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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 explicit, multi-

disciplinary synthesis of existing scientific data and knowledge. Findings from the NRCA will help 

Colorado National Monument (COLM) managers to develop near-term management priorities, 

engage in watershed- or landscape-scale partnership and education efforts, conduct park planning, 

and report program performance (e.g., Department of the Interiorôs Strategic Plan ñland healthò 

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 

National Park Service (NPS) and Saint Maryôs University of Minnesota ï GeoSpatial Services 

(SMUMN GSS) identified key resources, referred to as ñcomponentsò in the project. The selected 

components include natural resources and processes that are currently of the greatest concern to park 

management at COLM. The final project 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 in the framework 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 was 

applied to calculate the current condition of each component. Weighted Condition Scores, ranging 

from zero to one, were divided into three categories of condition: low concern, moderate concern, 

and significant concern. These scores help to determine the current 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unpublished park information and perspectives of park resource managers, and present a current 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, short- and long-term 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 featured components. 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 components. Current 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 varied. Only two 

components (riparian habitats/large dry washes and bighorn sheep) were determined to be in good 

condition. Five components (pinyon-juniper woodlands/savannas, seeps, springs and tinaja habitats, 

birds, air quality and paleontological resources) were of moderate concern. Birds were the only 
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component where the available data were sufficient enough to assign a trend. At this time, the bird 

community exhibits a stable trend. Three components were determined to be of significant concern 

(kit fox, dark night skies, and viewscape). The high concern for kit fox was due to the species likely 

being extirpated from the region; as it is unlikely to return on its own, a stable trend was assigned. 

The remaining two components of significant concern (dark night skies and viewscape) are strongly 

influenced by urban land uses and other anthropogenic factors outside of NPS control. While they are 

currently exhibiting deteriorating trends, there is little that NPS managers can do to mitigate these 

trends. Detailed discussion of these designations is presented in Chapters 4 and 5 of this report. 

Several park-wide threats and stressors influence the condition of priority resources in COLM. Those 

of primary concern include invasive exotic plant (IEP) species, regional climate change, and drought. 

Understanding these threats, and how they relate to the condition of 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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RCP ï Representative Concentration Pathway 

RMBO ï Rocky Mountain Bird Observatory 

SC ï Specific Conductance 

SCPN ï Southern Colorado Plateau Network 

SL ï Significance Level 

SMUMN GSS ï Saint Mary's University of Minnesota, GeoSpatial Services 

SPL ï Sound Pressure Level 

SRES ï Special Report on Emissions Scenarios 

TNC ï The Nature Conservancy 

USFS ï United States Forest Service 

USGS ï United States Geological Survey 

UV-B ï Ultraviolet B 

VES ï Visual Encounter Surveys 

VOC ï Volatile Organic Compound 

WCS ï Weighted Condition Score 

WHO ï World Health Organization 

WNS ï White-nose Syndrome 

WRD ï Water Resources Division 

ZLM ï Zenithal Limiting Magnitude 
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1. NRCA Background Information 

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

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

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 the parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study 

resources and indicators.  

NRCAs represent a relatively new 

approach to assessing and 

reporting on park resource 

conditions. They are meant to 

complementðnot replaceð

traditional issue-and threat-based 

resource assessments. As distinguishing characteristics, all NRCAs: 

¶ Are multi-disciplinary in scope;1  

¶ Employ hierarchical indicator frameworks;2  

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and Geographic Information System (GIS) products;4 

¶ Summarize key findings by park areas; 5 and  

¶ 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 report on trends, 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 natural resources and number/type of indicators evaluated will vary by park.  

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 
] conditions for indicators ] condition summaries by broader topics and park areas  

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 
that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

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

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

¶Credible condition reporting for a subset of 

important park natural resources and indicators 

¶Useful condition summaries by broader resource 

categories or topics, and by park areas 
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect 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 information from multiple 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 derived from 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) subject-matter experts at critical points 

during the project timeline is also important. These staff will be asked to assist with the selection of 

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current 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 

near-term 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 science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 

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 activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their ongoing, 

long-term efforts to describe and quantify a parkôs desired resource conditions and management 

Important NRCA Success Factors 

¶Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline  

¶Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

¶Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings 



 

3 

 

targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7 In addition, although in-depth 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 for park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products.  

 

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 visit the NRCA Program website. 

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 
as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget.  

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values.  

NRCA Reporting Productsé 

Provide a credible, snapshot-in-time evaluation for a subset of important park 

natural resources and indicators, to help park managers: 

¶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) 

¶Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

¶Communicate succinct messages regarding current resource conditions to 

government program managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  

http://www.nature.nps.gov/water/nrca/index.cfm
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2. Introduction and Resource Setting 

2.1 Introduction  

2.1.1 Enabling Legislation 

Colorado National Monument (COLM) was officially established on 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 interest would 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 included as part of 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 management of the NPS 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 8,310 ha (20,534 ac) (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 Plateau, near the 

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 

(Figure 2) (Tweet et al. 2012). Elevations within the park range from 1,408 m (4,620 ft) at 

the foot of the cliffs, to 2,166 m (7,107 ft) on the mesa tops (NPS 2004). Among the many 

canyons, Monument Canyon comprises much of the northern portion of COLM, and the 

entire southeastern portion includes much of No Thoroughfare Canyon (Figure 2). The area 

along the northeastern border 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 separated by the Colorado River, while Glade Park is 

located to the southwest (Figure 3). The latest census figures estimating the populations of 

Grand Junction, Fruita, and Mesa County are given in Table 1. 
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Figure 1. General location of COLM. 
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Figure 2. Canyons and ephemeral stream network at COLM. 
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Figure 3. Communities located in proximity to 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 semi-desert 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 (1981-2010 period; WRCC 2015). The 

average snow depth during the winter is 2.5 cm (1 in) with a total annual snowfall 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 above 35 °C (90 °F) in the summer to 

winter lows that can drop below freezing (WRCC 2015). Annual average daily maximum 

temperature is 18.2 °C (64.7 °F) and the average minimum temperature is 6.2 °C (43.2 °F) (Figure 5) 

(WRCC 2015). 

 

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 (1895-2012) 

COLM is located in the semi-arid Southwest, one of 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 

water is 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 the dynamics of native and domestic animals. 

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

Large areas of the central and western United States experienced severe droughts in the 1930s, 

1950s, and late 1990s to about 2004 (Woodhouse and Overpeck 1998, Cook et al. 2004). While these 

recent droughts persisted for multiple years and had profound effects on natural ecosystems and on 

agricultural production, over recent millennia, records reveal sustained droughts that persisted for 

decades (Woodhouse and Overpeck 1998, Cook et al. 2004, Meko et al. 2007, Cook et al. 2010, 

Routson et al. 2011). These decades-long droughts affected ecological processes such as broad 

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

precipitation deficits. Projections of future climates including higher temperatures and increased 

evapotranspiration rates or changes in precipitation that change soil water availability are particularly 

important in climate analyses in this NRCA. 

The climate at any location is determined by factors that operate at multiple spatial scales. At a 

global scale, the Earth has experienced a general warming trend over the past century, closely 

correlated with increases in the greenhouse gas CO2 (Figure 6) (Walsh et al. 2014). Global patterns 

of warming are modified by very broad-scale teleconnections, regional and local conditions, and the 

degree of warming or cooling varies geographically. Mote and 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. 

  

Figure 6. Annual average temperature measured over all the Earthôs land and ocean surfaces. Red and 
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 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 by the North Central Climate Science Center 

(NCCSC). Over the period 1895-2010, the PRISM data exhibited a trend towards warming for both 

maximum (Tmax) and minimum (Tmin) average annual temperature, and a decline in average 

monthly precipitation (Figure 7A, B). The linear warming trends are 0.8 °C (1.4 °F) per century for 

Tmax and 0.7 °C (1.3 °F) per century for Tmin (NCCSC 2015)1. These trends were determined to be 

statistically significant, with p-values of 0.0003 and 0.0004 respectively (NCCSC 2015). Annual 

precipitation exhibited a -2.4% per century decline, though it was determined to not be statistically 

significant (Figure 7C, 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 Fisichelli 2014). 

                                                   

1 A change in temperature of 1 °C = 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) 

Across the Southwest Region, the annual average temperature is projected to rise by 1.4 °C to 3.1 °C 

(2.5 °F to 5.5 °F) by 2040-2070 and by 3.1 °C to 5.3 °C (5.5 °F to 9.5 °F) by 2070-2100 under the 

high greenhouse gas emissions (ñbusiness as usualò) pathway, Representative Concentration Pathway 

(RCP) 8.5 (Garfin et al. 2014). Temperatures are projected to have greater increases in the summer 

and fall (Garfin et al. 2014). Under an emissions pathway with a substantial reduction in global 

emissions after mid-century (RCP 4.5), projected temperature increases are somewhat lower with a 
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1.4 °C to 2.5 °C (2.5 °F to 4.5 °F) increase by 2040-2070 and a 1.9 °C to 3.1 °C (3.5 °F to 5.5 °F) 

increase by 2070-2100 (Garfin et al. 2014). In general, precipitation is projected to increase, but there 

is considerable variation in projections and confidence in precipitation projections is much lower 

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

For COLM, climate models project an increase in annual temperature and projections for all RCPs 

are indistinguishable until after about 2050, illustrating the ócommitmentô to continuing climate 

change over the coming decades regardless of emissions pathway (Figure 8A). Average annual 

temperature is projected to increase 1.6 °C (2.9 °F) by 2030 with a 5.7 °C (10.2 °F) increase by the 

end of the century under RCP 8.5 (NCCSC 2015). This can be compared to a 0.5 °C (0.9 °F) increase 

over the period of 1980-2009 (NCCSC 2015). Precipitation at COLM is generally projected to 

slightly increase, but there is considerable variation in the projections (Figure 8B). While confidence 

in projections of seasonal or total precipitaiton is low, the models consistently project increased 

variation in both seasonal and annual precipitation. Such enhanced variation in the precipitation 

regime may manifest as both wetter and drier conditions, including heavier rain events and longer 

droughts (Melillo et al. 2014). Average monthly precipitation for COLM is projected to increase by 

2.5 mm (0.1 in) by 2020 and by 3.6 mm (0.14 in) by 2080 (NCCSC 2015). Projected change in 

temperature and precipitation under various RCPs is given in Table 2. Precipitation changes 

projected by the climate models reflect the general tendency for warmer climates to generate 

convection storms, and the projections overall suggest that the warmer seasons ï spring and summer 

ï are likely to experience an average increase in precipitation. The climate data used in these 

analyses provided no information on patterns of precipitation (e.g., drizzles vs. thunderstorms), but 

general predictions are for more temperature extremes and associated weather (Diffenbaugh and 

Ashfaq 2010, IPCC 2011, Gonzales 2013). 

Overall, the climate is likely to be much hotter and plant-available moisture will likely decline due to 

changes in evapotranspiration. Evapotranspiration (ET) is the amount of moisture returned to the 

atmosphere through the combination of evaporation and plant transpiration. Climate scientists are 

concerned with two aspects of ET: actual evapotranspiration (AET) and potential evapotranspiration 

(PET). As its name suggests, AET is the amount of evapotranspiration that is actually occurring. PET 

is ña measure of the ability of the atmosphere to remove water from the surfaceò (Cowell and Urban 

2010, p. 741). Higher temperatures will drive greater rates of evapotranspiration, thus even with an 

increase in precipitation, soil water levels are projected to decrease (Cowell and Urban 2010). By the 

end of 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).  

The ratio of AET to PET is used as an óaridity indexô that indicates the amount of moisture available 

to plants (Evan Girvetz, The Nature Conservancy (TNC), Senior Scientist, e-mail communication, 7 

June 2011). For example, a 0.15 decrease in this ratio can be interpreted as a 15% increase in aridity, 

or 15% less moisture available for plants (Girvetz, e-mail communication, 8 June 2011). While 

aridity is not expected to change much during the winter and summer, projections for the COLM 
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region overall indicate an 8-13% increase in aridity (from a 1960-1990 reference period) during the 

fall and spring by 2050 (ClimateWizard 2014). By 2100, aridity is projected to increase by 

approximately 13-17% in the fall and spring under RCP 8.5 (ClimateWizard 2014). 

  

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). 

Year 

Change in Temperature 
(°C) 

Change in Precipitation 
(Average mm/month) 

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 climate for COLM. 

Projections of trends in the amount of precipitation are much less certain, but the overall warming 

trend is very likely 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 rainfall, will very likely result in more frequent short-term and multi-year 

droughts. 

2.1.3 Visitation Statistics 

From 2010 to 2014, COLM received nearly 430,000 recreational visitors per year on average, with 

most visitations occurring between May and September (NPS 2015c). During this 5-year period, 

visitation peaked in 2012 with a record 454,510 recreational visitors (NPS 2015c, Kim Hartwig, 

COLM Chief of Resources Management, written communication, 30 January 2016). In 2014, COLM 

received nearly 417,000 visitors, which was slightly below average over the latest 5-year period 

(NPS 2015c). Visitation in 2015 set new records for total visitors (recreational and non-recreational) 

and recreational visitors (Hartwig, written communication, 30 January 2016). Overall 919,835 people 

visited the park in 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 established in 1993, 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 Rock Drive (Photo 1), stopping at pull outs to view the 

incredible monoliths and canyons. There are 16 scenic overlooks along Rim Rock Drive, as well as 

several tunnels and switchback turns, making the drive a memorable experience (Figure 3). The park 

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

trails vary in length and intensity, and provide opportunities to photograph the parkôs scenic beauty 

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 Plateau (Figure 9) 

(KellerLynn 2006). This physiographic province is an eroded desert landscape that covers parts of 

Colorado, Utah, Arizona, and New Mexico (Figure 9) (KellerLynn 2006). The park is situated in the 

northeastern portion of 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 Uncompahgre Plateau 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 within the Environmental Protection Agencyôs (EPA) Colorado Plateaus 

Level III Ecoregion. According to the EPA (2010, p. 3), the Colorado Plateau is ñan arid sagebrush 

steppe and grassland, surrounded on all sides by moister, predominately forested, mountainous 

ecological regions.ò The EPA Level III Ecoregions are subdivided into smaller units and COLM is 

located within the Semiarid Benchlands and Canyonlands EPA Level IV Ecoregion (Figure 10).  

This Level IV Ecoregion is characterized by broad grass-, shrub-, and woodland-covered benches 

and mesas (EPA 2010). The Gunnison River joins the Colorado River just to the east of the park, and 

their drainage roughly parallels the parks eastern and northern boundaries (Figure 11) (Tweet et al. 

