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Executive Summary

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about

the current conditions of important park natural resources through a spatially explick, multi
disciplinarysynthesis of existing scientific data and knowledge. Findings from the NRCA will help
ColoradoNationalMonument(COLM) managers to develop ne@rm management priorities,

engage in watershedr landscapescale partnership and education efforts, congdadt planning,

and report program performance (e.g., Departmen
goals, Government Performance and Results Act).

The objectives of this assessment are to evaluate and report on current conditions of key park

resources, to evaluate critical data and knowledge gaps, and to highlight selected existing stressors

and emerging threats to resources or processes. For the purpose of this NRCA, staff from the

Nati onal Park Service ( NPS)esdanh@eoSpatial Serviceadar y 6 s Un
( SMUMN GSS) identified key resources, referred
components include natural resources and processes that are currently of the greatest concern to park
management at COLM. The finalgpect framework contains 21 resource components, each

featuring discussions of measures, stressors, and reference conditions.

This study involved reviewing existing literature and, where appropriate, analyzing data for each
natural resource component fretframework to provide summaries of current condition and trends
in selected resources. When possible, existing data for the established measures of each component
were analyzed and compared to designated reference conditions. A weighted scoring system wa
applied to calculate the current condition of each compolégighted Condition Scaseranging

from zero to one, were divided into three categories of condition: low concern, moderate concern,
and significant concern. These scores help to determireithent overall condition of each

resource. The discussions for each component, found in Chapter 4 of this report, represent a
comprehensive summary of current available data and information for these resources, including
unpublished park information amerspectives of park resource managers, and present a current
condition designation when appropriate. Each component assessment was reviewed by COLM
resource managers, NPS Northern Colorado Plateau Network staff, or outside experts.

Existing literature, sbrt- and longterm datasets, and input from NPS and other outside agency
scientists support condition designations for components in this assessment. However, in some cases,
data were unavailable or insufficient for several of the measures of the feaiorpdnents. In other
instances, data establishing reference condition were limited or unavailable for components, making
comparisons with current information inappropriate or invalid. In these cases, it was not possible to
assign condition for the comportenCurrent condition was not able to be determined for nine of the

21 components (43%) due to these data gaps.

For those components with sufficient available data, the overall condition vangdtwo

components (riparian habitats/large dry washes gl sheep) werdetermined to be in good
condition. Five componentpifiyortjuniper woodlands/savannas, seeps, springs and tinaja habitats,
birds, air quality and paleontological resoujogere of moderate concerBirds were the only
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component wheréhe available data were sufficient enough to assign a trend. At this time, the bird
community exhibits a stable trenthreecomponents were determined to be of significant concern
(kit fox, dark night skies, and viewscgp&he high concern for kit fox watue tothe specietkely
being extirpated from the regipas it is unlikely to return on its own, a stable trend was assigned.
The remaining two components of significant conceark night skies and viewscgpae strongly
influenced byurban land useand other anthropogerfarctors outside of NPS control. While they are
currently exhibitingdeterioratingrends, there is little that NPS managers can do to mitigate these
trends. Detailed discussion of these designations is presented in ChapteBsaf tisl report.

Several parkwide threats and stressors influence the condition of priority resources in COLM. Those
of primary concerrnclude invasive exotic plarftEP) speciesregional climate change, ancodght.
Understanding these threats, anavhibey relate to the condition park resources, can help the NPS
prioritize management objectives and better focus their efforts to maintain the health and integrity of
the park ecosystem
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1. NRCA Background Information

Natural Resource Condition Assessments (NRCASs) evaluate current conditions for a subset of

natur al resources and resource i ndHNRCAmatsmrepsrt i n n a
on trends in resource condition (when possible), identify critical data gaps, and characterize a general
level of confidence for study findings. The resources and indicators emphasized in a given project
depend on t he ipgastatusdobresouecs siewardstap plarmihgtand science in

identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potential study
resources and indicators.

NRCAs Strive to Pr\(
NRCAs represent a relativelew 1 Credible condition reporting for a subset of

approach to assessing and important park natural resources and indicators
reporting on park resource 1 Useful condition summaries by broader resource
conditions. They are meant to categories or topics, and by park areas
complemenrd not replacé \_ Y.

traditional issueand threabased
resource assessments. As distinguishing characteristics, all NRCAs:

Are multi-disciplinary in scopé;
Employ herarchical indicator frameworKs;

Identify or develop reference conditions/values for comparison against current contlitions;

1
1
1
f Emphasize spatial evaluation of citions andGeographic Information Syster®(S) products’
f  Summarize key findings by park asgdand

)l

Follow national NRCA guidelines and standards for study design and reporting products.

Although the primary objective of NRCAs is to report on current conditions relative to logical forms
of reference conditions and values, NRCAs also repattteonals, when appropriate (i.e., when the
underlying data and methods support such reporting), as well as influences on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

The breadth of natal resources and number/type of indicators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subsegq
] conditions for indicatory condition summaries bigroader topics and park areas

3 NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory standards,
and can consider other managermgpecified condition objectives or targets; each study indicatobe evaluated against one
or more types of logical reference conditioReference values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternativelyprcstadés that we wish to avoid or
that require a follomupr e sponse (e.g., ecological thresholds or managemen

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
andstudy indicators through a set of GIS coverages and map products.

51n addition to reporting on indicatdevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-area basis: 1) by park ecosystem/habitat types o
watersheds, and 2) for other park areas as requested.



understanding current conditions, and/or presytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status featand ar
and natural resources beyond park boundaries). Intensive aadiséfect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data
and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and informaticonfirmultiple and diverse sources. Level of

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing
data and knowledge bases across the varied study components.

The credibility of NRCA results is derivedoim the data, methods, and reference values used in the
project work, which are designed to be appropriate for the stated purpose of the project, as well as
adequately documented. For each study indicator for which current condition or trend is reported, we
will identify critical data gaps and describe the level of confidence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. Thetsdf svill be asked to assist with the selection of

study indicators; recommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights aboutrent park resource conditions, but, in many cases, their
greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame data and study needs for important park resources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practs=d for a variety of

park decision making, planning, and partnership activities.

/ Important NRCA Success Factors \

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

1 Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures / indicators / broader resource topics and park
areas)

1 Building credibility by clearly documenting the data and methods used, critical
Kdata gaps, and level of confidence for indicator-level condition findings /

However, it is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management astigiean
NRCA can do is deliver sciendmsed infomation that will assist park managers in their ongoing,

longt er m efforts to describe and quantify a park=ad



targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

repat on government accountability measutés.addition, although ktlepth analysis of the effects

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses
and data sets developed for NRCAs will be useful foreanél climatechange studies and planning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prografor example, NRCAs can provide

current condition estiates and help establish reference conditions, or baseline values, for some of a
parkoés vital signs monitor i neNP$datdiobeiptewaluate. They
current conditions for those same vital signs. In some cases, 1&M data setogperated into

NRCA analyses and reporting products.

/ NRCA Reporting Productsé\

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

9 Direct limited staff and funding resources to park areas and natural resources that
represent high need and/or high opportunity situations
(near-term operational planning and management)

1 Improve understanding and quantification for desired conditionsfort he par K6 s
Afundamental 6 and Aot her I mportanto natu
(longer-term strategic planning)

r al r

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public

&ﬁresource condition statuso reporty

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS I&M Program. For more information viski#@A Program website

5An NRCA can be useful during the development of a parkoés Res
as a posRSS project.

7 While accountability reporting measures are subject to chémgspatial and referentxased condition data provided by
NRCAs wi || be useful for most forms of fAresource condition s
of the Interior, or the Office of Management and Budget.

8Thel&M progran consi sts of 32 networks nationwide that are i mpl eme
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the National Park $3yg m.  fi V iatea bubsetiofgpiysiaal, chemical, and biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hyfétbtsed e
stressors, or elements thavie important human values.


http://www.nature.nps.gov/water/nrca/index.cfm




2. Introduction and Resource Setting

2.1 Introduction

2.1.1 Enabling Legislation
Colorado National Monument (COLM) was officialygtablishe@dn 24 May 1911 by President
William Taft. The presidential proclamation (1126) stated the following:

Whereas, in Mesa County, Colorado, the extraordinary examples of erosion are of
great scientific interest, and it appears that the public eséwould be promoted by
reserving these natural formations as a National Monument, together with as much
public land as may be necessary for the proper protection thereof (LOC 1913,
p.1681).

The area that eventually became COLM was originally includgéudf the 1868 Colorado
Ute Reservation Treaty (NPS 2005). The area was ceded in 1880 when the Utes were
relocated to Utah, and settlers began to arrive and stake agricultural claims in the Grand
Valley (NPS 2005). The area came under the managemdrd NRS with the initial
designation of approximately 5,598 ha (13,883 ac) as a National Monument (LOC 1913).
Over the years, COLM has undergone several boundary changes, with the most recent
expansion in 1978 bringing the park to its current size of §1a1@0,534c) (NPS 2005

NPS 2014a).

2.1.2 Geographic Setting

Geophysical Setting

COLM is located in northwestern Mesa County in western Colorado, near the border of Utah
(Figure 1. It is situated on the northeastern portion of the Uncompahgre Plateauihe

northern tip of this formation (Tweet et al. 2012). The majority of the park is composed of a
series of canyons and mesas formed by ephemeral streams draining into the Colorado River
(Figure2) (Tweet et al. 2012Elevations within the park rangeom 1,408 m (4,620 ft) at

the foot of the cliffs, to 2,166 m (7,107 ft) on the mesa tops (NPS 2A6¥ng the many
canyons, Monument Canyon comprises much of the northern portion of COLM, and the
entire southeastern portion includes much of No Thorougl@anyon Eigure2). The area

along the northeasteborder of COLM is referred to as the Redlands, due to the color of the
rocks (Tweet et al. 2012). The communities of Grand Junction and Fruita are located to the
east and north of the park and are safear by the Colorado River, while Glade Park is

located to the southwedtigure 3. Thelatest census figures estimating the populations of
Grand Junction, Fruita, and Mesa County are giverainie 1
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Figure 2. Canyons and ephemeral stream network at COLM.
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Table 1. Population estimates for Mesa County and municipalities. Population estimates are as of July
2013 (DOLA 2015).

Area Population Estimate
Mesa County 147,811
Fruita 12,615
Grand Junction 61,212

COLM has a semilesert upland climate characterized by very hot and dry summers and cold, dry
winters (NPS 2005). Precipitation is evenly distributed throughout the year with small peaks in the
spring,late summer and early fall (Figure 4). Average monthly precipitation is 2.47 cm (0.95 in) with
approximately 28.9 cm (11.4 in) precipitation annually (22810 period WRCC 2015). The

average snow depth during the winter is 2.5 cm (1 in) with a totalhsnowfall of 84.6 cm (33.3

in), with the heaviest accumulations usually occurring in January (NPS 2005).

Daily temperatures vary from season to season with highs abd (85 °F) in the summer to
winter lows that can drop below freezing (WRCC 20Bs)nual average daily maximum
temperature is 18.ZC (64.7°F) and the average minimum temperature i’6.243.2°F) (Figure 5
(WRCC 2015).
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Figure 4. Average monthly precipitation for the period 1981-2010 for the COLM weather station (Station
ID 051772) (WRCC 2015).
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Figure 5. Monthly temperature for the period 1981-2010 for the COLM weather station (Station ID
051772) (WRCC 2015).

Historical Climate Trends (1898012)

COLM is located in the serarid Southwest, onef the driest and hottest regions in the United

States (Garfin et al. 2014). Water is typically scarce and its availability has defined the landscape

(Garfin et al. 2014). This scarcity of water also limits plant growth (Running et al. 2004). Because

wateris such a key driver of natural and production systems, descriptions of climate variability that
are associated with drought or aridity are of particular interest. The growth and vigor of vegetation
influences physical processes such as erosion and thendygof native and domestic animals.

These are key processes to management, and to the evaluation of climate change vulnerability.

Large areasfdhe central and estern United States experienced severe droughts in the 1930s,
1950s, and late 1990s to ab@d04 (Woodhouse and Overpeck 19@®0k et al. 2004). While these
recent droughts persisted for multiple years and had profound effects on natural ecosystems and on
agricultural productiongver recent millenniaecord reveal sustained droughts thatgsted for

deca@s (Woodhouse and Overpeck 19880k et al. 2004, Meko et al. 2007, Cook et al. 2010,
Routson et al. 2011). These decalde®y droughts affecteelcologicalprocesses such as broad

patterns of fire (Brown et al. 2004), and they emphasizertilnerability of the region to

precipitation deficits. Projections of future climates includiighertemperatureandincreasd
evapdranspiration ratesr changes in precipitation thettange soil water availabiligre particularly
important in climate analyses in this NRCA.

The climate at any location is determined by factors that opatrateltiple spatial scaleét a

global scale, the Earth has experienced a general warming trend over the past century, closely
correlated with increases in the greenhouse gag&@Qure § (Walshet al. 2A.4). Global patterns

of warming are modified by very broatale teleconnections, regional and local conditions, and the
degree of warming or cooling varies geographically. Moté Redmond (2012) provide a clear and
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comprehensive review and evaluation of climate drivers at local to global scales with a focus on the
western United States.

400
58.0 380
g: e 360 g
E; | 340 =
= |
E 5
@ o
Q 57.0 320 &
5 8
®
fhed c
S 300 §
8 ek w
E—‘; ' CO, Concentration o)
280 ©
56.0 260
1880 1900 1920 1940 1960 1980 2000
Year

Figure 6. Annualaverage t emper ature measured over suddcds. Redhand Ear t hods
blue bars indicate years with temperatures above and below the 1901-2000 average, and the black line is
the trend in atmospheric CO2 concentration. Figure from Walsh et al. (2014).

Recent historical climate patterns f0©OLM were evaluated usingRISM gridded climate data.

These data are produced by the PRISM climate group at Oregon State University (Daly et al. 2002,
PRISM 2015), and the analysis was completed by the North Central Climate Science Center
(NCCSC).Over the period 1892010, the PESM data exhibited a trend towards warming for both
maximum (Tmax) and minimum (Tmin) average annual temperature, and a decline in average
monthly precipitationigure7A, B). The linear warming trends are 0@ (1.4 °F) per century for

Tmax and 0.7C (1.3°F) per century for Tmin (NCSC 2015%. These trends were determined to be
statistically significant, with ywalues of 0.0003 and 0.0004 respectively (NCCSC 2@I%jual
precipitation exhibited &2.4% per century decline, though it was determinatbtde statistically
significant Figure7C, NCCSC 2015)Another analysis shows that summer conditions over the past
10-30 years, on average, were warmer than 95% of the historical range of conditions going back to
1901 at the park (Monahan and Fisich2l14).

1 A change in temperature ofC = a change of 1.8 °F
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Figure 7. Trends in (A) maximum monthly temperature, (B) minimum monthly temperature, and (C)
annual precipitation for COLM. The linear regressions for Tmax and Tmin were significant (P < 0.001).

The dark blue line is the calculated 10-year rolling average and the light blue line is the linear trend. Data

analysis provided by NCCSC (2015).

Projected Climate Trends (2050 and 2100)

Acrossthe SouthwedRegion the annual average temperature is projected to rise B 1a13.1°C
(2.5°F to 5.5°F) by 20402070 and by 3.1C to 5.3°C (5.5°F to 9.5°F) by 207602100under the

high greenhouse gas

(RCP) 8.9Garfin et al. 2014). Temperatures are projected to have greater increases in the summer

e mi
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and fall (Garfin et al. 2014). Undan emissions pathway withsubstantial reduction in global

emissionsafter midcentury (RCP 4.5)rojected temperature increasge somewhat lower with a
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1.4°C to 2.5°C (2.5°F to 4.5°F) increase by 2042070 and a 1.8C to 3.1°C (3.5°F to 5.5°F)

increase by 207@100 (Garfin et al. 2014). In general, precipitation is projected to increase, but there
is considerable varian in projections and confidence in precipitation projections is much lower

than for temperature projections (Garfin et al. 2014).

For COLM, dimate models mject an increase in annual temperatand projections for all RGP

are indistinguishable untfter about2050 i |  ustrating the &édcommitment
change over the coming decades regardless of emissions péEigiag8A). Average annual
temperature is projected to increase®Cg2.9°F) by 2030 with a 5.°C (10.2°F) increasdy the

end of the century under RCP 8.5 (NCCSC 2015). This can be compared t€g@%’F) increase

over the period of 1982009 (NCCSC 2015). Precipitation at COLM is generally projected to
slightly increase, but there is considerable variationerpttojectiors (Figure8B). While confidence

in projections of seasonal or total precipitaitetow, the models consistently project increased
variation in both seasonal and annual precipitatsath enhanced variation in the precipitation

regime may maifest as both wetter and drier conditions, including heavier rain events and longer
droughts (Melillo et al. 2014Average monthly precipitation for COLM is projected to increase by
25 mm (0.1 in) by 2@0 and by 3.6 mm (0.14 in) bypo80 (NCCSC 2015). Pjected change in
temperature andrecipitation under various RGHs given inTable 2 Precipitation changes

projected by the climate models reflect the general tendency for warmer climates to generate
convection storms, and the projections overall sughasthe warmer seasonspring and summer

T are likely to experience an@age increase in precipitationhe climate data used in these

analyses provided no information on patterns of precipitation (e.g., drizzles vs. thunderstorms), but
general prediions are for more temperature extremes and associatecewitfenbaugh and

Ashfaq 2010JPCC 2011, Gonzales 2013).

Overall, the climate is likely to be much hotter and pkardilable moisture will likely decline due to
changes in evapotranspiratidvapotranspiration (ET) is the amount of moisture returned to the
atmosphere through the combination of evaporation and plant transpiration. Gloneatests are
concerned with two aspects of ET: actual evapotranspiration (AET) and potential evajrattiansp

(PET). As its name suggests, AET is the amount of evapotranspiration that is actually occurring. PET
is Aa measure of the ability of the atmosphere
2010, p. 741). Higher temperatures will driveager rates of evapotranspiration, thus even with an
increase in precipitation, soil water levels are projected to decrease (Cowell and Urban 2010). By the
endof the 21st century, Cowell and Urban (2010) project an increase in PET of 227 mm (8.9 in) for
the Colorado River Basin region. The projected increase in PET for the Colorado River Basin region
is nearly 10 times the projected increase in precipitation, resulting in a huge increase (176 mm [6.9
in]) in soil water deficit (Cowell and Urban 2010).

Ther ati o of AET to PET is used as an oOaridity in
to plants Evan Girvetz, The Nature Conservancy (TN&gnior Scientist,-enail communication, 7

June 2011 For example, a 0.15 decrease in this ratio eamterpreted as a 15% increase in aridity,

or 15% less moisture available for plants (Girvetmal communication, 8 June 201While

aridity is not expected to change much during the winter and summer, projections for the COLM
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region overall indicatan 813% increase in aridity (from a 194®90 reference period) duritige
fall and spring by 2050 (ClimateWizard 2014). By 2100, aridity is projected to increase by
approximately 1317% in the fall and spring under RCP 8.5 (ClimateWizard 2014).
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Figure 8. Projected (A) average annual temperature and (B) total annual precipitation from a suite of
models, driven by RCP scenarios. The solid line represents the mean of the models and shaded area
represents the 25 and 75% quartiles. Data analysis was conducted by NCCSC (2015).
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Table 2. Projected changes in average annual temperature and precipitation compared to the baseline
period of 1980-2009. The value represents the mean for all available model predictions for each RCP.
Data analysis was conducted by NCCSC (2015).

Change in Temperature Change in Precipitation
(°C) (Average mm/month)

Year RCP 4.5 RCP 6.0 RCP 8.5 RCP 4.5 RCP 6.0 RCP 8.5
1980 to 2009 0.52 3.33

2020 1.55 1.53 1.62 2.57 2.39 2.48
2040 2.34 2.17 2.77 2.73 2.73 2.76
2060 2.95 3.03 4.16 2.95 2.72 3.49
2080 3.37 3.97 5.68 3.22 3.6 3.6

To summarize, models are very consistent in projecting a much warmer clim@@Ldf.

Projections of trends in the amount of precipitation are much less certain, but the overall warming
trend is venylikely to result in greater seasonal and annual variation in the amount of precipitation.
Projected combinations of higher temperatures, little or no increase in the amount of precipitation,
and increased variation in rainfalill very likely result in more frequent shoiterm and multyear
droughts.

2.1.3 Visitation Statistics

From 2QL0to 204, COLMreceivel nearly 430,000 recreational visitors per year on average, with
most visitations occurring between May éeptembe(NPS 2015c). During thiS-yea period,
visitation peakedn 2012 with a record 45810recreational visitors (NPS 2013¢im Hartwig,

COLM Chief of Resources Management, written communication, 30 January 202614, COLM
received nearly 417,000 visitors, which was slightly belgerage over the latestygar period

(NPS 2015c). Visitation in 2015 set new records for total visitors (recreational asrdareational)
and recreational visitorgdartwig, written communicatior80 January2016). Overall 919,835 people
visited the parkn 2015, with 588,006 being recreational visitors (Hartwig, written communication,
30 January 2016). Under the current method for collecting and analyzing visitation numbers (in place
since 1978) the previous record of 780,710 total visitors was es&blisi993, and as mentioned
above, the record for recreational visitors was set in 2012 (Hartwig, written communication 30
January 2016).

Many visitors come to the park to travel Rim Raxkve (Photo 1}, stopping at pull outs to view the
incrediblemonoliths and canyons. There are 16 scenic overlooks Riomdrock Drive, as well as

several tunnels and switchback turns, making the drive a memersad#eenceKigure 3. The park

also features hiking trails, a campground, picnic areas, and the Isaadlesitor center. Hiking

trails vary in length and intensity, and provid
and encounter wildlife.
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Photo 1. Rim Rock Drive (NPS photo).

2.2 Natural Resources
2.2.1 Ecological Units and Watersheds

This area of western Colorado where COLM is located is part of the Colorado RFatpaa9)

(KellerLynn 2006). This physiographic province is an erodeskert landscape that covers parts of
Colorado, Utah, Arizona, and NeMexico (Figure 9 (KellerLynn2006). The park is situated in the
northeastern portioaf the Canyon Lands Division of the Colorado Plateau, on the northeast side of
the topographic feature known as the Uncompahgre Plateau (Lohman 1965, KellerLynn 2006, Tweet
et al. 2012). The UncompatggPlateau is a high, relatively flat elongated area that extends from
Ridgeway, Colorado in a northwesterly direction to near Cisco, Utah (KellerLynn 2006).

