contributed by a
contemporary study conducted in the Salt Creek drainage (Miller pers. comm.). At each location,
the dominant ecological site type was determined using ecological site descriptions (SCS 1991),
and aerial extent of the site type was estimated. After eliminating non-target site types and small
areas (<1 ha), 178 samples were available for the six target site types. Additionally, 41 large rock
outcroppings were hand digitized from color DOQQs and served as training sites for these
landscape features.

For the final set of training sites used in predictive mapping, point locations were converted to
circles or other geometric shapes based on field-estimated shape and dimensions of the extent of
the described site type. This spatial representation is necessary for the predictive mapping
method described below.

Predictive Mapping of Ecological Sites on the Landscape

The Feature Analyst (FA) package (VLS 2002) was used for predictive mapping of ecological
site types. FA employs inductive machine-learning algorithms to develop pattern recognition
rules from the spectral, spatial, and ancillary information of training sites classified to a feature
class type. The minimum spatial structure of a feature class is specified by a pattern template
(contextual classifier), which is used in evaluating the contextual signal of a feature. Contrasts in
the pattern of spectral and related information among feature classes are the basis of the
extraction rules. Once rules are developed, they are used to generate a predicted map of feature
classes. The use of contextual features and machine learning is increasingly used in predictive
mapping, and noticeably has been applied to mapping soils (Zhu et al. 2001) and landforms
(MacMillan et al. 2007).

An overview of the procedures for predictive mapping of ecological sites in Canyonlands NP is
provided in Garman et al. (2010). The training samples plus color DOQQs, elevation, and
geology were used to generate feature-extraction rules. The spatial extent of each training site
defined the context of vegetative properties (provided by the three color bands of the DOQQSs),
elevation, and bedrock geology. FA automatically applied the internally generated pattern rules
to the input landscape which was defined by soil map units known or suspected to contain target
ecological sites. The output from FA was a predicted map of target ecological sites.

Two predictive maps were generated using different options and input combinations of data
layers (Table 5). Assessments of both maps indicated differential success in mapping site types,
based on overlays with the training sites. The second FA prediction had the greatest agreement
with the training sites with the exception of certain areas which were confounded by shadows on
the input DOQQs. These areas corresponded to soil map unit #99. The area corresponding to this
soil map unit was masked-out to produce the final predictive map of ecological site types. This
final predictive map (see figures 3 and 4) contains predicted ecological site numbers (described
in Table 3).





Table 5. Feature Analyst (FA) parameters and options used in predictive mapping of ecological site types.

Resampling (no. of Minimum
pixels) patch size in
Name of FA output shape Exclusions
predicted Contextual Input data | Internal to Histogram | file (no. of Wall to wall Input data from input
map classifier* layers FA* status* pixels) classification* | layers data layers
FA_mapl 13 pixel 2 2 off 150 off elevation Removed
Manhattan (10-m grain), | areas around
bedrock paved roads
geo]ogy (10-mdbuffer),|
! ; around grave
(10-m grain) roads (8-m
buffer)
FA_map2 13 pixel 2 2 off 250 on elevation Removed
Manhattan (10-m grain), | areas around
bedrock paved roads
geo]ogy (10-m buffer),
(10-m grain) around gravel
roads (8-m
buffer)

* see VSL (2002) for description.
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Figure 3. Predicted target ecological sites (ecosites) for the ISKY district of CANY. Ecosite
numbers are defined in Table 3.
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Figure 4. Predicted target ecological sites (ecosites) for the Needles district of CANY. Ecosite
numbers are defined in Table 3.
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Preparation of the Predicted Ecological Site Map for Monitoring Site Selection

To avoid selection of sites too close to site-type boundaries, polygons of predicted site types
were buffered ‘inward’ by 30 meters. Also, to optimize the use of contextual features in FA, not
all inaccessible areas were masked-out in the data layers used in the predictive mapping. In
addition to buffering, inaccessible areas were eliminated based on the accessibility results
described above. Predicted rock outcroppings also were eliminated. The resulting map was used
in the selection of monitoring sites (described in 5.0).

Monitoring Site Selection

Monitoring sites were selected using R-GRTS (Stevens and Olsen 2004). An area-frame was
employed for all site types. This simply required the use of an ArcGIS shape file with unique
coding for each ecological site. Although 30-60 sites per ecological site type are expected for
operational monitoring purposes, an over-sample was selected, for a total of 300 locations per
site type. The output from the R-GRTS site-selection procedure is stored as cany_sites.shp, and
contains the selected points for each target site type.

Tracking Monitoring Sites

CANY _upland_master.shp, derived from cany_sites.shp, contains all potential monitoring plots
and any relevant tracking information (Table 6). The attributes include acceptance or rejections
of plots, reasons for rejection, and date of plot establishment. It is used to schedule pre-
monitoring evaluation of sites and for the eventual derivation of selection probabilities.
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Table 6. Attributes of CANY _upland_master.shp for tracking Canyonlands National Park
upland monitoring locations.

Field Description

Veg_Type Vegetation type for upland sampling methods (grassland/shrubland)

EcoType Predicted vegetation type based on sampling frame (blackbrush=133;
grassland=115, 118, 212, or 215; PJ=236)

MasterStrat Indicates groups for analyzing data (blackbrush, grassland, PJ)

PlotID The plot number, based on the sitelD produced by GRTS

panel Pe}nel that plot is associated with in the revisit design (1-14, panel=0 for
rejected plots)

PanelYear Year(s) that panel is sampled (1-7)
Ultimate status of a plot (estab = established; NotEval = not visited; accept =

EvalStatus visited and deemed to be acce_ptable as a monitoring s_ite; reject_: rejected,
REMOVE-=plot that was established but later deemed inappropriate for
monitoring)

S_Action Status of plot determined in the field and recorded on GPS (accept or reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from UT633 associated with the monitoring plot

xcoord UTM E (NADS83, Zone 12)

ycoord UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

PredEco Predicted ecological site number of each plot (133, 236, 115, 212, 215, 118)

sitelD GRTS-assigned ordered unique identifier

stratum GRTS attribute not used for selection of these sites (None)

mdcaty Piedicj[ed_ecological site code used by GRTS (1=133; 2=236; 3=115; 4=212;
5=215; 6=118)

wgt 1/selection probability for each point
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Modifications After Pilot Implementation

Target Ecological Site Types

During the first two years of implementation (2006-07), the inability to differentiate 115-Desert
Sand (Sand Sagebrush) from 118-Desert Sandy Loam (four-wing saltbush) became apparent.
Also, SCS (1991) descriptions of the Desert Sand type did not seem to correspond to the areas
reported to contain large amounts of this type (i.e., soil map units dominated by this type). For
these reasons, this site type was dropped from the initial pilot monitoring effort. Inclusion of
these areas in the operational survey design will be determined after analyzing the pilot data.

Accessibility

The sampling frame area was restricted to a 4 km hiking distance due to the difficulty of the
terrain in some sections of CANY.

FA Predictive Mapping

During the pilot implementation of monitoring, errors in the FA predicted map used in site
selection became readily apparent. Of special concern was the over-prediction of ecological site
number 212 (Semidesert Sand), the under-prediction of site number 215 (Semidesert Sandy
Loam), and the inclusion of very rocky areas in predictions of site number 236 (Semidesert
Shallow Sandy Loam).

Using the field-visitation information after initial implementation efforts (2006-07), the
Hierarchical Learning feature of FA was employed to generate new predictions of ecological site
types. The learning process evaluates the contextual properties of locations predicted correctly
and incorrectly, and generates new rules for prediction. This learning process is performed
separately for each feature of a mapped area. A feature in this case was an ecological site. The
learning procedure used the original training sites, the original predicted map, and the GRTS-
selected locations which had been visited in the field. For the latter, the field-assigned ecological
site was used to determine correct and incorrect predictions in the original FA procedure.
Additionally, large well-defined patches of an ecological site were hand-digitized to increase
sample size and the contextual representation of these types. New predicted maps were generated
for each of the five target ecological site types (No. 115 was eliminated from consideration for
reasons described above), and merged.
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Capitol Reef National Park
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussions with CARE resource management staff identified grasslands as the major
resource of concern for long-term monitoring. Grasslands in the park occur within active
and retired grazing allotments. It was decided that the general goal for NCPN monitoring
was to document the variability and trends in natural and grazed grassland systems. For
the latter, monitoring will provide a basis for determining possible remediation action in
active allotments. Additionally, monitoring will provide a baseline for evaluating the
long-term recovery after allotments are retired. There is no defined time-line for
retirement of the currently active grazing allotments.

Five grazing allotments were of interest — Cathedral (retired over a number of years
between 1988 and 1999) and the adjacent Rock Springs Bench (retired in 1989), Hartnet
(active), Sandy 11 (active), and Waterpocket (retired in 1988). Grasslands occur across
the relatively flat areas across the allotments. Additionally, grasslands occur in
combination with mixed shrubs and PJ (Pinyon-Juniper) on hillsides. These areas can
include sufficient grasslands to support grazing and were of interest for long-term
monitoring purposes.

Allotments were prioritized due to the large spatial extent of the four allotments and
sample-size needs for effective monitoring. The prioritization was the combined
Cathedral/Rock Springs Bench allotments and the Hartnet allotment, followed by Sandy
I11 and Waterpocket allotments. The Cathedral/Rock Springs Bench and Hartnet areas
provide a potentially useful comparison of a relatively native grassland (Cathedral/ Rock
Springs Bench) with a grazed grassland (Hartnet). For the initial monitoring effort in
CARE, only the Cathedral/Rock Springs Bench and the Hartnet allotments were
considered.

Accessibility

Steep slopes (> 50%) and areas isolated due to steep slopes (e.g., mesa tops) have been
deemed to be inaccessible for NCPN upland monitoring. Accessibility in CARE was
derived using the NCPN Landscape Accessibility Model. The resulting accessibility data
layer was clipped to the respective allotments in further processing (described below).





Delineating the Target Population

Initial ‘Data’ Filtering

The NRCS-UT685 soil map (USDA NRCS 2004) and corresponding Ecological Site
Descriptions were used to identify map units with soil components and ecological sites
that potentially supported herbaceous vegetation (i.e., grasslands, grass-shrublands, grass-
woodlands). Additionally, the NCPN CARE vegetation map (Clark et al. 2009) was
overlaid on the soil map layers to generate maps and lists of soil-vegetation
combinations. Office assessments and field visits were employed to filter-out the soil
map units and vegetation types that were not of interest given the monitoring goals.

The soil map units eliminated from further consideration in the combined Cathedral/Rock
Springs Bench allotments and the Hartnet allotment are listed in Tables 1 and 2,
respectively. The soil map units retained for further consideration are listed in Tables 3
and 4.

The vegetation types eliminated from further consideration consisted of all vegetation
map units with a prefix label of <5 and >15. For reference, these vegetation types are
included in Tables 5 and 6 which list all vegetation map units occurring in the two sets of
allotments. An exception to this exclusion was the inclusion of vegetation map unit 63 in
the Hartnet allotment, based on the occurrence of ‘grassy’ conditions observed during
initial field visitations.

After the initial filtering of inaccessible areas, and of unsuitable soil and vegetation map
units, the remaining area (shown in Fig. 1 as target area) was included in field-based
investigations of ecological sites.

Table 1. NRCS soil map units eliminated from consideration in the Cathedral/Rock
Springs Bench allotments.

NRCS
Map Unit | Reason for Elimination
280 Rock outcrop and shallow soils with PJ
320 Low spatial extent and mostly PJ






Table 2. NRCS soil map units eliminated from consideration in the Hartnet allotment.

NRCS
Map Unit | Reason for Elimination
0 Low spatial extent; non-target ecological sites (based on vegetation)
100 Low spatial extent; riparian ecological sites
125 Mostly rock outcrop
140 Low spatial extent clay/mat saltbush ecological sites
175 Rock outcrop and steep shallow soils with PJ
275 Shallow soils with PJ and some rock outcrop
280 Rock outcrop and shallow soils with PJ
285 Low spatial extent and mostly PJ, although very limited area of ecological
site 215
315 Rock outcrop and shallow soils with PJ
320 Low spatial extent and mostly PJ
325 PJ ecological sites

Table 3. NRCS soil map units included in the assessment of Cathedral/Rock Springs
Bench allotments.

NRCS
MapUnit | Description Comments
Shallow gypsum hills and steep, deep Some evidence that target ecological sites
110 . ! . AR :
hillslopes with volcanic stones occur within this map unit

115 Rock outcrop, badlands, and rubbleland Contains veng_— ver_lfy occurrence/absence

of target ecological sites
. Contains mostly target ecological sites (201,

200 Deep alluvial valleys 212, 215)

210 Structural benches with deep alluvial soils gfzn ta2|1r155)mostly target ecological sites (201,
Lots of Veg8; known that veg8 in this soil
map unit can be target, but not always.