2012). The park is located within the Colorado Headwater Plateau Subbasin of the Upper Colorado 

Region. The park is entirely within the Big Salt Wash-Colorado River Watershed and the canyons of 

the park are drained by a variety of subwatersheds (Figure 11). 
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Figure 9. The Colorado Plateau and associated physiographic divisions (USGS 2011). 
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Figure 10. Level IV ecoregions for COLM. 
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Figure 11. Big Salt Wash-Colorado River watershed and sub-watersheds. 

2.2.2 Resource Descriptions 

COLM preserves one of the grand landscapes in the American West (NPS 2015a). It is an area of 

sheer-walled canyons, towering 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, and flash flooding 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, and the parkôs distinctive monoliths and canyons 

(NPS 2015a). The tops of formations, such as pedestals and spires, are isolated, ranging from 

approximately 1,700-2,100 m (5,600-6,900 ft) and have little soil that is accumulated through wind 

(eolian) processes (Kennard 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 America (1.74 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 understanding earthôs dynamisms (NPS 2005). The events that took place 

have created the beautiful shapes and colors seen along Rim Rock Drive, the main park road. Layers 

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

strikingly contrasted in some areas (Photo 2). 

 

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 as old-growth pinyon-juniper 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 park include 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, pinyon-juniper woodland is the most widespread vegetation 

community on the upper mesas of COLM (Von Loh et al. 2007). These woodlands are primarily 

composed of two-needle pinyon pines (Pinus edulis) and Utah juniper (Juniperus osteosperma) trees 

(Von Loh et al. 2007). 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 



 

21 

 

soil crusts (BSCs) are also well developed between plants in these areas (Von Loh et al. 2007). There 

are more pinyon pines than junipers in terms of density, largely due to high numbers of small pinyon 

pines (Kennard and Moore 2013). However, the junipers are by far the older of the two species. The 

oldest juniper trees are estimated to be over 900 years old (Kennard and Moore 2013). Sagebrush 

shrublands are dominant in areas where deeper eolian soil deposits occur (Von Loh et al. 2007, 

Kennard and Moore 2013). Basin big sagebrush (Artemisia tridentata ssp. tridentata), Wyoming big 

sagebrush (A. tridentata ssp. wyomingensis), and black sagebrush (A. nova) are the most common 

species found in these communities (Von Loh et al. 2007). Mixed salt desert scrub is distributed in 

patches throughout the park and is also reliant 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 land adjacent to them, with tall cottonwoods visible from the mesa tops; these habitats 

are crucial to the ecology within COLM (Von Loh et al. 2007). The hanging gardens of COLMôs 

canyon walls are mesophytic plant communities that establish upon seeps and springs that lack actual 

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

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

et al. 1995). The name ñhanging gardenò describes the behavior of vegetation which hangs from the 

roots, hugging the wetted surface of the cliff where ñgroundwater sappingò feeds the vegetation and 

creates a shelter from the otherwise arid climate (May et al. 1995). Tinajas are ñephemeral water 

pockets or scour pools in the American Southwestò. These potholes in the bedrock often form below 

waterfalls that are fed by seeps and springs that achieve streamflow during big rain events or melting 

periods (Osterkamp 2008). 

BSCs are a valued feature of dryland 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 silt and sand in place, 

creating slow-growing 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, they create an environment that facilitates the germination of 

seeds from a variety of plants (NPS 2015b). Due to their fragile, slow-growing nature, measures are 

needed to avoid damaging these soil crusts (NPS 2015b).These measures include educating visitors 

on the delicate nature of the soil crusts and posting signs instructing hikers to stick to the established 

trails (NPS 2015b). 

COLM supports a variety of mammals, occupying various habitats. Common species include the 

desert cottontail (Sylvilagus audubonii ), mule deer (Odocoileus hemionus), bats (Order Chiroptera), 

and many small mammals. Visitors occasionally spot coyotes (Canis latrans; Photo 3), bighorn sheep 

(Ovis canadensis), and gray foxes (Urocyon cinereoargenteus) (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 Society (NAS); the parkôs pinyon-juniper woodland habitat is largely intact and provides a 

valuable research opportunity in a protected setting (NAS 2013). Falcons, hawks, and owls of various 

species are found in COLMôs habitats as well as hummingbirds and songbirds, making the park an 

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 fossils (Table 3). The Dakota Formation is 

included as a source of fossils found based on the descriptions of Scott et al. (2011). Certain rock 

layers are considered most likely to bear fossils. The fossil-bearing sedimentary units found in 

COLM are listed by age, formation name, and depositional environment in Table 3. 

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 
Sediments 

Pleistocene-
Holocene 

Plant fossils, a mammoth or mastodon 
tooth, bones of nine other mammal and 
bird taxa, and packrat middens 

Alluvial, eolian, fluvial, and landslide 
deposits 

Dakota 
Formation 

EarlyïLate 
Cretaceous 

Possibly plant fossils, root traces, and 
invertebrate traces 

Terrestrial (especially fluvial) 
becoming shallow marine over time 

Burro Canyon 
Formation 

Early 
Cretaceous 

Petrified wood, root traces, invertebrate 
traces, and dinosaur bones 

Fluvial, floodplain, and lacustrine 
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 
Formation 

Late Jurassic Bivalves, gastropods, horseshoe crab 
traces, a lungfish tooth plate, bones of 
turtles, crocodile relatives, and 
dinosaurs, and a pterosaur footprint 

Fluvial, floodplain, and lacustrine 
settings 

Wanakah 
Formation 

Middle Jurassic Invertebrate traces and possible 
pterosaur feeding traces 

Mud flats and/or shallow lakes 

Entrada 
Sandstone 

Middle Jurassic Bioturbation Coastal dunes and sand flats 

Kayenta 
Formation 

Early Jurassic Local bioturbation and two bones Primarily fluvial settings 

Wingate 
Sandstone 

Late Triassicï
Early Jurassic 

Bioturbation from roots and burrows, 
and tracks of dinosaurs, other reptiles, 
and mammal relatives 

Desert with large eolian sand dunes 

Chinle 
Formation 

Late Triassic Root traces, invertebrate traces, and 
rare bones 

Fluvial, floodplain, and lacustrine 
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 as wilderness (Figure 12) (NPS 2015a). The original proposal in January 

1976 submitted a recommendation to Congress to designate 4,168 ha (10,300 ac) of COLMôs remote, 

rugged canyons as wilderness (NPS 1978). In January 1978, the NPS submitted a revised 

recommendation that expanded the proposed wilderness area to 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 natural and cultural resources within COLM, but 

also visitation patterns (Fisichelli et al. 2015). The recent rapid changes in Earthôs climate are well 

documented and include such impacts as significant increases in average temperatures and 

precipitation in the last 50 years, as well as increased incidence of extreme weather events (e.g., 

extended drought, heavy rainstorms) (IPCC 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 of migration and 

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 projected climate 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 require a greater effort in conservation planning, while less vulnerable species and 

systems will be less affected, or may even benefit; this may require less intensive conservation 

planning relative to a changing climate. Managing for such changes in natural systems is rapidly 

becoming a priority for conservation agendas. 

The control of non-native 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 and to biodiversity 

(Scott and Wilcove 1998, Perkins 2014). Non-native 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). Field crews 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 multiple survey years; however, the priority (or targeted species) in 2003 was different than 

for the 2009-2013 surveys (Perkins 2014). COLM is part of a long-term monitoring program for IEPs 

developed by the NCPN that focuses on early detection (Perkins 2014). The first survey of IEPs in 

the park was conducted in 2003 by Dewey and Anderson (2005). The 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 2013); the non-native species detected each year are shown in 

Table 4. 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. 

Scientific Name Common Name 
Dewey and 

Anderson (2005) 
Perkins 
(2010) 

Perkins 
(2012) 

Perkins 
(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 
  

X 
 

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. 

Scientific Name Common Name 
Dewey and 

Anderson (2005) 
Perkins 
(2010) 

Perkins 
(2012) 

Perkins 
(2014) 

Cardaria latifolia broad-leaf pepperwort 
 

X 
 

X 

Carduus nutans musk thistle 
 

X X 
 

Centaurea solstitialis yellow starthistle 
 

X 
  

Cirsium arvense Canada thistle  X   

Cirsium vulgare bull thistle 
 

X X X 

Conium maculatum poison hemlock X 
   

Convolvulus arvensis field bindweed X X X X 

Cylindropyrum cylindricum jointed goatgrass 
  

X 
 

Elaeagnus angustifolia Russian olive X X X X 

Erodium cicutarium redstem stork's bill X 
 

X 
 

Halogeton glomeratus saltlover X    

Halogeton glomeratus halogeton   X  

Lactuca serriola prickly lettuce X    

Medicago sativa alfalfa    X 

Melilotus officinalis yellow sweetclover X X X X 

Orthoceras spp. bur buttercup   X  

Poa bulbosa bulbous bluegrass    X 

Rumex crispus curly dock X    

Salsola kali Russian thistle X X X  

Sisymbrium altissimum tall tumblemustard  X    

Tamarix ramosissima saltcedar X X X X 

Tragopogon dubius yellow salsify X X X 
 

Ulmus pumila Siberian elm 
 

X X X 

Verbascum thapsus woolly mullein X X X X 

Populus alba white poplar 
  

X 
 

 

Dewey and Anderson (2005) conducted non-native plant surveys along routes in Gold Star Canyon, 

Monument Canyon, No Thoroughfare Canyon, and Ute Canyon. Perkins (2009-2014) 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 been monitored in all years, Russian olive (Elaeagnus angustifolia) declined to its 

lowest levels in 2013, following increases in the two previous surveys (2009 and 2011) (Perkins 

2014). The occurrence of Russian olive infestations dropped by 77% between 2011 and 2013, and 

declined on every route that was monitored in all years (Perkins 2014). Saltcedar (Tamarix 
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ramosissima) has also declined over the period, with four infestations in 2013 (Perkins 2013). This 

represented an 81% reduction in tamarisk (Tamarix spp.) infestations since 2011, and a 96% 

reduction since 2003 (Perkins 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 Russian olive in the near future (Perkins 2014). Yellow sweetclover (Melilotus officinalis) 

(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 changes in IEP 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 surveys. The frequency of cheatgrass (Bromus tectorum) occurrences has 

been variable, ranging from 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 cheatgrass occurrences 

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, 

and lack 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 and low intensity. The study conducted by 

Kennard and Moore (2013) estimated that significant fires occurred anywhere from 588 to 1,428 

years apart. Small, isolated fires at COLM are common; park staff describe the often-seen single tree 

burning caused by lightning 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 type of pinyon-juniper woodlands with low fire frequency, as was 

observed in the evidence of past fires in Kennard and Mooreôs (2013) survey. Lack of understory 

fuels and open canopy stands contribute to this low frequency fire ecology where soil is thin to non-

existent and inhibits growth of fuels. The introduction of non-native 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 trails. This 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 increase in erosion 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 is a major threat to hanging garden vegetation and other cliff-face vegetation communities as 

well as to the wildlife species such as bats and raptors that use these cliff-faces. 

Some of the parkôs canyon areas were particularly impacted by a herd of bison (Bison bison) that 

grazed there from the 1930s until the 1980s (KellerLynn 2006). The bison were initially introduced 

in an effort to attract visitors to the park (KellerLynn 2006), but the herdôs presence had some 

negative impacts on sagebrush, scrub, grassland vegetation communities and the seep and spring 

communities (Wasser 1977). For example, species such as fourwing saltbush (Atriplex canescens) 
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and some native grasses appeared to decrease under grazing pressure (Wasser 1977). Some invasive 

species, such as cheatgrass and saltcedar, seemed to increase as it appears the bison provided a vector 

for their introduction into the vegetation communities (Wasser 1977, OôDell et al. 2005, KellerLynn 

2006). The bison also disturbed BSCs and compacted soils, resulting in reduced water infiltration 

rates (Wasser 1977, KellerLynn 2006). As 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 this 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 Plan outlines the current mission and purpose of COLM as follows: 

Mission - Bold, big, and brilliantly colored, the steep-walled 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 provides awe-inspiring 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 the understanding, appreciation, and protection of 

this national treasure (NPS 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 NCPN identifies key resources network-wide and for each of its parks that can be used to 

determine the overall health of the parks. These key resources are called Vital Signs. In 2005, the 

NCPN completed and released a Vital Signs monitoring plan (OôDell et al. 2005). Table 5 shows the 

network vital signs selected for monitoring in COLM. 

Table 5. NCPN Vital Signs selected for monitoring in COLM (OôDell et al. 2005). Bold 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 

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 (OôDell et al. 2005). Bold 
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 

 

2.4 Literature Cited 

Belnap, J., S. L. Philips, D. L. Witwicki, and M. E. Miller. 2008. Visually assessing the level of 

development and soil surface stability of cyanobacterially dominated biological soil crusts. 

Journal of Arid Environments 72(2008):1257-1264. 

Brown, K. J., J. S. Clark, E. C. Grimm, J. J. Donovan, P. G. Mueller, B. C. Hansen, and I. Stefanova. 

2005. Fire cycles in North American interior grasslands and their relation to prairie drought. 

Proceedings of the National Academy of Sciences of the United States of America 102:8865-

8870. 

ClimateWizard. 2014. Custom analysis: Change in AET/PET ratio by 2100. Downloadable dataset. 

http://climatewizardcustom.org/ (accessed 23 July 2014). 

Cook, E. R., C. A. Woodhouse, C. M. Eakin, D. M. Meko, and D. W. Stahle. 2004. Long-term aridity 

changes in the western United States. Science 306:1015-1018. 

Cook, E. R., R. Seager, R. R. Heim, R. S. Vose, C. Herweijer, and C. Woodhouse. 2010. 

Megadroughts in North America: Placing IPCC projections of hydroclimatic change in a long-

term palaeoclimate context. Journal of Quaternary Science (25):48-61. 

Cowell, C. M., and M. A. Urban. 2010. The changing geography of the U.S. water budget: 

Twentieth-century patterns and twenty-first-century projections. Annals of the Association of 

American Geographers 100(4):740-754. 

Daly, C. D., W. P. Gibson, G. H. Taylor, G. L. Johnson, and P. Pasteris. 2002. A knowledge-based 

approach to the statistical mapping of climate. Climate Research 22:99-113. 

Department of Local Affairs (DOLA). 2015. Population totals. State of Colorado. 

https://www.colorado.gov/pacific/dola/population-data (accessed 25 September 2014). 



 

30 

 

Dewey, S. A., and K. A. Andersen. 2005. An inventory of invasive non-native plants in Colorado 

National Monument (2003) final report. National Park Service, Northern Colorado Plateau 

Network, Moab, Utah. 

Diffenbaugh, N. S., and M. Ashfaq. 2010. Intensification of hot extremes in the United States. 

Geophysical Research Letters 37. 