This area of Colorado falls withintien vi r on ment al Pr o tCelorado Platcaus g e nc y 0
Level Il Ecoregion. According to the EPA (20103p.t he Col orado Pl ateau i s f
steppe and grassland, surrounded on all sides by moister, predominately forested, mountainous

ecol ogi cal regions. 0 The EPiAtodmalleranitand COLMEc or egi o
located within the Semiarid Benchlands and Canyonlands EPA Level IV Ecorégione(10).

This Level IV Ecoregion is characterized by broad gradgub, and woodlangovered benches

and mesas (EPA 2010)he Gunnison Rier joins the Colorado River just to the east of the park, and
their drainage roughly parallels the parks eastern and northern bounBeyige11) (Tweet et al.
2012). The park is located within the Colorado Headwater Plateau Subb#se Upper Col@do
Region The park is entirely within the Big Salt Wa€lblorado River Watershed and the canyons of
the park are drained by a variety of subwatershiéidsife 11).
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Figure 10. Level IV ecoregions for COLM.
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2.2.2 Resource Descriptions

COLM preserves one of the grand landscapes in the American West (NPS 2015a). It is an area of
sheerwalled canyonstowering monoliths, and colorful formations (NPS 2015a). It is also home to a
representative example of an intact high desert ecosystem (NPS 2015a). Geologic processes,
including sedimentation, faulting, uplifting, erosion, landslides, rockfalls, arf fllaeding have
resulted in the many landforms and geologic features within the park (NPS 2015a).
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COLM has a variety of notable geologic features, including hanging canyons, rock layers that

contain a record of the geologic history of the area, andth&kpds di st i ncti ve monol |
(NPS 2015a). The tops of formations, such as pedestals and spires, are isolated, ranging from
approximately 1,70@,100 m (5,6085,900 ft) and have little soil that is accumulated through wind

(eolian) processes (Keard and Moore 2013). Canyon and monolith walls have occasional patches

of vegetation that has taken root on ledges and holes.

No Thoroughfare Canyon, one of several canyons in COLM, has rock exposures that predate the
formation of continental North Ameri€a.74 billion years old) and have been uplifted and eroded

into beautiful spires, valleys, and mesas (Tweet et al. 2012). The basement rocks of the canyon

bottoms contain a disconformity of 1.5 billion years that alludes to the significant changes to the
continental conditions and is studied throughout the extent of the Colorado Plateau Networks

(Northern Colorado Plateau Network [NCPN] and Southern Colorado Plateau Network [SCPN]); the
park serves as a key to under stewnmsdhattogpk paeer t hds d
have created the beautiful shapes and colors seen along Rim Rock Drive, the main park road. Layers

of depositional periods are eadilifferentiated in sedimentary rock faces; the color and texture are

strikingly contrasted in somereas Photo 3.

Photo 2. The layers of sedimentary rock are exposed by erosional forces along many parts of Rim Rock
Drive in the park; each horizontal layer represents a period of deposition through geologic time (Photo by
Anna Davis, SMUMN GSS).

Ecoregionally distinct vegetation communities, such asyodavth pinyonrjuniper forests, hanging
gardens and tinajas can be found within the boundaries of COLM (Von Loh et al. 2007, NPS 2015a).
Other notable vegetation communities found within the pakide riparian and wetland

communities, native grasslands, and sagebrush shrublands (Von Loh et al. 2007, NPS 2015a).
Dwarfed woodlands and sparse shrublands are the dominant vegetation types within the park (Von
Loh et al. 2007). Within these types, pimyoiniper woodland is the most widespread vegetation
community on the upper mesas of COLM (Von Loh et al. 2007). These woodlands are primarily
composed ofwo-needle pinyon pine${nus eduli¥ and Utah juniperJuniperus osteospermarees

(Von Loh et al2007). Tree canopy cover in these communities ranges up to 45%, and there is a
sparse shrub and herbaceous understory (less than 5% total cover) (Von Loh et al. 2007). Biological

20



soil crusts (BSCs) are also well developed between platiiese areas (\YoLoh et al. 2007). There
aremorepinyon pineghan junipersn terms ofdensity, largely due to high numbers of smatiyoin
pines(Kennard and Moore 2013However the junipers are by far the older of the two species. The
oldest pniper trees are estimated to be @0 years old (Kennard and Moore 20133gebrush
shrublands are dominant in areas where desgemnsoil deposits occur (Von Loh et al. 2007,
Kennard and Moore 2013). Badiig sagebrushArtemisia tridentatassp.tridentatg, Wyoming big
sagebrushA. tridentatassp.wyomingensis andblack sagebrushA{ nova are the most common
species found in these communit{®®n Loh et al. 2007)Mixed salt desert scrub is distributed in
patches throughout the park and soaleliant on BSCs (Von Loh et al. 2007).

Riparian habitat occurs along dry washes where seeps, springs, and intermittent flows during rain

events support diverse biota (Von Loh et al. 2007). The riparian zones stand out against the more

barren, rocky lad adjacent to them, with tall cottonwoods visible from the mesa tops; these habitats

are crucial to the ecology within COLM (Von Loh
canyon walls arenesophytic plant communities that establish upon seeps andsstirat lack actual

surface flow (May et al. 1995). Water fed to these miwbitats comes from seeps and springs

within the bedrock (capillary fringe) and are isolated from the surrounding plant commuvigies (

etal. 1995 . The name dbésaribey thenbghagoa of vbgetation which hangs from the

roots, hugging the wetted surface of the cliff
creates a shelter from the otherwise arid climsltay(etal. 1995 . Ti naj as ar e fephem
pockets or scour pools in the American Sout hwes

waterfalls that are fed by seeps and springs that achieve streamflow during big rain events or melting
periods (Osterkamp 2008).

BSCs are a valued featuredrfyland ecosystems such as the Colorado Plateau (Belnap et al. 2008).
BSCs are composed of intertwined communities of lichens, mosses, and cyanobacteria (Belnap et al.
2008). These communities, along with green algae and microfungi, hold eolian silhdnd pkace,
creating slowgrowing bacterial mats (NPS 2015b). Soil crusts are an essential part of the ecosystems
where they occur, influencing soil stability, soil fertility, local hydrology, and soil biodiversity

(Belnap et al. 2008). Simply stated, ylweate an environment that facilitates the germination of

seeds from a variety of plants (NPS 2015b). Due to their fragile;@lowing nature, measures are
needed to avoid damaging these soil crusts (NPS 2015b).These measure®daatiag visitors

on the delicate nature of the soilists angbosting signs instructing hikers to stick to the established
trails (NPS 2015h)

COLM supports a variety of mammals, occupying various habitats. Common species include the
desert cottontail§ylvilagus audubar), mule deer@docoileus hemionyisbats (Order Chiroptera),
and many small mammals. Visitors occasionally spot coy@asi¢ latrans Photo 3, bighorn sheep
(Ovis canadensjsand gray foxesl{rocyon cinereoargentey$NPS 2014b).
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Photo 3. A coyote at COLM (NPS photo).

There are many resident, migratory, and breeding bird species that occur in COLM and rely on park
resources for survival. COLM is recognized as an Important Bird Area (IBA) by the National
Audubon Soci ety nyoN@nHerwoodlamehakita is largety intadt and provides a
valuable research opportunity in a protected setting (NAS 2013). Falcons, hawks, and owls of various
species are found in COLMO6s habitats asanwel |l as
attractive scene for bird enthusiasts.

Paleontological resources are present at COLM, and all the formations with the exception of the
Proterozoic units and the Dakota Formation, contain foS&ilsle 3. The Dakota Formation is
included as a sourcé fossils found based on the descriptions of Scott et al. (2011). Certain rock
layers are considered most likely to bear fossils. The fbssiting sedimentary units found in

COLM are listed by age, formation name, and depositional environm&abie3.

Table 3. The geology of COLM is rich in fossil-bearing sedimentary rock formations (recreated from
Tweet et al. 2012).

Formation Age Fossils found in COLM Depositional Environment
Quaternary Pleistocene- Plant fossils, a mammoth or mastodon  Alluvial, eolian, fluvial, and landslide
Sediments Holocene tooth, bones of nine other mammal and deposits

bird taxa, and packrat middens
Dakota Earlyi Late Possibly plant fossils, root traces, and  Terrestrial (especially fluvial)
Formation Cretaceous invertebrate traces becoming shallow marine over time
Burro Canyon Early Petrified wood, root traces, invertebrate Fluvial, floodplain, and lacustrine
Formation Cretaceous traces, and dinosaur bones settings
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Table 3 (continued). The geology of COLM is rich in fossil-bearing sedimentary rock formations
(recreated from Tweet et al. 2012).

Formation Age Fossils found in COLM Depositional Environment
Morrison Late Jurassic Bivalves, gastropods, horseshoe crab  Fluvial, floodplain, and lacustrine
Formation traces, a lungfish tooth plate, bones of  settings

turtles, crocodile relatives, and
dinosaurs, and a pterosaur footprint

Wanakah Middle Jurassic Invertebrate traces and possible Mud flats and/or shallow lakes
Formation pterosaur feeding traces
Entrada Middle Jurassic Bioturbation Coastal dunes and sand flats
Sandstone
Kayenta Early Jurassic Local bioturbation and two bones Primarily fluvial settings
Formation
Wingate Late Triassici Bioturbation from roots and burrows, Desert with large eolian sand dunes
Sandstone Early Jurassic  and tracks of dinosaurs, other reptiles,

and mammal relatives
Chinle Late Triassic Root traces, invertebrate traces, and Fluvial, floodplain, and lacustrine
Formation rare bones settings, becoming drier over time

COLM encompasses some 8,094 ha (20,000 ac) of which approximately 6,070 ha (15,000 ac) has
been identified or proposed wilderness Figure 13 (NPS 2015a). The origingkoposal in January

1976 submitted a recommendation to Congress to
rugged canyons as wilderness (NPS 1978). In January 1978, the NPS submitted a revised
recommendation that expanded the proposed wildeameaso 5,602 ha (13,842 ac) and included an
additional 379 ha (937 ac) be reserved as potential wilderness (NPS 1978). While the designation is
still under consideration, the proposed area is managed under NPS policy as wilderness (NPS 2015a).
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Figure 12. Location of proposed wilderness area within COLM.

2.2.3 Resource Issues Overview

Climate change is an issue that will affect not only naturdlcultural resources within COLNbut

also visitation patterns (Fisichelli et al. 201Bhe recentrapidchgnes i n Eart hés <c¢l i ma
documented and include such impacts as significant increases in average temperatures and

precipitation in the last 50 yeaiss well asncreased incidence of extreme weather events (e.qg.,

extended drought, heavy rainstorn(§)CC 2007. These climatic shifts have already been linked to
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a number of impacts to natural systems, including such phenological changes as earlier onset of plant
greenness, earlier insect emergence and flowering of plants, shifts in the onset odmeght
breeding seasons, and changes in geographic ranges (summarized in Stein and Glick 2011).

In order to develop meaningful conservation strategies, managers must understand the wide range of
impacts, risks, and uncertainties associated with projetitedte changes, and try to estimate the

relative vulnerability of different ecosystems and species to these projected changes. For instance,
more vulnerable species and systems are more likely to experience greater impacts from climate
change and would qeiire a greater effort in conservation planning, while less vulnerable species and
systems will be less affected, or may even benefitntiaigrequire less intensive conservation
planningrelative to a changing climat®anaging for such changes in natugstems is rapidly

becoming a priority for conservation agendas.

The control of nomative and invasive plant species is a high priority for the NPS (Perkins 2014).
They are a significant threat to maintaining the integrity of natural ecosystems aodiversity

(Scott and Wilcove 1998, Perkins 2014). Nmative and invasive species monitoring has been
conducted at COLM since 2003 (Perkins 2014). This monitoring is based on a priority species list
developed by the NCPN and park staff (Perkins 2014)direws are trained to conduct a focused
search for the priority species, rather than for every possible invasive species (Perkins 2014).

Monitoring of invasive exotic species (IEPs) based on this priority list allows for the comparison

across multiplewvey years; however, the priority (or targeted species) in 2003 was different than

for the 20092013 surveys (Perkins 201490LM is part of a longerm monitoring program for IEPs
developed by the NCPthatfocuses on early detectioRdrkins 2011 Thefirst survey of IEPs in

the park was conducted in 2008 Dewey and Anderson (2003)he initial survey in 2003 detected

15 IEP species (Dewey and Anderson 2005). Since the 2003 survey, there have been three IEP
monitoring surveys (2009, 2011, and 201BE honnative species detected each year are shown in
Table4. In the 2009, 2011, and 2013 field seasons, 16, 22, and 14 species were detected, respectively
(Perkins 2010, 2012, 2014

Table 4. IEP species that have been detected in COLM. Priority species are in bold.

Dewey and Perkins  Perkins  Perkins
Scientific Name Common Name Anderson (2005)  (2010) (2012) (2014)
Acroptilon repens Russian knapweed X X X
Agropyron cristatum crested wheatgrass X
Alyssum desertorum desert madwort X
Arctium minus burdock X
Asparagus spp. asparagus X
Bassia sieversiana summer cypress X
Bromus inermis smooth brome
Bromus tectorum cheatgrass X X X X
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Table 4 (continued). IEP species that have been detected in COLM. Priority species are in bold.

Dewey and Perkins  Perkins  Perkins
Scientific Name Common Name Anderson (2005) (2010) (2012) (2014)
Cardaria latifolia broad-leaf pepperwort X X
Carduus nutans musk thistle X
Centaurea solstitialis yellow starthistle X
Cirsium arvense Canada thistle X
Cirsium vulgare bull thistle X X

Conium maculatum

poison hemlock

Convolvulus arvensis field bindweed X X X
Cylindropyrum cylindricum  jointed goatgrass X
Elaeagnus angustifolia Russian olive X X
Erodium cicutarium redstem stork's bill X
Halogeton glomeratus saltlover

Halogeton glomeratus halogeton X
Lactuca serriola prickly lettuce X

Medicago sativa alfalfa

Melilotus officinalis yellow sweetclover X X X
Orthoceras spp. bur buttercup

Poa bulbosa bulbous bluegrass

Rumex crispus curly dock X

Salsola kali Russian thistle X X X
Sisymbrium altissimum tall tumblemustard X

Tamarix ramosissima saltcedar X X X
Tragopogon dubius yellow salsify X X X
Ulmus pumila Siberian elm X X
Verbascum thapsus woolly mullein X X X
Populus alba white poplar X

Dewey and Anderson (2005) conducted-mative plant surveys along routesGiold Star Canyon,
Monument Canyon, No Thoroughfare Canyon, and Ute Camankins (20022014)surveyed those
canyons as well as Columbus Canyon, Kodels Canyon, Red Canyon, Wedding Canyon, East Glade
Park Road, and Rim Rock Drive South.

Results of the most recent survey (conducted between 31 July and 16 August 2013) showed for the
areas that have bemonitored in all years, Russian oliel§eagnus angustifol)adeclined to its

lowest levels in 2013pllowing increases in the two previous surve38d9 and 2011(Perkins

2014). The occurrence of Russmalive infestations dropped by 77% between®@hd 2013, and
declined on every route that was monitored in all yéReskins 2014). SaltcedaFgdmarix
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ramosissim@has also declined over the period, wihr infestations in 201@erkins 2013)This
representedn 81% reduction in tamarigkamarixspp.)infestations since 2011, and a 96%

reduction since 200@erkins 2014). The decline in saltcedar is likely due to manual control efforts
by seasonal park staff and volunteers (Perkins 2014). The park expects to expand these efforts to
include Russia olive in the near future (Perkins 201¥ellow sweetclove(Melilotus officinalig

(added to the priority list in 2011) exhibited an increase in number of infestations between 2011 and
2013 (Perkins 2014). It is unclear if this is due to actual chand&® presence or if it reflects
environmental variation (e.g., varying weather could favor certain species) and/or slight differences
in the timing and focus of surveyBhe frequency of cheatgra®®r¢mus tectorumoccurrences has

been variable, ranginigom 1% of transects surveyed in 2009 to appearing in 68% of transects in
2011 (Perkins 2014). This increase between the 2009 and 2011 surveys was likely due to the wet
spring in 2011 (Perkins 2014). In the latest survey (2013), the frequency of cheatgnasences
declined to 48% (Perkins 2014).

Concerted control efforts by park staff have been instrumental in reducing the infestations of priority
species, both in number of infestations and aerial extent. Currently this program is no longer funded,
andlack of another viable program to fund future efforts is a major threat to maintaining this
decrease in IEP infestations within the park (Hartwig, written communication, 30 January 2016).

Under the historic fire regime, fires were likely infrequent andilttensity The study conducted by
Kennardand Mooreg(2013) estimated that significant fires oaaatanywhere from 588 t0,428

years apart. Small, isolated fires at CObaM common; park staff describe the ofteen single tree

burning caused by lighiimg strike, explaining that these small fires tend to stay isolated to one tree
unless there are high winds that can blow sparks to a nearby tree. This phenomenon is indicative of

the park having the persistent typepaiyonjuniperwoodlandswith low fire frequency, awas

observed in the evidence of past fires in KenmendMooré s ( 2013) survey. Lack
fuels aml open canopy stands contribtethislow frequencyfire ecology where soil is thin to nen

existent and inhibitgrowth of fuels.The introduction of nomative species, especially cheatgrass,

creates a fuel source to spread fire, and the potential to alter the natural fire regime.

The park does not limit foot travel to established trdités has led to the creation of an extensive
social trail network (Hartwig, written communication, 18 November 2015). These social trails are
found across all habitat types within the park, and increasing visitor use of these trails can lead to
trampling of vegetation and potentially to an increaserosion rates. Both of these factors can
eventually lead to loss of habitat. An increase in recreational climbing within the park is another
potential source of visitor impact to resources that is of a concern to park resource managers. This
activity isa major threat to hanging garden vegetation and otheffatié vegetation communities as
well as to the wildlife species such as bats and raptors that use thetscebff

Some of the parkds canyon ar eas Wisonl@soyhatr t i cul ar
grazed there from the 1930s until the 1980s (KellerLynn 2006). The bison were initially introduced

in an effort to attract visitors to the park (K
negative impacts on sagebrush, scrub,gigasl vegetation communitiesd the seep and spring
communitiefWasser 1977). For example, species such as fourwing salésnghei canescerns
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and some native grasses appeared to decrease under grazing pressure (WasSeméasive

speciessuch as cheatgraasd saltcedaseemed to increases it appears the bis@novided a vector

for their introduction into the vegetation comm
2006).The bison also disturbed BSCs and compacted sasigltireg in reduced water infiltration

rates (Wasser 1977, KellerLynn 20085 the main source of water in the park, the bison also

disturbed the seeps and springs communities through trampling of vegetation and soil compaction.

The lingering impacts of th bison grazing on the canyon communities they inhabited have not been
assessed.

2.3 Resource Stewardship
2.3.1 Management Directives and Planning Guidance

COLM is part of the National Park System, and is preserved for having a natural resource in
the form of grand geologic, ecologic, and historical value to the people (NPS 2005). The NPS
General Management Plantlines the current mission and purpose of Gds follows:

Mission - Bold, big, and brilliantly colored, the steepalled canyons and towering masses

of naturally sculpted rock provide an introduction to the red rock country of the Colorado
Plateau. Easily accessible, Colorado National Monument gdes/awenspiring vistas and
opportunities for solitude and personal connection to the cultural and natural heritage of the
Grand Valley of western Colorado. The National Park Service will work in a spirit of
partnership and collaboration to promote thedenstanding, appreciation, and protection of
this national treasuréNPS 2005)

Purpose- The purpose of Colorado National Monument is to provide for the understanding,
preservation, and enjoyment of the extraordinary erosional, geological, and historical
landscapes of great scientific interest, the Rim Road, and all other natural and cultural
resources for present and future generations (NPS 2005).

2.3.2 Status of Supporting Science

The NCPNidentifies key resources netwewkide and for each of its parkisat can be used to
determine the overall health of the parks. These key resources are called Vital 2GS, the
NCPNcompldged and released a Vital Signs monitoringpO 6 De | | g. Table bshow=tie0 5
network vital signs selected for monitog in COLM.

Table 5. NCPN Vital Signs selected for monitoring in COLM (O6 De | | e)t Bold indicates ¥itals
Signs that currently are or will be monitored by the NCPN. Italics indicate Vital Signs being monitored by
a network park, another NPS program, or another federal or state agency, using other funding.

Category NCPN Vital Signs

Air and Climate Air quality (ozone, wet and dry deposition, visibility and particulate matter),
weather and climate

Geology & Soils Stream/ river channel characteristics, soil function and dynamics
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Table 5 (continued). NCPN Vital Signs selected for monitoring in COLM (O6 De | | e)Boldl . 2005
indicates Vital Signs that currently are or will be monitored by the NCPN. Italics indicate Vital Signs being
monitored by a network park, another NPS program, or another federal or state agency, using other

funding.

Category NCPN Vital Signs

Water Water chemistry, ground and surface water dynamics, aquatic
macroinvertebrates and algae

Biological Integrity Invasive/exotic plants, insect pests, animal diseases, riparian
communities, freshwater communities, grassland vegetation, shrubland
vegetation, amphibians, birds, bats, predominant plant communities,
threatened and endangered species (T&E) (e.g., peregrine falcon) and T&E
plant populations

Human Use Consumptive use, non-point source human effects, visitor usage

Ecosystem Pattern and Processes  Fire and fuel dynamics, land cover and use, night sky, soundscape,
nutrient dynamics, productivity
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3. Study Scoping and Design

ThisNRCAi s a col |l aborative project between the NPS
Geospatial Services (SMUMN GSS). Project stakeholders include@h® resource management

team and NCPN Inventory and Monitoring Program staff. Before embarking on the project, it was
necessary to identify the specific roles of the NPS and SMI@®#S. Preliminary scoping meetings

were held, and a task agreem@ssued agaist the Pacific Northwest Cooperative Ecosystem

Studies Unit [PNW CESU] and Joint Venture Agreement H8W07110a0d)a scope of work

document were created cooperatively between the NPS and SMUMN GSS.

