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Executive Summary 
 
In partnership with the Colorado Department of Transportation, the Federal Highway 
Administration, The Nature Conservancy, and Colorado State University, the Southern 
Rockies Ecosystem Project (SREP) launched Linking Colorado’s Landscapes in fall 
2003. Habitat fragmentation is now recognized as one of the greatest threats to 
biodiversity and the decline of species worldwide (Ehrlich 1986; Wilcove et al. 1998) – a 
trend expected only to increase across the Southern Rockies (SREP 2004). Transportation 
infrastructure, in particular, is a significant cause of habitat fragmentation, with negative 
impacts on wildlife (e.g., Harris and Gallagher 1989; Maehr 1984; Reed et al.1996). The 
purpose of this work was to identify and prioritize wildlife linkages across the state of 
Colorado to promote safe passage for wildlife. This report documents the process used to 
define the locations of important wildlife linkages and to prioritize these areas for further 
assessment, and describes the decision-making process that led to the selection of high 
priority linkages.  
 
Linking Colorado’s Landscapes was conceived to focus conservation efforts on areas of the 
landscape that provide important connectivity functions for native wildlife. The objective 
was, therefore, to identify broad linkage zones that facilitate movement for Colorado’s 
diverse array of wildlife species and to prioritize amongst them for further study. To 
achieve this goal, we developed a science-based approach integrating local and regional 
expertise and computer modeling. While the scope of work required only a workshop 
process, the opportunity to exceed these expectations by integrating spatial analysis into the 
statewide assessment arose from our partnership with researchers at Colorado State 
University (CSU). A two-track approach employing both expert opinion and connectivity 
modeling was developed to produce a comprehensive assessment of wildlife linkages. In 
pursuing this methodology, we assume that linkages not picked up by one track are 
captured by the other.  
  
In total, 176 linkages were identified via the expert workshops, with additional linkages 
modeled for Canada lynx, gray wolf and pronghorn. The Executive Committee selected 
high priority linkages for further analysis in Phase II based on the workshop-based 
prioritization for large-carnivores and ungulates, the model-based prioritization, and 
additional considerations such as: the presence of local partners; stretches of roadway 
with frequent animal-vehicle collisions; planned transportation projects projected by 
CDOT through 2030; and the distribution of linkages across the state and their 
complementary contributions to landscape connectivity. Twenty-three linkages were 
thereby selected in the top tier and were grouped into twelve high priority linkage 
complexes based on similar species usage and geography. This collaborative effort 
provides transportation planners, community leaders and conservationists with a 
statewide vision for protecting and restoring habitat connectivity, which is vital for 
maintaining healthy populations of native species. 
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PART I: INTRODUCTION 
 
A. Project Description and Development 
Animals are frequently killed on roads (Forman et al. 2003) as they move from one part 
of their range to another, or they may avoid roads altogether (Gibeau and Heuer 1996; 
Jalkotzy et al. 1997), limiting their habitat area and ability to fulfill certain needs. The 
impacts are pervasive – Forman (2000) estimates that 20 percent of the land in the U.S. is 
directly influenced by public roadways. The Colorado Department of Transportation 
oversees over 85,000 miles of roads, including 953 miles of designated interstate 
highways (CDOT 2004). 
 
In December 2003, the Southern Rockies Ecosystem Project (SREP) released the 
Southern Rockies Wildlands Network Vision (SREP 2003), a blueprint for conservation 
action in the Southern Rockies of Colorado, Wyoming and New Mexico. Six coarse-scale 
goals were highlighted as a result of the Vision analyses. One of these goals – protecting 
and restoring landscape connectivity – was chosen as a program focus because it 
encompassed aspects of several other goals, and it was recognized as a critical issue that 
was not being adequately addressed by other groups in Colorado. For SREP, this goal 
also presented timely and unique opportunities to forge unique partnerships with federal 
and state transportation agencies. 
 