Environmental Protection Agency (EPA). 2010. Primary distinguishing characteristics of Level III 

and IV Ecoregions of the continental United States. 

ftp://ftp.epa.gov/wed/ecoregions/us/Eco_Level_III_descriptions.doc (accessed 17 November 

2015). 

Fisichelli, N., G. Schuurman, W. Monahan, and P. Ziesler. 2015. Protected area tourism in a 

changing climate: Will visitation at US national parks warm up or overheat? PLOS ONE doi: 

10.1371/journal.pone.0128226. 

Garfin, G., G. Franco, H. Blanco, A. Comrie, P. Gonzalez, T. Piechota, R. Smyth, and R. Waskom. 

2014. Southwest. Pages 462-486 in Climate change impacts in the United States: The Third 

National Climate Assessment. J. M. Melillo, T.C. Richmond, and G. W. Yohe, Eds. U.S. Global 

Change Research Program. http://nca2014.globalchange.gov/report/regions/southwest%0D 

(accessed 25 September 2015). 

Gonzales, P. 2013. Memoranda - Climate change trends at Colorado National Monument, USA. 

National Park Service, Washington, D.C. 

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate change 2007: Synthesis report. 

Contribution of Working Groups I, II, and III to the fourth assessment report of the 

Intergovernmental Panel on Climate Change. Core Writing Team, R.K. Pachauri and A. 

Reisinger (eds.) Intergovernmental Panel on Climate Change, Geneva, Switzerland. 

Intergovernmental Panel on Climate Change (IPCC). 2011. IPCC SREX Summary for policymakers 

(Special report on managing the risks of extreme events and disasters to advance climate change 

adaptation [SREX]). November 2011 draft report. Intergovernmental Panel on Climate Change, 

Cambridge, United Kingdom. 

KellerLynn, K. 2006. Colorado National Monument geologic resource evaluation report. Natural 

Resource Report NPS/NRPC/GRD/NRRð2006/007. National Park Service, Denver, Colorado. 

Kennard, D. K., and A. J. Moore. 2013. Fire history, woodland structure, and mortality in a piñon-

juniper woodland in the Colorado National Monument. Natural Areas Journal 33(3):296-306. 

Library of Congress (LOC). 1913. U.S. Statutes at large, Volume 37, Part 2. Library of Congress, 

Washington, D.C. 

Lohman, S. W. 1965. The geologic story of Colorado National Monument. Colorado and Black 

Canyon Natural History Association, Fruita, Colorado. 



 

31 

 

May, C. L, J. F. Fowler, and N. L. Stanton. 1995. Geomorphology of the hanging gardens of the 

Colorado Plateau. Pages 3-24 in C. van Riper, III, editor. Proceedings of the Second Biennial 

Conference on Research in Colorado Plateau National Parks, 25-28 October 1993. National Park 

Service Transactions and Proceedings Series NPS/NRNAU/NRTP- 95/11. 

Meko, D. M., C. A. Woodhouse, C. A. Baisan, T. Knight, J. J. Lukas, M. K. Hughes, and M. W. 

Salzer. 2007. Medieval drought in the upper Colorado River Basin. Geophysical Research Letters 

34:10705. 

Melillo, J. M., T.C. Richmond, and G. W. Yohe, Eds. 2014. Climate change impacts in the United 

States: The third national climate assessment. U.S. Global Change Research Program. 

doi:10.7930/J0Z31WJ2. National Park Service, Fort Collins, Colorado. 

Monahan, W., and N. Fisichelli. 2014. Climate exposure of US national parks in a new era of change. 

PLoS ONE 9(7): e101302. doi:10.1371/journal.pone.0101302. Park data available from 

science.nature.nps.gov/climatechange. 

Mote, P. W, and K. T. Redmond. 2012. Western climate change. Pages 3-28 in Ecological 

consequences of climate change. E. A. Beever and J. L. Belant (eds). CRC Press, Boca Raton, 

Florida. 

National Audubon Society (NAS). 2013. Important bird areas. Colorado National Monument site 

profile. http://netapp.audubon.org/IBA/Site/477 (accessed 4 March 2014). 

National Park Service (NPS). 1978. Wilderness plan, Colorado National Monument, Colorado. 

http://wilderness.nps.gov/document/II-10.pdf (accessed 25 September 2015). 

National Park Service (NPS). 2004. Colorado National Monument: NCPN Phase III Report 

Appendix E, 

https://science.nature.nps.gov/im/units/ncpn/assets/docs/park_descriptions/colm_description.pdf. 

(accessed 2 February 2, 2016) 

National Park Service (NPS). 2005. Final general management plan environmental impact statement, 

Colorado National Monument. National Park Service. Fort Collins, Colorado. 

National Park Service (NPS). 2014a. Listing of acreage (summary). 

https://irma.nps.gov/Stats/Reports/National (accessed 8 October 2015). 

National Park Service (NPS). 2014b. NPSpecies. http://irma.nps.gov/NPSpecies/Search/ (accessed 4 

March 2014). 

National Park Service (NPS). 2015a. Foundation document: Colorado National Monument, 

Colorado. National Park Service, Fort Collins, Colorado. 



 

32 

 

National Park Service (NPS). 2015b. Natural features & ecosystems. 

http://www.nps.gov/colm/learn/nature/naturalfeaturesandecosystems.htm (accessed 17 November 

2015). 

National Park Service (NPS). 2015c. Visitor use statistics. https://irma.nps.gov/Stats/Reports/Park 

(accessed 8 October 2015). 

North Central Climate Science Center (NCCSC). 2015. Data analysis and graphics for PRISM and 

downscaled netCDF data. Colorado State University, Fort Collins, Colorado. 

OôDell, T., S. Garman, A. Evenden, M. Beer, E. Nance, D. Perry, R. DenBleyker, S. Daw, A. Wight, 

M. A. Powell, and others. 2005. Northern Colorado Plateau Inventory and Monitoring Network, 

Vital Signs monitoring plan. National Park Service, Northern Colorado Plateau Inventory and 

Monitoring Network, Moab, Utah. 

Osterkamp, W. R. 2008. Annotated definitions of selected geomorphic terms and related terms of 

hydrology, sedimentology, soil science, and ecology. U.S. Geologic Survey, Reston, Virginia. 

Perkins, D. 2010. Invasive exotic plant monitoring at Colorado National Monument, 2009. Natural 

Resource Technical Report NPS/NCPN/NRTRð2010/354. National Park Service, Fort Collins, 

Colorado. 

Perkins, D. 2012. Invasive exotic plant monitoring in Colorado National Monument: 2011 field 

season. Natural Resource Technical Report NPS/NCPN/NRTRð2012/556. National Park 

Service, Fort Collins, Colorado. 

Perkins, D. 2014. Invasive exotic plant monitoring in Colorado National Monument: 2013 field 

season. Natural Resource Technical Report NPS/NCPN/NRTRð2014/859. National Park 

Service, Fort Collins, Colorado. 

PRISM Climate Group. 2015. PRISM Climate Group. Oregon State University. 

http://prism.oregonstate.edu/ (accessed 16 September 2015). 

Routson, C. C., C. A. Woodhouse, and J. T. Overpeck, 2011: Second century megadrought in the Rio 

Grande headwaters, Colorado: How unusual was medieval drought? Geophysical Research 

Letters 38:L22703. 

Running, S. W., R. R. Nemani, F. A. Heinsch, M. S. Zhao, M. Reeves, and H. Hashimoto. 2004. A 

continuous satellite-derived measure of global terrestrial primary production. Bioscience 54:547-

560. 

Scott, J., and D. Wilcove. 1998. Improving the future for endangered species. BioScience 48(8):579-

580. 



 

33 

 

Scott, R., A. Harding, W. Hood, R. Cole, R. Livaccari, J. Johnson, R. Shroba, and R. Dickerson. 201. 

Geologic map of Colorado National Monument and adjacent areas, Mesa County, Colorado. U.S. 

Geological Survey, Reston, Virginia. 

Stein, B., and P. Glick. 2011. Introduction. Pages 6-18 in Scanning the conservation horizon: A guide 

to climate change vulnerability assessment. Glick, P., B. A. Stein, and N. A. Edelson, editors. 

National Wildlife Federation, Washington, D.C. 

Tweet, J. S., V. L. Santucci, T. Connors, and J. P. Kenworthy. 2012. Paleontological resource 

inventory and monitoring: Northern Colorado Plateau Network. Natural Resource Technical 

Report NPS/NCPN/NRTRð2012/585. National Park Service, Fort Collins, Colorado. 

United States Geological Survey (USGS). 2011. US physiographic regions geospatial dataset. U.S. 

Geological Survey, Water Webserver Team, Reston, Virginia. 

Von Loh, J., K. Landgraf, A. Evenden, T. Owens, S. Blauer, and M. Reid. 2007. Vegetation 

classification and mapping project report, Colorado National Monument. Natural Resource 

Technical Report NPS/NCPN/NRTRð2007/061. National Park Service, Fort Collins, Colorado. 

Walsh, J., D. Wuebbles, K. Hayhoe, J. Kossin, K. Kunkel, G. Stephens, P. Thorne, R. Vose, M. 

Wehner, J. Willis, and others. 2014. Chapter 2: Our changing climate. Pages 19 - 67 in Climate 

change impacts in the United States: The Third National Climate Assessment, J. M. Melillo, T.C. 

Richmond, and G. W. Yohe, Eds. U.S. Global Change Research Program. 

http://nca2014.globalchange.gov/report/our-changing-climate/introduction (accessed 20 

December 2015). 

Wasser, C. H. 1977. Bison-induced stresses on canyon-bottom ecosystems in Colorado National 

Monument. National Park Service Unpublished Report, Fruita, Colorado. 

Western Regional Climate Center (WRCC). 2015. Colorado National Monument NCDC 1981-2010 

monthly normal. http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?co1772 (accessed 25 September 

2015). 

Woodhouse, C. A., and J. T. Overpeck. 1998. 2000 years of drought variability in the central United 

States. Bulletin of the American Meteorological Society 79:2693-2714. 



 

 

 



 

35 

 

3. Study Scoping and Design 

This NRCA is a collaborative project between the NPS and Saint Maryôs University of Minnesota 

Geospatial Services (SMUMN GSS). Project stakeholders include the COLM 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 SMUMN GSS. Preliminary scoping meetings 

were held, and a task agreement (issued against the Pacific Northwest Cooperative Ecosystem 

Studies Unit [PNW CESU] and Joint Venture Agreement H8W07110001), and 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 on 11-13 December 2013. 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 selected existing and emerging resource condition 

influences of concern to COLM managers. Following NRCA program guidance, this NRCA, 

includes the following: 

¶ Condition assessments are conducted using existing data and information; 

¶ Identification of data needs and gaps is driven by the project framework categories; 

¶ The analysis of natural resource conditions includes a strong geospatial component; 

¶ Resource focus and priorities are primarily driven by COLM resource management. 

This condition assessment provides a ñsnapshot-in-timeò evaluation of the condition of a select set of 

park natural resources that were identified and agreed upon by the project team. Project findings will 

aid COLM resource managers in the following objectives: 

¶ Develop near-term management priorities (how to allocate limited staff and funding  

resources); 

¶ Engage in watershed- or landscape-scale partnership and education efforts; 

¶ Consider new park planning goals and take steps to further these; 

¶ Report program performance (e.g., Department of Interior Strategic Plan ñland healthò goals, 

Government Performance and Results Act [GPRA]). 

Specific project expectations and outcomes included the following: 

¶ For key natural resource components, consolidate available data, reports, and spatial 

information from appropriate sources including: COLM resource staff, the NPS Integrated 

Resource Management Application (IRMA) website, NPS I&M Vital Signs program, and 

available third-party sources. The NRCA report will provide a resource assessment and 

summary of pertinent data evaluated through this project. 
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¶ 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 reference point. 

¶ Clearly identify ñmanagement criticalò data (i.e., those data relevant to the key resources). 

This will drive the data mining and gap definition process. 

¶ Where applicable, develop GIS products that provide spatial representation of resource data, 

ecological processes, resource stressors, trends, or other valuable information that can be 

better interpreted visually. 

¶ Utilize ñgray literatureò and reports from third party research to the extent practicable. 

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 scopes to accommodate an assessment of 

resource vulnerability to climate change. This effort was collaboration between the SMUMN GSS 

Principle Investigator (PI) for the COLM NRCA project, the NPS involved principles (including the 

Climate Change Response Program [CCRP]), the NRCA Program, the NRCA regional coordinators, 

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

The pilot projectôs goal was to seek creative approaches to considering climate change vulnerabilities 

in the context of a NRCA project. A number of on-going NRCA projects were included in this pilot, 

so in order to provide comparative assessments; a fundamental general approach was developed. 

Each NRCA project in the pilot study used the following basic criteria to assess resource 

vulnerability to climate change: 

¶ Information about modeled and downscaled climate change data needed to assess 

vulnerability was developed using existing resources through the NCCSC, the NPS CCRP, 

and the NPS I&M program; 

¶ Discussion with park resource managers was conducted to identify park species, habitats, 

processes, communities, or landscapes viewed as most significant, iconic, or best indicator of 

park resource vulnerability; 

¶ Climate change vulnerability assessments (CCVA) for selected park resources, processes, 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 outcome of the pilot project included the following: 

¶ Minimally impact the ongoing NRCA, 

¶ Implemented as a qualitative process, 

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

¶ Inform the feasibility and potential benefits of integrating a CCVA into 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 NRCA process, a ñframeworkò is developed for a park or 

preserve. This framework is a way of organizing, in a hierarchical fashion, bio-geophysical resource 

topics considered important in park management efforts. The primary features in the framework are 

key resource components, measures, stressors, and reference conditions.  

ñComponentsò in this process are defined as natural resources (e.g., birds, plant communities), 

ecological processes or patterns (e.g., natural fire regime), or specific natural features or values (e.g., 

geological formations) that are considered important to current park management. Each key resource 

component has one or more ñmeasuresò that best define the current condition of a component being 

assessed in the NRCA. Measures are defined as those values or characterizations that evaluate and 

quantify the state of ecological health or integrity of a component. In addition to measures, current 

condition of components may be influenced by certain ñstressors,ò which are also considered during 

assessment. A ñstressorò is defined as any agent that imposes adverse changes upon a component. 

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 ñcomponentsò in the NRCA framework. While this list of components is not a 

comprehensive list of all the resources in the park, it includes resources and processes that are unique 

to the park in some way, or are of greatest concern or highest management priority in COLM. 

Several measures for each component, as well as known or potential stressors, were also identified in 

collaboration with NPS resource staff. 