3.1 Preliminary Scoping

3.1.1 Natural Resource Condition Assessment

A preliminary scoping meeting was held bix13 Decembe2013 At this meeting, SMUMN GSS
and NPS staff confirmed that the purpose of the NRCA was to evaluate and report on current
conditions, critical data and knowledge gaps, and selecteihgxdmd emerging resource condition
influences of concern t60OLM managerskollowing NRCA program guidance, this NRCA,
includesthe following:

1 Condition assessments are conducted using existing data and information;
1 Identification of data needs and gapsiriven by the project framework categories;
1 The analysis of natural resource conditions includes a strong geospatial component;
1 Resource focus and priorities are primarily driverQ)LM resource management.
This condition assetirstmemeto pervoavliudaetsi oan fosfn atphseh oc o r

park natural resources that were identified and agreed upon by the project team. Project findings will
aid COLM resource managers in the following objectives:

1 Develop neaterm management prioriti¢bow to allocate limited staff and funding
resources);
Engage in watershedr landscapecale partnership and education efforts;
Consider new park planning goals and take steps to further these;
Report program performance (e.g., Department of Intetior &t egi ¢ Pl an Al and
Government Performance and Results Act [GPRA]).
Specific project expectations and outcomes included the following:

1 For key natural resource components, consolidate available data, reports, and spatial
information from apppriate sources includin@OLM resource staff, the NPS Integrated
Resource Management Application (IRMA) webshi®S 1&M Vital Signs program, and
available thirdparty sources. The NRCA report will provide a resource assessment and
summary of pertinerdata evaluated through this project.
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1 When appropriate, define a reference condition so that statements of current condition may
be developed. The statements will describe the current state of a particular resource with
respect to an agreed upon referenziatp

T Clearly identify (e thesgdatmeelavantto thd keyiresauilces). d at a
This will drive the data mining and gap definition process.

1 Where applicable, develop GIS products that provide spatial representation of resource data,
ecdogical processes, resource stressors, trends, or other valuable information that can be
better interpreted visually.

T Utilize fAgray I|iteratureo and reports from t

3.1.2 Climate Change Vulnerability Assessment Pilot Study

The NPS is considering strategies to integrate climate change resource vulnerability into the park
NRCAs. In March 2014, NPS partnered with SMUMN GSS to implement a pilot project to assess the
feasibility of slightly modifying existing NRCA project scopesaccommodate an assessment of
resource vulnerability to climate change. Téifort wascollaborationbetweerthe SMUMN GSS

Principle Investigator (Plor the COLMNRCA project, the NPS involved principles (including the
Climate Change Response Progf@€RP]), the NRCA Program, the NRCAgional coordinators,

COLM staff, and the North Central Climate Science Center (NCCSC).

The pil ot waestogeekcreéafive apgraaehks to considering climate change vulnerabilities
in the context oA NRCA prgect. A number of orgoing NRCA projects were included in this pilot,

SO n order to provide comparative assessments; a fundamental general approach was developed
Each NRCA project in the pilot study ustx following basic criterigo assess resource

vulnerability to climate change

1 Information about modeled and downscaled climate change data needed to assess
vulnerabilitywasdeveloped using existing resources through the NCCSC, th&CSRE,
and the NPS I&M program;

9 Discussion with park resource manegggasconducted to identify park species, habitats,
processes, communities, or landscapes viewed as most significant, iconic, or best indicator of
park resource vulnerability;

1 Climate change vulnerability assessments (CCVA) for selected park resouocessps, or
landscapes was completed using national, regional, or local scale readily available
information, literature searches, and discussion with park resource experts or others deemed
relevant to this determination.

The overall expectations and outa®wrf the pilot project included the following:
Minimally impact the ongoing NRCA
Implemenedas a qualitative process

Inform the need or urgency to conduct a formal park resource CCVA

= =4 =4 =4

Inform the feasibility and potential benefits of integrating a CGita the NRCA process.
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3.2 Study Design for Natural Resource Condition Assessment

3.2.1 Indicator Framework, Focal Study Resources and Indicators

Selection of Resources and Measures

As defined by SMUMN GSS in the NRCApagkorocess, a
preserve. This framework is a way of organizing, in a hierarchical fashiegebjghysical resource

topics considered important in park management efforts. The primary features in the framework are
key resource components, measures, stresswigeference conditions.

AComponentso in this process are defined as nat
ecological processes or patterns (e.g., natural fire regime), or specific natural features or values (e.g.,
geological formationshiat are considered important to current park management. Each key resource
component has one or more fAimeasureso that best
assessed in the NRCA. Measures are defined as those values or characterizadeak gtatand

guantify the state of ecological health or integrity of a component. In addition to measures, current
condition of components may be influenced by ce
assessment. A fs tyagerdthal imgoses advese changes upona somponent.

These typically refer to anthropogenic factors that adversely affect natural ecosystems, but may also
include natural processes or disturbances such as floods, fires, or predation (adapted from GLEI

2010).

During the NRCA scoping process, key resource components were identified by NPS staff and are
represented as fAcomponentso in the NRCA framewo
comprehensive list of all the resources in the park, it incluesurces and processes that are unique

to the park in some way, or are of greatest concern or highest management pr@@tyMn

Several measures for each component, as well as known or potential stressors, were also identified in
collaboration with NP3esource staff.

Selection of Reference Conditions

A Areference conditiono is a benchmark to which
can be compared to determine the condition of that component. A reference condition may be a

historical conditon (e.g., flood frequency prior to dam construction on a river), an established

ecological threshold (e.g., EPA standards for air quality), or a targeted management goal/objective

(e.g., a bison herd of at least 200 individuals) (adapted from Stodddr@@0&).

Reference conditions in this project were identified during the scoping process using input from NPS
resource staff. In some cases, reference conditions represent a historical reference before human

activity and disturbance was a major driver of ecologicalpul at i ons and {fireocesse
suppressi on. 0 -reviewed litdrature ard acelegeal thrpsbokds helped to define

appropriate reference conditions.

Finalizing the Framework

An initial framework was adapted from the organiza#l framework outlined by the H. John Heinz

I'1l Center for Scienceb6s fiState of Our Nationés
resources for the park were adapted ftbenNCPN Vital Signs monitoring pla@@© De |l | ¢g.t al
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This initial framewok was presented to park resource staff to stimulate meaningful dialogue about
key resources that should be assesSeghificant collaboration between SMUMN GSS analysts and
NPS staff was needed filocus the scope of the NRCA project and finalize the fraonie of key
resources to be assessed.

The NRCA framework was finalized March 2014 followingacceptance from NPS resource staff.
It contains a total 021 componentsKigure 13 andwas used to drive analysis in this NRCA. This
framework outlines the ecoponents (resources), most appropriate measures, known or perceived
stressors and threats to the resources, and the reference conditions for each component for
comparison to current conditions.
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NATIONAL
s

al Monument

Biotic Composition

Pinyon-juniper
Woodlands/Savannas

community extent and change over time,
percent cover biological soil crusts, percent
bare ground, community composition, trends in
invasive infestation, soil stability

exotic invasive species, unnatural fire regimes,
trails (authorized and unauthorized), drought

Current pinyon-juniper woodlands on the mesa
tops in the middle of the monument

Sagebrush Shrublands/Shrub
Steppe

community extent and change over time,
percent cover biological soil crusts, percent
bare ground, community composition, trends in
invasive infestation, soil stability, canopy gap
size

exotic invasive species (cheat grass), unnatural
fire regime, trails (authorized and unauthorized),
drought, regional climate change

Within the natural variability of the current
system, particularly in the center of the
monument away from the boundary (currently
a data gap)

Riparian Habitats/Large dry
washes (including
cottonwoods)

community extent and change over time,
community composition, trends in invasive
infestation, cottonwood regeneration, channel
geomorphology, frequency and discharge of
flash floods

exotic invasive species, trails (authorized and
unauthorized), channelization outside park
boundaries, regional climate change

Condition of riparian habitats prior to regional
settlement

Seeps and Springs and Tinaja
Babitats

vegetation community extent and change over
time, vegetation community composition,
trends in invasive infestation, water quality,
discharge

exotic invasive species, drought, development in
surrounding communities (groundwater
withdrawal and wastewater contamination), trails
(authorized and unauthorized)

Condition of seeps, springs, and tinajas prior
to regional settlement

Mixed Salt Desert Scrub/Semi-
desert Grassland

community extent and change over time,
community composition, trends in invasive
infestation, soil stability, percent cover
biological soil crusts, percent bare ground

exotic invasive species (cheat grass), unnatural
fire regime, trails (authorized and unauthorized),
drought, regional climate change

Condition of mixed salt desert scrub and semi-
desert grassland prior to regional settlement

Canyon Walls and Monolith
Vegetation Communities

community extent and change over time,
community composition

exotic invasive species, recreational climbing,
proximity of road to habitat, graffitti, regional
climate change

Condition of this communities prior to regional
settlement

Montane shrubland

community extent and change over time,
community composition, trends in invasive
infestation, soil stability, percent cover
biological soil crusts, percent bare ground

exotic invasive species (cheat grass & crested
wheatgrass), unnatural fire regimes, trails
(authorized and unauthorized), drought, regional
climate variation

Figure 13. Colorado National Monument natural resource condition assessment framework.

Within the natural variability of the current
community (currently a data gap)
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Biotic Composition

Herptiles

Birds

amphibian richness, amphibian abundance,
amphibian distribution, reptile richness, reptile
abundance, reptile distribution

summer breeding bird richness, year-round
bird richness

roadway mortality, habitat loss, regional climate
change, drought, disease, visitor/human impacts
(social trails), potential invasion of bull frogs

land cover change, habitat degradation and
fragmentation, regional climate variation,
predation by domestic/feral cats

2002 herpetofauna inventory

Undefined

Raptors

Small Mammals

raptor richness, abundance, productivity,
number of active nest sites

species richness, abundance, distribution

climbing activity disrupting nesting, recreation
disturbance

vehicle traffic, roadway mortality, drought,
regional climate change, feral/domestic cats,
disease, habitat loss

Undefined

1964 report on the distribution of mammals
within COLM

Mountain Lion

abundance, distribution, reproductive success

hunting (outside COLM boundary), conflicts with
local landowners (ranchers), habitat loss (outside
of COLM), negative impact of roads,
encroachment of human activities

NPS historical reports (1939-1962)

Bighorn Sheep

abundance, distribution, reproductive success

vehicle traffic, visitor activity, disease/parasites
from domestic sheep, natural predators, hunting
(outside COLM)

1995 CPW desert bighorn sheep management
plan

Kit Fox

abundance, distribution, reproductive success

roads and vehicle mortality, habitat loss and
fragmentation, off-road recreation

CPW trapping harvest numbers (1975-1991)
and statewide population (c. 1996)

Bats

species richness, abundance, number of
hibernation/roost sites, number of maternity
sites

likely some threatened and endangereds,
disease potential, habitat loss, pesticides,
collisions, disturbance from climbers

Figure 13 (continued). Colorado National Monument natural resource condition assessment framework.

Undefined exept for species richness and
abundance data from 1989 and 1994 bat
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Environmental Quality

Air Quality

Monument

atmospheric deposition of sulfur/nitrogen,
ozone, particulate matter, visibility,
atmospheric deposition of mercury

oil and gas development, vehicle emissions,
smoke from wildfire and woodburning stoves,
visibility impacts from haze and inversions

NPS ARD ratings for air quality conditions
base don ecosystem thresholds and visibility
improvement goals

Dark Night Skies

sky glow from anthropogenic light, light
pollution ratio for horizontal and vertical
luminance, average sky luminance, vertical
illuminance, Bortle Class/Zenith Limiting
Magnitude, Unihedron Sky Quality Meter

existing lighting structures and other sources of
anthropogenic light (within the surrounding area)

Dark night sky conditions during presettiement
of the region (The ratio of anthropogenic
hemisphere illuminance to natural hemisphere
illuminance does not exceed 20%)

Viewscape

noncontributing structures visible from within
the recommended wilderness area, immediate
viewscape at points along Rim Rock Drive

urban development, radio towers on adjacent
lands, haze, management activities not
contributing to immediate viewscape along Rim
Rock Drive, commercial vehicle traffic

Viewscape at time of park creation (1911)
from Rim Rock Drive and the overall grand
viewscape

Soundscape and Acoustic
Environment

Physical Characteristics

Paleontological Resources

occurrence of human-caused sound (loudness
and percent of time audible), occurrence of
human-caused sound within and outside of
proposed wilderness area

changes in specimen abundance at localities,
documentation and inventory of paleontological
sites in the park, incidence of theft, amount
paleontological resources eroded out each
year, erosion rate at paleontological sites

vehicle traffic, overflights from air traffic

erosion, weathering, regional climate change,
theft, vandalism, recreation impacts (climbing)

Natural ambient sound level (environment of
sound that would exist in the absence of
anthropogenic-caused noise)

Undefined

Geologic Features and
Processes

changes in rates of erosion, frequency of rock
falls or slides, frequency of heavy rain and
sustained wind events, frequency and

regional climate change (extreme weather
events), vistior activities, park management
activities

Figure 13 (continued). Colorado National Monument natural resource condition assessment framework.
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3.2.2 Reporting Area
Unless specifically noted, the current condition summaries describe the condition of the resource
within the boundaries of COLM.

3.2.3 General Approach and Methods

This study involved gathering and reviewing existing literature and data relevant to each of the key
resource components included in the framework. No new data were collected for this study; however,
where appropriate, existing data were further analyzedtods summaries of resource condition or

to create new spatial representations. After all data and literature relevant to the measures of each
component were reviewed and considered, a qualitative statement of overall current condition was
created and congped to the reference condition when possible.

Data Mining
The data mining process (acquiring as much relevant data about key resources as possible) began at

the initial scoping meeting, at which time COLM staff provided data and literature in multipis, for
including: NPS reports and monitoring plans, reports from various state and federal agencies,
published and unpublished research documents, databases, tabular data, and charts. GIS data were
also provided by NPS staff. Additional data and literatureevaequired througbubject matter
expertsonline bibliographic literature searches and inquiries on various state and federal government
websites. Data and literature acquired throughout the data mining process were inventoried and
analyzed for thoroughass, relevancy, and quality regarding the resource components identified at

the scoping meeting.

Data Development and Analysis

Data development and analysis was highly specific to each component in the framework and
depended largely on the amount of infation and data available for the component, as well as
recommendations from NPS reviewers and sources of expertise including NPS staff from COLM and
the NCPN. Specific approaches to data development and analysis can be found within the respective
componenassessment sections located in Chapter 4 of this report.

Scoring Methods and Assigning Condition

Significance Level

A set of measures are useful in describing the condition of a particular component, but all measures

may not be equalfliycamperltawnel 0 Ar éiBri@ganeént s a num
scalefom13) of the i mportance of each measure in as
Significance Leveak defined inTable6. This categorization allows measures that are more important

for determining condition of a component (higher Significance Level) to be more heavily weighted in
calculating an overall condition. Significance Levels were determined for each component measure

in this assessment through discussions with park stafbaadtside resource experts.
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Table6.Scal e f or 8ignificareces Levelanddstermining a components overall condition.

Significance Level (SL) Description

1 Measure is of low importance in defining the condition of this component.
2 Measure is of moderate importance in defining the condition of this component.
3 Measure is of high importance in defining the condition of this component.

Condition Level

After each component assessment is completed (including any possible data analysis), SMUMN GSS
analysts assign@ondition Levefor each measure on a3integer scalelable?). This is based on

all the available literature and data reviewed for the aamapt, as well as communications with park

and outside experts

Table 7. Scale for Condition Level of individual measures.

Condition Level (CL) Description

0 Of NO concern. No net loss, degradation, negative change, or alteration.

1 Of LOW concern. Signs of limited and isolated degradation of the component.

2 Of MODERATE concern. Pronounced signs of widespread and uncontrolled
degradation.

3 Of HIGH concern. Nearing catastrophic, complete, and irreparable degradation of the
component.

WeightedCondition Score
After the Significance Level§SL) andCondition LevelgCL) are assigned, Weighted Condition
Score(WCS) is calculated via the following equation:

I_I (3 ”n wr ”"n
B YuZ0 U

wo Y = —
ozB YU

The resulting WCS value is placed into one of three possible categgdedcondition (WCS = 0.0

1 0.33); condition of moderate concern (WCS = 0.8466); and condition of significant concern

(WCS =0.67 to 1.00)lable 8displays the potential graphicsusedd r epr esent a compo
condition in this assessment. The colored circles represent the categorized WCS; red circles signify a
significant concern, yellow circles a moderate concern and green circles that a resource is in good
condition. White circlesire used to represent situations in which SMUMN GSS analysts and park

staff felt there were currently insufficient data to make a statement about the condition of a

component. For example, condition is not assessed when no recent data or informatiaiteéte,av
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as the purpose of an NRCAmea o afo cpurorve ndte rae siicsunracpe
arrows inside the circles indicate the trend of the condition of a resource component, based on data

and literature from the pastI® years, as wells expert opinion. An upward pointing arrow indicates

the condition of the component has been improving in recent timesiZohtal arrow indicates an
unchangingcondition or trend, and an arrowipting down indicates deterioratiamthe condition of

a component in recent times. These are only used when it is appropriate to comment on the trend of
condition of a component. I n situations where t
unknown, no arrow is given.

Table 8. Description of symbology used for individual component assessments.

Confidence in

Condition Status Trend in Condition Assessment
Resource is in Good o . .
Condition ﬁ Condition is Improving High
Warrants <:> L . .
Moderate Concern Condition is Unchanging Medium

_ Warants Condition is Deteriorating [ i Low
Significant Concern

- ~
’ ~
’
\
1
1
AY ‘7
~ ’
~ -

Examples of how the symbols should be interpreted:

Resource is in good condition, its condition is improving, high confidence in the
assessment.

confidence in the assessment.

Condition of resource warrants significant concern; trend in condition is unknow
not applicable; low confidence in the assessment.

@ Condition of resourcevarrants moderate concern; condition is unchanging; medi

. Current condition is unkmen or indeterminate due to inadequate data, lack of
/ , reference value(s) for comparative purposes, and/or insufficient expert knowled
% J/ reach a more specific condition determination; trend in condition is unknown or
applicable; low confidence in thesessment.
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Preparation and Review of Component Draft Assessments

The preparation of draft assessments for each component was a highly cooperative process among
SMUMN GSS analysts and COLM and NCPN staff. Though SMUMN GSS analysts rely heavily on
peerreviewed literature and existing data in conducting the assessment, the expertise of NPS
resource staff also plays a significant and invaluable role in providing insights into the appropriate
direction for analysis and assessment of each componeaststép is especially important when data

or literatures are limited for a resource component.

The process of developing draft documents for each component began with a detailed phone or e
mail conversation with an individual or multiple individuals coesétl local experts on the resource
components under examination. These conversations were a way for analysts to verify the most
relevant data and literature sources that should be used and also to formulate ideas about current
condition with respect to tHePS staff opinions. Upon completion, draft assessments were forwarded
to component experts for initial review and comments.

Development and Review of Final Component Assessments

Following review of the component draft assessments, analysts used the fexdack from

resource experts to compile the final component assessments. As a result of this process, and based
on the recommendations and insights provided by COLM resource staff and other experts, the final
component assessments represent the mestrdgland current data available for each component

and the sentiments of park resource staff and outside resource experts.

Format of Component Assessment Documents
All resource component assessments are presented in a standard format. The formatanedogtru
these assessments is described below.

Description

This section describes the relevance of the resource component to the park and the context within
which it occurs in the park setting. For example, a component may represent a unique feature of the
park, it may be a key process or resource in park ecology or it may be a resource that is of high
management priority. Also emphasized are interrelationships that occur among the featured
component and other resource components included in the NRCA.

Measues

Resource component measures were defined in the scoping process and refined through dialogue
with resource experts. Those measures deemed most appropriate for assessing the current condition
of a component are listed in this section, typically as tadléems.

Reference Conditions/Values

This section explains the reference condition determined for each resource component as it is defined
in the framework. Explanation is provided as to why specific reference conditions are appropriate or
logical to useAlso included in this section is a discussion of any available data and literature that
explain and elaborate on the designated reference conditions. If these conditions or values originated
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with the NPS experts or SMUMN GSS analysts, an explanatioovotliiey were developed is
provided.

Data and Methods

This section includes a discussion of the data sets used to evaluate the component and if or how these
data sets were adjusted or processed as alfgtmlanalysis. If adjustment or processing of data

involved an extensive or highly technical process, these descriptions are included in an appendix for
the reader. Also discussed is how the data were evaluated and analyzed to determine current
condition (and trend when appropriate).

Current Condition and fEnd

This section presents and discusseddpth key findings regarding the current condition of the

resource component and trends (when available). The information is presented primarily with text
but is often accompanied by detailed maps or plateslitiaiay different analyses, as well as graphs,
charts, and/or tables that summarize relevant data or show interesting relationships. All relevant data
and information for a component are presented and interpreted in this section.

Threats and Stressor Facto

This section provides a summary of the threats and stressors that may impact the resource and
influence to varying degrees the current condition of a resource comp8tressors ardefined as
long-term changein natural procegsthatmay impact a atural resource, while threats are

imminent events, actions, or factors that impact natural resolrels/ant stressors were described

in the scoping process and are outlined in the NRCA framework. However, these are elaborated on in
this section to crea a summary of threats and stressors based on a combination of available data and
literature, and discussions with resource experts and NPS natural resources staff.

Data Needs/Gaps

This section outlines critical data needs or gaps for the resource carh@pecifically, what is

discussed is how these data needs/gaps, if addressed, would provide further insight in determining

the current condition or trend of a given component in future assessments. In some cases, the data
needs/gaps are significant enbug make it inappropriate or impossible to determine condition of

the resource component. In these cases, stating the data needs/gaps is useful to natural resources staff
seeking to prioritize monitoring or data gathering efforts.

Overall Condition

This section provides a qualitative summary statement of the current condition that was determined
for the resource component using the WCS method. Condition is determined after thoughtful review
of available literature, data, and any insights from NPS stdfeaperts, which are presented in the
Current Condition and Trend section. The Overall Condition section summarizes the key findings
and highlights the key elements used in determining and justifying the level of concern, if any, that
analysts attribute tthe condition of the resource component. Also included in this section are the
graphics used to represent the component condition.
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Sources of Expertise

This is a listing of the individuals (including their title and affiliation with offices or progravhs)

had a primary role in providing expertise, insight, and interpretation to determine current condition
(and trend when appropriate) for each resource component.

3.3 Study Design for Climate Change Vulnerability Assessment Pilot
3.3.1 Component Selection and Assessment Variables

Selection of Resources

A landscape scale communitased assessmemas employeddr the purpose of this pilot study.