Mitigation to protect and restore habitat connectivity is both complex and costly. A broad, 
comprehensive landscape analysis, such as Linking Colorado’s Landscapes, provides the 
most efficient means for focusing conservation efforts in the most critical linkages. A 
linkage is defined as the intervening area between larger blocks of suitable habitat that 
facilitates daily and seasonal movements or dispersal from natal sites by providing animals 
with the security, food and shelter they need to meet their life history requirements 
(Dobson et al. 1999; Servheen et al. 2003). In contrast to the traditional view of corridors as 
simplistic, linear conduits, connectivity is better provided by linkages that are comprised of 
broad, heterogeneous areas, potentially encompassing multiple corridors for one or more 
species (Noss et al 1996 ). 
 
Building upon the methodology developed by the South Coast Missing Linkages Project 
(SCML) in California (Penrod et al 2001), we developed a science-based approach 
integrating local and regional expertise (via a series of workshops) and computer 
modeling. Similar to SCML, Linking Colorado’s Landscapes evolved under the direction 
of a lead group (SREP), supported by an Executive Committee composed of 
representatives from the Colorado Department of Transportation, Federal Highway 
Administration, Colorado State University, and The Nature Conservancy (see Appendix 
A for list of committee members and affiliations). This seven-member team provided 
vision, guidance and expertise throughout the project, as well as a foundation for 
additional collaborations in subsequent phases of the project. 
 
The Executive Committee proposed a two-track approach – going beyond the original 
intent of the project – to produce a comprehensive approach to identifying and 
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prioritizing critical wildlife linkages. This approach was designed to compile information 
from a variety of sources including, existing research on wildlife movement, local 
knowledge from agencies and other informed individuals, and spatial modeling of 
predicted movement paths for several different wildlife species. By integrating both 
qualitative and quantitative processes we intended to produce a more accurate and 
complete picture of the most critical wildlife linkages in the state, highlighting clear 
priorities for further in-depth analysis and on-the-ground action. 
 
Recognizing that connectivity is a function of individual species’ perceptions of barriers 
in the landscape, we employed focal species as the basis for linkage identification 
(Appendix B). We reviewed dispersal, home range and habitat requirements of numerous 
native species to select a comprehensive set of focal species that captured the range of 
connectivity needs. Maintaining our focus on a suite of focal species allowed us to 
concentrate our efforts while ensuring that the linkages are appropriate for the species for 
which they are intended. These focal species guided linkage identification in both the 
workshop and modeling tracks.  
 
The goal of the workshop track in the two-pronged approach was to compile existing 
information and knowledge about habitat and linkages for the selected focal species via a 
series of regional workshops. This track is analogous to the first three steps outlined by 
Beier et al. (2005) for the SCML project (building a coalition; selecting core habitat 
patches and prioritizing linkages; and selecting focal species), although we have a 
somewhat modified approach.1  
 
Rather than one statewide expert workshop (as conducted by SCML), we elected to hold 
five daylong workshops at locations across the state (Alamosa, Fort Collins, Meeker, 
Montrose and Pueblo). The intent was to encourage greater local participation and allow 
more people the opportunity to contribute to the process. In addition, we used these 
occasions to host additional information sessions to which local officials, planners and 
interested community members were invited. Each of the workshops followed the same 
format, focusing on the primary goal of identifying linkage areas for the focal species 
based on the expertise of the workshop participants, and compiling information about the 
functionality of each linkage and its role in the landscape to prioritize the linkages. The 
information from these workshops was compiled and scored, based on a prioritization 
scheme that evaluated conservation significance, opportunity and threat. 
 
The second track – or ‘modeling track’ – was incorporated as a parallel process designed 
to complement the expert workshop track outlined in the scope of work. These analyses 
integrated layers of spatial data about the physical characteristics of the landscape (e.g., 
topography, vegetation, roads, development, etc.) with information about wildlife habitat 
preferences and movement patterns to model areas of the landscape that are key to 
                                                 
1 Steps 4-7 as described by Beier et al. (developing linkage design, providing management recommendations 
and creating implementation and monitoring plans) will be encompassed in Phase II of Linking Colorado’s 
Landscapes, scheduled for completion by Winter 2006. See Section III-F of this report for a complete 
description.  
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wildlife movement. Through this modeling, habitat patches and the multiple linkages 
between them were identified for gray wolf, Canada lynx and pronghorn.  
 