Selection of Reference Conditions 

A ñreference conditionò is a benchmark to which current values of a given componentôs measures 

can be compared to determine the condition of that component. A reference condition may be a 

historical condition (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 Stoddard et al. 2006). 

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 ecological populations and processes, such as ñpre-fire 

suppression.ò In other cases, peer-reviewed literature and ecological thresholds helped to define 

appropriate reference conditions.  

Finalizing the Framework 

An initial framework was adapted from the organizational framework outlined by the H. John Heinz 

III Center for Scienceôs ñState of Our Nationôs Ecosystems 2008ò (Heinz Center 2008). Key 

resources for the park were adapted from the NCPN Vital Signs monitoring plan (OôDell et al. 2005). 
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This initial framework was presented to park resource staff to stimulate meaningful dialogue about 

key resources that should be assessed. Significant collaboration between SMUMN GSS analysts and 

NPS staff was needed to focus the scope of the NRCA project and finalize the framework of key 

resources to be assessed.  

The NRCA framework was finalized in March 2014 following acceptance from NPS resource staff. 

It contains a total of 21 components (Figure 13) and was used to drive analysis in this NRCA. This 

framework outlines the components (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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Figure 13. Colorado National Monument natural resource condition assessment framework. 

 

Component Measures Stressors Reference Condition

Ecological Communities

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 

Within the natural variability of the current 

community (currently a data gap)

Biotic Composition

Colorado National Monument
Natural Resource Condition Assessment 
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Figure 13 (continued). Colorado National Monument natural resource condition assessment framework. 

Component Measures (Significance Level) Stressors Reference Condition

Herptiles

amphibian richness, amphibian abundance, 

amphibian distribution, reptile richness, reptile 

abundance, reptile distribution

roadway mortality, habitat loss, regional climate 

change, drought, disease, visitor/human impacts 

(social trails), potential invasion of bull frogs

2002 herpetofauna inventory

Birds
summer breeding bird richness, year-round 

bird richness

land cover change, habitat degradation and 

fragmentation, regional climate variation, 

predation by domestic/feral cats

Undefined

Raptors
raptor richness, abundance, productivity, 

number of active nest sites

climbing activity disrupting nesting, recreation 

disturbance
Undefined

Small Mammals species richness, abundance, distribution

vehicle traffic, roadway mortality, drought, 

regional climate change, feral/domestic cats, 

disease, habitat loss

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

Undefined exept for species richness and 

abundance data from 1989 and 1994 bat 

surveys

Biotic Composition
Herptiles

Birds

Mammals

Colorado National Monument
Natural Resource Condition Assessment 
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Figure 13 (continued). Colorado National Monument natural resource condition assessment framework. 

Component Measures (Significance Level) Stressors Reference Condition

Air Quality

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 presettlement 

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

occurrence of human-caused sound (loudness 

and percent of time audible),  occurrence of 

human-caused sound within and outside of 

proposed wilderness area

vehicle traffic, overflights from air traffic 

Natural ambient sound level (environment of 

sound that would exist in the absence of 

anthropogenic-caused noise)

Paleontological Resources

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

erosion, weathering, regional climate change, 

theft, vandalism, recreation impacts (climbing)
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 

discharge of flash floods

regional climate change (extreme weather 

events), vistior activities, park management 

activities

Undefined

Physical Characteristics
Geology

Environmental Quality

Colorado National Monument
Natural Resource Condition Assessment 
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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 analyzed to provide 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 compared 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 multiple forms, 

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 literature were acquired through subject matter 

experts, online 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 thoroughness, 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 information 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 

component assessment 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 equally important. A ñSignificance Levelò represents a numeric categorization (integer 

scale from 1-3) of the importance of each measure in assessing the componentôs condition; each 

Significance Level is defined in Table 6. 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 staff and/or outside resource experts. 

 

 



 

43 

 

Table 6. Scale for a measureôs Significance Level in determining 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 a Condition Level for each measure on a 0-3 integer scale (Table 7). This is based on 

all the available literature and data reviewed for the component, 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. 

 

Weighted Condition Score 

After the Significance Levels (SL) and Condition Levels (CL) are assigned, a Weighted Condition 

Score (WCS) is calculated via the following equation: 

ὡὅὛ 
В Ὓὒz ὅὒ
Π  

σz В Ὓὒ
Π  

 

The resulting WCS value is placed into one of three possible categories: good condition (WCS = 0.0 

ï 0.33); condition of moderate concern (WCS = 0.34 - 0.66); and condition of significant concern 

(WCS = 0.67 to 1.00). Table 8 displays the potential graphics used to represent a componentôs 

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 circles are 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 information are available, 
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as the purpose of an NRCA is to provide a ñsnapshot-in-timeò of current resource conditions. The 

arrows inside the circles indicate the trend of the condition of a resource component, based on data 

and literature from the past 5-10 years, as well as expert opinion. An upward pointing arrow indicates 

the condition of the component has been improving in recent times. A horizontal arrow indicates an 

unchanging condition or trend, and an arrow pointing down indicates deterioration in the 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. In situations where the trend of the componentôs condition is currently 

unknown, no arrow is given. 

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

Condition Status Trend in Condition 
Confidence in 
Assessment 

 

Resource is in Good 
Condition 

 

Condition is Improving 

 

High 

 

Warrants 

Moderate Concern  
Condition is Unchanging 

 

Medium 

 

Warrants 

Significant Concern 
 

Condition is Deteriorating 

 

Low 

 

Examples of how the symbols should be interpreted: 

 

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

assessment. 

 

Condition of resource warrants moderate concern; condition is unchanging; medium 

confidence in the assessment. 

 

Condition of resource warrants significant concern; trend in condition is unknown or 

not applicable; low confidence in the assessment. 

 

Current condition is unknown or indeterminate due to inadequate data, lack of 

reference value(s) for comparative purposes, and/or insufficient expert knowledge to 

reach a more specific condition determination; trend in condition is unknown or not 

applicable; low confidence in the assessment.  
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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 

peer-reviewed 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 component. This step 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 considered 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 the NPS 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 review feedback 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 most relevant and 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 format and structure of 

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. 

Measures 

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 bulleted items. 

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 use. Also 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 explanation of how they 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 a lead-up to analysis. 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 Trend 

This section presents and discusses in-depth 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 plates that display 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 Factors 

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 component. Stressors are defined as 

long-term changes in natural processes that may impact a natural resource, while threats are 

imminent events, actions, or factors that impact natural resources. Relevant stressors were described 

in the scoping process and are outlined in the NRCA framework. However, these are elaborated on in 

this section to create 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 component. Specifically, 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 enough to 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 staff and experts, 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 to the 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 programs) who 

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 community-based assessment was employed for the purpose of this pilot study. 

The selection of this type of assessment was based on the premise that plant communities and their 

related landscapes are the foundations for habitat and species. Plant communities are often priority 

resources that park managers express concern over when looking at ongoing park threats and long-

term park resource sustainability. SMUMN GSS, the COLM 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 of potential impacts from ongoing and future climate change. By 

selecting communities from this 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 inclusion in the pilot 

study. A specific set of selection criteria was not established, however COLM resource managers 

were asked to consider their long-term management as part of the selection process. With guidance 

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

selected pinyon-juniper 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 pilot study. 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 analysis of 

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 change vulnerability 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 was used to assess the vulnerability of habitats in 13 northeastern states. Galbraithôs 

original approach used 11 variables to assess vulnerability (Galbraith 2011). Figure 14 illustrates 

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

capacity of a diversity of ecological communities, in an effort to assess their overall vulnerability to 

climate shifts. Amberg et al.ôs (2012) adaptation of Galbraithôs approach selected six of the original 

variables to assess the vulnerability of the BADL plant communities to climate change. These six 

variables are (descriptions based on Galbraith 2011): 
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1. Location in geographical range of 

plant community. Plant communities 

close to the southern extremes of their 

distributions and that may be close to the 

southern edges of their range of climatic 

tolerances may be more vulnerable to a 

warming climate than communities that 

are further north of these bioclimatic 

edge zones. Plant communities closer to 

the northern edge of their current range 

may be more likely to persist in place 

and may benefit by being able to extend 

northward. 

2. Sensitivity to extreme climatic events. 

Some plant communities may be more 

vulnerable than others to extreme 

climatic events or climate-induced 

events (drought, floods, ice storms, windstorms). Such events are projected to become more 

frequent and/or intense under climate change. 

3. Dependence on specific hydrologic 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 direction 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 climate, their adaptive 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 adaptive 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, by existing 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 times. Communities 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 years or more to recover 

from fire or pest impacts. This may render them intrinsically more vulnerable to the 

Figure 14. Relationship between exposure, 
sensitivity, and adaptive capacity (Source: Stein et 
al. 2011). 
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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 current 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 non-climate stressors are likely to 

be both more resistant and resilient to the effects of a changing climate. In contrast, 

plant communities that are in ñpoorerò condition with comparatively impoverished 

species representation and biodiversity, or that are being impacted by other stressors, 

may be less resilient and have lower adaptive capacity. 

5. Vulnerability of ecologically influential species to climate change. Ecologically influential 

species are those that have substantial influences on community structure. Examples are 

abundant tree species in woodlands, such as pinyon pine in dry coniferous woodlands, or 

Mancos columbine (Aquilegia micrantha) in hanging gardens, whose disappearance from the 

system would significantly alter plant composition and community structure. If there is 

reason to believe 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 non-climate stressors. For some 

plant communities, it is likely that significant impacts of climate change will be expressed 

through their exacerbating or mitigating effects on current or future non-climate stressors. 

One example is the potential magnifying effects of warming temperatures on cold-limited 

pest species or invasive species (e.g., pinyon ips bark beetle [Ips confusus]). In this variable it 

is the intent to capture the potential effects of this interaction between climate change and 

non-climate change stressors. 

3.3.2 General Approach and Methods 

This pilot study involved gathering and reviewing existing literature and data relevant to the two 

ecological communities selected for the CCVA. No new data were collected for this study; however, 

where appropriate, existing data were further analyzed to provide 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 by the NCCSC.  

The PRISM climate group uses point data, a digital elevation model, and other spatial data sets to 

generate gridded estimates of monthly, yearly, and event-based climatic parameters, such as 

precipitation, temperature, and dew point. PRISM is constantly updated to map 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 considered state-of-the-art (Daly et al. 2002). 



 

50 

 

While PRISM data are both spatially and temporally complete, older data are estimated from fewer 

on-the-ground observations and these data are thus generally less reliable than more modern 

observations. PRISM data for the COLM area are likely highly reliable for analyses at the spatial and 

temporal scale of this analyses. Davey et al. (2006) inventoried climate observation stations relevant 

to monitoring parks in the NCPN, and their report included 10 records of stations relevant 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 to develop and evaluate these relationships. PRISM data 

are well-suited for evaluating regional-scale and longer-term climate patterns and dynamics, but they 

cannot capture weather dynamics at the scale of local convection storms that occur between 

observation stations, for example. 

Climate projection summaries for COLM were produced using statistically downscaled model 

projections for temperature (minimum and maximum), precipitation and aridity. These datasets 

provide bias-corrected and spatially downscaled climate projections and are typically referred to as 

Bias Correction followed by Spatial Disaggregation (BCSD) (Wood et al. 2004). They have been 

corrected for model-observation biases in mean monthly temperature and then processed at various 

spatial scales (i.e., 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 changes out to the 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, historical temperature 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 total monthly precipitation (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 projection. For the purposes of the vulnerability assessments in this study, the climate 

change integration team selected the ñbusiness as usualò RCP 8.5 scenario and a general circulation 

model (GCM) ensemble average. This is recognized as a necessary limitation of this pilot effort. The 

high emissions RCP 8.5 is considered a ñbaselineò scenario, as it does not assume a climate 

mitigation target (Riahi et al. 2011). For more information on the RCPs and how they were 

developed, please refer to Appendix A. 

Scoring Methods and Assigning Vulnerability Scores 

Each of the six variables defined above were independently assessed and assigned a ñbest estimateò 

score from 1 (least vulnerable) to 5 (most vulnerable) on the likely vulnerability of a plant 

community to future climate change and non-climate stressors (based on the available scientific 

literature, data, and expert opinion). Scores were summed to produce an overall score for a plant 

communityôs vulnerability. The total minimum score was six and the total maximum score was 30. 
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The overall score was then organized into one of four categories: critically vulnerable, highly 

vulnerable, moderately vulnerable, and less vulnerable (Table 9). These translate into community 

response categories ranging from a plant community likely to be eradicated or greatly reduced in 

extent within 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 ï plant communities at risk of being considerably reduced (by 20-
50%) in extent by climate change. 

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

26-30 Critically vulnerable ï 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 resources to climate shifts and/or 

non-climate stressors (and how these interact), and assumptions about the adaptive capacities of the 

resources. Many uncertainties are unavoidable despite the best modeling and data gathering efforts. It 

is crucial to provide a comprehensive and detailed appraisal of how certain analysts can 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 in the 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 scores). The scale of certainty scores used in this draft 

assessment is the same scale used by Galbraith (2011) in the Northeast habitat vulnerability 

assessments, which is an adaptation of a category scale developed by Moss and Schneider (2000) for 

the Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report. One of three 

certainty scores ï low (1), moderate (2), or high (3) ï 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 the overall vulnerability score of the plant community. The total 

minimum score was six (6) and the total maximum score was 18. These certainty scores translate to a 

level of confidence ï low, moderate, or high confidence ï about the judgments made regarding the 

vulnerability scores for each variable (Table 10). 
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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 ñbest estimateò vulnerability score did not stand out, the analyst had the option of 

assigning an alternative score (a highly possible but less likely outcome than the best estimate) in 

addition to the best estimate score. The alternative score is the ñnext best estimateò of vulnerability 

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 represented 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 literature (see Table 11 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 = sensitivity to extreme 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 or 

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 scientific data 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. 

Variable 
Certainty 

Score 
Vulnerability 

Score 
Alternative 

Scores 

Location in geographical range/distribution of plant community 3 3  

Sensitivity to extreme climatic events (e.g., drought, flash floods, 

windstorms) 

2 4 3,5 

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 

stressors 

2 5  

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. It is important that this explanation provide sufficient detail 

and transparency to allow a reader to be able to clearly and easily follow the process and logic-steps 

that lead analysts to conclusions about vulnerability. The purpose of the narratives is to clearly 

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 distributions and 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 GSS analysts 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, validity and accuracy 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 climate change analysis. 