300 Structural benches with deep old alluvium | Delineation of patches of this map unit with
target ecological site potentially of greatest
interest.






Table 4. NRCS soil map units included in the assessment of the Hartnet allotment.

NRCS
MapUnit | Description Comments
Shallow gypsum hills and steep, deep Some evidence that target ecological sites occur
110 . . . PR .
hillslopes with volcanic stones within this map unit
115 Rock outcrop, badlands, and rubbleland Contains veg;S . yenfy occurrence/absence of
target ecological sites
Colluvial hillslopes with shallow clayey i i
120 soil or deeper soil with volcanic boulders Veg8 (30-ha), veglla (18-ha), vegl3 (170+ha)
130 Shallow gypsum hills and rock outcrop Contains Veg8,13,13a — verify . .
occurrence/absence of target ecological sites
160 Gypsum hills Contains 30-ha of veg13 (desert gypsum loam)
170 Shallow gravelly hillsides with sparse PJ Veg13 (301 ha)
and rock outcrops
200 Deep alluvial valleys gfg)tams mostly target ecological sites (201, 212,
210 St(uctural be_nches with deep alluvial Contains mostly target ecological sites (215, 242)
soils and eolian sand
995 Deep alluvial valleys and eolian dunes gfg)tams mostly target ecological sites (201, 212,
230 Shallow conglomerate residuum and Veg13 (1,186 ha)
rock outcrop
. Veg8 & 14 (<50-ha). Mostly rock, but does
235 (Ij?lj)r::é(soutcrop with shallow to deep sand contain ecological site 212. Probably waste of
time!
245 Deep alluvial valleys with alkali soils Vegb6 (ca. 60-ha); ecological site 201
258 Deep alluylal valleys and shallow Vegs, 11, 13, 13a, some 11a
gypsum hills
260 Structural benches and hillslopes with Clapper/Happle — Likely ecological sites 242 and
deep old alluvium 260, but grass condition of interest
265 Deep gravelly alluvium on valley sides Veg6; most likely is ecological site 242
. Lots of veg8; Veg8 in this map unit can be target,
300 Struc_t ural benches with deep old but not always. Delineation of these areas is a
alluvium oriority






Table 5. Vegetation map units in Cathedral/Rock Springs Bench allotments. Map units
with a prefix <5 or >15 were excluded from consideration.

Veg
map General assessments relative to target ecological
unit | Veg Association sites
4 | Atriplex spp. badlands complex very little grass expected
6 | Atriplex confertifolia shrubland complex may have some grass; ecological sites 242 & 260?
8 Mixed grassland complex most likely areas for target ecological sites
11 | Desert wash shrubland mosaic may have some grass; ecological sites 201 & 215?
1la | Sarcobatus vermiculatus shrubland complex may have some grass; ecological site 2017
11c | Artemisia tridentata shrubland complex may have some grass; ecological site 2017
12b | Mesic canyon bottom shrubland complex gc;t;!gr?]l:al site 2017 Or use to screen out wash
13 | Mixed desert shrubland complex may have some grass
13a | Ephedra torreyana shrubland complex may have some grass
13d g(r)tjtrgllglljztgglr(:\i?ltiitzhsrsupt;I\évr?/ domlngen5|s/ supposed to have significant grass component
137 Ericameria nauseoga/ Bouteloua gracilis shrub ecological site 2157
erbaceous vegetation
14 | PJ/mixed grass woodland complex grass understory
15 | PJ/xeric shrub woodland complex very little grass expected
15d | PJ/sparse understory woodland complex very little grass expected
15e | PJ/Artemisia tridentata woodland complex very little grass expected
15f | PJ/Artemisia nova woodland complex very little grass expected
16 | PJ/mesic shrub woodland complex very little grass expected
16a | PJ/Cercocarpus montanus woodland very little grass expected
24 | Populus fremontii woodland complex riparian area
25 | Springs and seeps mosaic riparian area
40 | Tall mixed mesic shrubland complex very little grass expected
64 | Tamarix spp. temporarily flooded shrubland riparian area
71 | Mudstone cliffs nontarget area
72 | Bare talus/slides nontarget area
75 | Mines, quarries, mine tailings nontarget area
76 | Stock ponds nontarget area
77 | Barren wash bottom nontarget area
78b | Gravel roads nontarget area






Table 6. Vegetation map units in the Hartnet allotment. Map units with a prefix <5 or
>15 were excluded from consideration, with the exception of map unit 63.

Veg | Veg Association General assessments relative to target ecological
map sites
unit
1 Atriplex spp. extremely sparse shrubland badlands with little grass
4 Atriplex spp. badlands complex badlands with little grass
5 Eriogonum corymbosum badlands sparse vegetation | badlands with little grass
6 Atriplex confertifolia shrubland complex may have some grass; ecological sites 242 & 2607?
8 Mixed grassland complex most likely areas for target ecological sites
9 Artemisia filifolia shrubland complex ecological site 212?
11 | Desert wash shrubland mosaic may have some grass; ecological sites 201 & 215?
11a | Sarcobatus vermiculatus shrubland complex may have some grass; ecological site 201?
11c | Artemisia tridentata shrubland complex may have some grass; ecological site 201?
12b Mesic canyon bottom shrubland complex ecological site 201/215? Or use to screen out wash
bottoms
13 | Mixed desert shrubland complex may have some grass
13a | Ephedra torreyana shrubland complex may have some grass
14 | PJ/mixed grass woodland complex grass understory
15 | PJ/xeric shrub woodland complex PJ with little grass
15b | PJ/Opuntia fragilis woodland PJ with little grass
15d | PJ/sparse understory woodland complex PJ with little grass
15e | PJ/Artemisia tridentata woodland complex PJ with little grass
16 | PJ/Artemisia nova woodland complex PJ with little grass
16e | PJ/Quercus havardii var. tuckeri woodland PJ with little grass
19 | Cercocarpus intricatus slickrock sparse vegetation very little grass expected
21 | Pinus ponderosa/Arctostaphylos patula woodland very little grass expected
233 Pseudotsuga menziesii mesic montane woodland very little grass expected
complex
24 | Populus fremontii woodland complex riparian area
25 | Springs and seeps mosaic riparian area
32 | Salix spp, shrubland complex riparian area
33 | Pinus ponderosa woodland complex very little grass expected
40 | Tall mixed mesic shrubland complex very little grass expected
43 | Sparse cushion plant herbaceous vegetation very little grass expected
63 | Abandoned fields most likely includes target ecological sites
64 | Tamarix spp. temporarily flooded shrubland riparian area
67 | Non-residential developed areas nontarget area
71 | Mudstone cliffs nontarget area
72 | Bare talus/slides nontarget area
74 | Exposed bedrock/sandstone cliffs nontarget area
76 | Stock ponds nontarget area
77 | Barren wash bottom nontarget area
77a | Barren wash bottom with water nontarget area
78a | Paved roads nontarget area
78b | Gravel roads nontarget area
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Figure 1. Location of the allotments selected for initial Upland Vegetation and Soils monitoring in CARE,
and the resulting portion (target areas) of these allotments considered in field investigations of ecological
sites (after filtering out inaccessible area, and unsuitable soil and vegetation map units).





Target Ecological Sites

During the initial assessment, four primary ecological sites were identified as potential
targets (Fig. 2), with the potential to include a fifth site type (Table 7). Ecological sites
#201 and 215 are deep sandy loams and support a mixture of grass and grass-shrublands.
No. 201 is primarily the Begay Alkali soil component (Semidesert Alkali Sandy Loam
ecological site). No. 215 is primarily Begay or Mivida (Semidesert Sandy Loam
ecological site). Additionally, ecological site #212 (Semidesert Sand) supports sparse
grasslands, but occurs in small patches scattered among ecological sites 201 and 215.
Given its adjacency to otherwise target ecological sites and its relatively patchy
distribution, this ecological site will not be excluded when encountered during plot
establishment, but it will not be explicitly targeted. The other two primary ecological
sites are #242 (Clapper soil component — Semidesert Stony Loam ecological site) and
#260 (Happle soil component — Semidesert Very Steep Stony Loam ecological site).
Grass and shrub density and cover are generally sparse but prevalent on these two
ecological sites, at least in certain soil map units.

Training Samples for Predictive Mapping

Mapping of ecological sites was required since the soil components which define
ecological sites are not explicitly mapped in soil surveys. Predictive mapping requires the
use of training sites.

A total of 577 points were visited in the field, and an area ca. 1-ha in size centered on the
point was assigned to one of 15 possible ecological sites (based on NRCS soil
descriptions of ecological sites for the three allotments). Additionally, 228 vegetation-
mapping accuracy assessment locations were reviewed by assessing the plant-species
information, physical location and context via GIS, and visual assessment of digital
photographs, and assigned to an ecological site type where possible.
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Figure 2. Examples of the four primary target ecological sites for Upland Vegetation and
Soils monitoring in CARE (see Table 7 for description of site types).





Table 7. Description of target ecological sites selected for upland monitoring in Capitol Reef National Park.

Ecological Site

(Salina wildrye) /
SDVSStL260/ 260

hillsides

sandstone and shale
residuum

Bigelow sagebrush, and
Salina wildrye

Name/ Physiognomic Geological Disturbance-mediated alternative
notation/No. type Soil properties properties Vegetative properties states
Semidesert Alkali deep alkali sandy . . dominated by alkali !Z)ecreased bunchgrass and
alluvium and eolian increased snakeweed, yellow
Sandy Loam h loams on . . sacaton, greasewood, . X
. erbaceous . . deposits from mixed o rabbitbrush, and prickly pear.
(alkali sacaton) / dissected alluvial sedimentarv rocks Indian ricegrass, and Cheatarass and Russian thistle ma
SDASL201/ 201 fans y shadscale el y
invade.
Semidesert Sand deep sands on eolian deposits dominated by Indian aDne(;:riiiiggszlénscnhagkr:\lsfezgd Sﬁlctﬁllj sh
(4-wing saltbush) / | herbaceous dunes and sand derived from ricegrass, four-wing ear iuniper. and sand sa, 2 y
SDS212/ 212 sheets sandstone saltbush, and Mormon tea pear, juniper, . ge.
Russian thistle may invade.
Semidesert Sandy deen sandv loams alluvium and eolian dominated by Indian Decreased bunchgrass and
Loam (4-wing herbaceous oﬁ mesa); and deposits derived ricegrass, needle and increased snakeweed, Mormon tea,
saltbush) / vallevs mainly from thread, four-wing saltbush, | and prickly pear. Cheatgrass and
SDSL215/ 215 y sandstone and Mormon tea Russian thistle may invade.
deep stony loams alluvium and dominated by galleta, Decreased Indian ricegrass, Torrey
Semidesert Stony on tops of colluvium derived shadscale, Torrey Mormon | Mormon tea, and Bigelow
Loam (shadscale) / shrubland structural from sandstone and tea, Bigelow sagebrush, | sagebrush and increased galleta,
SDStL242/ 242 benches and shale winterfat, and Indian shadscale, and snakeweed.
valley sides ricegrass Cheatgrass and juniper may invade.
Semidesert Ver basalt alacial dominated by Indian Decreased Indian ricegrass, Torrey
Steen Ston Loa¥n deep stony loams outwas% over ricegrass, shadscale, Mormon tea, and Bigelow
P y shrubland on steep remnant Torrey Mormon tea, sagebrush and increased galleta,

snakeweed, and juniper. Cheatgrass
and halogeton may invade.
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Predictive Modeling of Ecological Sites on the Landscape

The ecological site and biophysical attributes of each location (gleaned from GIS layers)
were used in a Classification and Regression Tree Model (CART) to develop ‘rules’ for
classifying the landscape to ecological site. CART models afford a means to describe
relationships of continuous and categorical independent variables with multiple responses
(Garman et al. 2010, De’Ath amd Fabricius 2000, Breiman et al. 1984). Biophysical
attributes consisted of soil-map unit, vegetation-map unit, bedrock geology, elevation,
percent slope, and slope position. The geology data layer is stored under geology, and the
bedrock attribute is GLG_Sym. The topographic features were extracted from the NCPN
corporate 10-m DEM layer. Slope position provides a relative measure, where 1=valley
floor, 100 = mesa or mountain top, and is derived using a water-accumulation algorithm
(USDA Forest Service ArcMap AM). Each of these attributes was derived for the 1-ha
area around each acceptable field sample. A majority rule was used to derive categorical
attributes and an arithmetic mean was derived for continuous variables. The CART
modeling was conducted separately for Cathedral-Rock Springs Bench and Hartnet
allotments, using STATISTICA (StatSoft, Inc 2004).