The selection of this type of assessment was based on the premise that plant commaititess an
related landscapes are the foundations for habitat and sg&leilescommunities are oftgmiority
resources that park managers express concern over when looking at ongoing park threats and long
term park resource sustainabiliMUMN GSS, theCOLM NRCA project team, and the NPS

climate change integration pilot team worked together to select two vegetation communities from the
NRCA framework for an analysis pbtentialimpacts fromongoing and futurelimate change. By
selecting communities fromiis framework, the climate change integration pilot study would be a
park-centric approach and it could build on the established NRCA process. Several considerations
were taken into account during the discussions on selecting the components for imcltrseqpilot

study. A specific set of selection criteria was not established, hoW&¥eM resource managers

were asked to consider their lotgym management as part of the selection pro¥éils.guidance

from SMUMN GSS and the NPS climate change iraggn team, COLM resource managers

selected pinyofuniper woodlands/savanna, an iconic and important park plant community, and
seep, spring and tinaja habitats, which depend upon unique physical resources, as the two
communities to include in the pilotsty. It is important to note that the seeps and springs and tinaja
habitat climate assessment will be based on how representative plant communities within these
habitats could be affected by climate change. This assessment will only have a limited ahalysis
how climate change will affect the availability of water or the overall aquatic habitat.

Variables of Interest

The approach utilized in this study is based on a modified community assessment methodology used

by Amberg et al. (2012) in a climate charnvggnerability assessment completed for Badlands

National Park (BADL). Amberg et al. (2012) employed a modified adaptation of an approach

originally developed by Hector Galbraith (Manomet Center for Conservation Sciences, Manomet,

MA) that wasusedtoasses t he vul nerability of habitats in 1
original approach used 11 variables to assess vulnerability (Galbraith Zg@fure 14 illustrates

how each variable was designed to capture to some degree either sereskpasure, or adaptive

capacity of a diversity of ecological communities, in an effort to assess their overall vulnerability to
climate shiftsAmber g et al . o0sGdRIOn2)t adapappi oaclwfsel ect
variables to assess thelnerability of the BADL plant communities to climate change. These six

variables are (descriptions based on Galbraith 2011):
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1. Location in geographcal range of
plant community. Plant communities
close to the southern extremes of their|  Exposure Sensitivity
distributions and that may be close to tl
southern edges of their range of climati | |
tolerances may be more vulnerable to ¢ 1
warming climate than communities that Potential Adaptive
are further north of these bioclimatic Impact Capacity
edge zones. Plant communities closer 1 | |
the northern edge of their current range 1
may be more likely to persist in place
and may benefit by being able to exten Vulnerability
northward

2. Sensitivity to extreme climatic events. : )
S lant ities mav be mor Figure 14. Relationship between exposure,
ome plantommuniues may be more sensitivity, and adaptive capacity (Source: Stein et
vulnerable than others to extreme al. 2011).
climatic events or climatenduced
events (drought, floods, ice storms, windstorms). Such events are projected to become more
frequent and/or intense under climate change.

3. Dependence on specific hydlogic conditions. Some plant communities are confined to
areas with specific and relatively narrow hydrologic conditions. Changes in precipitation
amount, type (snow vs. rain), and timing are projected under all climate change models
(though the directio and degree of change vary across models), potentially threatening these
community types.

4. Intrinsic adaptive capacity. While all plant communities are likely to have characteristics
that may enable them to withstand the effects of a changing climateadlapitive capacities
(their ability to resist or recover from stress) will vary, depending on their intrinsic and
extrinsic characteristics and their condition:

a. The physical diversity within which a plant community exists may affect its
resilience and agdive capacity: communities with diverse physical and
topographical characteristics (variety in aspects, slopes, geologies and soil types,
elevations) may be more able to survive climate change than communities that are
less varied, since the former, byisting across widely differing conditions, may be
at lower risk of being eliminated by any future climatic conditions.

b. Some plant communities may be intrinsically more resistant to stressors because (for
example) they have more rapid regeneration timesir@anities in which the
recovery period from the impacts of stressors is shorter (<20 years) may have greater
intrinsic adaptive capacities than slower developing communities (recovery times of
>20 years). For example, woodlands may take a hundred yeam®to recover
from fire or pest impacts. This may render them intrinsically more vulnerable to the
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potential intervening effects of climate change than plant communities that have
shorter recovery periods (e.g., grasslands or shrub communities).

c. The curent conditions of plant communities will also affect their adaptive capacities.
Communities that support their full complement of species (or close to that), have
high biodiversity, and that are relatively free from radimate stressors are likely to
be loth more resistant and resilient to the effects of a changing climate. In contrast,
pl ant communities that are in Apoorero co
species representation and biodiversity, or that are being impacted by other stressors,
maybe less resilient and have lower adaptive capacity

5. Vulnerability of ecologically influential species to climate changeEcologically influential
species are those that have substantial influences on community structure. Examples are
abundant tree specigswoodland, such as pinyon pine in dry coniferous woodlands, or
Mancos columbineAquilegia micranthain hanging gardens, whose disappearance from the
system would significantly alter plant composition and community structure. If there is
reason tdelieve that ecologically influential species in a plant community are particularly
vulnerable to climate change, the whole community may be in jeopardy.

6. Potential for climate change to exacerbate impacts of netlimate stressorsFor some
plant communitis, it is likely that significant impacts of climate change will be expressed
through their exacerbating or mitigating effects on current or futurecihmiate stressors.
One example is the potential magnifying effects of warming temperatures elntitdd
pest species or invasive spedieg., pinyon ips bark beetlgpg confusul. In this variable it
is the intent to capture the potential effects of this interaction between climate change and
nonclimate change stressors.

3.3.2 General Approach and Methods

This pilot study involved gathering and reviewing existing literature and data relevantttecthe
ecological communities selected for the CC\Wa new data were collected for this study; however,
where appropriate, existing data were further analyaguovide summaries of resource condition or
to create new spatial representations.

Data Mining
Recent historical climate patterns for COLM were evaluated using PRISM gridded climate data.

These data are produced by the PRISM climate group at Oregon State University (Daly et al. 2002,
PRISM 2015), and the analysis was completed bjNtDESC

The PREM climate group uses point data, a digital elevation model, and other spatial data sets to
generate gridded estimates of monthly, yearly, and éxasgd climatic parameters, such as

precipitation, temperature, and dew point. PRISM is constantly updatedg climate in all

situations, including high mountains, rain shadows, temperature inversions, coastal regions, and other
complex climatic regimes. The PRISM system uses data from about 8,000 climate observation
stations, and the results are considetatesf-the-art (Daly et al. 2002).
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While PRISM data are both spatially and temporally complete, older data are estimated from fewer
onrthe-ground observations and these data are thus generally less tblgabiaore modern
observations. PRISM data forgtlCOLM area are likely highly reliable for analyses at the spatial and
temporal scalef this analyses. Davey et al. (2006) inventoried climate observation stations relevant
to monitoring parks in the NCPNpd their report included 10 records of statiogievant to

evaluating COLM. Two of these 10 stations included climate observations from earlier than 1910.
PRISM uses correlations between stations for infilling missing data, and the more than 100 years of
observations provides a very rich data set teetdg and evaluate these relationships. PRISM data

are weltsuited for evaluating regionaktale and longelerm climate patterns and dynamics, but they
cannot capture weather dynamics at the scale of local convection storms that occur between
observatiorstations, for example

Climate projection summaries for COLM were produced using statistically downscaled model
projections for temperature (minimum and maximum), precipitation and afitigsedatasets

provide biascorrected and spatially downscaledvaite projections and are typically referred to as

Bias Correction followed by Spatial Disaggregation (BCSD) (Wood et al. 2004). They have been
corrected for modebbservation biases in mean monthly temperature and then processed at various
spatial scales.g., disaggregated) to accommodate mismatches between the global model outputs and
local topographical and other effects (Wood et al. 2004).

Data Development and Analysis

For this assessment, historical climate patterns and projected climate changab@year 2100

were examined for the COLM region. Historical climate patterns (mean minimum and maximum
temperatures and total precipitation) were analyzed to create a picture of climate in COLM during the
past century. Using PRISM climate data, histdriemperature and precipitation patterns for the

COLM area were summarized and evaluated to build a context of historical climate to which future
climatic projections may be compared. Specifically, mean monthly minimum and maximum
temperature (°C) and tdtanonthly precipitatior(mm) from 1895 to present were examined.

Given the limited funding and scope of this pilot project, analyses were only possible for a single
future climate projectiorf-or the purposes of the vulnerability assessments in this shebjimate

change integration t eamRCP&.b senariand a deherl ciiicblatiani ne s s
model (GCM) ensemble averagdéis is recognized as a necessary limitation of this pilot efftue.
high emissionRCP 8. 5 i s considered a fAbaselined scenar

mitigation target (Riahi et al. 2011Hor more information on the RGBnd how they were
developed, please refer AppendixA.

Scoring Methods and Assigning Vulnerability Ssore

Each of the six variables defined above were in
score from 1 (least vulnerable) to 5 (most vulnerable) on the likely vulnerability of a plant

community to future climate change and radimate stressord@sed on the available scientific

literature, data, and expert opinion). Scores were summed to produce an overétirscptant
communityds vulnerability. The total mi ni mum sc
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The overall score was thengamized into one of four categories: critically vulnerable, highly
vulnerable, moderately vulnerable, and less vulnerdlabl€9). These translate into community
response categories ranging from a plant community likely to be eradicated or greatld raduce
extentwithin the study area to a plant community that may sustain modest reduction or actually
increase in extent within the study area.

Table 9. Scale for results of climate change vulnerability analysis.

Vulnerability Score Description

6-13 Least vulnerable - plant communities that may not be at adverse risk from climate
change, or that may benefit and increase their extent within the study area.

14-19 Moderately vulnerable 1 plant communities at risk of being considerably reduced (by 20-
50%) in extent by climate change.

20-25 Highly vulnerable i plant communities at high risk of being greatly reduced (>50%) in
extent by climate change.

26-30 Critically vulnerable 7 plant communities at high risk of being eliminated entirely from the
study area by climate change.

Uncertainty Evaluation and Confidence in Vulnerability Assessments

Uncertainty is inherent at many stages in assessing climate change vulnerability, including the
climate modeling process, assumptions about vulnerabilities of restoidasate shifts and/or
nonclimate stressors (and how these interact), and assumptions about the adaptive capacities of the
resources. Many uncertainties are unavoidable deeiteest modeling and data gathering efforts. It

is crucial to provide a eoprehensive and detailed appraisal of how ceenalystscan be about
vulnerability scores so that resource managers can determine how best to use the vulnerability
information presented to them on the potential impacts of climate change.

Uncertainty inthe plant community assessments is addressed in two ways: certainty
evaluations/scores and alternative scores. Certainty scores are a method of documenting how
confident analysts are regarding the validity and accuracy of the original vulnerability scores
assigned to each variable (not the alternative scdries)scale of certainty scores used in this draft
assessment is the same scale used by Galk2aith)in the Northeast habitat vulnerability
assessments, which is an adaptation of a category svalemged by Moss and Schneider (2000) for
theIntergovernmental Panel on Climate Cha(g€C) Third Assessment Report. One of three
certainty scores low (1), moderate (2), origh (3)1 was applied to the original assigned
vulnerability score for each variable. The certainty scores for each variable were then summed up to
determine a certainty evaluation for theerallvulnerability score of the plant community. The total
minimum score \&s six (6) and the total maximum score wasTIfese certainty scores translate to a
level of confidencé low, moderate, or high confiden¢ebout the judgments made regarding the
vulnerability scores for each variablEaple10).
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Table 10. Scale for results of CCVA uncertainty analysis.

Uncertainty Score Description

6-10 Low confidence - Low certainty
11-14 Moderate confidence - Moderate certainty
15-18 High confidence - High certainty
When a clear fAbest estimateo vulnerability scor

assigning an alternative score (a highly possible but less likely outcome than the best estimate) in
addition to the best estimate score. The alternativeescar s t he fAnext best estim
for a variable, taking into account the uncertainty attached to a variable (i.e., the lack of information

or understanding about a plant community or a species). These alternative scores, in conjunction with
the best estimate vulnerability score, serve to capture the range of highly likely possibilities that may
exist for the vulnerability of a plant community (adapted from Galbraith and Price 2011). When
certainty is high, vulnerability will likely be repreded by a single value; when certainty is low,
vulnerability will be represented by a range of scores. The alternative scores also show the potential
direction of the vulnerability, in that an alternative score for a variable may reflect a lesser or greater
vulnerability due to uncertainty or data gaps in the literatureTabke11 below as an example). For
instance, the sensitivity of an ecologically influential plant or tree species in a community to

extended periods of drought (variable = sensitivitgttreme climatic events) may be debated in the
scientific literature in that several sources show a drought tolerance while another source reports an
intolerance or sensitivity to drier conditions. In this case, alternative scores could represent lesser o
greater vulnerability due to conflicting scientific literature. As another example, a resource may be
assigned an alternative score that represents a higher degree of vulnerability due to high uncertainty
related to very little or no available scientiflata or information.

Table 11. An example of certainty and alternative vulnerability scores for plant community assessment
variables. For individual variables, 3 = high certainty, 2 = moderate certainty, and 1 = low certainty; total
ranges are 6-10 = low confidence, 11-14 = moderate confidence, 15-18 = high confidence.

Certainty  Vulnerability Alternative

Variable Score Score Scores
Location in geographical range/distribution of plant community 3 3
Sensitivity to extreme climatic events (e.g., drought, flash floods, 2 4 3,5

windstorms)

Dependence on specific hydrologic conditions 2 4
Intrinsic adaptive capacity 1 3 4
Vulnerability of ecologically influential species to climate change 2 4 3
Potential for climate change to exacerbate impacts of non-climate 2 5
stressors

Total 12 23 21-25
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Preparation and Review of Climate Change Vulnerability Analysis

Narratives for each assessment were created to clearly explain why certain assumptions and/or scores
were adopted over other possibilities. limgportant that this explanation provide sufficient detalil

and transparency to allow a reader to be able to clearly and easily follow the process astdpagic

that lead analysts to conclusions about vulnerability. The purpose of the narrativesasyo cle

outline the review and evaluation of the scientific literature and the thought processes and
assumptions that result in assigning the vulnerability scores to each of the variables of interest. When
appropriate, GIS products, such as maps of distabstand ranges, were developed and included in

the assessment to add depth and graphical representation to the interpretation of literature and data.

Once each narrative assessment was completed, it went through an iterative review process among
SMUMN GSSanalysts for consistency. Assessments were then provided to COLM resource experts
and other outside experts (e.g., university researchers, government scientists) for an external review
in which the document was examined for accuracy of content, validitpeouracy of

categorizations, and appropriateness of interpretation of available scientific literature, and feedback
was provided on how to refine the assessment. Following review by experts, the vulnerability
assessment was modified to reflect feedback.

Integration of Climate Change Analysis into Natural Resource Condition Assessment Document
The resource component assessments will be presented in the standard format as described in Section
3.2.2 with the following changes made to incorporate the clisteage analysis.

Current Condition and Trend

This section will be amended to include the discussion of the components vulnerability to climate
change. This section wil/l precede the fAThreats
projected change idimate will affect the variables of interest

Overall Condition

This section provides a qualitative summary statement of the current condition that was determined

for each of the resource comporsming the WCS method as described in Section 3.2.2. In

addition the vulnerability scoring for components that are part of the pilot study will be incorporated

her e, | us Weighted Gomditidn 8&code hsee ciit i on. The vul nerabil it
thoughtful review of available literature andtd regarding the components vulnerability to climate

change that was presented in the Current Condition and Trend section. Also included in this section

is a table with the results of the compor@emlimatechange vulnerabilitassessment his section

will also include a brief summary of any uncertainty and related alternative scoring that may have

been applied to the analysis of climate change vulnerability.
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4. Natural Resource Conditions

This chapter presents the background, analysis, and condition summaries for the 21 key resource
components in the project framework. The following sections discuss the key resources and their
measures, stressors, and reference condifldressummary forachcomponents arranged around

the following sections:

1. Description
Measures
Reference Condition
Data and Methods

Current Condition and Trend (including threats and stressor factors, data needs/gaps, and
overall condition)

ok~ w0

o

Sources of Expertise
LiteratureCited

The order of components follows the projraimework Figure 13:

4.1 Pinyonjuniper Woodlands/&sannas

4.2 Sagebrush Shrublands/Shrubedpe

4.3 Riparian Habitats/Large Dry &8hes

4.4 Seeps and Springs and Tinaja Habitats
4.5 Mixed &lt DesertScrub/Semdesert Grassland
4.6 Canyon Walls and Monolith Vegetation Communities
4.7 Montane Brubland

4.8 Herptiles

4.9 Birds

4.10 Raptors

4.11 Small Mammals

4.12 Mountain Lion

4.13 Bighorn Sheep

4.14 Kit Fox

4.15 Bats

4.16 Air Quality

4.17 Dark NightSkies

4.18 Viewscape

4.19 Soundscape

4.20 Paleontological Resources

4.21 Geologic Features
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4.1 Pinyon-juniper Woodlands/Savannas
4.1.1 Description

Pinyonjuniper woodlands/savannas in COLM jgages g
consist primarily of tweneedle pinyon pines |
and Utah juniper trees with various mixtures o
other shrubs and herbaceous vegetation. The[™ A
woodlands are typically situated on flat and . -
mildly sloped mesa top$hotod) and are : ; E
distributed across a large portion (4,751 ha  photo 4. An example of an open-canopy pinyon-

[11,740 ac]) of the park, comprising over half juniper woodland/savanna upon a mesa top in

(57.4%) of the entirparkarea (Von Loh et al. COLM (Photo by Anna Davis, SMUMN GSS).

2007). The tweneedle pinyon pines are widely distributed across a broagtgehic range in North
Americathat includes the western states of Colorado, Utah, Arizona, Nevada, California, New
Mexico, Wyoming, Oklahoma, and Texas adlae part of Chihuahua, Mexico (USDA 2015ahe

Utah juniper has a similar range with the addition of Montana and Idaho, and excluding Texas
(USDA 2015b). The twaeedle pinyon pine produces nutrigich pine nuts that are a staple in the

diets of wildife, often providing crucial sustenance to animals, particularily in harsh winters when
deep snow accumulates (Nesom 2003). The various plant communities of-pinygmr woodlands

and savannas are diverse and include several unique alliances thasateredmrrare, which

contributes greatly to the overall biodiversity of the park (Von Loh et al. 2007). There have been
uncertainties regarding the historic role of fire in pinryoniper woodlands/savannas, with

assumptions that fire exclusion and livegtgcazing have allowednnaturakencroachment of
pinyon-juniper woodlands/savannas into other vegetation communities, such as grasslands (Johnson
2013 Kennard and Moore 2012, 2013). The pinyoniper woodlands/savannas of COLM offer a

unique opportunityo study the fire history of several persistent stands that have been largely
unaltered; the estimated age of the oldest juniper in one COLM stand is 920 years (Kennard and
Moore 2012, 2013).

Pinyon jays Gymnorhinus cyanocephalusan be found yeaoundin these woodlandsianophy
andTeitelbaum. 2008 Other birds that can be found foraging and nesting in this habitat include the
bushtit Psaltriparus minimusand lark sparrowGhondestes grammaqugianophy and eitelbaum.
2003. Raptors such as radiled hawks Buteo jamaicensjsgolden eaglesdQuila chrysaetos
American kestrelsHalco sparveriusand prairie falconsHalco mexicanusforage on the pinyon
mouse Peromyscus trugand busktailed woodrat leotoma cinerédacommonly found in these
woodlands Hanophy and eitelbaum. 2008 This vegetation community also supports two lizard
species, the eastern collared lizatagtaphytus collarisand theplateau sidélotched lizardUta
stansburiana uniformj)s(Hanophy and eitelbaum. 2008 Other manmals found within this habitat
include: ringtail Bassariscus astutyismule deer, elkGervus elaphysand mountain lionfuma
concolop (Hanophy and Teitelbaum. 2003
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4.1.2 Measures

1 Community extent and change over time
Community composition
Percentover biological soil crusts

Percent bare ground

=A =4 =4 =

Trends in invasive infestation
1 Soil stability

4.1.3 Reference Conditions/Values

The reference condition for this component is based on the current gpimypar woodlands on the
mesa tops in the middle df¢park These woodlands are considered by park resource managers to
be intact examples of the community, and any degradation from this state is in the future is to be
considered a deviation. This current state is defined by the vegetation mapping aiptiaiesof
pinyonjuniper woodlands/savannas within the entire park as mapped by Von Loh et al. (2007). At
that time the community composition, estimated amount of bare ground, and percent
vegetation/canopy cover for each pinyjaniper woodland/savannagetation classification (12
alliances) were also documented and will serve as a baseline for future assessments (Von Loh et al.
2007). The reference condition &P infestationis the assumption that only native species present
prior to European settleznt in the area.

4.1.4 Data and Methods

Kennard and Moore (2012, 2013) studied fire history, spatial structure, and mortality in a COLM
pinyonjuniper woodland to identify the driving mechanisms of temporal dynamics and spatial
patterns. One purpose of thieidy was to provide a baseline of these factors to assess the potential
changes possible from climate change in the coming decades (Kennard and Moore 2012, 2013). The
research focused on pinygumiper woodlands that are situated on mesa tops, wherarhéle
predominant vegetatioin order to estimate the fire history and the age of the pHwaiper stands,

the study looked for evidence of large (>100 ha [247.1 ac]) s&pidcing fires (Kennard and

Moore 2012, 2013). Kennard and Moore (2012) wsedpproach that was developed particularly for
pinyonjuniper woodlands because of the difficulty in using fire scar analysis, the usual method, with
these species. This is because both trees are easily killed by fire and thus there is generally not
detectable fire scarring on pinyon pine and juniper trees (Kennard and Moore 2012, 2013).

To detect previous fires the researchers looked for landstabe fire scars. The two tree species are
very slow to regenerate, leaving a detectable perimeter arowaréanf markedly younger trees

(Kennard and Moore 2012, 2013). Within the perimeter, the oldest tree ages are used to estimate the
time of the last large fire. A spatial grid of sample points was developed to map the approximate age
structure of the stamsdwithin the grid (Kennard and Moore 2012, 2013). The grid points were located
using a GPS unit over aygar period (September 2007 to June 20R@yression equations

developed from tree ring analyses were used to estimate the ages of the largesipegod

juniper trees that were within 10 m (32.8 ft) of each grid point. Additionally, at each grid point where
the largest trees were measured, a 10Q10776.4 ) circular plot was established (Kennard and
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Moore 2012, 2013). Individual trees withimeise plots were measured at the trunk base or stem base
to establish a size class for each tree (Kennard and Moore 2012, 2013). Aakereeards kept by
COLM onfire occurrence, which included size and location of fires since 1942, was used to
characterze more recent fires for comparison with field observations of charred wood (Kennard and
Moore 2013).