Current Condition and Trend 

This section will be amended to include the discussion of the components vulnerability to climate 

change. This section will precede the ñThreats and Stressorsò section. This includes how the 

projected change in climate 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 components using 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 

here, just prior to the ñWeighted Condition Scoreò section. The vulnerability score is determined after 

thoughtful review of available literature and data 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 componentôs climate change vulnerability assessment. This 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 conditions. The summary for each component is arranged around 

the following sections: 

1. Description 

2. Measures 

3. Reference Condition 

4. Data and Methods 

5. Current Condition and Trend (including threats and stressor factors, data needs/gaps, and 

overall condition) 

6. Sources of Expertise 

7. Literature Cited 

The order of components follows the project framework (Figure 13): 

4.1 Pinyon-juniper Woodlands/Savannas 

4.2 Sagebrush Shrublands/Shrub Steppe 

4.3 Riparian Habitats/Large Dry Washes 

4.4 Seeps and Springs and Tinaja Habitats 

4.5 Mixed Salt Desert Scrub/Semi-desert Grassland 

4.6 Canyon Walls and Monolith Vegetation Communities 

4.7 Montane Shrubland 

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 Night Skies 

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 

Pinyon-juniper woodlands/savannas in COLM 

consist primarily of two-needle pinyon pines 

and Utah juniper trees with various mixtures of 

other shrubs and herbaceous vegetation. These 

woodlands are typically situated on flat and 

mildly sloped mesa tops (Photo 4) and are 

distributed across a large portion (4,751 ha 

[11,740 ac]) of the park, comprising over half 

(57.4%) of the entire park area (Von Loh et al. 

2007). The two-needle pinyon pines are widely distributed across a broad geographic range in North 

America that includes the western states of Colorado, Utah, Arizona, Nevada, California, New 

Mexico, Wyoming, Oklahoma, and Texas as well as part of Chihuahua, Mexico (USDA 2015a). The 

Utah juniper has a similar range with the addition of Montana and Idaho, and excluding Texas 

(USDA 2015b). The two-needle pinyon pine produces nutrient-rich pine nuts that are a staple in the 

diets of wildlife, often providing crucial sustenance to animals, particularily in harsh winters when 

deep snow accumulates (Nesom 2003). The various plant communities of pinyon-juniper woodlands 

and savannas are diverse and include several unique alliances that are considered rare, 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 pinyon-juniper woodlands/savannas, with 

assumptions that fire exclusion and livestock grazing have allowed unnatural encroachment of 

pinyon-juniper woodlands/savannas into other vegetation communities, such as grasslands (Johnson 

2013; Kennard and Moore 2012, 2013). The pinyon-juniper woodlands/savannas of COLM offer a 

unique opportunity to 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 cyanocephalus) can be found year-round in these woodlands (Hanophy 

and Teitelbaum. 2003). Other birds that can be found foraging and nesting in this habitat include the 

bushtit (Psaltriparus minimus) and lark sparrow (Chondestes grammacus) (Hanophy and Teitelbaum. 

2003). Raptors such as red-tailed hawks (Buteo jamaicensis), golden eagles (Aquila chrysaetos), 

American kestrels (Falco sparverius) and prairie falcons (Falco mexicanus) forage on the pinyon 

mouse (Peromyscus truei) and bush-tailed woodrat (Neotoma cinerea) commonly found in these 

woodlands (Hanophy and Teitelbaum. 2003). This vegetation community also supports two lizard 

species, the eastern collared lizard (Crotaphytus collaris) and the plateau side-blotched lizard (Uta 

stansburiana uniformis) (Hanophy and Teitelbaum. 2003). Other mammals found within this habitat 

include: ringtail (Bassariscus astutus), mule deer, elk (Cervus elaphus) and mountain lion (Puma 

concolor) (Hanophy and Teitelbaum. 2003). 

  

Photo 4. An example of an open-canopy pinyon-
juniper woodland/savanna upon a mesa top in 
COLM (Photo by Anna Davis, SMUMN GSS). 
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4.1.2 Measures 

¶ Community extent and change over time 

¶ Community composition 

¶ Percent cover biological soil crusts 

¶ Percent bare ground 

¶ Trends in invasive infestation 

¶ Soil stability 

4.1.3 Reference Conditions/Values 

The reference condition for this component is based on the current pinyon-juniper woodlands on the 

mesa tops in the middle of the 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 and descriptions of 

pinyon-juniper 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 pinyon-juniper woodland/savanna vegetation classification (12 

alliances) were also documented and will serve as a baseline for future assessments (Von Loh et al. 

2007). The reference condition for IEP infestation is the assumption that only native species present 

prior to European settlement in the area. 

4.1.4 Data and Methods 

Kennard and Moore (2012, 2013) studied fire history, spatial structure, and mortality in a COLM 

pinyon-juniper woodland to identify the driving mechanisms of temporal dynamics and spatial 

patterns. One purpose of the study 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 pinyon-juniper woodlands that are situated on mesa tops, where they are the 

predominant vegetation. In order to estimate the fire history and the age of the pinyon-juniper stands, 

the study looked for evidence of large (>100 ha [247.1 ac]) stand-replacing fires (Kennard and 

Moore 2012, 2013). Kennard and Moore (2012) used an approach that was developed particularly for 

pinyon-juniper 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 landscape-scale fire scars. The two tree species are 

very slow to regenerate, leaving a detectable perimeter around an area of 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 stands within the grid (Kennard and Moore 2012, 2013). The grid points were located 

using a GPS unit over a 3-year period (September 2007 to June 2010). Regression equations 

developed from tree ring analyses were used to estimate the ages of the largest pinyon pine and 

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 100 m2 (1076.4 ft2) circular plot was established (Kennard and 
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Moore 2012, 2013). Individual trees within these plots were measured at the trunk base or stem base 

to establish a size class for each tree (Kennard and Moore 2012, 2013). A review of records kept by 

COLM on fire occurrence, which included size and location of fires since 1942, was used to 

characterize more recent fires for comparison with field observations of charred wood (Kennard and 

Moore 2013).  

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

The purpose of the project, conducted between 2003 and 2005, 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 urban-wildland interface and coordinated management on adjacent public lands 

(Von Loh et al. 2007). A team 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 through a combination 

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). 

Johnson (2013) studied aerial photos of COLM from 1937 and 2007 to establish the historic and 

current extent of both pinyon-juniper woodland/savanna and sagebrush communities. The goal was 

to spatially describe the historic extent of pinyon-juniper woodland/savannas in relation to sagebrush 

communities. This was in response to a lack of reliable data needed to understand the historic fire 

regime within the pinyon-juniper woodland/savannas in the park. Trends in community expansion 

and contraction, presence of charred wood, and community structure and composition were 

examined to determine whether best-management practices for pinyon-juniper woodland/ savannas 

should include prescribed burning (Johnson 2013). 

Dewey and Anderson (2005) inventoried invasive plant species in 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 data collection methods and field inventory techniques (Dewey and Anderson 2005). 

Eleven invasive plant species were identified as high-priority and were systematically sought by 

inventory crew members. 

Perkins (2010, 2012, and 2014) conducted IEP monitoring in COLM 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 includes 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 park prior to each 

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 detected was recorded, 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 vulnerability assessment for this resource. Please 

refer to Chapters 2.1.3 and 3.2.3 and Appendix A 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 NCPN vegetation mapping projects 

(TNC and ESRI 1994, NatureServe 2003). The NVC is a hierarchical system that uses seven levels to 

classify vegetation; the upper five levels are based on physiognomic characters and the two lower 

levels are based on floristic data (TNC 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 

assessment 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, 

NatureServe 2003). 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 composition (TNC and ESRI 1994a). 

An alliance is a grouping of plant associations sharing one or more dominant species (Reid et al. 

1999). Von Loh et al. (2007) identified several distinct types of pinyon-juniper woodland/savannas in 

COLM. The pinyon-juniper woodland/savanna 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 other plant species are found 

within these alliances and associations. The areal extent of pinyon-juniper woodland/savannas as 

mapped by Von Loh et al. (2007) is shown in Table 12 (Von Loh et al. 2007). 

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

Alliances Acres Hectares 

Percent 
of total 

park area 

Pinyon-juniper woodland/savannas (all) 11,740 4,751 57.4% 

Two-needle pinyon pineïUtah juniper/multiple shrub woodland 6,133 2,482 30.0% 

Two-needle pinyon pineïUtah juniper/Wyoming big sagebrush woodland 2,763 1,118 13.5% 

Two-needle pinyon pineïUtah juniper/black sagebrush woodland 1,682 681 8.2% 

Two-needle pinyon pineïUtah juniper/sparse understory woodland 1,162 470 5.7% 
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One map unit, the two-needle pinyon pineïUtah juniper/multiple shrub woodlands, consists 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 observation points and map 

units created by Von Loh et al. (2007), these vegetation alliances and associations are displayed in 

Figure 15. 

 

Figure 15. The location of pinyon-juniper woodland/savanna alliances within COLM (Von Loh et al. 
2007). 
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Two alliances that were described in Von Loh et al. (2007) as a type of pinyon-juniper 

woodland/savanna are not shown in Figure 15. These are the two-needle pinyon-Utah juniper/Utah 

serviceberry (Amelanchier utahensis) woodlands and the blue spruce (Picea pungens)-two-needle 

pinyon-Utah juniper/Gambelôs oak (Quercus gambelii) woodland. All stands of these two types 

identified at COLM were below the minimum mapping unit of 0.5 ha (1.2 ac). The two-needle 

pinyon-Utah juniper/Utah serviceberry woodlands were observed and sampled near the south and 

west entrance to COLM and near Alcove Trail (Von Loh et al. 2007). The blue spruce two-needle 

pinyon-Utah juniper/Gambelôs oak woodland was a single stand of four to six blue spruce trees, and 

one sapling at one other site (Von Loh et al. 2007). The single stand of blue spruce two-needle 

pinyon-Utah juniper/Gambelôs oak 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 aerial photos of COLM from 1937 and 2007 in an attempt to identify 

changes in the extent of pinyon-juniper woodlands. Due to distortions in the 1937 imagery 

determination of actual percent estimates of change were problematic (Dr. Deborah Kennard, 

Colorado Mesa University, Department of Physical and Environmental Sciences, written 

communication 18 November 2015). Based on simple ocular comparisons of the aerial photos from 

1937 and 2007, Johnson (2013) concluded that pinyon-juniper woodlands were expanding into the 

parkôs sagebrush shrublands. Due to the distortions in the 1937 images Johnson estimated the loss of 

sagebrush shrubland/shrub steppe due to the expansion of woodland species ranged from 

approximately 10% to 30% in certain areas of COLM (Johnson 2013). This suggests that pinyon-

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 pinyon-juniper 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 two-needle pinyon pine and Utah juniper along with a few other plant 

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

Two-needle pinyon-(oneseed juniper [Juniperus monosperma], Utah juniper)/needle and thread 

(Hesperostipa comata) woodlands are dominated by a canopy of two-needle pinyon pine and Utah 

juniper with only a few other species scattered below (Table 13; Von Loh et al. 2007). The open 

canopy cover is typically 2-5 m (6.6-16.4 ft) tall, with Mormon tea (Ephedra viridis) shrubs beneath, 

and 1-5% cover of needle and thread (Von Loh et al. 2007). An herbaceous layer provides up to 10% 

cover; all plant species documented in this association are shown in Appendix B (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 type (Appendix B, 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 pinyon-Utah juniper/Utah serviceberry woodlands are dominated by five plant species 

(Table 14). These include the typical two-needle pinyon pine and Utah juniper open tree canopy, 

averaging 2-10 m (6.6-32.8 ft) in height (Von Loh et al. 2007). Utah serviceberry, saline wildrye 

(Leymus salina), and cheatgrass, a non-native invasive annual grass, are also dominant and provide 

moderate cover (Von Loh et al. 2007). There were 14 other associated plant species (Appendix B, 

column B), including three trees, seven shrubs, four 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 two-needle pinyon-Utah juniper/Bigelowôs sagebrush (Artemisia bigelovii) woodlands are 

dominated by 2-5 m (6.6-16.4 ft) tall two-needle pinyon pine and Utah juniper trees which provide 2-

20% cover (Von Loh et al. 2007). Other dominant plants include Harrimanôs yucca (Yucca 

harrimaniae), needle and thread, cheatgrass, Jamesô galleta (Hilaria jamesii), and hairy false 

goldenaster (Heterotheca villosa) (Von Loh et al. 2007). Many other plant species occur within this 

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

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 Loh et al. 2007). 
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Table 15. Dominant plant species (by strata) within the two-needle pinyon-Utah juniper/Bigelowôs 
sagebrush woodlands (Von Loh et al. 2007).  

Two-needle pinyon-Utah juniper/Bigelowôs sagebrush woodland 

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 Harrimanôs yucca Shrub/sapling 

Bromus tectorum* cheatgrass Herb 

Hesperostipa comata needle and thread Herb 

Heterotheca villosa hairy false goldenaster Herb 

Hilaria jamesii Jamesô galleta Herb 

*Indicates a non-native species. 

Two-needle pinyon-Utah juniper/black sagebrush woodlands are dominated by 14 species, including 

two-needle pinyon pines and Utah junipers which are around 2-10 m (6.6-32.8 ft) in height with 3-

35% canopy cover (Table 16; Von Loh et al. 2007). Additional plant species that occur in this 

alliance are listed in Appendix B (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 Harrimanôs yucca Short shrub/sapling 

Achnatherum hymenoides Indian ricegrass Herb 

Gutierrezia sarothrae broom snakeweed Herb 

Heterotheca villosa hairy false goldenaster Herb 

Hilaria jamesii Jamesô galleta Herb 

Leptodactylon pungens prickly phlox Herb 

Leymus salina saline wildrye Herb 

Petradoria pumila rock goldenrod Herb 

 

Two-needle pinyon-Utah juniper /littleleaf mountain-mahogany (Cercocarpus ledifolius var. 

intricatus) woodlands are dominated by eight species of plants, which include the typical open tree 
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canopy of two-needle pinyon pine and Utah juniper trees (Table 17; Von Loh et al. 2007). The tree 

canopy provides sparse coverage, between 1% and 15%, with average heights of 2-10 m (6.6-32.8 ft) 

(Von Loh et al. 2007). This alliance had a total of 33 plant species observed by Von Loh et al. 

(2007), including three tree, nine shrub, eight graminoid, and 13 forb species (Appendix B, 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 Bigelowôs sagebrush Short shrub/sapling 

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

Yucca harrimaniae Harrimanôs yucca Short shrub/sapling 

Achnatherum hymenoides Indian ricegrass Herb 

Aristida purpurea purple three-awn Herb 

Hesperostipa comata needle and thread Herb 

 

The two-needle pinyon-Utah juniper/mixed shrubs talus woodlands of COLM have a diverse 

community composition dominated by 14 plant species (Table 18). Two-needle pinyon pine, Utah 

juniper, and an occasional singleleaf ash (Fraxinus anomala) form 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% cover while the two-needle pinyon pine provides up 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 forbs (Appendix B, column F; Von Loh et al. 2007). 