CART (Classification and Regression Tree) Model

Screen-dumps of the resulting CART tree and classification table are provided in
Appendix B for the Cathedral/Rock Springs Bench allotment, and Appendix C for the
Hartnet allotment. A generalization of the CART decision rules is provided for the two
sets of allotments in Tables 8 and 9 showing the ecological sites of soil-vegetation
combinations.

CART results indicated soil-vegetation combinations that were non-target ecological sites
and target site types. Physical variables had only a minor influence on separating target
from non-target sites. Differentiation among the individual target sites, however, was not
very clean. The CART results generally provided soil-vegetation combinations which
were mixtures of similar target ecological sites (nos. 201-215 in Cathedral-Rock Springs,
nos. 201-215 and 242-260 in Hartnet). Nevertheless, CART results provided evidence to
drop soil map unit 170 from Hartnet. This map unit was nearly all shallow gravelly soils
with sparse PJ and shrubs. Additionally, vegetation map units 13d and 14 were excluded
from both Cathedral/Rock Springs and Hartnet allotments. Map unit 13d had dense
Artemisia tridentata and very little grass. Map unit 14 was generally associated with
ecological site 321-Upland Stony Loam (PJ).
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Table 8. Summary of the decision rules generated by the CART model for the Cathedral
and Rock Springs Bench allotments. Potential Ecological Sites is the ‘predicted’
response.

Soil map unit Veg Map units Potential Ecological Sites
110 6,8,11,11c, 14 201, 215

115 6,8,11, 11c, 14 201, 215

200 all vegetation types 201, 215

210 all vegetation types 215

300 8,13 215, 242

Table 9. Summary of the decision rules generated by the CART model for the Hartnet
allotment. Potential Ecological Sites is the ‘predicted’ response.

Soil Map Unit Veg Map Units Potential Ecological Sites
110 8,9,11,12b 201, 215, 242, 260
115 8 201, 215

120 all (but <3% slope) 201, 215

130 8,9,11,12b 201, 215

160 all (but <3% slope) 201, 215, 242

200 all except 13a 201, 215

210 6, 8 215, 242

225 all except 13a 201, 215

230 8 201, 215

235 8,11a 201, 215

245 6,13 201, 215

258 all except 13a 201, 215

260 all 242, 260

265 all 242

300 6,8, 13 215, 242

Predictive Modeling

CART-generated rules were applied to the different allotments to produce a map of
ecological site combinations. Rules were applied using a customized program. This
program applied the rules described in Tables 8-9 to the area of the park that was
accessible and that contained the soil and vegetation map units otherwise not excluded
(see above). Grid-based data layers are the input to the program, and were generated
using a spatial grain of 10 m (the spatial grain of the DEM). The customized program
derives an average (or a majority) of the biophysical properties of an approximate 1-ha
area centered on a landscape cell and applies the CART rules to determine the predicted
ecological site of the cell. This procedure is repeated for every cell of the landscape that
is designated for mapping (which is designated by input data layers).

To reduce locating monitoring locations in high-visibility areas (as requested by CARE
resource management staff), roads, washes, and high-use areas were buffered and
eliminated from consideration.
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Cathedral/
RockSprings

Ecological site groups
201/212/215
B 2421260

Cathedral/
RockSprings

Figure 3. Predicted ecological site map for all of the CARE allotments considered in the
initial phase of Upland Vegetation and Soils monitoring. Predictions are the final output
from the customized program for Cathedral/Rock Springs Bench and Hartnet Allotments.
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Preparation of a Predictive Map for Monitoring Site Selection

The resulting maps of predicted, target ecological sites were stored as shape files and can
serve as the input to the site-selection process. However, to avoid selection of sites too
close to boundaries, polygons of predicted site types were buffered ‘inward’ by 20
meters. These versions can also serve as the basis of site selection. In an attempt to
provide a consistent sampling frame for possible future expansion of monitoring, the
buffered layer was enhanced by adding the non-target area of the entire allotment. The
non-target area was codified as 0, for background, and was assigned a selection
probability of 0. This final design of the sampling frame may or may not be useful in
future applications. However, this design is still valid and credible for the selection of the
target ecological sites included in the initial phase of CARE upland monitoring.

Monitoring Site Selection

Monitoring sites were selected using the RRQRR (Reversed Randomized Quadrant
Recursive Raster - Theobold et al. 2007) system and a 5-m grain size. Sites were selected
separately for Cathedral/Rock Springs Bench and Hartnet. Input GIS layers consisted of
the entire extent of the allotment, with background set to 0 and a code for predicted
ecological site complexes. For Cathedral/Rock Springs Bench, a code of 1 was used to
identify the ecological site #201/215 complex. For Hartnet, a code of 1 was used for this
same complex, and a code of 2 was used for the ecological sites #242/260 complex. For
both allotments, sites were selected with equal probability of selection. The use of a 5-m
grid was to ensure complete coverage of the landscape while balancing the amount of
time necessary for RRQRR to select points. We found that at a 1-m grid, RRQRR took
most of a day to select points that had no better spatial balance than at a 5-m grid.

Monitoring Site Selection Shape Files
Output from the RRQRR process includes the following shape files:

CRsample_pts — the first 150 sequential locations for the Cathedral/Rock Springs Bench
allotment,corresponding to predicted ecological site complex of #201/215.

CRsmpts — all target ecological site locations in sequential order for the Cathedral/Rock
Springs Bench allotment, corresponding to predicted ecological site complex of
#201/215.

Hart_sample_pts — the first 300 sequential locations for the Hartnet allotment,
corresponding to one of the two predicted ecological site complexes (#201/215 and
#242/260). The points must be overlaid on the predicted ecological site map of this
allotment to separate locations for the two different site-type complexes.

Hart_smpts — all target ecological site locations in sequential order for the Hartnet
allotment, corresponding to one of the two predicted ecological site complexes (#201/215
or #242/260). The points must be overlaid on the predicted ecological site map of this
allotment to separate locations for the two different site-type complexes.
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Tracking Monitoring Sites

We used the order provided by RRQRR to create simple PlotID numbers for each
stratum. PlotIDs for the Cathedral/Rock Springs Bench allotment range from 1 to 150.
For the Hartnet locations, the first 225 locations corresponding to the #201/215 complex
were renumbered with PlotIDs from 151-375. The first 75 locations corresponding to the
#242/260 complex were renumbered with PlotIDs from 376-450.

CARE_upland_master.shp, derived from CRsample_pts.shp and Hart_sample_pts.shp,
contains the first 450 potential monitoring plots and any relevant tracking information
(Table 10). In this file, the GRID_CODE (or order) attribute was renamed “RQorder” for
consistency among parks.

15





Table 10. Attributes of CARE_upland_master.shp for tracking Capitol Reef National
Park monitoring locations.

Field Description

Veg_Type Vegetation type for upland sampling methods (grassland/shrubland)

EcoType Predicted vegetation type based on sampling frame (deep
grasslands=201, 212, or 215; rocky grasslands=242 or 260).

Allotment Grazing allotment (Cathrock or Hartnet)

Grazing Indicates whether grazed or ungrazed

MasterStrt Indicates groups for analyzing data (CR deep, Hartnet deep, Hartnet
rocky)

The plot number, based on ascending order of the RQorder field,

PlotID : . ) ;
renumbered to give unique plot numbers for each point on the list.

panel Panel that plot is associated with in the revisit design

PanelYear Year(s) that panel is sampled
Ultimate status of a plot (estab = established; NotEval = not visited; accept

EvalStatus = visited and deemed to be acceptable as a monitoring site; reject =
rejected)

. Status of plot determined in the field and recorded on GPS (accept or

S_Action )

- reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from UT685 associated with the monitoring plot

X UTM E (NAD83, Zone 12)

Y UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

ActualEco Actual ecological site number (201, 212, 215, 242, or 260)

RQorder Sequence number produced by RRQRR that doesn't start at 1 or
increment by 1 (=order in sample_pts shape files and =GRID_CODE in
smpts shape files)

inc_prob inclusion probability; 1 indicates equal probability of selection for all points
from the sample_pts shape files

CartNode Predicted node number corresponding to the CART model
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Appendix A. CART-model results for the Cathedral/Rock Springs Bench allotments. ECOID1 is the ecological site number assigned
to a field-visited training site. Codes 2012, 2015, and 2605 are combinations of site types 201/212, 201/215, and 260/215,
respectively.
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Class compositions (CathRock1{no 9898) sta)

Child nodes and observed class n's

for each node

Left | Right |ninecls |[nincls |nincls (nincls |nincls |nincls [nincls [nincls (nincls |nincls |nincls [nincls [nincls (nincls

Mode [branch |branch 1 122 142 201 209 212 215 242 260 303 321 2012 | 2015 | 2605
1 | 21 3 2 1 43 a7 1 B 145 1 12 27 2 1 1 1
2 4 5 2 1 43 97 1 5] 145 1 12 a 2 1 1 1
3 a 0 a a a a a a a 27 a a a a
4 B 7 2 1 43 94 1 B 79 1 12 a 1 1 1 1
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B g 9 1 1 39 20 a 1 13 1 10 a 1 1 a 1
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9 a 0 35 7 a 1 B a 4 a a a a 1
10 14 15 1 0 4 27 a 5 43 a 1 a a a 1 a
11 a 0 a 47 1 a 12 a 1 a a a a a
12 1 1 4 B a a 1 1 1 a 1 1 a a
13 a 0 a 7 a a 1 a 5 a a a a a
14 a 0 2 5 a 5 27 a a a a a 1 a
15 16 17 1 0 2 22 a a 22 a 1 a a a a a
16 1 0 a 1 a a 2 a a a a a a a
17 a 0 2 11 a a 20 a 1 a a a a a
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Appendix B. CART-model results for the Harnet allotment. ECOIDL is the ecological site number assigned to a field-visited training

site
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Number of splits = 19; Number of terminal nodes = 20

62
VEG=9,13,6,13
=
CHE L
49
VEG=13a
i
E |
a 8
VEG=6,13
Ll 4 L & L
7 %

AREA_ELEV<=1605.

s e

7

i

SOIL=258,225,200

282
eyl
252
SOIL=170
| 3% X )
a3
SOIL=130,110
21 72 48

VEG=9,8,11a,12b
AREA_SLOPE<=67.5

AREA_GEO=Ti,Qed,Je,Jc,Qal

AREA_PSLOP<=11.

e

jit]

SOIL=230,210,115

EY

3%
SOIL=265,260
=g
P ¥
15 21
AREA_PSLOP<=7.5
7 0
T I
H ol #
37
Bz 129
E 1=
Ll

AREA_GEO=Qms,Jmb,Js,Qal

a 16
AREA_PSLOP<=3.

Hilr

54
VEG=86,13,11,11a
0 7| 31 32
7] 3]
EA il

SOIL=160,120

17

13

AREA_GEO=Jc

PEETT

20






TO0r each nooe

321

260

242

227

21

220

215

212

209

201

142

124

122

106

nincls (nincls nincls (nincls (nincls (nincls [nincls nincls (nincls [nincls (nincls (nincls [nincls (nincls |nincls

1

Right
branch

37

44

38

3

349

19

14

94

78

B1

22

Left

19
20

16
45

33

40

37

3

16
17
51

20

14

10

15

28

33

40

37

20

16

45

20

"

10

10

1

10

17

13
14
17
19

12
14
16
18

44

13

34

35

14

11

18

16

2

20
22

19

40

23

32

13

26

12

17

25

24

16

27

2B

7

11

22

29
3

258
30

12

15

14

11

12

15

33

32

15

35

34

11

14

7
39

36
35

14

Mode |branch

3

10

11

12
13
14
15
16
17
18
19
20

21
22

23

24

25

26
2

23

29

30

31

32

33

34

35

36

37

38
39

21





		Defining the Upland Resources for Monitoring

		Accessibility

		Delineating the Target Population

		Initial ‘Data’ Filtering

		Training Samples for Predictive Mapping

		Predictive Modeling of Ecological Sites on the Landscape

		CART (Classification and Regression Tree) Model

		Predictive Modeling





		Monitoring Site Selection

		Monitoring Site Selection Shape Files



		Tracking Monitoring Sites

		Literature Cited




Cedar Breaks National Monument
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussion with CEBR staff identified high-elevation meadows, spruce-fir forests, and
aspen stands as the highest priority for long-term monitoring. Management issues of
concern included expansion and contraction of vegetation types, recovery of spruce-fir
forests from beetle kill, sudden aspen decline (SAD), and the spread of smooth brome
invasion. Currently, the area above the rim in CEBR is dominated by a mixture of
meadows and spruce-fir forest. Although there are large patches of forest in many areas,
there are also islands and fingers of forest interspersed throughout the meadows. How
climate change will favor certain community types and reposition their distribution across
the landscape is of interest to resource management. Spruce-fir forests, especially
Engelmann spruce within the forests, have been heavily attacked by bark beetles, creating
a high percentage of dead trees throughout these forests. Tracking recovery of these
forests is high priority to management due to extent of the affected area. Although aspen
stands make up a relatively small part of high elevation vegetation in CEBR, they are of
particular concern due to the threat of SAD. Smooth brome is an invasive exotic
perennial grass that exists along roadsides and has expanded into other areas of the
monument. Although CEBR actively treats some areas to remove this species, there is
concern that it is displacing native grasses and forbs in the meadows.