Von Loh et al. (2007) conductedragetation mapping project for the park and surrounding areas.

The purpose of the project, conducted between 2002@0#l, was to classify, describe, and map
vegetation and fuels at COLM (Von Loh et al. 2007). Surrounding areas were included to support
management of the urbavildland interface and coordinated management on adjacent public lands
(Von Loh et al. 2007). Aeam of ecologists, botanists, and photo interpreters worked together to
identify the plant associations within the park. Vegetation mapping was completed through the use of
aerial photography and computer modeling. The resultant maps were refined gn@arghination

of ground sampling and accuracy assessments using vegetation plot and observation point sampling
(Von Loh et al. 2007). A complete detailed methodology of the computer modeling and sampling
design can be found in Von Loh et al. (2007).

Johnsao (2013) studied aerial photos of COLM from 1937 and 2007 to establish the historic and
current extent of both pinyejuniper woodland/savanna and sagebrush communities. The goal was
to spatially describe the historic extent of piryjjaniper woodland/savanas in relation to sagebrush
communities. This was in response to a lack of reliable data needed to understand the historic fire
regime within the pinyofuniper woodland/savannas in the park. Trends in community expansion
and contraction, presence of atea wood, and community structure and composition were
examined to determine whether basinagement practices for pinyamiper woodland/ savannas
should include prescribed burning (Johnsoh30

Dewey and Anderson (2005) inventoried invasive plantissgn COLM during 2003. The

objectives included documenting the distribution and abundance of target invasive plants in the park,
identifying potential sources of introduction and vectors for spreading the invasive plants, and testing
and refining datadalection methods and field inventory techniques (Dewey and Anderson 2005).
Eleven invasive plant species were identified as-pigbrity and were systematically sought by

inventory crew members.

Perkins (2010, 2012, and 20Jetnducted IEP monitoring i@OLM during the 2009, 2011, and

2013 field seasons. Methodology for field work and analysis was similar for all three field seasons.
For the assessment of condition in this NRCA, the most recent report (Perkins 2014) will be the
primary source since it ihedes data from the previous reports. The field work for these monitoring
efforts included transect and quadrat sampling with emphasis on roads, trails, and waterways
(Perkins 2010, 2012, 2014). A list of IEP priority species was developed for the martopgach

year of monitoring, based on previously detected species and literature reviews (Perkins 2010, 2012,
2014). Monitoring was conducted on foot and IEPs were detected visually. For each monitoring
route, transect, and quadrat, each IEP detectedewarsded, listing the IEP species, infestation size
class, and canopy cover class (Perkins 2014).
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This synthesis of the relevant scientific data and information does not include the climate data and
information used in conducting the climate change valoiéty assessment for this resource. Please
refer to Chapters 2.1.3 and 3.2.3 #&ppendixA for a discussion of the data and methodology used
in the climate change analysis.

4.1.5 Current Condition and Trend

Community Extent and Change over Time

Vegetation patterns vary across a landscape and a classification system is used to recognize and
organize vegetation communities. Von Loh et al. (2007) employed the National Vegetation
Classification (NVC) system, which is the standard used for all NCigstaton mapping projects
(TNC and ESRI 1994, NatureServe 2003). The NVC is a hierarchical system that usde\ssdgdo
classify vegetatiorthe upper five levels are based on physiognomic characters and the two lower
levels are based on floristic d4ENC and ESRI 1994, NatureServe 2003). The two lower levels
(alliance and association) are distinguished by variability in their floristic composition (TNC and
ESRI 1994, NatureServe 2003). These two lower levels are used throughout this NRCA in the
assesment and discussion of the vegetation communities of COLM

The alliance and association levels are determined by the most abundant species (or diagnostic
species) comprising the strata of a homogenous vegetation community (TNC and ESRI 1994,
NatureServe003). Associations are defined as a vegetation community type that exhibits a
consistent species composition, uniform physiognomy, and similar habitat conditions (Flahault and
Schroter 1910). Associations are differentiated by their species composhtGnafid ESRI 1994a).

An alliance is a grouping of plant associations sharing one or more dosyreaiegReid et al.

1999). Von Loh et al. (2007) identified several distinct types of pijyoiper woodland/savannas in
COLM. The pinyonrjuniper woodland/szanna communities mapped by Von Loh et al. (2007) were
selected for assessment of the community extent. These associations and alliances are dominated by
two-needle pinyon pine and Utah juniper. Various combinations of pthet specieare found

within these alliances and associations. Tareal extent of pinyejuniper woodland/savannas as
mapped by dn Loh et al. (2007) ishown inTable12 (Von Loh et al. 2007).

Table 12. Areal extent of pinyon-juniper woodland/savanna vegetation alliances found in COLM (Von Loh
et al. 2007).

Percent

of total
Alliances Acres Hectares park area
Pinyon-juniper woodland/savannas (all) 11,740 4,751 57.4%
Two-needle pinyon pinei Utah juniper/multiple shrub woodland 6,133 2,482 30.0%
Two-needle pinyon pinei Utah juniper/Wyoming big sagebrush woodland 2,763 1,118 13.5%
Two-needle pinyon pinei Utah juniper/black sagebrush woodland 1,682 681 8.2%
Two-needle pinyon pinei Utah juniper/sparse understory woodland 1,162 470 5.7%
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One map unit, thewo-needle pinyon piridJtah juniper/multiple shrub woodlandsonsists of seven
distinct vegetation associations and was the most extensive vegetation community within COLM
boundaries. The other three map units are one alliance each. Using the obspowuatisoand map

units created by Von Loh et al. (2007), these vegetation alliances and associations are displayed in
Figurel5.
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Figure 15. The location of pinyon-juniper woodland/savanna alliances within COLM (Von Loh et al.
2007).
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Two alliances thatvere described in Von Loh et al. (2007) as a type of pifjyoiper
woodland/savanna are not showrfigure15. These are the twoeedle pinyorJtah juniper/Utah
serviceberrnfAmelanchier utahengisvoodlands and the blue sprugdcea pungerstwo-needle
pinyontUtah juniper/Gambél eak (Quercus gambeliiwoodland. All stands of these two types
identified at COLM were below the minimum mapping unit of 0.5 ha (1.2 ac). Thee¢edie
pinyontUtah juniper/Utah serviceberry woodlands were observed and sangalethe south and

west entrance to COLM and near Alcove Trail (Von Loh et al. 2007). The blue spruceddie
pinyon-Utah juniper/Gambél eak woodland was a single stand of four to six blue spruce trees, and
one sapling at one other site (Von Loh e28l07). The single stand of blue spruce-tveedle
pinyon-Utah juniper/Gambe @ak woodland was observed and recorded near the terminus of Echo
Canyon and the sapling was observed in Red Canyon (Von Loh et al. 2007).

Johnson (2007) compared the aeriatpl of COLM from 1937 and 2007 in an attempt to identify
changes in the extent of pinygumiper woodlands. Due to distortions in the 1937 imagery
determination of actual percent estimates of change were probleBratizgborah Kennard,
Colorado Mesa Unersity, Department of Physical and Environmental Sciences, written
communication 18 November 201Based orsimple oculacomparisons athe aerial photos from
1937 and 2007, Johnson (&) concluded that pinysjuniper woodlands were expanding into the
par ké6s s age bbuetthe distortiandin tlerl@3% images Johnson estimatémbthef
sagebrush shrubland/shrub steppe due to the expansion of woodland species ranged from
approximately 1% to 30% in certain areas of COLMIi¢hnson 203). This suggests that pinyen
juniper woodland extent has likely increased at COLM in recent decades or, at the least, has not
decreased.

Community Composition

The following descriptions of community composition for pimjaniper woodlands/savannas found

in COLM are the results of the Von Loh et al. (2007) vegetation mapping project that included field
work to determine dominant species of plants and other associated plants. All communities are open
woodlands dominated by twreedle pinyon pine and Utah junipéoreg with a few other plant

species that determine their individual classifications (Von Loh et al. 2007).

Two-needle pinyor(oneseed junipedlniperus monospermaJtah juniper)/needlandthread
(Hesperostipa coma} woodlands are dominated by a canopywo-needle pinyon pine and Utah
juniper with only a few other species scattered belbable13; Von Loh et al. 2007). The open

canopy cover is typically-8 m (6.616.4 ft) tall, with Mormon teaHphedra viridis)shrubs beneath,

and 15% cover of nedd and thread (Von Loh et al. 2007). An herbaceous layer provides up to 10%
cover; all plant speciegocumentean this association aghown inAppendixB (column A) (Von

Loh et al. 2007). A total of eight plant species, including two trees, one shrub, three graminoids, and
two forbs, were observed in this woodland typpgendixB, column A; Von Loh et al. 2007).
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Table 13. Dominant plant species (by strata) within the two-needle pinyon-(one-seed juniper, Utah
juniper)/needle and thread woodlands of COLM (Von Loh et al. 2007).

Two-needle pinyon-(one-seed juniper, Utah juniper) / needle-and-thread woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Ephedra viridis Mormon tea Short shrub/sapling
Achnatherum hymenoides  Indian ricegrass Herb

Hesperostipa comata needle and thread Herb

Two-needle pinyorUtahjuniper/Utah serviceberry woodlands are dominated by five plant species
(Table14). These include the typical tateedle pinyon pine and Utah juniper open tree canopy,
averaging 210 m (6.632.8 ft) in height (Von Loh et al. 2007). Utah serviceberry, sakildrye
(Leymus saling and cheatgrass, a roative invasive annual grass, are also dominant and provide
moderate cover (Von Loh et al. 2007). There were 14 other associated plant #goéeslixB,
column B), including three trees, seven shritas; graminoids, and five forb species (Von Loh et al.
2007).

Table 14. Dominant plant species (by strata) within the two-needle pinyon-Utah juniper/Utah serviceberry
woodlands (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/Utah serviceberry woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine  Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Amelanchier utahensis Utah serviceberry Tall shrub/sapling
Bromus tectorum* cheatgrass Herb

Leymus salina saline wildrye Herb

*Indicates a non-native species.

The twoneedle pinyorfUt ah j uni per / BiAdemisiabigélev)wwaligreldareu s h  (
dominated by 5 m (6.616.4 ft) tall tweneedle pinyon pine and Utah juniper trees which provide 2

20% cover (Vonloet al . 2007). Other domi n&uctca pl ants i nt
harrimaniag , needl e and t hr e a dHjlariacidmesd),tagdrhargfalse James 6 ¢
goldenasterHeterotheca villosp(Von Loh et al. 2007). Many other plant species occurimithis

association (a total of 42) in various combinations; those observed in COLM are lisgakimdix

B (column C) (Von Loh et al. 2007). Species of plants that were observed included three trees, 17

shrubs, eight graminoids, and 14 forbs (Von Loal€2007).
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Table 15. Dominant plant species (by strata) within the two-needle pinyon-Ut ah j uni per / Bi gel owo:
sagebrush woodlands (Von Loh et al. 2007).

Two-needle pinyon-Ut ah juni per/ Bigel owds

Scientific Name Common Name Strata
Juniperus osteosperma Utah juniper Tree canopy
Pinus edulis two-needle pinyon pine Tree canopy
Artemisia bigelovii Bigelow's sagebrush Shrub/sapling
Yucca harrimaniae Har ri mands vy Shrub/sapling
Bromus tectorum* cheatgrass Herb
Hesperostipa comata needle and thread Herb
Heterotheca villosa hairy false goldenaster Herb

Hilaria jamesii Jamesd gal l e Herb

*Indicates a non-native species.

Two-needle pinyofJtah juniper/black sagebrush woodlands are dominated by 14 species, including
two-needlepinyon pines and Utah junipers which are arowid2n (6.632.8 ft) in height with 3

35% canopy coveiT@ablel6; Von Loh et al. 2007). Additional plant species that occur in this

alliance are listed idppendixB (column D), and include three trees, 14 shrubs, eight graminoids,
and 21 forbs for a total of 46 observed plant species (Von Loh et al. 2007).

Table 16. Dominant plant species (by strata) within the two-needle pinyon-Utah juniper/black sagebrush
woodlands in COLM (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/black sagebrush woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine Tree Canopy/subcanopy
Juniperus osteosperma Utah juniper Tree Canopy/subcanopy
Artemisia nova black sagebrush Short shrub/sapling
Ephedra viridis Mormon tea Short shrub/sapling
Opuntia fragilis brittle pricklypear Short shrub/sapling
Opuntia polyacantha plains pricklypear Short shrub/sapling
Yucca harrimaniae Har ri mand&s vy Shortshrub/sapling
Achnatherum hymenoides Indian ricegrass Herb

Gutierrezia sarothrae broom snakeweed Herb

Heterotheca villosa hairy false goldenaster Herb

Hilaria jamesii Jamesd gal |l e Herb

Leptodactylon pungens prickly phlox Herb

Leymus salina saline wildrye Herb

Petradoria pumila rock goldenrod Herb

Two-needle pinyoftah juniper /littleleaf mountaimahogany Cercocarpus ledifoliusar.
intricatus) woodlands are dominated by eight species of plants, which include the typical open tree
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canopy oftwo-needle pinyon pine and Utah juniper tre€alfle17; Von Loh et al. 2007). The tree
canopy provides sparse coverage, between 1% and 15%, with average heiglisofa26-32.8ft)
(Von Loh et al2007). This alliance had a total of 33 plant speciseos/ed by Von Loh et al.
(2007), including three tree, nine shrub, eight graminoid, and 13 forb sp&pjEengixB, column
E).

Table 17. Dominant plant species (by strata) within the two-needle pinyon-juniper/ littleleaf mountain-
mahogany woodlands in COLM (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/littleleaf mountain-mahogany woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Fraxinus anomala singleleaf ash Tall shrub/sapling
Artemisia bigelovii Bi gel owds s age b Shortshrub/sapling

Cercocarpus ledifolius var. intricatus  littleleaf mountain-mahogany Short shrub/sapling

Yucca harrimaniae Harri mands yuc c Shortshrub/sapling
Achnatherum hymenoides Indian ricegrass Herb
Aristida purpurea purple three-awn Herb
Hesperostipa comata needle and thread Herb

The twoneedle pinyostah juniper/mixed shrubs talus woodlands of COLM hadevarse

community composition dominated by 14 plapecies Table18). Two-needlepinyon pine, Utah

juniper, and an occasional singleleaf a@stakinus anomalaform the open tree canopy (Von Loh et

al. 2007). The canopy composition is variable between two tree species; with Utah juniper typically
providing up to 45% caar while the tweneedle pinyon pine provideip to 15% cover (Von Loh et

al. 2007). A total of 45 plant species were observed within this association, including three trees, 14
shrubs, 11 graminoids, and 17 forBgpendixB, column F; Von Loh et aR007).

Table 18. Dominant plant species (by strata) within the two-needle pinyon-Utah juniper/mixed shrubs
talus woodlands in COLM (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/mixed shrubs talus woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine  Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Fraxinus anomala singleleaf ash Tall shrub/sapling
Artemisia bigelovii Bi gel owds s . Shortshrub/sapling
Ephedra viridis Mormon tea Short shrub/sapling
Opuntia erinacea grizzlybear pricklypear  Short shrub/sapling
Achnatherum hymenoides Indian ricegrass Herb

Bouteloua gracilis blue grama Herb
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Table 18 (continued). Dominant plant species (by strata) within the two-needle pinyon-Utah
juniper/mixed shrubs talus woodlands in COLM (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/mixed shrubs talus woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine  Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Fraxinus anomala singleleaf ash Tall shrub/sapling
Artemisia bigelovii Bi gel owds s . Shortshrub/sapling
Ephedra viridis Mormon tea Short shrub/sapling
Opuntia erinacea grizzlybear pricklypear ~ Short shrub/sapling
Achnatherum hymenoides  Indian ricegrass Herb

Bouteloua gracilis blue grama Herb

Brickellia microphylla littleleaf brickellbush Herb

Bromus tectorum* cheatgrass Herb

Hesperostipa comata needle and thread Herb

vLeymus salina saline wildrye Herb

Poa fendleriana mutton grass Herb

Selaginella densa dense spikemoss Herb

*Indicates a non-native species.

Two-needle pinyortah juniper/grassy rockgoldenroédtradoria pumild woodlands are

dominated by five plant species, including tiseial tweneedle pinyon pine and Utah juniper that
create an open tree canog@ablel19; Von Loh et al. 2007). The tree canopy is betwed® 2n (6.6

32.8 ft) tall, with tweneedle pinyon pine providing3% cover and Utah juniper providing around 1
25% cwver (Von Loh et al. 2007). The 23 plant species observed within this alliance are listed in
AppendixB (column G) and include two trees, five shrubs, five graminoids, and 11 forbs (Von Loh
et al. 2007).

Table 19. Dominant plant species (by strata) within the two-needle pinyon-Utah juniper/grassy rock-
goldenrod woodlands (Von Loh et al. 2007).

Two-needle pinyon-Utah juniper/grassy rockgoldenrod woodland

Scientific Name Common Name Strata
Pinus edulis two-needle pinyon pine  Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Opuntia fragilis brittle pricklypear Shrub
Gutierrezia sarothrae broom snakeweed Herb
Petradoria pumila grassy rockgoldenrod Herb

Two-needle pinyoflJtah juniper/sparse understory woodlands are dominated exclusively by two
needle pinyon pine and Utah juniper trees; therefore, a table of dominant species is not included for
this alliance (Von Loh et al. 2007). The tree canopy proviagsvhere from 45% cover with trees
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that are typically 210 m (6.632.8 ft) tall (Von Loh et al. 2007). According to Von Loh et al. (2007),
this association has a total of 50 plant species, although, as the name implies, the understory is
sparsely vegetat. The various plant species observed in these woodlands are li&mgzkimdixB
(column H) (Von Loh et al. 2007). There were three tree, 15 shrub, nine graminoid, and 23 forb
species observed within this alliance (Von Loh et al. 2007).

Two-needle pinyompine-Utah juniper/Wyoming big sagebrush woodlands are dominated by 12 plant
speciesTable20; Von Loh et al. 2007). The twoeedle pinyon pirgprovide 625% canopy cover

and Utah junipesprovide 265% canopy cover, with an average tree height®n2(6.6-16.4 ft)

(Von Loh et al. 2007). A total of 45 plant species were observed in this alliance, including two trees,
13 shrubs, 10 graminoids, and 20 forApgendixB, column { Von Loh et al. 2007).

Table 20. Dominant plant species (by strata) within the two-needle pinyon pine-Utah juniper-juniper
species/(Wyoming big sagebrush, mountain big sagebrush) woodlands of COLM (Von Loh et al. 2007).

Two-needle pinyon pine-Utah juniper/Wyoming big sagebrush woodland

Scientific Name Common Name Strata

Pinus edulis two-needle pinyon pine Tree canopy
Juniperus osteosperma Utah juniper Tree canopy
Artemisia bigelovii Bi gel owds s ag Shortshrub/sapling
Artemisia tridentata ssp. wyomingensis ~ Wyoming big sagebrush Short shrub/sapling
Ephedra viridis Mormon tea Short shrub/sapling
Opuntia fragilis brittle pricklypear Short shrub/sapling
Opuntia polyacantha plains pricklypear Short shrub/sapling
Yucca harrimaniae Har ri manés yu Shortshrub/sapling
Bromus tectorum* cheatgrass Herb

Descurainia pinnata ssp. halictorum western tansymustard Herb

Gutierrezia sarothrae broom snakeweed Herb

Hesperostipa comata needle and thread Herb

*Indicates a non-native species.

Two-needle pinyofuniper species/mountain mahoga®@ecocarpus montanysnixed shrub
woodlands are dominated by tweedle pinyon pines, Utah juniper trees, and six other plant species
that are listed iTable21 (Von Loh et al. 2007). The tree canopy consists ofteedle pinyon pine

and Utah juniper, which are generalhp2n (6.616.4 ft) tall and provide-25% canopy cover (Von

Loh et al. 2007). There was one individual ponderosa pimai$ ponderosgiree observed within

this alliance and it provided 40% canopy cover due to its large size, which is typical of this specie
(Von Loh et al. 2007). The total number of plant species observed within this alliance was 53
(AppendixB, column J), including five trees, 20 shrubs, 10 graminoids, and 18 forbs (Von Loh et al.
2007).
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Table 21. Dominant plant species (by strata) within the two-needle pinyon-juniper species/mountain-
mahogany-mixed shrub woodlands of COLM (Von Loh et al. 2007).

Two-needle pinyon-juniper species/mountain-mahogany-mixed shrub woodland

Scientific Name Common Name Strata

Juniperus osteosperma Utah juniper Tree canopy

Pinus edulis two-needle pinyon pine Tree canopy/Tree subcanopy
Cercocarpus montanus true mountain mahogany Tall shrub/sapling

Purshia mexicana var. stansburyana  cliffrose Tall shrub/sapling

Ephedra viridis Mormon tea Short shrub/sapling

Bromus tectorum* cheatgrass Herb

Heterotheca villosa hairy false goldenaster Herb

Petradoria pumila grassy rockgoldenrod Herb

Tetraneuris acaulis Arizona hymenoxys Herb

*Indicates a non-native species.

Thedominant tree species of twedle pinyofuniper species/saline wildrye grass woodlands is

the Utah juniper (Von Loh et al. 2007). The open canopy consists of trees thdt ar€62616.4 ft)

tall, ranging in cover from 1% to 25%, with surface covet-@6% provided primarily by

bunchgrass (saline wildrye) (Von Loh et al. 2007). There were a total of 32 plant species observed in
this alliance, including two trees, eight shrubs, five graminoids, and 17 fgppeiidixB, column

K; Von Loh et al. 2007).

Table 22. Dominant plant species (by strata) within the two-needle pinyon-juniper species/saline wildrye
grass woodlands of COLM (Von Loh et al. 2007).