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 Bigelowôs sagebrush Short shrub/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 Bigelowôs sagebrush Short shrub/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 pinyon-Utah juniper/grassy rockgoldenrod (Petradoria pumila) woodlands are 

dominated by five plant species, including the usual two-needle pinyon pine and Utah juniper that 

create an open tree canopy (Table 19; Von Loh et al. 2007). The tree canopy is between 2-10 m (6.6-

32.8 ft) tall, with two-needle pinyon pine providing 1-5% cover and Utah juniper providing around 1-

25% cover (Von Loh et al. 2007). The 23 plant species observed within this alliance are listed in 

Appendix B (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 pinyon-Utah 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 provides anywhere from 1-45% cover with trees 
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that are typically 2-10 m (6.6-32.8 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 vegetated. The various plant species observed in these woodlands are listed in Appendix B 

(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 pinyon pine-Utah juniper/Wyoming big sagebrush woodlands are dominated by 12 plant 

species (Table 20; Von Loh et al. 2007). The two-needle pinyon pines provide 0-25% canopy cover 

and Utah junipers provide 2-65% canopy cover, with an average tree height of 2-5 m (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 forbs (Appendix B, column I; 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 Bigelowôs sagebrush Short shrub/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 Harrimanôs yucca Short shrub/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 pinyon-juniper species/mountain mahogany (Cercocarpus montanus)-mixed shrub 

woodlands are dominated by two-needle pinyon pines, Utah juniper trees, and six other plant species 

that are listed in Table 21 (Von Loh et al. 2007). The tree canopy consists of two-needle pinyon pine 

and Utah juniper, which are generally 2-5 m (6.6-16.4 ft) tall and provide 1-25% canopy cover (Von 

Loh et al. 2007). There was one individual ponderosa pine (Pinus ponderosa) tree observed within 

this alliance and it provided 40% canopy cover due to its large size, which is typical of this species 

(Von Loh et al. 2007). The total number of plant species observed within this alliance was 53 

(Appendix B, 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. 

The dominant tree species of two-needle pinyon-juniper species/saline wildrye grass woodlands is 

the Utah juniper (Von Loh et al. 2007). The open canopy consists of trees that are 2-5 m (6.6-16.4 ft) 

tall, ranging in cover from 1% to 25%, with surface cover of 1-15% 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 forbs (Appendix B, 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 spruce-two-needle pinyon-Utah juniper/Gambelôs oak woodlands are dominated by blue spruce, 

two-needle pinyon pine, Utah juniper, Utah serviceberry, Gambelôs oak, and skunkbush sumac (Rhus 

aromatica var. pilosissima) (Table 23, 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 only one of its 

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) are listed in Appendix B, 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 plant species 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 spruce-two-needle pinyon-Utah juniper/Gambelôs oak woodland that was in a 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 efforts. Some pinyon-juniper woodlands/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/Gambelôs oak woodlands in COLM (Von Loh et al. 2007). 

Blue spruce-two-needle pinyon-Utah juniper/Gambelôs oak 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 Gambelôs oak Tall shrub 

Rhus aromatica var. pilosissima skunkbush sumac Tall shrub 

 

Percent Cover Biological Soil Crusts 

BSCs have 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 BSCs form as a dark, crumbly looking surface 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 soils, effectively 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 nutrient cycles of typically 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 point for future 

assessments in order to make comparisons and identify trends in BSCs. BSCs are most developed in 

areas where there is adequate soil for them to develop upon. Some of the pinyon-juniper woodlands 

and savannas have very limited BSCs due to the lack of soil in those areas, particularly on rocky 

soils, areas with high surface litter cover, or where bedrock is exposed. The descriptions of BSC 

cover in the 12 various pinyon-juniper woodland/savanna alliance descriptions are given in Table 24 

(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 Well-developed, but patchy 

Two-needle pinyon-Utah juniper/Utah serviceberry woodlands Was not mentioned as being present in alliance description 

Two-needle pinyon-Utah juniper/Bigelowôs sagebrush woodlands Variable with some stands having very little, occasionally up to 50% 

Two-needle pinyon-Utah juniper/black sagebrush woodlands Variable with some stands having very little, occasionally up to 75% 

Two-needle pinyon-Utah juniper/littleleaf mountain-mahogany woodlands Sparse due to very little soil in stands for establishment 

Two-needle pinyon-Utah juniper/mixed shrubs talus woodlands Absent or sparse on these active slopes 

Two-needle pinyon-Utah juniper/grassy rock-goldenrod woodlands Sparse, typically less than 5% 

Two-needle pinyon-Utah juniper/sparse understory woodlands Variable with some stands having very little, occasionally up to 65% 

Two-needle pinyon-Utah juniper/Wyoming big sagebrush woodlands Variable with some stands having very little, occasionally up to 20% 

Two-needle pinyon-juniper species/mountain-mahogany-mixed shrub woodlands Variable with some stands having very little, occasionally up to 60% 

Two-needle pinyon-juniper species/saline wildrye grass woodlands May be totally absent or up to 35% 

Blue spruce-two-needle pinyon-Utah juniper/Gambelôs oak woodlands Was not mentioned as being present in alliance description 
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Percent Bare Ground 

In areas within the pinyon-juniper woodland/savannas of COLM where the surface 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 BSCs. Areas with bare ground are more 

prone to erosive forces and increased 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 pinyon-juniper 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 where soil doesnôt tend to settle or accumulate unless there is something to 

hold it there, such as plant litter, rocks, gravel, or cracks and crevices. Table 25 summarizes 

vegetative cover and general ground surface conditions for each pinyon-juniper woodland/savanna 

vegetation alliance in COLM. 



  

 

7
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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). 

Community 
Ground 
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-Utah juniper/Bigelowôs sagebrush woodlands 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 soil 

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-Utah juniper/Gambelôs oak woodlands 59% High litter and downed wood, bare ground absent 
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Trends in Invasive Infestation 

COLM is part of a long-term monitoring program for IEPs developed by the NCPN that focuses 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 conducted during the 2013 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 park-wide, including a discussion of trends can be found in 

Chapter 2.2.2. In summary, during this 8-year time span (2003-2011), there was an overall decrease 

in Russian olive, tamarisk and woolly mullein (Verbascum thapsus) (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 cheatgrass. Several pinyon-juniper alliances included cheatgrass, and in some, as a 

dominant plant species (Von Loh et al. 2007). Two-needle pinyon-Utah juniper/Utah serviceberry 

woodlands, two-needle pinyon-Utah juniper/Bigelowôs sagebrush woodlands, and two-needle 

pinyon-juniper species/mountain-mahogany-mixed 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 two-needle pinyon-Utah juniper/black sagebrush woodlands, two-

needle pinyon-Utah juniper/littleleaf mountain-mahogany woodlands, two-needle pinyon-Utah 

juniper/grassy rock-goldenrod woodlands, two-needle pinyon-Utah juniper/sparse understory 

woodlands, and two-needle pinyon-juniper species/(Wyoming big sagebrush, mountain big 

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 associated with pinyon-juniper communities, spatial queries 

were performed using the data from the 2013 IEP survey and select pinyon-juniper vegetation 

communities mapped by Von Loh et al. (2007). Not all of the pinyon-juniper 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 

queries were run using only the vegetation communities that were mapped as polygons. The spatial 

queries selected IEP points that were either within a mapped location of pinyon-juniper woodland or 

within 100 m (328 ft) of one of these communities. The analysis identified 79 (approximately 17%) 

of the IEP points met the criteria (Figure 16, Table 26). The most common IEPs selected by these 

queries were yellow sweetclover (37) and cheatgrass (27). All but two of the yellow sweetclover 

occurrences were located within polygons representing pinyon-juniper communities. All of the 

cheatgrass occurrences were within 100 m (328 ft) of a pinyon-juniper community. The results for all 

IEP occurrences that satisfied the spatial queries can be found in Table 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 non-native species occurrences in relation to pinyon-juniper 
woodlands/savannas. 

Scientific Name Common Name 
Number 
 Within 

Number  
Adjacent 

Total  
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 pinyon-juniper 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). Soil aggregate 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 BSCs 

(Belnap 1992, 1994; Miller 2005). The absence of this living armor leaves soil vulnerable to the 

erosive forces of wind and water. Bare soil is also less able to facilitate ecological functions such as 

water infiltration and seed germination (Belnap 1992). In general, the pinyon-juniper 

woodlands/savannas are found on well-drained sandy loam soils, with slopes ranging from gentle to 

steep (Von Loh et al. 2007). Vegetation descriptions by Von Loh et al. (2007) contain information on 

the make-up of the unvegetated surfaces in pinyon-juniper woodlands; however, specific data on the 

percent bare ground are not available. The unvegetated ground cover is generally comprised of 

mixtures of litter/duff, gravel and rocks, exposed bedrock, down wood, cryptogams, and bare ground 

(Von Loh et al. 2007). 

Vulnerability to Climate Change 

The pinyon-juniper woodlands/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 3.1.2). The vulnerability of the two-needle pinyon pine-Utah juniper woodlands 

will be assessed based on five factors: location within the communityôs geographic range, sensitivity 

to extreme climatic events, dependence on hydrologic conditions, the communityôs adaptive 

capacity, vulnerability of ecologically influential species, and the potential for climate change to 

increase the impacts of non-climate 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 two-needle pinyon pine and Utah juniper can be found throughout the southern Rocky 

Mountains region (Figure 17). Within COLM, the pinyon-juniper 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, 

although they are found on other aspects throughout the park (Von Loh et al. 2007). COLM is 

located in the north-central portion of the pinyon pine latitudinal range and on the eastern edge of the 

central part of the Utah juniper latitudinal range (Figure 17). 

Based on COLMôs location within the geographical ranges of pinyon pine and Utah juniper, this 

alone would not cause them to be significantly vulnerable to an increase in temperature. These 

woodlands are adapted to cold winter minimum temperatures and low rainfall, and are often a 

transitional community between 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 to 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 models project warmer and 

drier (more arid) conditions for COLM by 2100 using the RCP 8.5 scenario. Summertime 

temperatures (June-August) at COLM are projected to increase by up to 5.7 °C (10.3 °F) by 2100 

(Figure 18, ClimateWizard 2014). Higher temperatures will result in greater evapotranspiration rates 

which, despite a predicted increase in annual precipitation, would lead to an increase in aridity in all 

seasons, especially fall (September-November) and spring (March-May) (Figure 19, ClimateWizard 

2014). Under the RCP 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 aridity (Figure 20, 

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. 

A. Mean winter temperature B. Mean spring temperature 

C. Mean summer temperature D. Mean fall temperature 



 

80 

 

  

  

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.  

A. Mean winter aridity B. Mean spring aridity 

C. Mean summer aridity D. Mean fall 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 species-specific bioclimate modeling for a number of western tree 

species. The bioclimate model uses each speciesô climate condition requirements (temperature, 

precipitation) and calculates how well the projected climate conditions match the current climate 

requirements, producing a map of viability scores for each species (Rehfleft et al. 2006). The higher 

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

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 RCP scenarios. 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 modeling 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 as the Okanagan Valley in British Columbia 

(Figure 21, Figure 22) (Rehfeldt et al. 2006). Within COLM, the bioclimate maps for pinyon pine 

and Utah juniper show an overall decline in each speciesô viability scores by the year 2100 (Figure 

21, Figure 22) (Rehfeldt et 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 juniper by 2100 (Figure 

21, Figure 22) (Rehfeldt et al. 2006). Overall, the projected climate under the RCP 8.5 scenario is at 

the low end of viability for both pinyon pine and Utah juniper. 

A. Change in mean annual temperature B. Change in mean annual aridity 
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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%ï20%, no color; 20%ï40%, lightest 
green; 40%ï60%, light green; 60%ï80% dark green; and 80%ï100%, darkest green). 

A. Bioclimate profile for 2060 B. Bioclimate profile for 2090 

C. Bioclimate profile for COLM area in 2060  D. Bioclimate profile for COLM area in 2090 
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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%ï20%, no color; 20%ï40%, lightest 
green; 40%ï60%, light green; 60%ï80% dark green; and 80%ï100%, darkest green). 

A. Bioclimate profile for 2060 B. Bioclimate profile for 2090 

C. Bioclimate profile for COLM area in 2060  D. Bioclimate profile for COLM area in 2090 
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The climate modelsô predictions for extended periods of drought has the potential to cause greater 

tree mortality, especially in pinyon pine, as it is more susceptible to drought than the Utah juniper 

(Breshears et al. 2008). The drought experienced in 2002-2003 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 Rondeau 2014). Pinyon pine are also susceptible to the fungal pathogen Leptographuum 

wageneri var. wageneri, which causes black stain root disease and infestations of the pinyon ips bark 

beetle (Ips confusus) (Kearns and Jacobi 2005, Miller 2005). During the drought of early 2000, 

pinyon pine and Utah juniper mortality increased at COLM, believed to be due to a root fungus that 

was likely exacerbated by drought (NPS 1999). While both species are susceptible to drought, the 

differences in the degree of susceptibility of 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 pinyon-juniper woodlands are expected to have significant adaptive capacity. 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 pinyon-juniper woodlands 

and their abundance has fluctuated 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 potential for this 

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 climate models under the RCP 8.5 scenario 

(Decker and Rondeau 2014). 

As discussed in Chapter 2.1.2, the GCMs predict 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. These hotter and drier conditions expected in COLM over the next century will likely 

exacerbate many of the current non-climate stressors of the pinyon-juniper 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, Breshears et 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 speciesô vulnerability to insect attack (Allen and Breshears 1998, 

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 warmer and drier conditions predicted for COLM will affect the non-

native plants already invading the pinyon-juniper communities. While Dukes and Mooney (1999) 

suggested that most aspects of global climate change will favor non-native species over natives, it is 

unknown if this pattern will apply to already arid environments such as COLM. The non-native 
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species already present in COLM (Figure 16, Table 26) would likely be tolerant of warmer 

conditions, but may not survive the even drier predicted conditions. Drier 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 pinyon-juniper woodlands (Decker and Rondeau 2014). 

Threats and Stressor Factors 

There are several factors that are a concern in terms of the pinyon-juniper woodland/savannas at 

COLM. Park resource manager identified 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 pinyon-juniper 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 can also alter the natural fire regime 

by accumulating fuels (e.g., dead grass) on the ground, a critical danger to pinyon-juniper 

woodland/savannas (Kennard and Moore 2013). 