The park expressed interest in monitoring white fir and Ponderosa pine in Ashdown
Gorge as a secondary priority. There is little data from this area of the monument and a
need for more monitoring and research. There is also concern that white fir may move up
in elevation with increasing temperatures, and CEBR is interested in documenting these
vegetation changes. A sampling design for the Ashdown Gorge area was created in case
of future expansion of upland monitoring.

CEBR also identified a few species and management issues that were high priority for the
park, but not suitable for long-term monitoring with NCPN sampling methods. There are
cushion plants on the rim near the campground, and CEBR would like to monitor the
amount of trampling in this area and how this affects rare plants. In the northern part of
the park, there is a small area of Arizona willow that may be affected by snowmobile use
in the winter months. Bristlecone pine grows on dry windswept ridges, and is unique
because it lives longer than most species. These issues could be more appropriately
addressed by a smaller monitoring or research project.

Accessibility

An accessibility map was created for CEBR based on road and trail access (Figure 1).
Steep slopes (> 50%) and areas isolated due to steep slopes (e.g. mesa tops) were
considered inaccessible. For CEBR, the breaks provided a natural barrier between the
high elevation rim area of the monument and the lower elevation Ashdown Gorge area.





Accessibility in CEBR was derived using the NCPN Landscape Accessibility Model.

Delineating the Target Population

Defining the target population typically involves determining the ecological sites that
correspond to the resource of interest. Since no ecological sites exist for CEBR,
alternative methods were used to define the target population and create a sampling
frame.

Defining Target Vegetation Communities

Inspection of the draft NCPN vegetation map for CEBR (as of 10/1/08) and field visits to
the park unit determined the vegetation associations corresponding to the target
communities for monitoring (Table 1).

Defining Target Soils and Ecological Sites

NCPN typically creates a sampling frame based on ecological sites and their associated
soil map units. Dixie National Forest mapped soils for CEBR but does not have
associated ecological sites (USDA USFS unpublished). Instead, broad categories of
vegetation are associated with each soil map unit. Comparing the soil map to the
vegetation map showed that the priority vegetation types were not well distinguished by
soil map units. Therefore, ecological sites and soil map units were not incorporated into
the survey design for CEBR.

An alternative idea was stratification of the meadows was based on geology since the
Brian Head formation in the north part of the monument seems to have a different plant
community than the Claron formation to the south. Comparison of the soil and geology
maps showed inconsistencies, and we could not determine which data layer was more
accurate. Therefore, this stratification approach was not used.





[ Areas surrounded by steep slopes
I Slopes > 50%
Accessible areas

Figure 1. Accessible areas of Cedar Breaks National Monument.





Table 1. Accessible area (ha) of vegetation types in Cedar Breaks National Monument.

Vegetation Map Area
type unit# Vegetation map unit name (ha)
Subalpine meadow
34 Dry Meadow Mixed Herbaceous Vegetation Mosaic 83.3
35 Perennial Disturbed Grassland Complex 82.5
Carex spp.- Juncus spp. Wet Meadow Herbaceous Vegetation
36 Mosaic 23.5
Total subalpine meadow 189.3
Spruce-fir
5 Abies lasiocarpa - Picea engelmannii Forest Complex 342.5
Aspen
19 Populus tremuloides Forest Complex 57.4
Ponderosa pine
10 Pinus ponderosa - (Pseudotsuga menziesii) Woodland Complex 128.7
White Fir
3 Abies concolor / Arctostaphylos patula Forest 34.5
4 Abies concolor Forest Alliance 69.2
Total white fir 103.7
Total target vegetation 821.7
Bristlecone pine
18 Pinus longaeva Woodland Alliance 12.1
Non-target subalpine vegetation
27 Ericameria (Chrysothamnus) spp. Shrubland Complex 0.7
28 Salix spp. Temporarily Flooded Shrubland Complex 2.2
29 Mixed Desert Shrubland Complex 8.7
30 Bottomland Shrubland Complex 12.8
31 Mixed Mountain Shrubland Complex 10.9
33 Dasiphora fruticosa ssp. floribunda Shrubland 1.1
Total non-target subalpine vegetation 36.3
Non-target vegetation in Ashdown Gorge
8 Picea pungens Forest Alliance 14.9
14 Pinus edulis. - Juniperus spp. Woodland Complex 9.8
21 Cercocarpus ledifolius Woodland Alliance 3.0
22 Temporarily Flooded Wash Complex 324
26 Arctostaphylos patula Shrubland Alliance 14.4
Total non-target vegetation below breaks 74.5
Other non-target
37 Red Claron Formation 39.0
38 White Claron Formation 14.2
39 Unvegetated surface (e.g., scree, sparse vegetation) 0.1
40 Park Infrastructure 20.6
Grand Total 1018.6





Basis for Sampling Frame

Due to issues with the soil survey and the relatively small area of the monument, we
decided to use a much simpler mapping process for CEBR. Stratification of the sampling
frame was minimized, using the natural barrier of the breaks to distinguish high and low
elevation. Within the accessible area of the monument, all target vegetation types
(subalpine meadow, spruce-fir, aspen, Ponderosa pine, and white fir represented by
vegetation map units 3, 4, 5, 10, 19, 34, 35, and 36) were included in the sampling frame.
This represented 81% of the accessible area of the monument with 548 ha on the rim and
260 ha in Ashdown Gorge. There were 13 ha that fell within the breaks in the NW part
of the park that were excluded from the sampling frame (Figure 2). This area was
excluded because it was similar to both the above the rim area or the Ashdown Gorge
area, but did not fit well in either one. Since the sampling frame included most of the
park, little field time was spent assessing the accuracy of sampling frame. It was
assumed that most monitoring plots would land in target vegetation types.

Before site selection, the sampling frame was buffered by 25 m to prevent plots from
crossing roads, trails, the park boundary, non-target vegetation, or inaccessible areas.

Monitoring Site Selection

Monitoring sites were selected using R-GRTS (Stevens and Olsen 2004). An area frame
was used, consisting of an ArcGIS shape file with unique coding for areas above and
below the rim. Twenty-eight plots were selected on the rim and 9 plots were selected in
Ashdown Gorge. Forty-two extra points were selected to account for errors in the
sampling frame and the possibility of future plot additions. Combining all target
vegetation types in the sampling frame allows plots to fall near the boundary of different
vegetation types so that expansion and contraction of communities can be monitored.





Excluded
from sampling
frame

Ashdown <
Gorge

[ subalpine meadows

I spruce-fir

aspen
I ponderosa pine Above the rim
[ white fir

Figure 2. Sampling frame for Cedar Breaks National Monument.






Tracking Monitoring Sites

A sequential list of the first 79 selected locations is stored in a shape file
(CEBR_upland_master). The list indicates acceptance or rejection of locations, reasons
for rejection, date of plot establishment, and other important tracking information.
Attributes of this shape file are described in Table 2.

Table 2. Attributes of CEBR_upland_master.shp for tracking upland monitoring
locations in Cedar Breaks National Monument.

Field Description
Veg_Type Vegetation type for upland sampling methods (forest)
EcoType Predicted vegetation type based on sampling frame (forest-meadow)
MasterStrat Indicates groups for analyzing data (forest-meadow)
PlotID The plot number, based on the sitelD produced by GRTS
Panel that plot is associated with in the revisit design (1-7, panel=0 for
panel .
rejected plots)
PanelYear Year(s) that panel is sampled (1-7)
Ultimate status of a plot (estab = established; NotEval = not visited; accept =
EvalStatus - o e
visited and deemed to be acceptable as a monitoring site; reject = rejected)
S _Action Status of plot determined in the field and recorded on GPS (accept or reject)
EvalReason Describes why a site was accepted or rejected
Estab_Date Month, day, and year of plot establishment
Soil_MU Soil map unit from Dixie National Forest Soil Survey associated with the
monitoring plot
xcoord UTM E (NADS8S3, Zone 12)
ycoord UTM N (NADS83, Zone 12)
Hike_km Hiking distance to plot in kilometers
AreaDescr General area of the park where the plot is located
Comments Miscellaneous
sitelD GRTS-assigned ordered unique identifier
stratum GRTS attribute not used for selection of these sites (None)
Code for stratification of the sampling frame used by GRTS (1 = above the
mdcaty . _
rim and 2 = Ashdown Gorge)
wgt 1/selection probability for each point






Survey Design

After further discussion with CEBR, we decided to limit upland monitoring to the area on
the rim. Points selected in the Ashdown Gorge area will be saved in case of future
expansion of upland monitoring. We also decided that there was no need for pilot
monitoring in CEBR because the number of monitoring plots is more limited by
affordable effort than variability of vegetation.

Plots are sampled following a rotating-panel design (Figure 3) that samples 8 plots each
year and a total of 28 plots over 7 years. Plots are sampled 2 years in a row (in order to
detect year-to-year differences due to temperature, precipitation, etc.) and rested for 5
years. Every 7 years, the sampling scheme repeats itself. The number of plots in each
vegetation type should approximately represent the area of each vegetation type in the
sampling frame.

Year
panel| 1 |2 |3 4|56 |7|8]|9]10
114 | 4 4 | 4
2 4 | 4 4 | 4
3 4 | 4 4
4 4 | 4
5 4 | 4
6 4 | 4
714 4 | 4

Figure 3. Number of plots sampled each year based on 7-year rotating panel revisit
design for long-term upland monitoring at Cedar Breaks National Monument.

Benefits of this sampling design:

1) Provides inference to all target vegetation types on the rim.

2) Minimizes travel costs and maximizes the number of plots that NCPN can sample
by only sampling on the rim.

3) Allows NCPN to sample plots with a mix of target vegetation types to investigate
the expansion/contraction question.

4) Provides data on condition of spruce-fir forests on the rim, including information
on beetle kill.

5) Provides data on presence and cover of smooth brome on the rim.





Limitations of this sampling design:
1) Provides minimal data on aspen stands in the park.

Response Design

The response design for CEBR is based on NCPN upland monitoring protocols for
forests and subalpine meadows. Table 3 outlines specific methods used.

Table 3. Response design for vegetation monitored in Cedar Breaks National Monument.

Method Forest/Subalpine meadow

Transects 3 — 50 m transects

Rebar at transect ends, plot side

Plot establishment . .
slopes, optional witness trees

Photos Transect origin and end

Point-intercept X

Gap intercept

Soil stability

1-m belt transect (shrub and
seeding density, exotic X
frequency)

1-m belt transect (richness)

5-m belt transect (sapling
density)

Tree census

Spherical densiometer

XX |X]| X | X

Fuels

Site Impact X

Modifications After Year 1

Points were visited ahead of the monitoring crew in order to filter out rejected sites. It
was quickly discovered that the 25 m buffer used on the sampling frame was not large
enough for a small park unit that is highly dissected by roads and trails. Over a third of
the points were rejected because they were too close to a road, trail, cliff, or the
monument boundary. It took 1% days to accept enough plots for the first year of
monitoring, much longer than expected.

Due to the unexpected high rejection rate, we needed to select additional monitoring
plots. After consulting the national Inventory and Monitoring quantitative ecologist, it





was determined that the 7 plots established in 2009 would remain in the sampling design
and a new GRTS run would be used for the remaining plots. We were not able to force
GRTS to replicate the original draw with additional points because we did not have the
random seed from original run.

This time the sampling frame was buffered by 65 m to account for the length of the fuels
transects. In addition, the sampling frame was carefully reviewed to make sure all roads,
trails, and perennial streams were buffered by 65 m.

In the additional GRTS run, we selected the remaining 21 plots and 30 oversample
points. To prevent overlapping PlotID’s between the two GRTS runs, PlotID’s from the
second GRTS run were assigned using sitelD + 100. To make sure that plots do not
overlap, points will be rejected if the centroid is less than 150 m from an established plot.

Literature Cited

Stevens, D. L. and A. R. Olsen. 2004. Spatially balanced sampling of natural resources.
Journal of the American Statistical Association 99:262-278.
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Dinosaur National Monument
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussions with DINO resource management staff identified big sagebrush and grassland
communities as the main priority for long-term monitoring. Grasslands 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, burn
regularly, and are often invaded by aggressive exotic species. DINO is interested in monitoring
sagebrush because of these management issues, and more specifically, would like compare
grazed and ungrazed sagebrush areas. There is also interest in stratifying by Wyoming big
sagebrush and mountain big sagebrush since they appear to respond differently to fire.