Two-needle pinyon-juniper species/saline wildrye grass woodland

Scientific Name Common Name Strata
Juniperus osteosperma Utah juniper Tree Canopy
Atriplex confertifolia shadscale Herb

Chrysothamnus viscidiflorus yellow rabbitbrush Herb

Leymus salina saline wildrye Herb

Blue sprucetwo-needle pinyofiJtah juniper/Gambél sak woodlands are dominated by blue spruce,
two-needle pinyon pine, Utah juniper, Utah serviceberry, Gainbak, and skunkbush sumahus
aromaticavar. pilosissima (Table23, Von Loh et al. 2007). The Von Loh et al. (2007) description is
based on one stand in Echo Canyon where the composition of graminoids and forbs could not be
determined due to difficulty reaching its location. The stand that is described is the onlytene of

kind within the park, although a single blue spruce sapling was observed in Red Canyon (Von Loh et
al. 2007). The total number of plant species that may occur in this woodland type is unknown, but the
species identified by Von Loh et al. (2007) astdd inAppendixB, column L.
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The plant species observed within these 12 alliances, a total of 108, serve as a baseline plant list for
comparing and updating subsequent vegetation inventories and monitoring efforts in COLM (Von
Loh et al. 2007). The plaspecies list includes six tree, 32 shrub, 15 graminoid, and 55 forb species.
There may be additional plant species within these various vegetation associations. In particular, the
blue sprucewo-needle pinyorUtah juniper/Gambél eak woodland that was e difficult to access
location was not assessed in terms of the graminoid and forb composition. This association, and
others, will likely have additional species added as the NCPN continues with inventory and
monitoring effortsSomepinyonjuniper woodlads/savannas may be the target of invasive plant
management and may become free of cheatgrass in the future.

Table 23. Dominant plant species (by strata) within the blue spruce-two-needle pinyon-Utah
juniper/Gambeld sak woodlands in COLM (Von Loh et al. 2007).

Blue spruce-two-needle pinyon-Utah juniper/Gambeld ®ak woodland

Scientific Name Common Name Strata
Juniperus osteosperma Utah juniper Tree canopy
Picea pungens blue spruce Tree canopy
Pinus edulis two-needle pinyon pine  Tree canopy
Amelanchier utahensis Utah serviceberry Tall shrub
Quercus gambelii Gambeld sak Tall shrub
Rhus aromatica var. pilosissima skunkbush sumac Tall shrub

Percent Cover Biological Soil Crusts

BSCshave been studied extensively in arid ecosystems and research has revealed the important role
they play in these systems, particularly in protecting surfaces from wind erosion (Belnap 1992,
KellerLynn 2006). These B&Gorm as a dark, crumbly looking sade of unvegetated soil and are

fragile and highly susceptible to disturbances such as grazing animals and human activities (Dunne
1989). They form very slowly and are comprised of a microfloral entanglement that spans the surface
and subsurface of soilsffectively holding soil, moisture, and organic matter essential to vegetation
establishment in arid lands (Dunne 1989, Miller 2005). They consist of cyanobacteria, moss, lichens,
and fungi, many of which contribute carbon and nitrogen to the nutriemscgttypically nutrient

poor ecosystems (Miller 2005, KellerLynn 2006).

BSC cover was briefly mentioned in Von Loh et al. (2007) for each vegetation classification.
Although percent BSC cover was not a focus of this study, it provides a starting pdirtife
assessments in order to make comparisons and identify trends &nBSG are most developed in
areas where there is adequate soil for them to develop upon. Some of thejymyenwoodlands
and savannas have very limited BS1{Tie to the laclkf soil in those areas, particularly oocky

soils, areas with high surface litter cover, or where bedrock is exposed. The descriptions of BSC
cover in the 12 various pinyganiper woodland/savanna alliance descriptions are givéalie24
(Von Loh et al. 2007).
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Table 24. Approximate BSC cover for each COLM pinyon-juniper community (Von Loh et al. 2007)

Community

BSC Cover

Two-needle pinyon-(one-seed juniper, Utah juniper)/needle-and-thread woodlands
Two-needle pinyon-Utah juniper/Utah serviceberry woodlands

Two-needle pinyon-Ut ah juni per/ Bigel owds sagebru
Two-needle pinyon-Utah juniper/black sagebrush woodlands

Two-needle pinyon-Utah juniper/littleleaf mountain-mahogany woodlands
Two-needle pinyon-Utah juniper/mixed shrubs talus woodlands

Two-needle pinyon-Utah juniper/grassy rock-goldenrod woodlands

Two-needle pinyon-Utah juniper/sparse understory woodlands

Two-needle pinyon-Utah juniper/Wyoming big sagebrush woodlands

Two-needle pinyon-juniper species/mountain-mahogany-mixed shrub woodlands
Two-needle pinyon-juniper species/saline wildrye grass woodlands

Well-developed, but patchy

Was not mentioned as being present in alliance description
Variable with some stands having very little, occasionally up to 50%
Variable with some stands having very little, occasionally up to 75%
Sparse due to very little soil in stands for establishment

Absent or sparse on these active slopes

Sparse, typically less than 5%

Variable with some stands having very little, occasionally up to 65%
Variable with some stands having very little, occasionally up to 20%
Variable with some stands having very little, occasionally up to 60%
May be totally absent or up to 35%

Blue spruce-two-needle pinyon-Ut ah juni per/ Gambel 6s o0 akWasnotmentioned as being present in alliance description




Percent Bare Ground

In areas within the pinyejuniper woodland/savannas of COLM where $lueface is unvegetated,

the percentage of bare ground may be high. Bare ground lacks any surface cover, including standing
or fallen dead vegetation, litter, gravel, rock, bedrock, or 838@as with bare ground are more

prone to erosive forces and incsed runoff. A greater exposure to sunlight can lead to higher
evaporation and saltation (Belnap 1992). The vegetation descriptions in Von Loh et al. (2007) briefly
mention the ground surface conditions for each community as well as general vegetative cover
percentages. In general, each of the piAyoper woodlands/savannas was highly variable in the
percent of bare ground, depending on where the observations were made. COLM has many areas
with exposed bedrock wher e tonlessthdreiesomethingto end t o
hold it there, such as plant litter, rocks, gravel, or cracks and creValgle25 summarizes

vegetative cover and general ground surface conditions for each fumjpar woodland/savanna
vegetation alliance in COLM.
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Table 25. Approximate vegetative cover for each COLM pinyon-juniper community along with notes on ground surface conditions (Von Loh et al.

2007).
Ground

Community Cover Notes
Two-needle pinyon-(one-seed juniper, Utah juniper)/needle-and-thread woodlands 45% Mostly gravel and large rock
Two-needle pinyon-Utah juniper/Utah serviceberry woodlands 26-43% Bedrock, large and small rocks, low to moderate litter
Two-needle pinyon-Ut ah juni per/ Bi gueotlandsd s sagebr L 11-44% Low to high bare soil
Two-needle pinyon-Utah juniper/black sagebrush woodlands 15-68% Low to moderate bare soil
Two-needle pinyon-Utah juniper/littleleaf mountain-mahogany woodlands 15-44% Moderate to high rock and bedrock, sparse bare solil
Two-needle pinyon-Utah juniper/mixed shrubs talus woodlands 4-61% Low to high bare soil, bedrock, and rocks
Two-needle pinyon-Utah juniper/grassy rock-goldenrod woodlands 17-51% Moderate to high bare ground, bedrock, and litter
Two-needle pinyon-Utah juniper/sparse understory woodlands 8-47% Moderate to high gravel, rocks, and bedrock
Two-needle pinyon-Utah juniper/Wyoming big sagebrush woodlands 12-62% Low to moderate bare ground, bedrock and rocks
Two-needle pinyon-juniper species/mountain-mahogany-mixed shrub woodlands 10-45% High bedrock, rock, and bare ground (variable)
Two-needle pinyon-juniper species/saline wildrye grass woodlands 7-20% Moderate to high bare ground and rocks
Blue spruce-two-needle pinyon-Utahj uni per / Gambel 6s oak w 59% High litter and downed wood, bare ground absent




Trends in Invasive Infestation

COLM is part of a longerm monitoring program for IEPs developed by the NG@Ritfocuses on

early detection (Perkins 2014). The first survey of IEPs in the park was conducted in 2003 by Dewey
and Anderson (2005). The latest monitoring was conductedgliimn2013 field season and will be

used to assess this measure, since it includes the previously collected data on IEP infestations in
COLM. A full discussion of IEPs pafwide, including a discussion of trends can be found in

Chapter 2.2.2. In summarydng this 8year time span (2002011), there was an overall decrease

in Russian olive, tamarisknd woolly mullein(Verbascum thapsy¢Perkins 2014). However, the

number of field bindweed infestations more than doubled during this same period (Petkins 2

In the most recent survey, conducted in 2013, a total of 462 IEP infestation points were identified
within the park (Perkins 2014). The most frequently documented species of IEP were yellow
sweetclover and cheatgrass. Several pifyaoiper alliancesncluded cheatgrass, and in some, as a
dominant plant species (Von Loh et al. 2007). Tveedle pinyoflJtah juniper/Utah serviceberry
woodlands, tweneedle pinyorJt ah j uni per / Bi gel owds-nsedlgebr ush wc
pinyortjuniper species/mountaimahoganymixed shrub woodland descriptions all listed cheatgrass

as a dominant herbaceous species (Von Loh et al. 2007). Alliances where cheatgrass was identified
during vegetation mapping were tweedle pinyorlJtah juniper/black sagebrush woodlands,-two
needle pinyorJtah juniper/littleleaf mountaimahogany woodlands, twrteedle pinyoftah
juniper/grassy rockjoldenrod woodlands, twoeedle pinyorlJtah juniper/sparse understory

woodlands, and twoeedle pinyofuniper species/(Wyoming big sagebrush, maumbig

sagebrush) woodlands (Von Loh et al. 2007).

Trends in invasive plants have not been assessed specifically by vegetation association at COLM. To
identify invasive species infestations associatéd pinyonjuniper communitiesspatial queries
wereperformed using the data from the 20E® survey and select pinyguaniper vegetation
communities mapped by Von Loh et al. (2007). Not all of the pifyoiper communities identified

by Von Loh et al(2007)could be mapped using a polygon representation of their location. These
were mapped using a point representation, as they did not meet the MMU standard. The spatial
gueries were run using only the vegetation communities that were mapped as polygonatidihe sp
gueries selected IEP points that were either within a mapped location of {pimyp@&r woodland or
within 100 m (328 ft) of one of these communities. The analysis identified 79 (approximately 17%)
of the IEP points met theriteria Figure 16 Table26). The most common IEselected by these
gueries were yellow sweetclover (37) and cheatd@&s All but two of the yellow sweetclover
occurrences were located within polygons representing pijuyoper communities. All of the
cheatgrass occurrencasre within 100 m (328 ft) of a pinygnniper community. The results for all
IEP occurrences that satisfied the spatial queries can be ifoliiathle 26.
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Figure 16. IEP infestations associated with mapped pinyon-juniper woodland/savannas.
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Table 26. Number and location of nhon-native species occurrences in relation to pinyon-juniper
woodlands/savannas.

Number Number Total

Scientific Name Common Name Within  Adjacent Number
Melilotus officinalis yellow sweetclover 35 2 37
Bromus tectorum cheatgrass 27 27
Tamarix ramosissima saltcedar 4 4
Ulmus pumila Siberian elm 4 4
Elaeagnus angustifolia Russian olive 3 3
Convolvulus arvensis field bindweed 2 2
Poa bulbosa bulbous bluegrass 1 1
Cirsium vulgare bull thistle 1 1
Totals 50 29 79

Soil Stability

A direct assessment of soil stability in the pimjoniper woodlands/savannas has not been

conducted. In general, soil stability is dependent upon the soil aggregate composition (i.e., amount of
clay, sand, and organic matter) (USDA 2008). Sgdregate stability determines the resilience of

soil against erosive forces, specifically raindrop impact, water erosion, abrasion, and wind erosion
(USDA 2008). Slope can also influence soil stability, as steeper slopes generally experience faster or
more intense surface runoff and face more pressure from gravity.

In the dry, windswept, desert environment of COLM, the stability of soils is largely reliant on BSC
(Belnap 1992, 1994; Miller 2005). The absence of this living armor leaves soil vulner#tise to

erosive forces of wind and water. Bare soil is also less able to facilitate ecological functions such as
water infiltration and seed germinati{@elnap 1992). In generahe pinyonrjuniper

woodlands/savannas are found on werthined sandy loam sojlwith slopes ranging from gentle to
steep (Von Loh et al. 2007). Vegetation descriptions by Von Loh et al. (2007) contain information on
the male-up of the unegetated surfaces in pinygumiper woodlands; howevgespecific data on the
percent barergundare not available. The uagetated ground cover is generally comprised of
mixtures of litter/duff, gravel and rocks, exposed bedrock, down wagdtogams, and bare ground

(Von Loh et al. 2007).

Vulnerability to Climate Change

The pinyonrjuniper woodland/savannas communities at COLM were selected (along with Seeps and
Springs and Tinaja Habitats [Chapter 4.4.5]) for additional analysis on their vulnerability to climate
change (See Chapter 2)1.The vulnerability of the twmeedle pinyon piné&tah juniger woodlands

wi || be assessed based on five factors: | ocatio
to extreme climatic events, dependence on hydro
capacity, vulnerability of ecologically influentiapecies, and the potential for climate change to

increase the impacts of na@timate stressors. A detailed description of this methodology and

definition of these five variables is presented in Chapter 3.3 of this report.
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The twoneedle pinyon pine and &h juniper can be found throughout the southern Rocky

Mountains regionKigure17). Within COLM, the pinyoruniper woodlands/savannas are found at
elevations ranging from 1,472 to 2,518 m (4,829 to 8,261ft) and generally on north or east aspects,
althoughthey are found on other aspects throughout the park (Von Loh et al. 2007). COLM is
located in the nortlgentral portion of the pinyon pine latitudinal range and on the eastern edge of the
central part of the Utah juniper latitudinal rangeg(re 173.

Baedon COLM s | o c at i geagraphical ranges of pihyen pine and Utah juniges,

alone would not cause them to be significantly vulnerable to an increase in temperature. These
woodlands are adapted to cold winter minimum temperatures and Idallraind are oftem
transitionalcommunitybetween grassland or desert shrubland and montane conifer systems (Brown
1994, Peet 2000).

Pinyon pine growth is strongly dependent on two climatic variables: the availability of sufficient
precipitation prior® their growing season (winter through early summer), and cooler June
temperatures (Barger et al. 2009). Both of these variables are projected to change to conditions that
are less favorable for pinyon pine (Decker and Rondeau 2014). Climate modelswaojeet and

drier (more arid) conditions for COLM by 2100 using the RCP 8.5 scenario. Summertime
temperatures (Juaugust) at COLM are projected to increase by up to 5.7 °C (10.3 °F) by 2100
(Figurel8, ClimateWizard 2014). Higher temperatures will reguljreater evapotranspiration rates
which, despite a predicted increase in annual precipitation, would lead to an increase in aridity in all
seasons, especially fall (SeptembiEzvember) and spring (Maratday) (Figurel9, ClimateWizard

2014). Under the RE 8.5 scenario, the climate models predict an increase in mean annual
temperature of 4.8 °C (8.6 °F) with up to a nearly 17% increase in mean annual Biugitg Z0,
ClimateWizard 2014).
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Figure 17. Current geographic extent of pinyon-juniper keystone species (two-needle pinyon pine and
Utah juniper) used in the climate change vulnerability analysis. The geographic extents are from Little

1971.
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Figure 18. Change in mean A) winter, B) spring, C) summer, and D) fall seasonal temperatures for COLM
by the year 2100 (ClimateWizard 2014). Temperatures are from the E50 ensemble with the RCP 8.5
scenario; change is determined as the departure from a 1961-1990 baseline. A 1 °C change equals a 1.8
°F change in temperature.
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Figure 19. Change in mean A) winter, B) spring, C) summer, and D) fall seasonal aridity for COLM by the
year 2100 (ClimateWizard 2014). Aridity values are presented as the change in the ratio of actual
evapotranspiration to potential evapotranspiration. Aridity values are from the E50 ensemble with the
RCP 8.5 scenario; change is determined as the departure from a 1961-1990 baseline.as the percent
change from the baseline period of 1961-1990. A -0.15 change is equal to a 15% increase in aridity.
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Figure 20. Changes in A) mean annual temperature and B) mean annual aridity for COLM by the year
2100 (ClimateWizard 2014, NCCSC 2015). Temperature and aridity values are from the E50 ensemble
with the RCP 8.5 scenario; change is determined as the departure from a 1961-1990 baseline.

Rehfeldt et al. (2006) conducted speeescific bioclimate modeling for a number of western tree
species. The bioclimate model uses each species
precipitation) and calculates how well th@jected climate conditions match the current climate
requirements, producing a map of viability scores for each species (RehfleR@2&). The higher

the viability score, the closer the projected climate conditions are to the current climate reqgtsrem

and the more likely the species can be viable under the projected climate conditions (Rehfeldt et al.
2006). The maps can be used to estimate the location and overall geographic extent where western

tree species could be found under the various RERasios. The results of the bioclimate mapping

are considered to have a high degree of accuracy, as testing of the models produced current mapped
climate profiles that were in good agreement with current range maps (Rehfeldt et al. 2006). The
bioclimate nodeling under the RCP 8.5 scenario for pinyon pine and Utah juniper shows a predicted

shift, primarily to the north and somewhat eastward. The model also predicts that both species will be
able to exist far to the northwest, extending as far north askéwea@an Valley in British Columbia

(Figure21, Figure22) (Rehfeldt et al. 2006). Within COLM, the bioclimate maps for pinyon pine

and Utah juniper show an overall decl Figue i n eac
21, Figure2?) (Rehfeldtet al. 2006). The models predict a climate at COLM that is less than 60%
compatible with current climate conditions for both pinyon pine and Utah juloyp2t00 Figure

21, Figure2?) (Rehfeldt et al. 2006). Overall, the projected climate under the REC$t&nario is at

the low end of viability for both pinyon pine and Utah juniper.
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Figure 21. Modeled bioclimate profiles for pinyon pine (Rehfeldt 2006) overlaid on the digitized range
maps of the current distribution (from Little 1991). Map A represents modeled total geographic extent for

2060 and Map B represents the modeled total geographic extent for 2090. Maps C and D are the

modeled results for 2060 and 2090, respectively, but are zoomed in to show the general area around

COLM. The bioclimate profiles are based on the RCP 8.5 scenario. The values are species viability
scores in the range of 0 to 100%, where low numbers indicate that the climate is not consistent with

where the species grows and high numbers indicates consistency (0%i 20%, no color; 20%i 40%, lightest
green; 40%i 60%, light green; 60%i 80% dark green; and 80%i 100%, darkest green).
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Figure 22. Modeled bioclimate profiles for Utah juniper (Rehfeldt 2006) overlaid on the digitized range
maps of the current distribution (from Little 1991). Map A represents modeled total geographic extent for
2060 and Map B represents the modeled total geographic extent for 2090, Maps C and D are the
modeled results for 2060 and 2090, respectively, but are zoomed in to show the general area around
COLM. The bioclimate profiles are based on the RCP 8.5 scenario. The values are species viability
scores in the range of 0 to 100%, where low numbers indicate that the climate is not consistent with
where the species grows and high numbers indicates consistency (0%i 20%, no color; 20%i 40%, lightest
green; 40%i 60%, light green; 60%i 80% dark green; and 80%i 100%, darkest green).
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The climate model sd predictions for extended pe
tree mortality, especially in pinyon pine, as it is more susceptible to drought than the Utah juniper
(Breshears et al. 2008). The drought experienced i8-2003 has been associated with mortality in
pinyon pine and Utah juniper in the Southwest (Richardson et al. 2012). Extended periods of drought
can also increase the frequency and intensity of insect outbreaks and wildfire (Miller 2005, Decker
and Rondea@014). Pinyon pine are also susceptible to the fungal pathaggagraphuum

wagenerivar. wagenerj which causes black stain root disease and infestations of the pinyon ips bark
beetle [ps confusus(Kearns and Jacobi 2005, Miller 2005). During the dhiwf early 2000,

pinyon pine and Utah juniper mortality increased at COLM, believed to be due to a root fungus that
was likely exacerbated by droughtRS 1999. While both species are susceptible to drought, the
differences in the degree of susceptiidf pinyon pine and juniper could result in these woodlands
becoming dominated by juniper under the projected climate conditions for the RCP 8.5 scenario
(Decker and Rondeau 2014).

The pinyonrjuniper woodlands are expected to have significant adaptpacity. These woodlands

are tolerant to the warmer, more arid climate currently being projected by the climate models under
the RCP 8.5 scenario. Since the last glacial period, the distribution of the fimyper woodlands

and their abundance has fluated with changing climate conditions (Decker and Rondeau 2014).
Warming conditions over the last two hundred years, along with other factors such as changing fire
regimes and nutrient enrichment from atmospheric pollution, have increased the potetitigl for
community to expand into neighboring vegetation communities at higher and lower elevations
(Tausch 1999). Both pinyon pine and Utah juniper have large ecological amplitudes, and are suited to
the warmer, more arid conditions projected by the climaidels under the RCP 8.5 scenario

(Decker and Rondeau 2014).

As discussed in Chapter 2.1.2, the G&vedict higher temperatures and slight increases in
precipitation for this region. While there is a slight projected increase in precipitation, the higher
temperatures (for all seasons) will create higher evapotranspiration rates, ultimately resulting in drier
conditions. Thesbkotter and drier conditions expected in COLM over the next century will likely
exacerbate many of the current rdimate stressorgf the pinyorjuniper woodland plant

community. Researchers believe that drought and warmth across western North America over the
past decade have already led to extensive insect outbreaks and increased mortality in many forest
types (Miller 2005, Bresheset al. 2008, Allen et al. 2010, Richardson et al. 2012). Higher summer
temperatures typically accelerate the development and reproductive rates of insects, while drought
stress may increase many tree speche&sl®898yvul ner ab
Kearns and Jacobi 2005, Miller 2005, Ayers and Lombardero 2000, Allen et al. 2010) and previous
vulnerability assessments may have underestimated the mortality rate due to this synergy (Allen et al.
2015).

It is difficult to assess how the waer and drier conditions predicted for COLM will affect the non
native plants already invading the pinymiper communities. While Dukes and Mooney (1999)
suggested that most aspects of global climate change will favenaitve species over nativesigt
unknown if this pattern will apply to already arid environments such as COLM. Theative
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species already present@®LM (Figure 16 Table 2§ would likely be tolerant of warmer
conditions, but may not survive the even drier predicted conditnes. conditions may also
increase the potential for wildfires, which could be more intense due to the presence of invasive
annual grasses in the understory of pirjamper woodlands (Decker and Rondeau 2014).