Altered fire intervals are a serious threat to the pinyon-juniper woodland/savannas, particularly where 

large, stand-replacing fires were historically infrequent (Kennard and Moore 2013). Kennard and 

Moore (2013) studied the fire histories of some of COLMôs pinyon-juniper woodland/savannas to 

identify drivers of community structure. The results indicated that these woodlands and savannas 

have very long (588-1,428 years) fire rotations, particularly in persistent stands like those found on 

mesa tops in COLM (Kennard and Moore 2013). Lighting-ignited fires are not uncommon; however 

they tend to be small in size, at times burning only a single tree (Kennard and Moore 2013). Fire 

within pinyon-juniper habitats can lead to conditions where these habitats are replaced by grasslands 

dominated by invasive species. Considering these findings, using prescribed burning as a 

management tool would likely prove detrimental to the pinyon-juniper woodland/savannas in 

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

Visitor impacts within the parkôs pinyon-juniper habitats include damage to BSC present within these 

environments. Hikers, particularly those using unauthorized ñsocialò trails, cause damage to these 

fragile habitats and the continued disturbance does not allow for the time needed for BSCs to 

regenerate. This can 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 et al. 2014). 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 putting plants under further moisture stress (Garfin et al. 2014). 

Data Needs/Gaps 

A lack of an explicitly focused study on the pinyon-juniper woodland/savannasô soil stability, percent 

cover of CBC and bare ground makes an assessment of current condition difficult. There are 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 information is needed on how the effects of a warmer, drier 

climate will change the non-native species composition of the pinyon-juniper woodlands. Research 

on the impacts from the proliferation of social trails within the park is also recommended. 

Currently a guaranteed 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. Additionally, another programmatic 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 Level of 3 was assigned to the community extent and change over time measure. In 

several western states, the extent of pinyon-juniper woodlands/savannas has reportedly increased, as 

they have encroached into sagebrush communities (Soule et al. 2003, Johnson 2013). Johnson (2013) 

concluded that pinyon-juniper woodlands potentially have expanding into the parkôs sagebrush 

shrublands, which suggests that woodland extent has increased, or at least has not decreased. 

Therefore, a Condition Level of 1 has been assigned, indicating low concern. 

Community Composition 

The community composition measure was assigned a Significance Level of 3. Von Loh et al. (2007) 

reports plant species lists for each of the 12 pinyon-juniper alliances within COLM. The presence of 

non-native plants within these alliances, in 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, the Condition Level was assigned a 2. 

Percent Cover 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 assigned a Significance Level of 3, 

but cannot be assigned a Condition Level at 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 assigned a Significance Level of 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 reason, a Condition Level cannot 

be assigned at this time. 

Trends in Invasive Infestation 

This measure was assigned a Significance Level of 3 by the project team. Over the last decade the 

park has focused control efforts on eradication of IEPôs. Future funding for these control measures is 

not available, so the potential for increased infestations is high (Hartwig, written communication 18 

November 2015). Considering this along with the presence of IEPs within the pinyon-juniper 
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woodland/savannas detected in recent years, as well as several pinyon juniper woodland/savanna 

alliances now having cheatgrass as a dominant member of the community (Von Loh et al. 2007), the 

Condition Level has been assigned a 2. 

Soil Stability 

The soil stability measure was assigned a Significance Level of 2 and is largely a data gap. Von Loh 

et al. (2007) does provide short descriptions of soil type and percent slope, although this doesnôt 

address all parameters needed to assess overall soil stability in the pinyon-juniper 

woodland/savannas. A Condition Level cannot be assigned at this time since soil stability parameters 

have not been directly assessed in the pinyon-juniper woodland/savannas. 

Climate Change Vulnerability Assessment 

Analysis of the pinyon-juniper community within COLM showed that it is moderately vulnerable to 

the projected impacts to climate change, with an overall score of 17 (Table 27). While the confidence 

in the assessment is within the high range, with a value of 15, half of the variable scores were rated 

as ñmoderateò confidence due to a number of factors. 

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

Variable 
Certainty 

Score1 
Vulnerability 

Score2 
Alternative 

Scores3 

Location in geographical range/distribution of plant community 2 4 3 

Sensitivity to extreme climatic events (e.g., drought, flash 
floods, windstorms) 

3 3 
 

Dependence on specific hydrologic conditions 3 1 
 

Intrinsic adaptive capacity 3 3 
 

Vulnerability of ecologically influential species to climate 
change 

2 3 4 

Potential for climate change to exacerbate impacts of non-
climate stressors 

2 3 4 

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, alternative scores were identified for 

several variables in addition to the best estimate scores (Table 27). Alternative scores create a range 

of likely vulnerability for the plant community. The ñlocation in the geographic range/distribution of 

the plant communityò and the ñvulnerability of ecologically influential species to climate changeò 

variables were assigned alternative scores due to the variations in the climate modelsô seasonal and 

annual precipitation projections. The potential for climate change to exacerbate impacts of non-

climate stressors was given an alternative score due to uncertainty of what effect the warmer, dryer 
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climate would have on non-native species. When factored in, the range of vulnerability scores for the 

pinyon-juniper woodland community is 16 to 19, all of which are still within the ñmoderately 

vulnerableò category. With the high confidence certainty score, this suggests that, despite some 

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

juniper woodlands as moderately vulnerable appears fairly robust. The scoring worksheet developed 

for the pinyon-juniper woodlands is included in Appendix C. 

Weighted Condition Score 

The Weighted Condition Score for pinyon-juniper woodland/savannas is 0.56, which indicates 

moderate concern. This WCS is primarily due to the widespread presence of IEP species, which are 

major threats to the ecological health of the pinyon-juniper woodland/savannas in COLM. 

Pinyon-juniper Woodlands/Savannas 

Measures Significance Level Condition Level WCS = 0.56 

Community Extent and 
Change over Time 

3 1 

 
 
 

 
 
 
 

Community 
Composition 

3 2 

Percent Cover 
Biological Soil Crusts 

3 n/a 

Percent Bare Ground 2 n/a 

Trends in Invasive 
Infestation 

3 2 

Soil Stability 2 n/a 

 

4.1.6 Sources of Expertise 

Dusty Perkins, Program Manager, Northern Colorado Plateau Network 

Nicholas Fisichelli Ph.D., Ecologist NPS Climate Change Response Program 

Dr. Deborah Kennard, Colorado Mesa University 

Marian Talbert, Research Statistician North Central Climate Science Center 

Rebecca Weissinger, Ecologist NPS Northern Colorado Plateau Network 

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 semi-natural shrubland, 

black sagebrush and grasses shrubland-

graminoids, Wyoming big sagebrush/seeded 

grasses semi-natural shrubland, and Wyoming 

big sagebrush shrubland (Von Loh et al. 2007). 

The primary sagebrush species found within 

these communities are: basin big sagebrush, 

Wyoming big sagebrush, and black sagebrush 

(Von Loh et al. 2007). 

Basin big sagebrush/cheatgrass semi-natural 

shrubland communities within COLM are found 

on gentle slopes (0-10%) 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, sandy loam, silt 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). 

Black sagebrush and grasses shrubland-graminoids communities are generally found on relatively 

gentle slopes (4-18%) 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 et al. 2007). 

Wyoming big sagebrush/seeded grasses semi-natural shrubland communities can be found on gentle 

slopes (2-10%) 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 community is found 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 steep (0-30%) 

slopes between 1,439 and 2,147 m (4,721 and 7,044 ft) in elevation (Von Loh et 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 et al. 2007).  

Basin big sagebrush/alkali sacaton (Sporobolus airoides) shrubland 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 at the toeslope 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).  

Photo 5. Big Sagebrush (Artemisia tridentata) 
(NPS Photo). 
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Wyoming big sagebrush ï shadscale (Atriplex confertifolia) shrubland can be found near the 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 shubland/shrub steppe communities at COLM support a variety of wildlife species. These 

communities provide shade, shelter and nesting/burrowing sites for a variety of small animals 

(Hanophy and Teitelbaum 2003). Reptile species such as the eastern collared lizard and the side-

blotched lizard (Uta stansburiana) can be found within the sagebrush shrublands (Hanophy and 

Teitelbaum 2003). The California myotis (Myotis californicus) is known to roost in sagebrush 

(Hanophy and Teitelbaum 2003). Mexican woodrats (Neotoma mexicana), deer mice (Peromyscus 

maniculatus), Ordôs kangaroo rat (Dipodomys ordii), and black-tailed jackrabbits (Lepus 

californicus) are some of the small rodents that can be found in these habitat (Hanophy and 

Teitelbaum 2003). Red-tailed hawks, owls, coyotes, and gray fox actively forage for prey within 

these vegetation communities (Hanophy and Teitelbaum 2003). Large mammals such as mule deer 

and elk also forage in these habitats (Hanophy and Teitelbaum 2003). Several avian species are 

closely associated with sagebrush habitat including the sage sparrow (Artemisiospiza belli) and the 

sage thrasher (Oreoscoptes montanus) (Hanophy and Teitelbaum 2003). Other birds commonly 

found in these habitats include the western scrub jay (Aphelocoma californica) and horned lark 

(Eremophila alpestris) (Hanophy and Teitelbaum 2003). 

4.2.2 Measures 

¶ Community extent and change over time 

¶ Community composition 

¶ Percent cover biological soil crusts 

¶ Percent bare ground 

¶ Trends in invasive infestation 

¶ Soil stability 

¶ Canopy 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 enough information 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, field reconnaissance and mapping, and 

development of a spatial database. The study area for the project included COLM, plus an additional 



 

95 

 

area beyond the park border. Mapping was completed using both traditional photo interpretation and 

biophysical modeling. This allowed 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 pinyon-juniper woodland encroachment were analyzed by Johnson (2013). This study 

used aerial photos from 1937 and 2007 to determine the change in sagebrush shrubland habitat within 

a portion of COLM. Polygons were delineated for each photo using ArcMapÊ and area was 

calculated allowing for both visual and numerical comparisons. 

Hogan et al. (2009) developed a comprehensive list of plant species found within the park (Appendix 

D). This effort involved reviewing existing literature and re-examining specimens in the COLM 

herbarium. It also included field work to confirm unverified species and to potentially locate new 

species. This list includes plants by habitat type, one of which is sage shrub, which includes plants 

from ñcommunities dominated by big sagebrushò (Hogan et al. 2009). 

Invasive non-native plant species monitoring and mapping has occurred 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 target size (MDTS) of 40 m2 (431 ft2 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 invasive exotic 

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 recent estimate of sagebrush shrublands/shrub steppe 

extent in the park. Data from this vegetation mapping projects shows that sagebrush shrublands/shrub 

steppe comprise 819 ha (2,023 ac), or approximately 10% of the COLM landscape (Table 28, Figure 

23). Black sagebrush and grasses shrubland-graminoids communities within COLM can be found at 

the western Liberty Cap trailhead and adjacent to the Liberty Cap Trail. Basin big sagebrush/ 

cheatgrass semi-natural shrubland communities within COLM can be found in upper and middle 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 grasses semi-natural shrubland communities 

within COLM can be found on the mesa south of No Thoroughfare Canyon 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 

Alliances 
Area 

ha (ac) 
Sagebrush 

shrublands/shrub steppe 
Total 

Vegetation 

Basin big sagebrush/cheatgrass 
semi-natural shrubland 

209.4 (84.7) 10.4% 1.0% 

Black sagebrush and grasses 
shrubland-graminoids 

664.6 (268.9) 32.9% 3.2% 

Wyoming big sagebrush/seeded 
grasses semi-natural shrubland 

347.4 (140.6) 17.2% 1.7% 

Wyoming big sagebrush 
shrubland 

801.3 (324.3) 39.6% 3.9% 

Sagebrush shrublands/shrub steppe total 2,022.7 (818.5) 100% 
 

Park total 20,450 (8,275.8) 
  

 

Wyoming big sagebrush shrubland communities within COLM 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 Columbus Canyon, mesa south of Ute Canyon, along Glade Park Road, 

on the No Thoroughfare Canyon Mesa, near the mouth of Monument Valley, south of Devilôs 

Kitchen Trail, near the parkôs western boundary, and east of the Cold Shivers turnout (Von Loh et al. 

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 denser woodlands (Soulé et al. 2003). The 

sagebrush shrublands/shrub steppe are being crowded out and out-competed by the expanding 

pinyon-juniper woodlands (Johnson 2013). According to Johnson (2013), the loss of sagebrush 

shrubland/shrub steppe due to the expansion of woodland species ranged from approximately 10% to 

30% in certain areas of COLM over the past 70 years. As stated previously, distortions in the 1937 

imagery do not allow for an exact determination of percent change (Kennard, written communication 

18 November 2015). Ocular examination of the differences in the imagery does suggest that 

sagebrush shrubland/shrub steppe habitat has been lost to pinyon-juniper encroachment (Johnson 

2013). It is unclear if this is the result of human influence, an environmental 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). 

Community Composition 

A comprehensive plant species list was developed by Hogan et al. (2009). A total of 289 plant 

species were identified that are either ñpresentò or ñreportedò in sagebrush shrublands/shrub steppe 

communities (Appendix D). Species were considered present if a confirmed specimen or observation 

has been made since 1970. Species 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 (Hogan et al. 2009). 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 shrubland-graminoids communities contain a diverse shrub layer 

that includes black sagebrush, shadscale, yellow rabbitbrush (Chrysothamnus viscidiflorus) Torreyôs 

Mormon tea (Ephedra torreyana), Mormon tea, spiny hopsage (Grayia spinosa), broom snakeweed 

(Gutierrezia sarothrae), winterfat (Krascheninnikovia lanata), claretcup (Echinocereus 

triglochidiatus), Mojave pricklypear (Opuntia phaeacantha var. major), and plains pricklypear 

(Opuntia polyacantha) (Von Loh et al. 2007). The herbaceous layer is diverse but sparse, including 

graminoids such as Indian ricegrass (Achnatherum hymenoides), cheatgrass, six weeks fescue (Vulpia 

octoflora), needle and thread, James' galleta, muttongrass (Poa fendleriana), and Sandbergôs 

bluegrass (Poa secunda) and forbs such as Fendlerôs sandwort (Eremogone fendleri), Gunnisonôs 

mariposa (Calochortus gunnisonii), western tansymustard (Descurainia pinnata ssp. halictorum), 

dwarf draba (Draba reptans), Arizona hymenoxys (Tetraneuris acaulis), western stickseed (Lappula 

occidentalis var. occidentalis), grassy rockgoldenrod, and scarlet globemallow (Sphaeralcea 

coccinea ssp. coccinea) (Von Loh et al. 2007). The most abundant species within this community by 

stratum can be found in Table 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 semi-natural shrubland communities are characterized by an open 

to closed canopy of basin big sagebrush, typically 1 to 5 m (3 to 16 ft) tall (Von Loh et al. 2007). 