DINO 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 information
on the natural variability of upland resources as well as early warning of system degradation.

Accessibility

Steep slopes (> 50%) and areas isolated due to steep slopes (e.g., mesa tops) have been deemed
inaccessible for NCPN upland monitoring. Additionally, NCPN does not rely on boat access for
upland monitoring, and therefore, we create an accessibility map based on road and trail access.
Numerous private inholdings exist within the DINO boundary, and discussion with DINO staff
determined which areas could be used for access and which areas must be avoided. All private
inholdings were excluded from the sampling frame.

The original map was based on a roads and trails layer created by DINO resource management
staff. After additional discussion with DINO staff members, we included access to Pearl Park,
the Iron Springs area, and the area south of Brown’s Park. We visited the area north of the
Yampa River during scouting field work, but decided that this area should be considered
inaccessible because an issue with a private land owner made access possible only through
lengthy hikes.

Accessibility in DINO was derived using the NCPN Landscape Accessibility Model (Figure 1),
which deemed 50.0% of the park unit as accessible. Directions and specific instructions were
created for areas with special access concerns in DINO to assist field crews with future visits.





Ry : ARy
‘ [ Private land and rivers

Areas surrounded by steep slopes, private land, or only accessible by river
I Slopes > 50%

Accessible areas within park (<= 4 km hiking distance)
[_]Accessible areas within park (>4 km hiking distance)

Figure 1. Accessible areas of Dinosaur National Monument.

Other Management Considerations

Grazing Allotments

As of 2009, there are 10 active grazing allotments in DINO (Figure 2) covering an area of 23,544
ha (approximately 28% of the total park unit area). Resource managers would like to have a
better understanding of how grazing affects sagebrush ecosystems in DINO and have determined
that this should be the main priority of upland monitoring. It also appears that big sagebrush
ecosystems may react differently to grazing depending on elevation and the associated changes
in precipitation and temperature.

Stratifying upland monitoring by grazing could be complicated, as some grazing allotments may
expire in the near future while other may be grazed indefinitely. The timing and intensity of
grazing may vary between allotments and the long-term history of grazing on DINO land is
poorly documented. We know that historically the entire park unit was grazed, and there is no
way to document which currently ungrazed areas were altered by grazing in the past. Most
allotments allow grazing in spring and summer, however, Green River is grazed February
through March and Blue Mountain (Mantle) is grazed all year long. An additional problem is
cattle trespass on land outside of the established allotments. DINO has a history of private
landowners cutting fences and grazing where they are not permitted. How all of these issues may
affect monitoring data is not known, however, they should be considered when interpreting
monitoring results.





Grazing allotments

[ |Big Joe

[ |Blue Mountain (Mantle)
[ |Blue Mountain (Ross)
[ |Docs Valley

[ | Green River

[ |Harpers Comer

[ | Massey

[ ]Murray

[ ] Wwild Mountain

[ |Zenobia

Figure 2. Grazing allotments in Dinosaur National Monument.

Fire History

Both sagebrush and PJ ecosystems in DINO are prone to natural fires which play an important
role in succession as well as in the spread of exotic plant species. These areas have a complex
fire history, and the available spatial data is incomplete. Due to the complex nature of fires
within the park unit, the lack of predictability of where fires will occur, and incomplete historical
data, long-term monitoring sites will not be stratified by fire history. Fire may have an important
role in understanding landscape dynamics of sagebrush and PJ, however, and these data may be
used in correlational assessments of monitoring data to help understand possible causes of trends.





Delineating the Target Population

Defining Target Vegetation Communities

Inspection of the DINO vegetation map (Coles et al. 2008) and field visits to the park unit
determined the vegetation associations corresponding to the target communities for monitoring.
The vegetation map units associated with sagebrush and PJ are listed in Table 1.

Wyoming big sagebrush is the 2" most abundant vegetation type in DINO found primarily at
lower elevations (<6500 ft). Large areas of Wyoming big sagebrush are found on benches south
of the Yampa River and near the Quarry, Split Mountain, Rainbow Park, and Gates of Lodore.
Mountain big sagebrush is mainly found at higher elevations (>6500 ft) that occur south of the
Yampa River and near Harpers Corner Drive, Zenobia, and Pot Creek. VVegetation map unit 31
includes both Wyoming and mountain big sagebrush while vegetation map unit 32 includes only
mountain big sagebrush. Vegetation map units 16, 20, and 73 include other successional stages
of big sagebrush ecological sites such as grasslands and sagebrush invaded by PJ. Vegetation
map unit 68 includes alternative weedy states of big sagebrush sites.

PJ occurs over the greatest area of DINO and is represented by many different vegetation
associations.

Defining Target Soils and Ecological Sites

A new soil survey for DINO was recently published (USDA NRCS 2007). Although the soils
portion is complete, additional work remains to remedy differences between the ecological sites
used in Utah and the old range sites used in Colorado. We expect that the old Colorado range site
descriptions will no longer be used and that the existing Utah MLRA (Major Land Resource
Area) 34 and 47 ecological site descriptions will be updated and added to. It is unclear, however,
when this update will be completed, and until then, we will continue to use the outdated
Colorado range site descriptions.

Using the NRCS soil map units, ecological sites currently associated with sagebrush are listed in
Table 2. Soil map units containing soil components with greater than 10% area of potential
sagebrush ecological sites were included in the tables. Ecological site Semidesert Sand (214UT)
was included in Table 2 because Wyoming big sagebrush was observed growing in areas
predicted as this ecological site.

PJ is not well differentiated by ecological sites in the DINO Soil Survey and occurs across the
landscape on a variety of different landforms and soil components (Table 2). Soil components
associated with PJ have the ecological site name “Pinyon-Juniper”, however, no effort has been
made to distinguish between the different types of PJ ecological sites that exist within DINO.
Further discussion with DINO resource managers is necessary to limit the area of PJ monitored.





Table 1. Community types and corresponding vegetation map units for Dinosaur National
Monument.

Community Vegetation
type Map Unit | Vegetation Map Unit Name
31 Sagebrush/Rabbitbrush shrubland
_ 32 Sagebrush/Antelope bitterbrush shrubland
%'ﬁefgggggﬂssh 47 Sagebrush/spiny hopsage/ black greasewood shrubland
68 Weedy herbaceous vegetation
73 Native Grasslands
8 PJ/Sparse understory woodland
9 PJ/True mountain mahogany
10 PJ/Herbaceous woodland
11 PJ/Mixed desert shrub woodland
13 PJ/Soil crust woodland
PJ 14 PJ/Little-leaf mountain mahogany shrubland & woodland
15 PJ/Black sagebrush woodland
16* PJ/Sagebrush woodland
17 PJ/Curlleaf mountain mahogany
20* Rocky mountain juniper/Sagebrush woodland
21 Rocky mountain juniper/Three-leaf sumac woodland
40 Black sagebrush shrubland and cushion plant herbaceous

* may be more similar to sagebrush ecological sites





Table 2. Estimated area (ha), potential sagebrush production (%), and associated soil map units for ecological sites supporting Wyoming big
sagebrush, mountain big sagebrush, and pinyon-juniper communities in Dinosaur National Monument. Estimates of spatial extent include
inaccessible areas.

% of Potential
; total | sagebrush
Community | Ecological Estimated | land | productio | Associated soil map units
type site # Ecological site name area (ha) area n (%) (>10% area)
_ R034XY298CO | Rolling Loam 4384.5 5.3 20 16, 27, 28, 30, 31, 32, 45,72, 73
Wygi'g'”g R034XY310CO | Sandy Foothills 113.0 0.1 15 29
sagebrush | R034XY330CO | Sandyland 524.5 0.6 20 16, 60
R034XB328CO | Semidesert Clay Loam 167.8 0.2 20 8
RO34XY206UT Semidesert Gravelly Sandy Loam (Wyoming Big 648.0 0.8 30 39, 58
Sagebrush)
R034XY327CO | Semidesert Loam 36.2 0.0 15 17
R034XY212UT | Semidesert Loam (Wyoming Big Sagebrush) 1041.1 1.3 20 1,12, 36,41
R034XY214UT | Semidesert Sand (Four-wing Saltbush) 613.2 0.7 0* - 7
R034XB326CO | Semidesert Sandy Loam 493.9 0.6 5-15*+ 35,38, 71
R034XY216UT | Semidesert Sandy Loam (Fourwing Saltbush) 1780.2 2.1 5* 6,7,37,39,44, 74
RO34XY225UT Semidesert Shallow Loam (Wyoming Big 2330 0.3 20 71
Sagebrush)
R047XC430UT | Mountain Loam (Mountain Big Sagebrush) 3661.9 4.4 15 13, 15, 19, 21, 25, 29, 32
Mountain Mountain Shallow Loam
big R047XC446UT . 862.5 1.0 20 13,53
sagebrush (Mountain Big Sagebrush)
R047XY378CO | Mountain Stony Loam 240.3 0.3 5* 26
R047XC460UT | Mountain Stony Loam (Bitterbrush) 473.6 0.6 10-15 76
2,3,9, 12, 14, 27, 28, 30, 38,
Pinyon- . . 40, 42, 43, 44, 47, 49, 50, 52,
Juniper R034XY909CO | Pinyon-Juniper 21690.2 22.0 na 54. 55. 57, 58, 59. 60, 61, 62,
63, 65, 70, 71, 73
Total DINO area = 83015.5

*These ecological sites may not have enough big sagebrush to be considered a “sagebrush” ecological site.

~This ecological site was evaluated for the sagebrush sampling frame as a result of our field observations. We found Wyoming big sagebrush growing on sandy soils in areas

predicted as this ecological site and believe a similar sagebrush ecological site may be added in the future.

*This range encompasses values listed for the range site description and associated soil map units.






Assessing Potential Target Ecological Sites

Field scouting was performed to determine which soil map units should be included in the
sampling frame for each vegetation type. Areas of all potential soil map units for sagebrush and
PJ (Table 2) were combined, clipped to the accessible area of the DINO, and rasterized t010 m to
form the reconnaissance (recon) sampling frame (Figure 3). Reversed Randomized Quadrant
Recursive Raster (RRQRR - Theobold et al. 2007) was used to randomly select 1000 points
within this area. These points were then further characterized by soil and vegetation map unit and
grazing allotment. Using RRQRR order, up to 3 points were selected for each unique
vegetation/soil/grazing allotment combination (489 points total). This included six points that
were added to represent soil map units with small areas inside DINO that did not receive any
points in the initial RRQRR run. All points were checked to make sure that each
vegetation/soil/grazing allotment combination had at least one point that was fully inside the
polygon and not too close to a boundary. This resulted in 10 points being shifted towards the
center of a polygon. Since it was not possible to visit all recon points in the available time frame
(2 pay periods for a 2-person crew), points were further prioritized to maximize visits to unique
soil map units, especially those under consideration for the sagebrush sampling frame.

At each point, ecological site was recorded in addition to other biophysical site characteristics. A
total of 165 points were visited in October 2008. Data from these points were used to assess the
suitability of each ecological site and soil map unit for inclusion in the sampling frame.

Target Ecological Sites

Due to the current condition of ecological site descriptions for DINO, all potential sagebrush
ecological sites were used in upland monitoring. This includes the eleven Wyoming big
sagebrush ecological sites and 3 mountain big sagebrush ecological sites described in Table 3.
Mountain Stony Loam (378CO) was dropped after field visits confirmed that this was not a
mountain big sagebrush site.

For PJ, ecological sites were not used for monitoring since none existed in June 2009 when the
sampling design was being developed. Any site dominated by PJ community or dominated by PJ
before fire was used for monitoring. The only PJ sites that were excluded were ones that could be
recognized as sagebrush ecological sites with PJ invasion. Ecological site descriptions for PJ are
not included in Table 3 since these have not yet been determined for DINO.





Legend

I recon sampling frame
* recon points

Figure 3. Sampling frame for Dinosaur National Monument recon including locations of 165
points visited throughout the park unit. The sampling frame was created from the accessible area
of all soil map units dominated by sagebrush and/or PJ ecological sites.





Table 3. Description of Wyoming and mountain big sagebrush ecological sites selected for upland monitoring in Dinosaur National

Monument.