Threats and Stressor Factors

There are seval factors that are a concern in terms of the pifuaiper woodland/savannas at
COLM. Park resource manager itiéad IEPs, unnatural fire regimes, social trails, drought, and
climate change as the primary concerns in terms of this resource.

Exotic invasive species are a formidable threat to the pifjyaiper woodland/savannas. IEPs

disrupt the natural structure of native vegetation communities by displacing both plants and animals
that are native to the community (Perkins 2014). Invasive plants caaltdsthe natural fire regime

by accumulating fuels (e.g., dead grass) on the ground, a critical danger to-jpimyen
woodland/savannas (Kennard and Moore 2013).

Altered fire intervals are a serious threat to the pifymiper woodland/savannas, peularly where

large, standeplacing fires were historically infrequent (Kennard and Moore 2013). Kennard and
Moore (2013) studied the f i fuepehwosdiaru/savammastof s o me
identify drivers ofcommunitystructure. The restd indicated that these woodlands and savannas

have very long (588,428 years) fire rotations, particularly in persistent stands like those found on
mesa tops in COLM (Kennard and Moore 2013). Lighigmgted fires are not uncommon; however

they tend tdoe small in size, at times burning only a single tree (Kennard and Moore E0&3).

within pinyortjuniper habitats can lead to conditions where these habitats are replaced by grasslands
dominated by invasive speci€3onsidering these findings, using preked burning as a

management tool would likely prove detrimental to the pirymiper woodland/savannas in

COLM, since cheatgrass is present and has the potential of expanding its cover with fire.

Visitorimpact s wi t hi n -junipeehalptat mdudesdanpagertoyB&@ present within these
environments. Hikers, particularly those wusing
fragile habitats and the continued disturbance does not allow for the time needed for BSCs to
regenerate. Thisan lead to invasive species encroaching and potentially replacing BSC habitats.

As a result of climate change, droughts are projected to increase in frequency, intensity, and duration
throughout the southwestern states, including Colorado (Garfin etldl). Extreme precipitation

events, which often cause soil erosion, are also projected to increase in frequency and intensity
(Garfin et al. 2014, Melillo et al. 2014). Temperatures will rise, accelerating evaporation and
transpiration rates, and puttingapts under further moisture stress (Garfin et al. 2014).

Data Needs/Gaps

A lack of an explicitly focused study on the pinjoru ni per woodl and/ savannas?®o
cover of CBC and bare ground makes an assessment of current condition diffietdtare some

brief descriptions of soil type, percent tree canopy cover, and the unvegetated surface composition in
Von Loh et al. (2007). These provide a starting point for future research, as mentioned in the
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descriptions above. In addition, more imf@tion is needed on how the effects of a warmer, drier
climate will change the nenative species composition of the pinyjoniper woodlandsResearch
on the impacts from the proliferation of social trails within the park is also recommended.

Currently aguaranteed funding source for the invasive species removal/control has not been
identified. Failure to secure funding for this management action will result in the loss of the gains
that have been made in eradicating IEPs within the park. Additionati{hemprogrammatic need

for COLM is a trail management plan. Currently, visitors face no restrictions in their access to any
areas within the park

Overall Condition

Community Extent and Change over Time

A Significance Levedf 3 was assigned to teemmurnty extent and change over timeeasureln

several western states, the extent of pirpmiper woodlands/savannas has reportedly increased

they have encroached into sagebrush communities (Soule et al. 2003, Jol8saioRdson (203)

concluded thiepinyonjuniper woodlandgotentially havee x pandi ng i nto the par k¢
shrublands, which suggests that woodland extent has increased, or at least has not decreased.

Therefore, &ondition Levebf 1 has been assigned, indicating low concern.

Community Composition

The community composition measure was assigrigid@ificance Leveadf 3. Von Loh et al. (2007)
reports plant species lists for each of the 12 pirfyaiper alliances within COLM. The presence of
norntnative plants within these alliancés,some cases as a dominant species, indicates somewhat
serious degradation to the community (Von Loh et al. 2007). Based on the assumption that the
original community composition included only native plants,Goadition Leveilvas assigned a 2.

Percent @ver Biological Soil Crusts

The percent cover of BSC is largely a data gap, with only superficial estimates of the amount of BSC
coverage described in Von Loh et al. (2007). This measure was assigiggufiaance Levedf 3,

but cannot be assignedCandtion Levelat this time. The percentage estimates described in the
vegetation mapping field data (Von Loh et al. 2007) may be useful in assessing this measure in
subsequent studies.

Percent Bare Ground

This measure was assigne8ignificance Levedf 2. The bare ground coverage was described

briefly in Von Loh et al. (2007), but was not reported as an actual percentage. The descriptions are of
the general surface conditions, not specific to bare ground. For this re&mmgidon Levetannot
beassigned at this time.

Trends in Invasive Infestation

This measure was assigne8ignificance Leveadf 3 by the project tean®ver the last decade the

park has focused control efforts on eradication
not available, so the potential for increased infestations is high (Hartwig, written communication 18
November 2015)Consideringhis along withthe presence of IEPs within the pinypmiper
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woodland/savannas detected in recent years, as well as sgugoal juniper woodland/savanna
alliances now having cheatgrass as a dominant member of the community (Von Loh et al. 2007), the
Condition Levehas been assigned a 2.

Soil Stability
The soil stability measure was assignesignificance Levedf 2 and idargely a data gap. Von Loh
etal. (2007does provids hort descri ptions of soil type and

address all parameters needed to assess overall soil stability in the-jpimypen
woodland/savannas. Bondition Levetannotbe assigned at this time since soil stability parameters
have not been directly assessed in the pifjyaiper woodland/savannas.

Climate Change Vulnerability Assessment

Analysis of the pinyouniper community within COLM showed that it is moderatelynarhble to

the projected impacts to climate change, with an overall score diable7). While the confidence

in the assessment is within the high range, with a value of 15, half of the variable scores were rated
as fAimoder at eodo confolifattersace due to a number

Table 27. Certainty and alternative vulnerability scores for woodland plant community assessment
variables.

Certainty Vulnerability  Alternative

Variable Scorel! Score? Scores?®
Location in geographical range/distribution of plant community 2 4 3
Sensitivity to extreme climatic events (e.g., drought, flash 3 3

floods, windstorms)
Dependence on specific hydrologic conditions
Intrinsic adaptive capacity

Vulnerability of ecologically influential species to climate 2 3 4
change
Potential for climate change to exacerbate impacts of non- 2 3 4

climate stressors

Total 15 17 16-19

1For individual variables, certainty scores are 3 = high, 2 = moderate, and 1 = low

2The certainty ranges are 6-10 = low confidence, 11-14 = moderate confidence, 15-18 = high
confidence

3The vulnerability ranges are 6-13= least vulnerable, 14-19 = moderately vulnerable, 20-25 = highly
vulnerable, 26-30 = critically vulnerable

To address some of the uncertainty within this assessment, alternativenss@ edentified for

several variables in addition to the best estimate scbeddg27). Alternative scores create a range

of |Ii kely vulnerability for the plant community
the plant communityo and the fAvulnerability of
variableswereasi gned al ternative scores due to the var
annual precipitation projections. The potential for climate change to exacerbate impacts of non

climate stressors was given an alternative score due to uncertainty afigbathe warmer, dryer
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climate would have on nemative species. When factored in, the range of vulnerability scores for the

pinyonj uni per
vul ner abl

e o
uncertainty in climate projections and individual community variables, the classification of pinyon

woodl and

community

s 16 to

19,

c a t cendjidemcey certaMty gcdre, thihseggests thdt, despite some

al

juniper woodlands as moderately vulnerable appears fairly robust. The scoring worksheeedevelop
for the pinyorjuniper woodlands is included in Appendix

Weighted Condition Score
TheWeighted Condition Scofer pinyonjuniper woodland/savannas is 0.56, which indicates

moderate concern. This WCS is primarily due to the widespread presencespelt€s, which are
major threats to the ecological health of the pirjoriper woodland/savannas in COLM.

Pinyon-juniper Woodlands/Savannas

WCS = 0.56

Measures Significance Level Condition Level
Community Extent and
) 3 1
Change over Time
Community
" 3 2
Composition
Percent Cover
Biological Soil Crusts 3 na
Percent Bare Ground 2 n/a
Trends in Invasive
, 3 2
Infestation
Soil Stability 2 n/a

O

4.1.6 Sources of Expertise

Dusty PerkinsProgram ManageiNorthern Colorado Plateau Network

Nicholas Fisichelli Ph.D., Ecologist NRSimate Change Response Program

Dr. Deborah Kennard, Colorado Mesa University

Marian Talbert, Research Statistician North Central Climate Science Center

Rebecca Weissinger, Ecologist NPS Northern Colorado PlatebuaXe

Dana Witwicki, Ecologist NPS Northern Colorado Plateau Network
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4.2 Sagebrush Shrublands/Shrub Steppe

4.2.1 Description

The sagebrush shrublands/shrub steppe
association within COLM is comprised of the
following plant communities: basin big
sagebrush/cheatgrass sematural shrubland,
black sagebrush and grasses shrubland
graminoids Wyoming big sagebrush/seeded
grasses senmnatural shrubland, and Wyoming |
big sagebrush shrubland (Von Loh et al. 2007) =
The primary sagebrush species found within [
these communities are: basiig sagebrush,
Wyoming big sagebrustandblack sagebrush
(Von Loh et al. 2007).

Basin big sagebrush/cheatgrass seatural
shrubland communities within COLM are found
on gentle slopes {00%) between 1,524 and
1,926 m (5,000 and 6,319 ft) in elevation (Von
Loh et al. 2007). Soils are generally loamy sand, sanahy,lsdt loam, or clay loam (Von Loh et al.
2007). This community is found along drainages or on terraces along the canyon bottom drainages
and on alluvial fans (Von Loh et al. 2007).

Photo 5. Big Sagebrush (Artemisia tridentata)
(NPS Photo).

Black sagebrush and grasses shrublgmadgninoids communities are geneydibund on relatively

gentle slopes (48%) between 1,641 and 1,983 m (5,384 and 6,506 ft) in elevation (Von Loh et al.
2007). This community is found on the midslopes of hills and ridges and on an erosion fan with clay
loam or silty clay soils (Von Loh etl. 2007).

Wyoming big sagebrush/seeded grasses-saairal shrubland communities can be found on gentle
slopes (210%) between 2,024 and 2,128 m (6,640 and 6,982 ft) in elevation with sandy loam or
loamy sand soils (Von Loh et al. 2007). This commuisitipund on mesa tops to the west and south
of No Thoroughfare Canyon (Von Loh et al. 2007).

Wyoming big sagebrush shrubland communities are found on gentle to moderately-S@%g) (0
slopes between 1,439 and 2,147 m (4,721 and 7,044 ft) in elevatioh.¢¥aat al. 2007). Soils are
generally sandy loam (Von Loh et al. 2007). This community is found on the midslopes of canyons,
along washes, in swales, valleys, and canyons, on both mesa tops and plains, and along drainage
benches and terraces (Von Loh e2807).

Basin big sagebrush/alkali sacat@porobolus airoidgsshrubland can be found approximately 2

km (1.2 mi) north of the Monument Canyon trailhead, adjacent to the eastern boundary fence. This
community was observed in a narrow gully attiteeslope of a low ridge. This site has a gentle slope
(9%) and occurred at 1,873 m (6,145 ft) in elevation. Soils at this location are silty clay (Von Loh et
al. 2007).
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Wyoming big sagebrushshadscalé¢Atriplex confertifolig shrubland can be found nehe east

entrance, adjacent to the park boundary fence. This community was observed on the midslopes of a
hill. This site has a gentle slope (9%) and occurred at 1,438 m (4,718 ft) in elevation with silty clay
soils (Von Loh et al. 2007).

Sagebrush shubid/shrub steppe communities at COLM support a variety of wildlife spddiese
communities provide shade, shelter and nesting/burrowing sites for a variety of small animals
(Hanophy and eitelbaum 2008 Reptile species such as the easteftaedlizard and theside
blotched lizardUta stansburianpcan be found within theagebrush shrublandddnophy and
Teitelbaum 2008 The California myotigMyotis californicu$ is known to roost in sagebrush
(Hanophy and eitelbaum 2008 Mexican woodrat§Neotona mexicang, deer micgPeromyscus
maniculatuy, Or d 6 s k a (Digaalomysoordi, and Back-tailed jackrabbits(Lepus
californicug aresome of the small rodents that can be found in these haté@abphy and
Teitelbaum 2008 Redtailed hawksowls, coyotes, and gray fox activdtyrage for prey within
these vegetation communitiddgnophy and eitelbaum 2008 Large mammals such asile deer
and elk also forage in these habitdaitophy and eitelbaum 2008 Several avian species are
closelyassociated with sagebrush habitat includingstgesparrow(Artemisiospiza beljiand the
sagethrashe(Oreoscoptes montanu@ianophy and eitelbaum 2008 Other birds commonly
found in these habitats include the weswarubjay (Aphelocoma califormia) and horned lark
(Eremophila alpestris(Hanophy and eitelbaum 2008

4.2.2 Measures

1 Community exent and change over time
Community compositio
Percent cover biological soil crusts
Percent bare ground

Trends in invasive infestation

= =4 =4 4 =2

Solil stability
1 Can@y gap size

4.2.3 Reference Conditions/Values

An ideal reference condition for this component would use the natural variability of the current
system, particularly in the center of COLM away from the boundary (e.g., Liberty Cap Trail).
However, not enougimformation is available regarding the range of variability for the selected
measures to determine clear reference conditions at this time. Conditions will be assessed based on
best professional judgment given the available data.

4.2.4 Data and Methods

A vegetation mapping project by Von Loh et al. (2007) shows the locations of all dominant cover
types present in COLM in the early 2000s. The methodology for this project included vegetation
classification and attribute development based on the NVC, fietchnatssance and mapping, and
development of a spatial database. The study area for the project included COLM, plus an additional
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area beyond the park border. Mapping was completed using both traditional photo interpretation and
biophysical modeling. Thisllawed for consistent and accurate mapping in a cost effective manner.
The project resulted in vegetation data and maps for COLM and its immediate vicinity.

The impacts of pinyofuniper woodland encroachment were analyzed by Johnson (2013). This study
useal aerial photos from 1937 and 2007 to determine the change in sagebrush shrubland habitat within
a portion of COLM. Polygons were delineated for each photoi n g Ar cdeawds an d
calculated allowing for both visual and numerical comparisons.

Hogan etl. (2009) developed a comprehensive list of plant species found within theéApasdaglix

D). This effort involved reviewing existing literature angesaamining specimens in the COLM
herbarium. It also included field work to confirm unverified speciestampotentially locate new

species. This list includes plants by habitat type, one of which is sage shrub, which includes plants
from Acommunities dominated by big sagebrushbo

Invasive nomnative plant species monitoring and mapping tecurred since 2003 (Dewey and
Anderson 2005). The NCPN completed the most recent inventory in 2013 (Perkins 2014). Perkins
(2014) was based on a list of priority IEPs that had been developed by the staff at COLM and the
NCPN. A minimum detection targsize (MDTS) of 40 rh(431 f£ or approximately 20 x 20 ft) was

also established for use in the ongoing monitoring program. Monitoring routes and quadrats were
established along the roads, major drainages, and trails in the park. In addition to invagive exo
species composition, information was collected on several other attributes, including infestation size
and cover (Perkins 2014).

4.2.5 Current Condition and Trend

Community Extent and Change over Time

Von Loh et al. (2007) represents the most recdithate of sagebrush shrublands/shrub steppe
extent in the park. Data from this vegetation mapping projects showsatfettrush shrublands/shrub
stepe comprise 819 ha (2,023 ac), or approximately 10% of the COLM landScepeZ8, Figure
23). Black sagbrush and grasses shrublagréminoids communities within COLM can be found at
the western Liberty Cap trailhead and adjacent to the Liberty Cap Basih big sagebrush/
cheatgrass senmatural shrubland communities within COLM can be found in uppenaddie Ute
Canyon, upper and lower No Thoroughfare Canyon, near the East Entrance, and in Fruita Canyon
(Von Loh et al. 2007).Wyoming big sagebrush/seeded grassesatmal shrubland communities
within COLM can be found on the mesa south of No ThortarghCanyon to Little Park Road, on
the west end of Old Gordon Road (Trail) and along DS Road (Von Loh et al. 2007).
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Table 28. Areal extent of sagebrush shrublands/shrub steppe alliances found in COLM (Von Loh et al.
2007).

Percentage
Area Sagebrush Total
Alliances ha (ac) shrublands/shrub steppe Vegetation
Basin big sagebrush/cheatgrass 209.4 (84.7) 10.4% 1.0%
semi-natural shrubland
Black sagebrush and grasses 664.6 (268.9) 32.9% 3.2%
shrubland-graminoids
Wyoming big sagebrush/seeded 347.4 (140.6) 17.2% 1.7%
grasses semi-natural shrubland
Wyoming big sagebrush 801.3 (324.3) 39.6% 3.9%
shrubland
Sagebrush shrublands/shrub steppe total 2,022.7 (818.5) 100%

Park total 20,450 (8,275.8)

Wyoming big sagebrush shrubland communities wi@@LM can be found near Liberty Cap trail,

at the mouth of Lizard Canyon, east of Kissing Couple in Monument Canyon, upper Monument
canyon, near the Rim Rock Drive, on the mesa north of Red Canyon, on Rimrock Drive near the
head of Ute Canyon, west of Colbos Canyon, mesa south of Ute Canyon, along Glade Park Road,

on the No Thoroughfare Canyon Mesa, near the mo
Kitchen Trail, near the parkdés western boundary
2007)

Two-needle pinyon and Utah juniper are the dominant woodland species in COLM (Von Loh et al.
2007). For the past 150 years, they have expanded into sagebrush shrublands/shrub steppe habitats as
they have become more broadly distributed and formed dewsellands (Sod et al. 2008 The
sagebrush shrublands/shrub steppe are being crowded out ayminméted by the expanding
pinyortjuniper woodlands (Johnson 2013). According to John26h3), the loss of sagebrush
shrubland/shrub steppe due to the expamof woodland species ranged from approximately 10% to
30% in certain areas of COLM over the past 70 yessstated previoushgistortions in the 1937
imagery do not allow for an exact determination of percent chateyeérd, written communication

18 November 2016 Ocular examination of the differences in the imagery does suggest that
sagebrush shrubland/shrub steppe habitat has been lost to-pinymeTr encroachment (Johnson
2013).It is unclear if this is the result of human influence, an enwrental change, or simply a
natural successional process.
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Figure 23. The location of sagebrush shrubland/shrub steppe alliances within COLM (Von Loh et al.

2007).

CommunityCompositian

A comprehensive plant species list was developed by Hogan(20@9). A total of 289 plant

species wer e

dent

f

ed

t h adebrusishriblamdsthribeteppein pr e s e n

communities AppendixD). Speciesvere considered present if a confirmed specimen or observation
has been made since 1970. 8ps were considered reported if they have been listed in existing
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literature (Hogan et al. 2009). This total was comprised of three trees, 42 shrubs, 142 perennial forbs,
52 annual forbs, 35 perennial graminoids, 14 annual graminoids, and one fern étag&@909). Of

these plants, 48 (16.6%) are introduced species while the remaining 241 (83.4%) are native species
(NPS 2015).

The black sagebrush and grasses shrubgmachinoids communities contain a diverse shrub layer

that includes black sagebrushadicaleyellow rabbitbrush(Chrysothamnus viscidiflory)d or r ey 6 s
Mormon tea Ephedra torreyang Mormon tea spiny hopsaggGrayia spinosg broomsnakeweed
(Gutierrezia sarothrag winterfat(Krascheninnikovia lanada claretcup Echinocereus

triglochidiatus), Mojave pricklypear@puntia phaeacanthaar. major), and plains pricklypear

(Opuntia polyacanthg(Von Loh et al. 2007)The herbaceous layer is diverse but sparse, including
graminoids such as Indian ricegrgdshnatherum hymenoidesheatgrassix weeks fescueMulpia

octoflorg), needle and threadames' galletanuttongras¢Poa fendleriang  and Sandber goés
bluegrasg§Poasecundeand f or bs such & semdégene @ridlexr 6Gu rrARINDd WG ¢
mariposa Calochortus gunnisonij westerrtansymustargDescurainia pinnatasp.halictorum),

dwarf drabaDraba reptany, Arizona hymenoxy¢Tetraneuris acaul)s western stickseeflLappula
occidentalisvar. occidentali3, grassy rockgoldenrod, and scarlet globemallSph@eralcea
coccineassp.coccineg (Von Loh et al. 2007). The most abundant species within this community by
stratum can be found ifable 29

Table 29. Dominant plant species (by strata) within the black sagebrush and grasses shrubland-
graminoids community of COLM (Von Loh et al. 2007).

Black sagebrush and grasses shrubland-graminoids

Scientific Name Common Name Strata

Artemisia nova black sagebrush Short shrub/sapling
Achnatherum hymenoides Indian ricegrass Herb

Hesperostipa comata needle and thread Herb

Hilaria jamesii James' galleta Herb

Lappula occidentalis var. occidentalis western stickseed Herb

Poa fendleriana muttongrass Herb

Sphaeralcea coccinea ssp. coccinea scarlet globemallow Herb

Tetraneuris acaulis Arizona hymenoxys Herb

The basin big sagebrush/cheatgrass s&tiral shrubland communities are characterized by an open
to closed canopy of basin big sagebrughically 1 to 5 m (3 td6 ft) tall (Von Loh etal. 2007)
Skunkbush sumais alsopresent in this community, thougtrepresents less than S8fthe total
cover(Von Loh et al. 2007)A few trees are present, providing up to 3% c@¢Ven Loh et al.