Skunkbush sumac is also present in this community, though it represents less than 5% of the total 

cover (Von Loh et al. 2007). A few trees are present, providing up to 3% cover (Von Loh et al. 

2007). These trees include Utah juniper and two-needle pinyon and are typically 2 to 5 m (7 to 16 ft) 

tall (Von Loh et al. 2007). Other short and dwarf shrubs that contribute sparse to low cover in these 

communities include fourwing saltbush, Mormon tea, rubber rabbitbrush (Ericameria nauseosa), 

fringed sagebrush (Artemisia frigida), broom snakeweed, 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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cheatgrass (Von Loh et al. 2007). Other graminoids in this community include Indian ricegrass, 

squirreltail (Elymus elymoides), six weeks fescue, needle and thread, foxtail barley (Hordeum 

jubatum), muttongrass, and sand dropseed (Sporobolus cryptandrus) (Von Loh et al. 2007). Forbs 

commonly found in this community include tapertip onion (Allium acuminatum), goosefoot 

(Chenopodium spp.), western tansymustard, flixweed (Descurainia sophia), smallflower dragonhead 

(Dracocephalum parviflorum), storkôs bill (Erodium cicutarium), scarlet gilia (Ipomopsis aggregata 

ssp. aggregata), prickly lettuce (Lactuca serriola), western stickseed, mountain pepperweed 

(Lepidium montanum), woolly plantain (Plantago patagonica), western groundsel (Senecio 

integerrimus), and tumble mustard (Sisymbrium altissimum) (Von Loh et al. 2007). The most 

abundant species within this community by stratum can be found in Table 30. 

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. 

The Wyoming big sagebrush/seeded grasses semi-natural shrubland communities are characterized 

by Wyoming big sagebrush and crested wheatgrass (Agropyron cristatum). These two species 

account for 4 to 40% cover and 1 to 25% cover, respectively (Von Loh et al. 2007). When present, a 

tree canopy of Utah juniper and two-needle pinyon (typically 2 to 5 m [7 to 16 ft] tall) provide up to 

8% cover (Von Loh et al. 2007). The remaining short/dwarf shrub layer is generally low in diversity 

and cover and includes yellow rabbitbrush, rubber rabbitbrush, Utah juniper, two-needle pinyon, 

tarragon (Artemisia dracunculus), fringed sagebrush, broom snakeweed, brittle pricklypear (Opuntia 

fragilis), and plains pricklypear (Von Loh et al. 2007). The herbaceous layer is also low in diversity 

and cover (Von Loh et al. 2007). Graminoids present include Indian ricegrass, purple three-awn 

(Aristida purpurea), blue grama (Bouteloua gracilis), cheatgrass, squirreltail, six weeks fescue, 

needle and thread, muttongrass, and sand dropseed (Von Loh et al. 2007). Forbs commonly found in 

this community include hoary dusty-maiden (Chaenactis douglasii), wavy-leaf thistle (Cirsium 

undulatum var. undulatum), western tansymustard, dwarf draba, hairy goldenaster, western stickseed, 

silvery lupine (Lupinus argenteus), sweetclover species (Melilotus spp.), pale evening primrose 

(Oenothera pallida ssp. trichocalyx), woolly plantain, western groundsel, and scarlet globemallow 

(Von Loh et al. 2007). The most abundant species within this community by stratum can be found in 

Table 31. 
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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 squirreltail 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. 

The Wyoming big sagebrush shrubland communities are characterized by Wyoming big sagebrush, 

providing 1 to 45% cover (Von Loh et al. 2007). Utah juniper and two-needle 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 et al. 2007). These communities contain a highly variable shrub layer that include 

skunkbush sumac, black greasewood (Sarcobatus vermiculatus), fourwing saltbush, shadscale, 

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

snakeweed, winterfat, and prickly phlox (Linanthus pungens), claretcup, Mojave pricklypear, brittle 

pricklypear, berry pricklypear (Opuntia phaeacantha), plains pricklypear, Simpson's hedgehog 

cactus (Pediocactus simpsonii), and Harrimanôs yucca (Von Loh et al. 2007). The herbaceous layer is 

diverse and provides low to moderate cover. This layer includes graminoids such as Mormon 

needlegrass (Achnatherum aridum), Indian ricegrass, crested wheatgrass, purple three-awn, blue 

grama, cheatgrass, squirreltail, needle and thread, junegrass (Koeleria macrantha), saline wildrye, 

western wheatgrass (Pascopyrum smithii), Jamesô galleta, muttongrass, and six weeks fescue (Von 

Loh et al. 2007). Forbs present in this layer include Fendlerôs sandwort, fringed sagebrush, woolly 

milkvetch (Astragalus mollissimus), smallflower milkvetch (Astragalus nuttallianus), Gunnisonôs 

mariposa, sagebrush buttercup (Ranunculus testiculatus), hoary dusty-maiden, bastard toadflax 

(Comandra umbellata), cryptantha (Cryptantha spp.), Nuttallôs larkspur (Delphinium nuttallianum), 

western tansymustard, dwarf draba, fleabane (Erigeron spp.), cushion buckwheat (Eriogonum 

ovalifolium var. ovalifolium), storkôs bill, hairy false goldenaster, prickly lettuce, western stickseed, 

prairie pepperwort (Lepidium densiflorum), mountain pepperweed, blue flax (Linum lewisii), silvery 

lupine, pale evening primrose, crenulate phacelia (Phacelia crenulata), longleaf phlox (Phlox 

longifolia), woolly plantain, western groundsel, sleepy catchfly (Silene antirrhina), scarlet 

globemallow, desert princesplume (Stanleya pinnata), long-beak fiddle-mustard (Streptanthella 
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longirostris), and hoary townsendia (Townsendia incana) (Von Loh et al. 2007). The most abundant 

species within this community by stratum can be found in Table 32. 

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 

Scientific Name Common Name Strata 

Artemisia tridentata ssp. wyomingensis Wyoming big sagebrush Short shrub/sapling 

Chrysothamnus viscidiflorus yellow rabbitbrush Short shrub/sapling 

Opuntia fragilis brittle pricklypear Short shrub/sapling 

Opuntia polyacantha plains pricklypear Short shrub/sapling 

Achnatherum hymenoides Indian ricegrass 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 Jamesô galleta 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). Biological 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 commonly found on sites that are protected from disturbance and are also found to be re-

developing in areas that were once grazed or other-wise disturbed (Von Loh et al. 2007). Because of 

the ecological benefits provided by BSCs, they should be included in ecological monitoring 

programs where present (Belnap et al. 2008). 

The percent cover of BSCs within COLMôs sagebrush shrublands/shrub steppe varies based on 

community type. Black sagebrush and grasses shrubland-graminoids communities usually have low 
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percent cover of BSC, though it may be as high as 45% in some stands (Von Loh et al. 2007). Cover 

of BSCs within basin big sagebrush/cheatgrass semi-natural shrubland communities is low and 

ranges from 3-10% (Von Loh et al. 2007). Wyoming big sagebrush/seeded grasses semi-natural 

shrubland communities have absent to low percent cover of BSCs, not exceeding 5% (Von Loh et al. 

2007). The percent cover of BSCs within Wyoming big sagebrush shrubland communities is 

variable, from sparse to as high as 85% (Von Loh et al. 2007). 

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 associated with increased 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 sagebrush shrublands/shrub steppe varies with community type. In black 

sagebrush and grasses shrubland-graminoids 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 

et al. 2007). Basin big sagebrush/cheatgrass semi-natural 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 Wyoming big sagebrush/seeded grasses 

semi-natural 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 communities ranges from 11 to 62%, with low to high ground 

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

Trends in Invasive Infestation 

COLM is part of a long-term monitoring program for IEPs developed by the NCPN which focuses 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 conducted during the 2013 field season (Perkins 

2014) 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 park-wide, including a discussion of trends can be 

found in Chapter 2.2.2. In summary, during this 8-year time span (2003-2011), there was an overall 

decrease in Russian olive, tamarisk 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 cheatgrass. One of the sagebrush shrubland/shrub steppe alliances at COLM is 

named for its cheatgrass content (basin big sagebrush/cheatgrass semi-natural shrubland). The 

Wyoming big sagebrush shrubland and Wyoming big sagebrush/seeded grasses semi-natural 

shrubland descriptions lists cheatgrass as a dominant herbaceous species (Von Loh et al. 2007). 

Cheatgrass is also listed as being present in the black sagebrush grasses shrubland alliance (Von Loh 

et al. 2007). 
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Trends in IEPôs have not been assessed specifically by vegetation association at COLM. To identify 

invasive species infestations associated with sagebrush shrubland/shrub steppe vegetation 

communitiesô spatial queries 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 location of sagebrush 

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 criteria (Figure 24, Table 33). The most common 

IEPôs selected by these queries were yellow sweetclover (65) and cheatgrass (44). The majority of 

these occurrences were within 100 m (328 ft) of a mapped sagebrush shrubland/shrub steppe 

community. In total, nearly 75% of the observed occurrences where found in close proximity (100 m 

[328 ft]) to sagebrush shrubland/shrub steppe communities. Yellow sweetclover and cheatgrass 

accounted for 83% of the infestations that occurred within a sagebrush shrubland/shrub steppe 

communities. The results for all IEP occurrences that satisfied the spatial queries can be found in 

Table 33. 

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

Scientific Name Common Name 
Number 

Within 
Number 

Adjacent 
Total 

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 

Soil stability depends on a number of factors. The presence of BSCs, litter/duff, other non-vegetative 

ground cover, slope, soil composition, and soil texture are some of the factors that can influence soil 

stability (NRCS 1996, Belnap et al. 2008, Witwicki et 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, 



 

105 

 

especially following a fire. Vegetation and slope are the best determinants of soil erosion in severe 

rainfall storms. Studies in various plant communities show that 60-70% vegetation cover appears 

necessary to ensure soil stability against erosion during rainfall (Packer 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 vegetative canopy 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. (2007) 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 and stressors to the sagebrush shrublands/shrub 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 health (Executive Order 13112), and 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 natural environment by fragmenting native 

ecosystems, displacing native plants and animals, and altering ecosystem function (Scott and 

Wilcove 1998, Perkins 2014). In addition, exotic invasive species can alter fire regimes and increase 

trail maintenance requirements (Kennard and Moore 2013, Perkins 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 2005). The sagebrush and pinyon-juniper communities at COLM are 

closely associated. Studies have shown that pinyon-juniper may have encroached into sagebrush 

habitat at COLM (Johnson 2013). Since these two habitats are closely tied, the impacts of fire on 

pinyon-juniper habitat also impact sagebrush habitat. Altered fire intervals are a serious threat to the 

pinyon-juniper woodland/savannas, particularly where large, stand-replacing fires were historically 

infrequent (Kennard and Moore 2013). Kennard and Moore (2013) studied the fire histories of some 

of COLMôs pinyon-juniper woodland/savannas to identify drivers of community structure. The 

results indicated that these woodlands and savannas have very long (588-1,428 years) fire rotations, 

particularly in persistent stands like those found on mesa tops in COLM where pinyon-juniper habitat 

is intermixed with sagebrush habitat (Kennard and Moore 2013). It can be assumed that the 

sagebrush habitats have a similar fire regime. 

Fire is also a concern for nearby residential areas. Fire within big sagebrush shrublands prior to 

European/American settlement was likely characterized by long rotations of high severity fires. 

These fire rotations were likely 100-240 years at a minimum and were stand replacing fires (Baker et 

al. 2006). In recent years, Utah juniper and two-needle 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 fuel for fires (NPS 1999). This fuel can cause the area to burn more 
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frequently. After a fire, native bunchgrasses or non-native, invasive grasses may become established 

in the area, making it difficult for sagebrush to become a dominant species again (Witwicki et al. 

2013). 

Visitor impacts within the parkôs sagebrush shrubland/shrub steppe habitats include damage to BSC 

present within these environments. Hikers, particularly those using unauthorized ñsocialò trails, cause 

damage to these fragile habitats and continued 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). This can 

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 annually (WRCC 2015). With 

the exception of minor peaks in the spring and late summer, the precipitation pattern is distributed 

relatively evenly throughout the year. Any alteration in precipitation patterns due to climate change 

could result in longer and more frequent dry periods, which would stress the regionôs sagebrush 

shrublands (Bradley 2010).  

Data Needs/Gaps 

Although general descriptions of the percent cover of BSCs and percent bare ground are available for 

COLM communities (Von Loh et al. 2007), no actual data could be found 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 referencing the IEP composition for each specific vegetation community is also a data 

gap at this time. Research on the impacts from the proliferation of social trails within the park is also 

recommended. 

Currently a guaranteed 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. Additionally, another programmatic 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 

This measure was assigned a Significance Level of 3. Utah juniper and two-needle pinyon expanded 

into sagebrush shrublands/shrub steppe communities over the past 150 years (Soulé et al. 2003). This 

expansion has caused the sagebrush communities to decline by 9% to 29% over the past 70 years 

(Johnson 2013). As mentioned previously, it is unclear if this is the result 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 a Condition Level of 1, indicating low concern. 
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Community Composition 

A Significance Level of 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 

(Appendix D). Of these plant species, approximately 83% are native. With a high species richness 

and relatively high nativity, the Condition Level assigned to this measure is 1, indicating low 

concern. 

Percent Cover Biological Soil Crusts 

The percent cover of BSCs measure was assigned a Significance Level of 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 type. A Condition Level was not assigned to this measure due to lack of available data. 

Percent Bare Ground 

A Significance Level of 2 was assigned to this measure. Percent bare ground varies with community 

type. Total vegetation cover in the sagebrush shrublands/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 needed to determine the current overall condition of the measure. Due to this, a 

Condition Level could not be assigned. 

Trends in Invasive Infestation 

This measure was assigned a Significance Level of 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 remained relatively constant from year to year based on number of infestations. 

Cheatgrass infestations have increased in number and size since 2009. Cheatgrass infestations 

account for a large portion of the total number of IEPôs in the most recent survey. Over the last 

decade the park has focused control efforts on eradication of IEPôs. Future funding for these control 

measures is not available, so the potential for increased infestations is high (Hartwig, written 

communication 18 November 2015). Due to these factors a Condition Level of 2 was assigned for 

this measure. 

Soil Stability 

The soil stability measure was assigned a Significance Level of 2. Specific data on soil stability 

within the sagebrush shrublands/shrub steppe of COLM were not available. Many variables that 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 COLM. A Condition 

Level was not assigned to this measure because specific data on soil stability are not available. 

Canopy Gap Size 

A Significance Level of 3 was assigned to this measure. Data on canopy gap size within the 

sagebrush shrublands/shrub steppe communities was not available for COLM. A Condition Level 

was not assigned to this measure due to the lack of available data. 






















































































































































































































































































































































































































































































































































































































































































