. . Ecological Site . . Geological . . Disturbance-mediated alternative
Ecological Site Name Number Soil properties properties Vegetative properties states
. . dominated by Wyoming | Decreased bunchgrasses from
deep sandy loams, eolian deposits, . ;
. - ; big sagebrush, western | overgrazing. PJ, cheatgrass, and
Rolling Loam R034XY298CO loams, & gravelly | alluvium, residuum, ; :
. wheatgrass, & needle exotic annuals may invade.
loams and/or colluvium
and thread
. . Decreased bunchgrass and
Eolian deposits .
- . . increased sagebrush from
shallow to over residuum dominated by Wyoming overarazing. Decreased antelope
Sandy Foothills R034XY310CO moderately deep weathered from big sagebrush and verg 9 . pe
. bitterbrush from excessive browsing.
loamy sands shale or just needle and thread A .
; Cheatgrass, Russian thistle, annual
residuum T ;
mustards, and juniper may invade.
dominated by Wyoming !I)ecreasgd bunghgrﬁsfs and
alluvium and/or big sagebrush, Indian Increased sagebrusn from .
Sandyland R034XY330CO deep loamy sands . h ' overgrazing. Cheatgrass, Russian
residuum ricegrass, & needle and - A
thistle, annual mustards, and juniper
thread ;
may invade.
. dominated by Wyoming | Decreased palatable grasses &
alluvium and/or . . ;
deep clay loams on colluvium over big sagebrush, western | shrubs and increased big sagebrush
Semidesert Clay Loam | R034XB328CO footslopes and : wheatgrass, bluebunch | from overgrazing. Cheatgrass,
residuum weather ) .
toeslopes wheatgrass, & Russian thistle, annual mustards,
from shale o .
Sandberg bluegrass and juniper may invade.

. Alluvium, Decreased bunchgrasses and
Semidesert Gravelly luvi . h f .
Sandy Loam Deep gravelly colluvium, anc_i/or dominated by Wyoming increased s rul_)s rom overgrazing.

- . R034XY206UT reworked eolian . Increased rabbitbrush and decreased
(Wyoming Big loams f d big sagebrush & galleta brush f fi h d
Sagebrush) rom sandstone or sagebrush from fire. Cheatgrass an

limestone juniper may invade.
Decreased bunchgrasses and
deep loams on alluvium derived dominated by Wvomin palatable shrubs from overgrazing.
Semidesert Loam R034XY327CO footslopes and from sandstone . y Y 9 | Bulbous bluegrass, greasewood,
big sagebrush & galleta ; i
toeslopes and shale cheatgrass, & Russian thistle may
invade.
Decreased bunchgrasses and
increased sagebrush from
Semidesert Loam alluvium & eolian dominated by Wyoming | overgrazing. Decreased sagebrush
(Wyoming Big R034XY212UT deep sandy loams d . big sagebrush & Indian | from fire or fall/winter grazing by
eposits -
Sagebrush) ricegrass sheep. Increased grasses and forbs

after fire. Cheatgrass, annual weeds,
& juniper may invade.






. . Ecological Site . . Geological . . Disturbance-mediated alternative
Ecological Site Name Number Soil properties properties Vegetative properties states
Decreased Indian ricegrass, needle
dominated by Indian and thread, and four-wing saltbush
Semidesert Sand deep sand on ricegrass, sand and increased snakeweed,
; R034XY214UT footslopes and eolian deposits sagebrush, four-wing rabbitbrush, sandhill muhly, and
(Four-wing Saltbush) .
toeslopes saltbush, & needle and | threeawn from overgrazing.
thread Cheatgrass and annual weeds may
invade.
. . dominated by Indian Decreased bunchgrasses and
Semidesert Sandy eol_lan dEpQS'tS‘ ricegrass, needle and winterfat from overgrazing
R034XB326CO deep sandy loams | alluvium, residuum, ! . . . Lo
Loam . thread, & Wyoming big | Cheatgrass, Russian thistle, annual
and/or colluvium T ;
sagebrush mustards, and juniper may invade.
Decreased Indian ricegrass,
winterfat, and four-wing saltbush
Semidesert Sandy eolian & alluvial dominated by Indian from overgrazing. Decreased
Loam (Fourwing R034XY216UT deep sandy loams . ricegrass & needle and | sagebrush & four-wing saltbush from
deposits i
Saltbush) thread fire. Increased snakeweed,
rabbitbrush, and galleta from
overgrazing and fire.
Slope alluvium Decreased bunchgrasses and
Semidesert Shallow shallow cobbl and/or colluvium dominated by Wyoming | increased sagebrush, galleta, and
Loam (Wyoming Big R034XY225UT y over residuum from | big sagebrush & needle | snakeweed from overgrazing.
sandy loams .
Sagebrush) sandstone and and thread Cheatgrass may invade.
limestone
Decreased bunchgrasses and
antelope bitterbrush and increased
Mountain Loam alluvium, eolian dominated by mountain | sagebrush, rabbitbrush, and western
(Mountain Big R047XC430UT deep loams deposits, and/or big sagebrush & wheatgrass from overgrazing.
Sagebrush) colluvium western wheatgrass Decreased sagebrush and increased
rabbitbrush and western wheatgrass
from fire.
Decreased bunchgrasses and
. Shallow, extremely slope alluvium . . increased sagebrush and western
Mountain Shallow fla sand and/or colluvium dominated by mountain wheatgrass from overgrazin
Loam (Mountain Big | RO47XC446UT gy, sandy . big sagebrush & 9 grazing.
loams on shoulders derived from Decreased sagebrush and increased
Sagebrush) ; bluebunch wheatgrass .
and summits sandstone rabbitbrush and western wheatgrass
from fire.
deep loams & dominated by mountain | Decreased bunchgrasses and
Mountain Stony Loam RO47XCA60UT channery loam on colluvium big sagebrush, increased sagebrush and snowberry

(Bitterbrush)

backslopes

snowberry, &
wheatgrasses

from overgrazing. Decreased
sagebrush from fire.
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Predictive Mapping of Ecological Sites on the Landscape

A predictive map of sagebrush and PJ was developed based on soil map units associated with
target ecological sites (Figure 4). Points visited in the field recon effort were used to confirm
whether or not each soil map unit (Table 2) was dominated by sagebrush ecological sites and/or
PJ. In cases where inadequate field data were collected for a soil map unit (either no points were
visited or points were only visited in some areas of DINO but the soil map unit occurred in other
areas of DINO), soil map units were further evaluated using the NCPN vegetation map (Coles et
al. 2008). In most cases, soil map units were accepted as the predicted vegetation type. In a few
cases, soil map units were further refined using the vegetation map. For example, vegetation map
units 16, 20, 31, 32, 47, 68, and 73 (Table 1) were considered potential indicators of sagebrush
ecological sites. If soil map units in the sagebrush sampling frame contained large areas of non-
target vegetation map units, these areas could be removed from the sampling frame. Soil map
units could also be accepted as “PJ and sagebrush”. This meant that the soil map unit could be
dominated by either PJ or sagebrush and would be included in both sampling frames. Additional
details on the development of the sagebrush and PJ sampling frames are given below.

The predictive map is a conservative estimate of sagebrush and PJ across the landscape. When
questions arose about the dominant vegetation type of a soil map unit, only those areas definitely
not associated with the target ecological sites were excluded. For example, outside of the target
PJ sampling area, soil map units dominated by both sagebrush and PJ often had large areas of
grassland that could be associated with either sagebrush ecological sites or PJ depending on
landform, soil depth, etc. These grassland areas were kept in the sagebrush sampling frame
knowing that many points in the area would be rejected as burned shallow PJ sites.

Sagebrush sampling frame

In general, soil map units accurately predicted the presence of sagebrush ecological sites. All soil
map unit associated with sagebrush ecological sites (Table 2) were included in the sagebrush
sampling frame with the following exceptions and modifications listed in Table 4. Soil map units
12, 26, and 73 were not dominated by sagebrush and were therefore not included in the sampling
frame. Only specific polygons of soil map unit 38 that were dominated by sagebrush were
included in the sampling frame. Soil map unit 53 was included in the sampling frame, but
modified to exclude significant areas of non-target black sagebrush/cushion plant communities.
For soil map unit 58, the vegetation map was used to delineate areas of potential sagebrush
ecological sites, and only these areas were included in the sampling frame. Soil map units 27, 28,
44,58, and 71 were included in both the sagebrush and PJ sampling frames.

The sagebrush sampling frame was further stratified by elevation and grazing to look at
management issues of concern. Elevation was divided into high and low based on the
approximate ranges of Wyoming and mountain big sagebrush (Figure 5). Uinta Basin Flora
(Goodrich and Neese 1986) listed the boundary of the ranges as 6500 to 7000 feet. We used 2000
m (6562 ft) to distinguish between the two subspecies of big sagebrush in the sampling frame. A
cutoff was necessary because the subspecies are known to hybridize where their ranges overlap.
This meant that Wyoming big sagebrush ecological sites could occur in the high elevation
sampling frame and mountain big sagebrush ecological sites could occur in the low elevation
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sampling frame. This was not common, however, and should be rectified when the ecological
sites are updated in the future.

Areas of the sagebrush sampling frame were further classified as grazed or ungrazed according
to the current map of grazing allotments (Figure 2). This created four types of sagebrush (high
grazed, high ungrazed, low grazed, and low ungrazed) that could be used to look more closely at

management issues (Figure 5).

Table 4. Edits to the sagebrush sampling frame by soil map unit.

Soil
map | Edits to sagebrush
unit # | sampling frame Reasoning Validated by

12 Not included in sampling | Soil map unit dominated by PJ not Vegetation map
frame sagebrush

26 Not included in sampling | 378CO-Mountain Stony Loam is a mixed | Field recon
frame montane shrubland not a sagebrush site.

38 Polygons in the Field recon on the Yampa Bench and Field recon &
Disappointment Draw near Lodore indicated that this soil map Vegetation map
area included in sampling | unit was mostly PJ. Polygons in the
frame; all other polygons | Disappointment Draw area were not
of the soil map unit visited during field recon but vegetation
excluded from the map units indicated that this area was
sampling frame. predominately sagebrush ecological site.

53 Excluded area of Vegetation map unit 40 delineated non- Field recon
vegetation map unit 40 target ecological site dominated by black
from this soil map unit sagebrush and herbaceous subalpine

plants.

58 Included only areas Soil map unit dominated primarily by PJ, Vegetation map
within this soil map units but vegetation map unit 16 and 31 were
designated by vegetation | included as potential sagebrush
map unit 16 or 31 ecological site area.

73 Not included in sampling | Soil map unit dominated PJ not Vegetation map
frame sagebrush
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Vegetation Type

B PJ

I PJ and Sagebrush
I Sagebrush

Figure 4. Sampling frame for upland monitoring in Dinosaur National Monument. This map
predicts accessible areas of sagebrush through the entire monument and accessible areas of PJ
within a limited section of the park. The area labeled as “PJ and Sagebrush” has significant areas
of both vegetation types, and monitoring plots may be established if they fit the selection criteria
for sagebrush or PJ ecological sites.
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I sagebrush high grazed
[ sagebrush high ungrazed
sagebrush low grazed

sagebrush low ungrazed

Figure 5. Sampling frame for accessible area of sagebrush in Dinosaur National Monument
illustrating stratification by elevation (high and low) and grazing. The boundary between low and
high elevation is 2000 m (6562 ft).

PJ sampling frame

Since PJ communities are the second priority for upland monitoring but cover the greatest area in
DINO, there was a need to limit the PJ sampling frame. Originally, we thought that soil map
units could be grouped to form meaningful aggregates of PJ according to landform or soil
characteristics. Evaluation of the PJ points visited during site recon confirmed large variability
between landforms and soil types where PJ communities occurred. From this data, we concluded
that there was no easy way to stratify PJ using soil map units. As an alternative, we consulted
with resource management staff for ideas on how to stratify PJ based on management concerns.
None were identified so we decided to limit sampling by geographic area of the park unit. DINO
was divided into 5 areas and DINO resource management was given the choice to monitor one of
these areas. They choose the area in Figure 4 (PJ, PJ and sagebrush), mainly because it
represented a wide range of elevation.

Soil map units within this area were then evaluated for their ability to predict PJ communities.
Many soil map units from the recon effort were eliminated from the sampling frame because
they did not occur in the area selected for sampling. Soil map units included in the sampling
frame are listed in Table 5. This included soil map units that were predominantly PJ communities
as well as a few soil map units 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 sagebrush as
well as PJ.
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Sampling Frame Area

The sampling frame area was restricted to a 6 km hiking distance due to the difficulty of the
terrain in some sections of DINO. The total area of the sampling frame is approximately 20.8%
of the total park area (see Table 6 for area of each stratum). Notice that the elevation and grazing
stratifications of sagebrush create unequal sampling areas ranging from 1680 to 5917 ha.

Table 5. Soil map units included in the pinyon-juniper sampling frame for Dinosaur National
Monument.

Vegetation type Soil Map Units
PJ 2,38,42,43,47,52,54,55,59, 61
27,28,44,58, 71

PJ and sagebrush

Table 6. Area (ha) of each vegetation type included in the sampling frame for upland monitoring
at Dinosaur National Monument.