2007) These trees include Utah juniper and-weedle pinyorand are typically 2 to 5 m (7 tb6 ft)

tall (Von Loh et al. 2007)Other $iort and dwarf shrubs that contribute sparse to low cover in these
communities include fourwing saltbusiprmon tearubber rabbitbrusfEricameria nauseo9a

fringed sagebrusfArtemisia frigidg, broomsnakeweed, Mojave pricklypear, and plains pricklypear
(Von Loh et al. 2007)The herbaceous layer is generally sparse, though can have high cover of
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cheatgrasévon Loh et al. 2007)Other graminoids in this community include ladiricegrass
squirreltail Elymus elymoidgssix weeksfescue needle and thread, foxtail barldygrdeum
jubatum), muttongrass, and sand dropse®gafobolus cryptandryigVon Loh et al. 2007)Forbs
commonly found in this community include tapertipam{Allium acuminaturj)y goosefoot
(Chenopodiunspp.), western tansymustaflixweed (Descurainiasophia), smallflowerdragonhead
(Dracocephalum parviflorupps t o r k(Brediurn cidutariuny, scarlet gilia pomopsis aggregata
ssp.aggregata, prickly lettuce (actuca serriold, western stickseed, mountain pepperweed
(Lepidium montanumwoolly plantain Plantago patagonicawestern groundsébenecio
integerrimug, andtumblemustard Sisymbrium altissimupfVon Loh etal. 2007). The most
abundant spees within this community by stratum canfbend inTable30.

Table 30. Dominant plant species (by strata) within the basin big sagebrush/cheatgrass semi-natural
shrubland community of COLM (Von Loh et al. 2007).

Basin big sagebrush/cheatgrass semi-natural shrubland community

Scientific Name Common Name Strata

Artemisia tridentata ssp. tridentata basin big sagebrush Tall shrub/sapling
Rhus aromatica var. pilosissima skunkbush sumac Tall shrub/sapling
Atriplex canescens fourwing saltbush Short shrub/sapling
Ericameria nauseosa rubber rabbitbrush Short shrub/sapling
Bromus tectorum* cheatgrass Herb

Hesperostipa comata needle and thread Herb

Lappula occidentalis var. occidentalis ~ western stickseed Herb

Sporobolus cryptandrus sand dropseed Herb

*Indicates a non-native species.

TheWyoming big sagebrush/seeded grasses-samiral shrubland communities are characterized
by Wyoming big sagebrush and crested wheatgrsg®pyron cristatu These two species
account for 4 to 40% cover and 1 to 25% cover, respeciiVely Loh etal. 2007) When present, a
tree canopy of Utah juniper and tweedle pinyon (typically 2 to 5 m [7 to 16 ft] tall) provide up to
8% covern(Von Loh etal. 2007) The remaining short/dwarf shrub layer is generally low in diversity
and cover and includes yellow rabbitbrush, rubber rabbitbrush, Utah junipereedte pinyon,
tarragon Artemisia dracunculys fringed sagebrush, broom snakeweed, brittle pricklyp@purgtia
fragilis), and plains pricklypegivon Loh et al. 2007)The herbaceous layer is also low in diversity
and cover (Von Loh et al. 2007). Graminoids present include Indian ricegrass, purpkhree
(Aristida purpureg, blue gramaBouteloua gracili}, cheatgrass, squirreltail, six weeks fescue,
needle and thread, muttongrass, and sand drofgead_oh et al. 2007)Forbs commonly found in
this community include hoary dustgaiden Chaenactis douglagii wavy-leaf thistle Cirsium
undulatumvar. undubktum), western tansymustardwarf drabahairy goldenaster, western stickseed,
silvery lupine Lupinus argenteyssweetclover speciebglilotusspp.), pale evening primrose
(Oenothera pallidassp.trichocaly®, woolly plantain, western groundsel, and scarlet globemallow
(Von Loh et al. 2007)The most abundant species within this community by stratum can beifound
Table31

99



Table 31. Dominant plant species (by strata) within the Wyoming big sagebrush/seeded grasses semi
natural shrubland community of COLM (Von Loh et al. 2007).

Wyoming big sagebrush/seeded grasses semi natural shrubland

Scientific Name Common Name Strata

Juniperus osteosperma Utah juniper Tree canopy
Artemisia tridentata ssp. wyomingensis  Wyoming big sagebrush  Short shrub/sapling

Ericameria nauseosa rubber rabbitbrush Short shrub/sapling
Achnatherum hymenoides Indian ricegrass Herb
Agropyron cristatum* crested wheatgrass Herb
Bromus tectorum* cheatgrass Herb
Chrysothamnus viscidiflorus yellow rabbitbrush Herb
Elymus elymoides squirreltall Herb
Gutierrezia sarothrae broom snakeweed Herb
Heterotheca villosa hairy false goldenaster Herb
Opuntia phaeacantha var. major Mojave pricklypear Herb
Senecio integerrimus western groundsel Herb
Sporobolus cryptandrus sand dropseed Herb

*Indicates a non-native species.

TheWyoming big sagebrush shrubland communities are characterized by Wyoming big sagebrush,
providing 1 to 45% coveiVon Loh etal. 2007) Utah juniper and twameedle pinyon pine are

occasionally present as canopy trees, generally 2 to 5 m (7 to 16 ft) tall and provide up to 5% cover

(Von Loh etal. 2007) These communities contain a highly variable shrub layer that include

skunkbush sumablack greasewoods@rcobatus vermiculatysfourwing saltbush, shadscale,

yellow rabbitbrush, Mormon tea, rubber rabbitbrush, spiny hopsage, black sagebrush, broom

snakeweed, winterfat, and prickly phidxr{anthus pungensclaretcup, Mojave pricklypeadyittle

pricklypear, berry pricklypeaiQpuntia phaeacanthaplains pricklypearSimpson's hedgehog
cactugPediocactus simpsofii, and Har ¢Vonrhehrettak 2007 )Tte hieabaceous layer is

diverse and provides low to moderate cover. This lm@udes graminoids such as Mormon
needlegrassAchnatherum ariduin Indian ricegrass, crested wheatgrass, purple-tuee blue

grama, cheatgrass, squirreltail, needle and thread, junel@deria macranthg saline wildrye,

western wheatgrasPésc@yrum smithj , Jamesd6 gall eta, mui{Vvomngrass,
Lohetal. 2007) For bs present in this | ayer include Fen
milkvetch (Astragalus mollissimyssmallflower milkvetch Astragalus nuttallianysGu nni sond s
mariposa, sagebrush butterclatunculus testiculatishoary dustymaiden, bastard toadflax

(Comandra umbellaja cryptanthaCryptanthas p p . ) , Nu t Daphihinsnutthllamuys pur (
western tansymustard, dwarf draba, fleab&&éronspp.), cushion buckwhedEfogonum
ovalifoliumvar.ovalifolium) , st or kdéds bill, hairy false gol dena

prairie pepperwortl{epidium densiflorui) mountain pepperweed, blue fldxr{um lewisi), silvery
lupine, pale evening primroserenulate phaceligPhacelia crenulaty longleaf phlox Phlox
longifolia), woolly plantain, western groundsel, sleepy catciBijefie antirrhind, scarlet
globemallow, desert princespluntgténleya pinnatalong-beak fiddlemustard(Streptanthella
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longirostris), and hoary townsendiddwnsendia incanaVon Loh et al. 2007)The most abundant
species within this community by stratum carfdend inTable32.

Table 32. Dominant plant species (by strata) within the Wyoming big sagebrush shrubland community of
COLM (Von Loh et al. 2007).

Wyoming big sagebrush shrubland

Common Name Strata
Short shrub/sapling

Scientific Name

Artemisia tridentata ssp. wyomingensis Wyoming big sagebrush

Chrysothamnus viscidiflorus
Opuntia fragilis

Opuntia polyacantha
Achnatherum hymenoides

yellow rabbitbrush
brittle pricklypear

plains pricklypear
Indian ricegrass

Short shrub/sapling
Short shrub/sapling
Short shrub/sapling
Herb

Aristida purpurea purple three-awn Herb
Astragalus nuttallianus smallflower milkvetch Herb
Bouteloua gracilis blue grama Herb
Bromus tectorum* cheatgrass Herb
Descurainia pinnata ssp. halictorum western tansymustard Herb
Elymus elymoides squirreltail Herb
Hesperostipa comata needle and thread Herb
Hilaria jamesii J a megalléta Herb
Lappula occidentalis var. occidentalis western stickseed Herb
Linanthus pungens prickly phlox Herb
Leymus salina saline wildrye Herb
Oenothera pallida ssp. trichocalyx pale evening primrose Herb
Poa fendleriana muttongrass Herb
Sphaeralcea coccinea ssp. coccinea scarlet globemallow Herb

*Indicates a non-native species.

Percent Cover Biological Soil Crusts

Belnap et al. (2008, p. 1,257) defines BSCs as intertwined communities of lichens, mosses, and
cyanobacteria commonly found on soil surfaces in dryland regions. These communities are a very
important part of the ecosystem because of their influence on local hydrology, soil stability and
fertility, and overall biodiversity (Belnap et al. 2008). Bigical soil crusts aggregate soil particles,
making the soil stronger and less susceptible to erosional forces of wind and water, thereby retaining
nutrients, organic matter, and seeds in the underlying soils (Miller 2005). BSCs within COLM are
most commony found on sites that are protected from disturbance and are also foundto be re
developing in areas that were once grazed or -otis disturbed (Von Loh et al. 2007). Because of
the ecological benefits provided by BSCs, they should be included in mablognitoring

programs where present (Belnap et al. 2008).

The percent cover of BSCs within COLMG6s sagebru
community type. Black sagebrush and grasses shrull@miinoids communities usually have low
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percent cogr of BSC, though it may be as high as 45% in some stands (Von Loh et al. 2007). Cover
of BSCs withinbasin big sagebrush/cheatgrass seatural shrubland communities is low and

ranges from 3.0% (Von Loh et al. 2007). Wyoming big sagebrush/seeded grsmsesatural

shrubland communities have absent to low percent co\B8G$, not exceeding 5% (Von Loh et al.
2007). The percent cover BSCs within Wyoming big sagebrush shrubland communities is

variable, from sparse to as high as 85% (Von Loh et al70

Percent Bare Ground

Percent bare ground is important because it can impact soil stability, as vegetation helps prevent
wind erosion (Witwicki et al. 2013). Areas where bare ground is the primary component of total
ground cover have been associatedhwitreased susceptibility to water erosion (NRCS 2010,
Kachergis et al. 2011). Studies have also shown that large areas of bare ground can be indicative of
low site stability and high erosion potential (Haveren 2000).

Percent bare ground of sagebrushublands/shrub steppe varies with community type. In black
sagebrush and grasses shrublgraminoids communities, total vegetation canopy cover ranges from
15 to 24% with low ground cover of litter and high ground cover of rocks and bare ground (Von Loh
etal. 2007). Basin big sagebrush/cheatgrass-satoiral shrubland communities have total

vegetation canopy cover that ranges from 33 to 120% with high ground cover of litter and low to
high ground cover of bare ground (Von Loh et al. 2007). In Wyomingdmgbrush/seeded grasses
seminatural shrubland communities, total vegetation canopy cover ranges from 11 to 56% with
moderate to high ground cover of litter and bare ground (Von Loh et al. 2007). Vegetation cover in
Wyoming big sagebrush shrubland comntiesiranges from 11 to 62%, with low to high ground

cover of litter, rocks, and bare ground (Von Loh et al. 2007).

Trends in Invasivenfestation

COLM is part of a longerm monitoring program for IEPs developed by the NCPN which focuses on
early detectiorfPerkins 2014). The first survey of IEPs in the park was conducted in 2003 by Dewey
and Anderson (2005). Thatest monitoring was conducted during the 2013 field se@&enkins
2014)and will be used to assess this measure, since it includes the phgciollected data on IEP
infestations in COLM. A full discussion of IEPs paskde, including a discussion of trends can be
found in Chapter 2.2.2. In summary, during thigeir time span (2062011), there was an overall
decrease iRussian olivetamarsk and woolly mullein (Perkins 2014). However, the number of field
bindweed infestations more than doubled during this same period (Perkins 2014).

In the most recent survey, conducted in 2013, a total of 462 IEP infestation points were identified
within the park (Perkins 2014). The most frequently documented species of IEP were yellow
sweetclover and cheatgra€me of the sagebrush shrubland/shrub steppe alliances at COLM is
named for its cheatgrass content (basin big sagebrush/cheatgrassggalishubland). The

Wyoming big sagebrush shrubland and Wyoming big sagebrush/seeded grassedigami
shrubland desptions liss cheatgrass as a dominant herbaceous species (Von Loh et al. 2007).
Cheatgrass is also listed as being present in the blackrsahejvasses shrubland alliarfg®n Loh

et al. 2007).
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Trends inl E Phéave not been assessed specifically by vegetation association at COLM. To identify
invasive species infestations associated with sagebrush shrubland/shrub steppe vegetation

c 0 mmu ngpatial gusriés were performed using the data from the 2013 IEP survey and the
sagebrush shrubland/shrub steppe vegetation communities mapped by Von Loh et al. (2007). The
spatial queries selected IEP points that were either within a mapped locatigelmfusd

shrubland/shrub steppe or within 100 m (328 ft) of one of these communities. The analysis identified
141 (approximately 33%) of the IEP points met the critdtigure 24, Table 33 The most common

| EPOs selected by t helover (65 ane cheatgeass\Ad)r The majeritylofo w
these occurrences were within 100 m (328 fia afiappedagebrush shrubland/shrub steppe
communiy. In total, rearly 75% of the observextcurrencesvhere found in close proximi00 m
[328 ft]) to sagelush shrubland/shrub steppe communities. Yellow sweetclover and cheatgrass
accounted for 83% of the infestations thaturredwithin a sagebrush shrubland/shrub steppe
communities. The results for all IEP occurrences that satisfied the spatial quetesaard in

Table 33

sSswe

Table 33. Number and location of non-native species occurrences in relation to sagebrush
shrubland/shrub steppe.

Number Number Total

Scientific Name Common Name Within  Adjacent Number
Melilotus officinalis yellow sweetclover 20 45 65
Bromus tectorum cheatgrass 10 34 44
Elaeagnus angustifolia  Russian olive 3 4 7
Arctium minus burdock 6 6
Convolvulus arvensis field bindweed 5 5
Tribulus terrestris puncture vine 1 3 4
Ulmus pumila Siberian elm 1 2 3
Verbascum thapsus woolly mullein 1 2 3
Tamarix ramosissima saltcedar 2 2
Cirsium vulgare bull thistle 2 2
Totals 36 105 141
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Figure 24. IEP infestations associated with mapped sagebrush shrubland/shrub steppe.

Soil Stability
Solil stability depends on a number of factors. The preseri88@H, litter/duff, other notvegetative

ground cover, slope, soil composition, and soil texture are some of the factors that can influence soll
stability (NRCS 1996, Belnap et al. 2008, Witwiek al. 2013). Vegetative conditions (e.g., basal
cover, height) also greatly influence soil stability (Whisenant 1985). Soil loss can be influenced by
rainfall intensity, size and frequency of bare ground, soil type, topography, and plant cover,
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especidy following a fire. Vegetation and slope are the best determinants of soil erosion in severe
rainfall storms. Studies in various plant communities show th&i0680 vegetation cover appears
necessary to ensure soil stability against erosion during rajRtatker 1963, Orr 1970, Whisenant
1985). Specific data on soil stability within COLM are not available. A condition assessment of this
measure is not possible due to lack of available data.

Canopy Gap Size

Canopy gap size is important because vegetasimepmy cover can protect soils from wind and water
erosion (BLM 2013, Witwicki et al. 2013). Canopy gap is defined by the NCPN as an area where the
distance between plant canopies is greater than 20 cm (7.9 in) (Witwicki et al. 2013). While Von Loh
et al. 007) contains information on the canopy cover and basal ground cover within each of the
communities, data are not available that could be used to determine canopy gap size.

Threats and Stressor Factors

NPS staff identified several potential threats anelssors to theagiebrustshrublandsghrub steppe
community: exotic invasive species (particularly cheat grass), unnatural fire regimes, drought, and
regional climate variation. In general, the introduction of exotic invasive species can cause economic
or environmental damage and pose a danger to human hEaéhbutive Order 131)2and they are

the second greatest threat to biodiversity in the country, behind habitat loss (Wilcove et al. 1998).
Exotic invasive plant species negatively impact the natusat@ment by fragmenting native
ecosystems, displacing native plants and animals, and altering ecosystem fi@uwitbarfd

Wilcove 1998 Perkins 2014). In addition, exotic invasive species can alter fire regimes and increase
trail maintenance requiremenKennard and Moore 201Berkins 2014). Riparian corridors, roads,

and trails provide possible pathways for IEPs to enter a park (Perkins 2014).

Fire can affect an ecosystem by altering the vegetation composition and structure and eliminating fire
intolerant plant species (Miller 2005y he sagebrush and pinyamiper communities at COLM are
closely associated. Studies have shown that pHwyaiper may have encroached into sagebrush
habitat at COLM (Johnson 2013). Since these two habitats are clesklshe impacts of fire on
pinyonjuniper habitat also impact sagebrush habRHered fire intervals are a serious threat to the
pinyonjuniper woodland/savannas, particularly where large, stepldcing fires were historically
infrequent (Kennard andoore 2013). Kennard and Moore (2013) studied the fire histories of some
of COL MO6-gniperiwoogland/savannasitientify drivers ofcommunitystructure. The

results indicated that these woodlands and savannas have very lorigdB8§ears) fire tations,
particularly in persistent stands like those found on mesa tops in G@ldve pinyoruniper habitat

is intermixed with sagebrush habitat (Kennard and Moore 2013). It can be assumed that the
sagebrush habitats have a similar fire regime.

Fire isalso a concern for nearby residential areas. Fire wiiigisagebrush shrublands prior to
EurgpeanAmerican settlement was likely characterized by lartgtions othigh severity fires.

These fire rotations were likely 14810 years at a minimum and westand replacing fires (Baker et
al. 2006). In recent years, Utah juniper and-tveedle pinyon mortality has increased due to a root
fungus probably brought on by drought (NPS 1999). These dead trees, along with the increasing
cheatgrass cover, provide fder fires (NPS 1999). This fuel can cause the area to burn more

105



frequently. After a fire, native bunchgrasses or-native, invasive grasses may become established
in the area, making it difficult for sagebrush to become a dominant species again Ki\étvaic
2013).

Visitorimpacts within the parkdéds sagebrush shrubl and
present within these environments. Hi kers, part
damage to these fragile habitats andtinued disturbance does not allow for the time needed for

BSCs to regenerate. This can lead to invasive species encroaching and potentially replacing BSC
habitats.

Drought can cause widespread mortality among the vegetation in COLM (Miller 2005)afhis ¢

increase susceptibility to fire and insect outbreak as well as lower vegetation resistance to other

stressors (Miller 2005). COLM averages 29 cm (11 in) of precipitation anffMaRCC 2015) With

the exception of minor peaks in the spring and late summer, the precipitation pattern is distributed
relatively evenlythroughout the yeaAny alteration in precipitation patterns due to climate change

could result in longer and more frequentdeypi ods, whi ch woul d stress th
shrublands (Bradley 2010).

Data Needs/Gaps

Although general descriptions of the percent covdB3@s and percent bare ground are available for
COLM communities (Von Loh et al. 2007), no actual data cbelébund for these measures. Data

for soil stability and canopy gap size measures also were not available for COLM. Witwicki et al.
(2013) briefly touch on these topics but only discuss a monitoring protocol, no actual data are
included. Data referencinge IEP composition for each specific vegetation community is also a data
gap at this timeResearch on the impacts from the proliferation of social trails within the park is also
recommended.

Currently a guaranteed funding source for the invasive spexies/al/control has not been

identified. Failure to secure funding for this management action will result in the loss of the gains
that have been made in eradicating IEPs within the park. Additionally, another programmatic need
for COLM is a trail managemeéplan. Currently, visitors face no restrictions in their access to any
areas within the park

Overall Condition

Community ktent and Change over Time

This measure was assigne8ignificance Leveadf 3. Utah juniper and twaoaeedle pinyorexpanded

into sagebrush shrublands/shrub steppe communities over the past 150 years (Soulé et al. 2003). This
expansiorhas caused theagebrusicommunities to decline by 9% to 29% over the past 70 years
(Johnson 2013 As mentioned previously, it is unclear if this is tlesult of human influence, an
environmental change, or simply a natural successional process. Because the extent of sagebrush
shrublands/shrub steppe communities of COLM appears to be slowly decreasing, this measure was
assigned &ondition Levebf 1, indicating low concern.
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CommunityComposition

A Significance Levedf 3 was assigned to the community composition measure. According to Hogan
et al. (2009), a total of 289 plant species are present in the sagebrush shrublands of COLM
(AppendixD). Of theseplant species, approximately 83% are native. With a high species richness
and relatively high nativity, th€ondition Levehssigned to this measure is 1, indicating low

concern.

Percent Cover Biological Soil Crusts

The percent cover @8SCs measure wassaigned &ignificance Leveadf 3. This measure is highly
variable depending on sagebrush community type, with cover values ranging from zero to 85%.
However, a reference condition is necessary to determine what appropriate values are for each
community tye. ACondition Levelvas not assigned to this measure due to lack of available data.

Percent Bare Ground

A Significance Levedf 2 was assigned to this measure. Percent bare ground varies with community
type. Total vegetation cover in the sagebrush shnds/shrub steppe of COLM ranges from 11% to
120%. Where vegetation is absent, cover of litter, rocks, and bare ground vary from low to high.
Although some data exist for the percent bare ground measure, a reference condition and more
detailed data are néed to determine the current overall condition of the measure. Due to this, a
Condition Levetould not be assigned.

Trends in Invasivenifestation

This measure was assigne8ignificance Leveabf 3. Invasive species are one of the greatest threats

to biodiversity in the United States (US) (Wilcove et al. 1998). Recent IEP surveys performed

indicate many different species occur within COLM (Perkins 2010, 2012, 2014). Most IEP

occurrence remaineglatively constant from year to ydaased on number of infestations.

Cheatgrass infestations have increased in number and size since 2009. Cheatgrass infestations
account for a |l arge portion of t h@verthelasa | number
decade the park has focused control efforts on
measures is not available, so the potential for increased infestations is high (Hartwig, written
communication 18 November 201B)ue to these fdors aCondition Levebf 2 was assigned for

this measure.

Soil Stability

The soil stability measure was assignegignificance Levedf 2. Specific data on soil stability

within the sagebrush shrublands/shrub steppe of COLM were not available. Mabjegdtiat may
contribute to soil stability are outlined throughout the document, though these often contain a range
of values, making it difficult to accurately determine the soil stability within COLNL.oAdition
Levelwas not assigned to this measueedusespecific data on soil stability are not available.

Canopy Gap Size

A Significance Levedf 3 was assigned to this measure. Data on canopy gap size within the
sagebrustshrublandsghrub steppecommunities was not available for COLM.@ondition Level
was not assigned to this measure due to the lack of available data.
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