Vegetation type elevation grazing Area (ha)*

o ) grazed 3328
Mountain big sagebrush high

ungrazed 1680

. . grazed 2111
Wyoming big sagebrush low

ungrazed 5917

Total big sagebrush 13035

PJ/sagebrush 1812

PJ na na 6082

Total sampling frame 17306

* Based on the accessible area within a 6 km hiking distance.

Monitoring Site Selection

Using the sampling frame created from field scouting and vegetation map assessments,
monitoring sites were selected using RRQRR and a 10-m grain size. The use of a 10-m grid was
to ensure complete coverage of the landscape while balancing the amount of time necessary for
RRQRR to select points. We found that at a 1-m grid, RRQRR took most of a day to select
points that had no better spatial balance than at a 10-m grid. Sites were selected with equal
probability for the entire sampling frame including any potential sagebrush or PJ area (Figure 4).
The sampling frame was not buffered prior to RRQRR site selection due to the complexity of
ecological sites across the landscape and the large sampling frame area.

Points were then assigned a predicted vegetation type based on the Figure 4. Points predicted as
sagebrush could only be accepted if they were one of the 14 sagebrush ecological sites. Points
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predicted as PJ could only be accepted if they were PJ communities. Points predicted as PJ-
sagebrush could be accepted as either as one of the sagebrush ecological sites or as PJ.

Sagebrush points were further categorized by elevation (low or high) and grazing (grazed or
ungrazed) creating 4 stratifications of sagebrush (Figure 5). For the pilot monitoring phase, 8
plots were visited in each stratum.

Monitoring Site Selection Shape Files

To provide simple PlotID numbers, the sequential order of plots was determined by the
ascending order of the “order_" attribute. All locations listed in these shape files have a selection
probability of 1. The following shape files werer produced:

DINO_smp_pts- ordered list of all possible monitoring points selected through RRQRR.
DINO_sample_pts- ordered list of 500 initial monitoring points selected through RRQRR.

Tracking Monitoring Sites

DINO_upland_master.shp, derived from DINO_sample_pts.shp, contains the first 500 potential
monitoring plots and any relevant tracking information (Table 7). The attributes include
acceptance or rejections of plots, reasons for rejection, and date of plot establishment. It is used
to schedule pre-monitoring evaluation of sites and for the eventual derivation of selection
probabilities. In this file, the “order_" attribute was renamed “RQorder” for consistency among
parks.

Response Design

The response design for DINO is based on NCPN upland monitoring protocols and varies by
vegetation type. In DINO, sagebrush is monitored using the grassland/shrubland response design,
and PJ is monitored using the woodland response design. Table 8 outlines specific methods used
for each response design.

16





Table 7. Attributes of DINO_upland_master.shp for tracking upland monitoring locations in
Dinosaur National Monument.

Field Description

Veg_Type Vegetation type for upland sampling methods (grassland/shrubland or
woodland)

PredEcoType Predicted vegetation type based on sampling frame (PJ, Sagebrush, or PJ-
sagebrush)

EcoType Actual vegetation type of the monitoring plot (PJ, Sagebrush, non-target)

Grazing Indicates whether grazed or ungrazed; not applicable to PJ

sage_type High or low elevation

MasterStrat Ir)dlcates groups for analy2|ng data (low ungrazed sage, low grazed sage,
high ungrazed sage, high grazed sage, PJ)
The plot number, based on ascending order of the RQorder field,

PlotID ' . ) )
renumbered to give unique plot numbers for each point on the list.

panel Panel that plot is associated with in the revisit design

PanelYear Year(s) that panel is sampled
Ultimate status of a plot (estab = established; NotEval = not visited; accept =

EvalStatus - o RN
visited and deemed to be acceptable as a monitoring site; reject = rejected)

S_Action Status of plot determined in the field and recorded on GPS (accept or reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from UT692 associated with the monitoring plot

X UTM E (NAD83, Zone 12)

Y UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

RQorder Sequence number produced by RRQRR that doesn't start at 1 or increment
by 1 (=order_ in sample_pts shape files and =GRID_CODE in smpts shape
files)

inc_prob inclusion probability; 1 indicates equal probability of selection for all points
from the sample_pts shape file

Gridcode Used to distinguish between stratifications in the sampling (=1 for all points in
DINO)
Used to distinguish the different combinations of PredEcoType, Grazing, and

FrameType
sage_type (1-7)
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Table 8. Response design for vegetation types monitored in Dinosaur National Monument.

Method Grassland/Shrubland Woodland

Transects 3 — 50 m transects 3 — 50 m transects

Plot establishment Rebar at transect ends Rebar at transect eljds, plot side
slopes, optional witness trees

Photos Transect origin, BSCs Transect origin and end, BSCs

Point-intercept X X

Gap intercept X

Soil stability X X

1-m belt transect (shrub and

seedling density, exotic X X

frequency)

o-m I_aelt transect (sapling When trees are present X

density)

Tree census When trees are present X

Fuels X

Site Impact X X
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Timpanogos Cave National Monument
Sampling Design and Site Selection Report

Defining the Upland Resources for Monitoring

Discussion with TICA resource management staff identified subalpine meadows, mixed conifer
forests, and Gambel oak shrublands as priority communities for long-term monitoring. Due the
small area of the monument and the steep slopes over much of this area, opportunities for upland
monitoring at TICA were extremely limited. During a field visit in October 2008, TICA resource
management staff identified three areas, one in each priority vegetation type, with gentle slopes
and enough area to fit upland monitoring plots.

Accessibility

An accessibility map based on road and trail access was created for TICA using the NCPN
Landscape Accessibility Model (Figure 1). Steep slopes (> 50%) and areas isolated due to steep
slopes (e.g., mesa tops) are considered inaccessible. The southeast corner of the monument,
shown as surrounded by steep slopes in Figure 1, is actually accessible via a 2 km cross country
hike over National Forest Service land south of the park. Including this section, the total
accessible area of TICA is only about 14 ha.





Accessible area

B Slopes >50%
[ Areas surrounded by steep slopes

[ Buildings

Figure 1. Accessible area of Timpanogos Cave National Monument.

Monitoring Site Selection

Due to the limited area available for upland monitoring, three monitoring plots were established
so that they best fit the areas selected for monitoring. The location of each monitoring plot is
shown in Figure 2. There is no sampling frame for TICA, and therefore, no inference beyond the

individual plots.

TICA_upland_master.shp contains site tracking information for TICA upland monitoring (Table
1).





z
Gamble oak
3]

Subalpine 1

@ monitoring plots
[ ] monument boundary
[ buildings
—— roads
-~ trails

Figure 2. Upland monitoring plots at Timpanogos Cave National Monument.





Table 1. Attributes of TICA_upland_master.shp for tracking upland monitoring locations in
Timpanogos Cave National Monument.

Field Description

Veg_Type Vegetation type for upland sampling methods (forest or oak)
EcoType Vegetation type (subalpine meadow, mixed conifer, Gambel oak)
MasterStrat Indicates groups for analyzing data (meadow, conifer, oak)
PlotID The plot number

panel Panel that plot is associated with in the revisit design

PanelYear Year(s) that panel is sampled

EvalStatus Ultimate status of a plot (estab = established)

S_Action Status of plot determined in the field and recorded on GPS (accept or reject)
EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU na; no soil survey for this area

xcoord UTM E (NADB83, Zone 12)

ycoord UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

X UTM E (NAD83, Zone 12)

Y UTM N (NADS83, Zone 12)

Revisit Design

Initially, all three monitoring plots will be visited each year starting in 2009. After 3-5 years of

data, a long-term revisit schedule will begin with plots sampled every 3-5 years.

Response Design

The response design for TICA is based on NCPN upland monitoring protocols and varies by
vegetation type. The mixed conifer plot is monitored using the forest response design, the

subalpine meadow plot is monitored using a slight variation of the forest response design, and

the Gambel oak plot is monitored using the oak response design (Table 2).






Table 2. Response design for vegetation monitored in Timpanogos Cave National Monument.

Method

Subalpine meadow

Forest

Oak

Transects

3 — 50 m transects

3 — 50 m transects

3 — 20 m transects

Plot establishment

Rebar at transect
ends, plot side
slopes, optional

witness trees

Rebar at transect
ends, plot side
slopes, optional

witness trees

Rebar at transect
ends, optional
witness trees

Photos

Transect origin and
end

Transect origin and
end

Transect origin and
end

Point-intercept

0.5 m intervals

0.5 m intervals

0.25 m intervals

Gap intercept

Soil stability

1-m belt transect
(shrub and seedling

Seedlings and

density, exotic X X exotic frequency
f only
requency)
1-m belt transect
. X
(richness)
5-m belt transect X X
(sapling density)
Entire plot &
Tree census Quadrat 1 only Quadrat 1 only include Quegam
>10 cm DBH
Spherical densiometer X X
Fuels X
Site Impact X X X
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Zion National Park
Survey Design and Site Selection Report

Defining the Upland Resources for Monitoring

Initial discussion with ZION resource staff identified numerous potential vegetation types for
long-term monitoring including Ponderosa pine forests, Gambel oak/mixed montane shrublands,
sagebrush shrublands, pinyon-juniper (PJ) woodlands, and desert grasslands and shrublands.
Zion is located at the edge of the Colorado Plateau, the Great Basin, and the Mohave Desert
ecoregions, and therefore much of the vegetation is a transition between dominant vegetation
types of these regions. The large range of elevation in the park (3425 to 9430 ft) also contributes
to the complexity of the vegetation. It was suggested that the entire accessible area of the park
could be included in NCPN upland monitoring since so much of the park is not accessible (see
next section). However, after an initial visit to the park, it was determined that the predominance
of dense Gambel oak sites interspersed with open Ponderosa pine stands at higher elevations
made this stratification scheme unreasonable, since different size plots are used to monitor each
of these vegetation types.

To resolve this issue, the vegetation at ZION needed to be stratified by ecological site. The park
resource staff was asked to prioritize vegetation types and ecological sites for monitoring. PJ and
Gambel oak were selected as the highest priorities. PJ woodlands occur at middle elevations on
the east side of the park, and vary depending on elevation, aspect, and soil properties. Gambel
oak and mixed montane shrubs are the dominant vegetation at the highest elevations of the park.
One goal of selecting these vegetation types is to collect data on vegetation types not well-
represented in plots sampled by the fire-effects monitoring program at ZION (see Figure 1).
Another interest in monitoring PJ woodlands is the potential for stand replacing fires and the
resulting influence on watersheds. The overall goal of monitoring is to provide information on
elevational shifts in vegetation expected from a warming climate, natural variability of upland
resources, and early warning of system degradation.

Accessibility

An accessibility map was created for ZION based on road and trail access. Steep slopes (> 40%)
and areas isolated due to steep slopes (e.g., mesa tops) were considered inaccessible.
Accessibility in ZION was derived using the NCPN Landscape Accessibility Model.
Approximately 2/3 of the area of ZION is not accessible for upland monitoring (Figure 2). After
additional discussion with park resource staff, the Dakota Hills area was excluded from the
accessible area for monitoring since it requires a 3-5 mile hike to reach the park boundary.





Delineating the Target Population

Defining Target Soils and Ecological Sites

The National Resource Conservation Service (NRCS) mapped soils for ZION within the
Washington County Soil Survey (1977). The soil survey contains soil map units that are
explicitly mapped across the landscape. Soil map units typically have multiple soil components,
and it is the soil component that is directly associated with a specific ecological site. Using the
Washington County Soil Survey, ecological sites associated with PJ and Gambel oak were
summarized in Table 1.

NRCS did not have permission to dig soil pits within the park for this soil survey, and thus,
accuracy of soil map units within the park was somewhat questionable. After strata based on
elevation were deemed to be unreasonable for sampling the wide range of vegetation types at
higher elevations in the park, field visits reassured us that the soil survey was a reasonable
predictor of ecological sites in the park.

The ecological sites in Table 1 were evaluated, and two PJ ecological sites were determined not
to be suitable for NCPN upland vegetation and soils monitoring. Upland Gravelly Loam
(Pinyon-juniper) had an extremely small area within the park (i.e., only 12 ha). Upland Very
Steep Stony Loam (Pinyon —Utah juniper) had a relatively small area and was located primarily
on slopes steeper than NCPN can monitor with its response design.

After further discussion with park staff, the remaining PJ and Gambel oak ecological sites were
selected for upland monitoring. Due to the large differences between soil characteristics of the PJ
ecological sites, these 3 ecological sites were kept as separate ecological site types in the
sampling frame. The vegetation and soils were much more similar for the Gamble oak ecological
sites, and thus, the two Gamble oak ecological sites were combined into a single ecological site
type for the sampling frame. The target ecological sites for monitoring were described in Table 2
and illustrated in Figure 3.





e  Z|ON fire effects
+ USGS Kolob fire
& NAU Kolob fire

Figure 1. Existing monitoring plots at Zion National Park. ZION fire effects is part of a national
NPS monitoring program that monitors recovery after fires. The U.S. Geological Survey (USGS)
and Northern Arizona University (NAU) plots were set up to monitor cheatgrass (Bromus
tectorum) treatments after the Kolob fire in 2006. These plots continue to be monitored by the
ZION fire effects crew.





accessible areas
B steep slopes
P areas surrounded by steep slopes
I private inholdings

Figure 2. Accessible areas of Zion National Park.





Table 1. Estimated accessible area (ha) and associated soil map units for ecological sites supporting pinyon-juniper woodlands and
Gambel oak shrublands in Zion National Park.

_ Estimated
Ecological accessible area | % of total
Vegetation type site # Ecological site name (ha) land area | Associated soil map units
R035xY303uT | UPiand Gravelly Loam 12 0.02 CHF
(Pinyon- juniper)
R035XY324UT | Upland Sand (Juniper-pinyon) 424 0.7 MFD
| hallow L
o Ro3sxy315uT | LPland Shallow Loam 434 0.7 BOD
Pinyon-juniper (Pinyon-Utah juniper)
RO35XY321yT | UPiand Stony Loam 1507 25 MBG, TAG
(Pinyon-Utah juniper)
RO35XY328uT | DPiand very Steep Stony Loam 109 0.2 MEG
(Pinyon-Utah juniper)
none Mountain Loam (Oak) 417 0.7 KAE, KBD, KCE
Gambel oak -
R047XB463UT | Mountain Stony Loam (Oak) 2644 4.4 DBD, DKG, KCE, KD, KHC, PG

Total ZION area =

59836






Table 2. Description of ecological sites selected for upland monitoring in Zion National Park.

Ecological Ecological site same Geological Vegetative
site type Notation / No. Soil properties properties properties Disturbance-mediated alternative states
Decreased Indian ricegrass & squirreltail
Upland Sand deep sands on eolian deposits dommat_ed by and increased pinyon, juniper, sand_hlll
PJ-Upland (Juniper-pinyon) plateau slopes & derived from Utah juniper & | muhly, & snakeweed from overgrazing.
Sand vallevs sandstone single leaf pinyon | Pinyon, juniper, & some shrubs may
US324 /324 y pine decrease temporarily after fire. Annual
forbs & grasses are most likely to invade.
Unland Shallow L residuum dominated by Decreased bunchgrass & increased
plan allow Loam nate i i i
PJ-Upland (Pinyon-Utah juniper) shallow sandy weathered from Utah juniper & pg‘gro]f: OJrlrJ] nolsg:’ f:;lr(]ewlgiend’oi pﬂﬁlidir &
Shallow loams on mesas conglomerate or | single leaf pinyon gome shrubs mga de?:'reasg te,rr{ orgril,
Loam UShL315/315 sandstone pine . y porartly
after fire.
deep very stony residuum dominated by Decreased grass & bitterbrush &
Upland Stony Loam loamy sands & alluvium, & Utah juniper & increased pinyon & juniper from -
PJ-Upland | - (pinyon-Utah juniper) sandy loams on | colluvium derived | two-needle or | OVEr9razing. Decreased pinyon & juniper
Stony mesas & mountain | from sandstone, | single leaf pinyon & increased grass, forbs, Gambel oak, &
Loam UStL321 /321 : ’ gie ‘eal piny manzanita from fire. Cheatgrass is likely
slopes siltstone & shale pine .
to invade.
, deep sandy loams material dominated by .
Mountain Loam (Oak) on mesa tops weathered from Gambel oak, Decreased grasses & forbs & increased
I 2 . i Py showberry, & Gamble oak & less palatable shrubs from
MLO valleys, & mountain Imestone mountain big overgrazing.
side slopes some sandstone
Gambel sagebrush
oak

Mountain Stony Loam
(Oak)

MStL463 / 436

deep stony &
cobbly silt & sandy
loams on mountain
side slopes & mesa
tops

residuum & slope
alluvium
weathered from
shale, limestone,
& sandstone

dominated by
Gambel oak

Description currently N/A






Figure 3. Examples of the ecological sites selected for upland monitoring at Zion National Park. See Table 2 for descriptions.

Uland Sand o Upland Shallow Loam | Upland Stony Loam
(Juniper-pinyon) (Pinyon-Utah juniper) (Pinyon-Utah juniper)

Mountain Loam (Oak) Mountain Stony Loam (Oak)





Basis for Sampling Frame

The sampling frame was created using accessible areas in the park (see Figure 2). Areas
with bedrock and no vegetation cover were removed using the corresponding map units
in the vegetation map (Table 3). Zion Canyon was also excluded from the sampling
frame due to the high visitor use and intense management of vegetation in this area of the
park.

Before site selection, the sampling frame was buffered by 65 m to prevent plots from
crossing roads, trails, buildings, campsites, the park boundary, riparian areas (perennial
streams, springs, and wetlands), and inaccessible areas (Figure 4).

Monitoring sites were then selected using the buffered sampling frame and the
procedures detailed in the next section. When the strategy changed from sampling all
elevation zones to sampling specific ecological sites, some modifications needed to be
made to the original sampling frame. Areas of the sampling frame with relevant soil maps
units for each target ecological site (see associated soil maps units in Table 1) were
clipped from the original sampling frame and used to create a sampling frame for the four
target ecological site types (Figure 5). The area of each part of the sampling frame is
summarized in Table 4.

Monitoring Site Selection

Monitoring sites were selected using RRQRR (Reversed Randomized Quadrant
Recursive Raster - Theobald et al. 2007). The sampling frame was converted to a 10-m
grid to ensure complete coverage of the landscape. Sites were selected for the entire
buffered sampling frame (see Figure 4) then clipped to the ecological site types that were
used in the final monitoring design (see Figure 5). The following shape files were
created, and all locations listed in them have a selection probability of 1.
ZION_smp_pts- ordered list of all possible monitoring points selected through RRQRR.
ZION_sample_pts- ordered list of 500 initial monitoring points selected through
RRQRR.





Table 3. Vegetation map units used to remove bedrock areas from accessible areas for

upland monitoring at Zion National Park.

Map unit# Vegetation map unit name area (ha)
1 Carmel Formation (Limestone) 5.3
2 Temple Cap (Sandstone) 0.3
3 Navajo Formation (Sandstone) 492.8
4 Kayenta Formation (Sandstone) 1.8
5 Moenave Formation (Sandstone) 1.1
6 Chinle Formation - Petrified Forest (Shale) 80.0
7 Chinle Formation - Shinarump (Shale) 14.7
8 Moenkopi Formation (Conglomerate) 6.0
9 Kaibab Formation (Limestone) 0.3
10 Basalt Talus 43.0
15 Volcanic and Basalt Cliffs 5.2

total 650.7

Table 4. Area of the sampling frame and number of plots sampled in each ecological site
type for upland monitoring at Zion National Park.

Area of Predicted Predicted area of
sampling percent target ecosites in Total # of
frame target sampling frame # plots / plots
Ecological site type (ha) area (ha) panel sampled
PJ-Upland Sand 499 85% 424 4 20
PJ-Upland Shallow Loam 511 85% 434 4 20
PJ-Upland Stony Loam 2514 60% 1507 4 20
Gamble oak 5368 57% 3061 6 30
total 8892 5426 18 90





© sampling frame with 65 m buffer
B additional sampling frame in buffer

Figure 4. Sampling frame used for site selection of upland monitoring plots at Zion
National Park.
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Ecological site types

PJ - Upland Sand
I . - Upland Shallow Loam
- PJ - Upland Stony Loam

- Gambel oak
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Figure 5. Sampling frame of ecological site types monitored in Zion National Park.
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Tracking Monitoring Sites

ZION_upland_master.shp, derived from ZION_sample_pts.shp, contains the first 500
potential monitoring plots and any relevant tracking information (Table 5). The attributes
include acceptance or rejections of plots, reasons for rejection, and date of plot
establishment. It is used to schedule pre-monitoring evaluation of sites and for the
eventual derivation of selection probabilities. In this file, the “order_" attribute was
renamed “RQorder” for consistency among parks.

Table 5. Attributes of ZION_upland_master.shp for tracking upland monitoring locations
in Zion National Park.

Field Description

Veg_Type Vegetation type for upland sampling methods (woodland, oak)

EcoType Predicted ecological site type based on sampling frame (Mountain & St
Loam [oak]; Upland Sand [PJ]; Upland Shallow Loam [PJ]; Upland Stony
Loam [PJ])

MasterStra Indicates groups for analyzing data
The plot number, based on ascending order of the RQorder field,

PlotID ! ) ) )
renumbered to give unique plot numbers for each point on the list.
Panel that plot is associated with in the revisit design (1-5, panel=0 for

Panel .
rejected plots)

PanelYear Year(s) that panel is sampled (1-5)
Ultimate status of a plot (estab = established; NotEval = not visited; accept

EvalStatus = visited and deemed to be acceptable as a monitoring site; reject =
rejected; not used = not used for monitoring)

. Status of plot determined in the field and recorded on GPS (accept or
S_Action .
— reject)

EvalReason Describes why a site was accepted or rejected

Estab_Date Month, day, and year of plot establishment

Soil_MU Soil map unit from UT641 (Washington County Soil Survey) associated
with the monitoring plot

X UTM E (NADS83, Zone 12)

Y UTM N (NADS83, Zone 12)

Hike_km Hiking distance to plot in kilometers

AreaDescr General area of the park where the plot is located

Comments Miscellaneous

RQorder Sequence number produced by RRQRR that doesn't start at 1 or
increment by 1 (=order_ in sample_pts shape files and =GRID_CODE in
smpts shape files)

inc_prob inclusion probability; 1 indicates equal probability of selection for all points

from the sample_pts shape file
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Revisit Design

We decided that there was no need for pilot monitoring in ZION because the number of
monitoring plots is more limited by affordable effort than variability of vegetation. The
affordable effort for ZION is two pay periods for a 6-person crew or approximately 36
monitoring plots per year.

Plots are sampled following a rotating-panel design for each priority ecological site type
(Figure 6). This ensures the same number of plots are sampled in each ecological site
type each year. The number of plots sampled in each ecological site type is based roughly
on the area of each ecological site type in the park (see Table 4). Among all ecological
site types, 36 plots are sampled each year and a total of 90 plots are sampled over 5 years.
Plots are sampled 2 years in a row (in order to detect year-to-year differences due to
temperature, precipitation, etc.) and rested for 3 years. Every 5 years, the sampling
scheme repeats itself.

Response Design

The response design for ZION is based on the NCPN upland monitoring protocol. Core
vegetation sampling methods are performed at each plot, and additional measurements
are determined by vegetation type (Table 6).

Literature Cited

Theobald, D. M., D. L. Stevens Jr., D. White, S. Urquhart, A. R. Olsen, and J. B.
Norman. 2007. Using GIS to generate spatially balanced random survey designs for
natural resource applications. Environmental Management 40:134-146.

USDA NRCS. 1977. Soil Survey of Washington County Area, Utah, Salt Lake City, UT.
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A. Pinyon-juniper
This design is used for each of the following ecological site types:
PJ - Upland Sand,
PJ - Upland Shallow Loam,
PJ - Upland Stony Loam

Year
panel | 1 2 3 4 5 6 7 8 9 | 10
114 | 4 4 | 4
2 4 | 4 4 | 4
3 4 | 4 4 | 4
4 4 | 4 4 | 4
5| 4 4 | 4 4
B. Gambel oak

This design includes a combination of Mountain Loam (Oak) &
Mountain Stony Loam (Oak) ecological sites

Year
panel| 1 (2|3 |4 |5 |6 |7 ]|8]|9]10
116 |6 6 | 6
2 6 | 6 6 | 6
3 6 | 6 6 | 6
4 6 | 6 6 | 6
5| 6 6 | 6 6

Figure 6. Number of pinyon-juniper (A) and Gamble oak (B) plots sampled each year
based on a 5-year rotating panel revisit design for long-term upland monitoring at Zion
National Park. Note that the same panel design will be used for each of the pinyon-
juniper ecological site types.
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Table 6. Response design for NCPN upland monitoring by vegetation type.

Method

Woodland

Oak

Ecological sites

Upland Sand (PJ)
Upland Shallow Loam (PJ)
Upland Stony Loam (PJ)

Mountain Loam (oak)
Mountain Stony Loam (oak)

Transects

3 — 50 m transects

3 — 20 m transects

Photos

Transect origin & end,
soil surface

Transect origin & end

Line-point intercept
(vegetation and
surface cover)

0.5 m intervals

0.25 m intervals

density)

Soil stability X
Exotic frequency X X
1-m belt (shrub & tree : .
seedling density) X Tree seedling density only
5-m belt (sapling X X

Tree census

Quadrat 1 only

Entire plot & include Gambel
oak >10 cm DBH

Fuels

Site Impact
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