Finally, we overlaid the highest priority linkages identified by each track for large 
carnivores and ungulates. In selecting high priority linkages, the Executive Committee 
considered the priority ranks from the two biological prioritization processes as well as 
several other factors: the presence of local partners that are prepared to engage in these 
efforts and other feasibility considerations; stretches of roadway with frequent animal-
vehicle collisions; the location of planned transportation projects projected by CDOT 
through 20302; the complementary contributions that each linkage offers to network 
connectivity across the greater landscape; and the distribution of linkages across the state. 
All of these factors guided the selection of the final suite of 12 high priority linkage 
complexes. The following discussions describe in detail the methodology that led to the 
selection of this set of high priority linkages. 
 
 
 

                                                 
2 Corridor List of Constrained Projects (Draft), 0ct. 22 2004; http://arcimsexternal.dot.state.co.us/plansite/login.cfm
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PART II: METHODS 
 

A.  Focal Species Approach 
 
The identification of a succinct, yet complementary set of focal species is a critical step in 
developing criteria for prioritizing wildlife linkages. The goal of focal species 
identification is to represent the ecosystem and its component parts (Noss and 
Cooperrider 1994; SREP 2003). For this project we adopted the Forest Service’s 
operational definition: 
 

Focal species are surrogate measures used in the evaluation of ecological sustainability, 
including species and ecosystem diversity. The key characteristic of a focal species is that 
its status and trend provide insights to the integrity of the larger ecosystem to which it 
belongs…. focal species may be used as surrogates to represent ecological conditions that 
provide for viability of other species, rather than directly representing the population 
dynamics of those other species (Proposed Planning Rule, Section 219.36, August 2000).  

 
For the purposes of this study, habitat connectivity was the landscape attribute of 
concern, and focal species were chosen to capture the full spectrum of habitat 
requirements across spatial scales, taxonomic groups, and compositional attributes of 
wide-ranging species, area-sensitive species, species at-risk, and species reliant on critical 
resources. Barriers are perceived differently by different species, such that features that 
block movement for one species may not inhibit passage for others (Kozakiewicz 1993, 
cited by Jackson 2000). Species with the most stringent requirements should be selected 
as focal species so that linkage design will encompass the requirements of species with 
less stringent requirements (Lambeck 1997). The combined habitat requirements of the 
selected suite of focal species will thereby define the criteria by which wildlife linkages 
were identified, prioritized, and ultimately will define restoration and mitigation 
objectives within a given linkage. The focal species approach also provides standards for 
monitoring changes in landscape permeability over time and assessing the success of 
restored linkages and newly constructed wildlife crossings. 

 
Criteria for selecting focal species 
To assure that all identified linkages were selected with the movement needs of specific 
species in mind, we selected a suite of focal species in consultation with local species 
experts (see Appendix C). These experts nominated species for consideration and 
discussed the merits or demerits of including certain species. The following criteria 
derived from the literature (Beier et al 2005) were considered in selecting focal species: 
 

• Is this species sensitive to habitat fragmentation, (i.e., is the species known to 
be reluctant to traverse barriers, or is it a wide-ranging species for which there 
are no sufficiently-large, intact core habitat patches)? 

• Does this species capture the connectivity requirements of other species 
and/or ecological systems (e.g., ecological niches, behavioral responses to 
possible barriers)? 

5
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• Does the species currently exist in Colorado, or could populations be restored 
or eventually recolonize an area? 

• Is there sufficient knowledge about this species’ ecology to assess its 
connectivity requirements (e.g., home range, dispersal, tolerance to roads or 
human development/activity, etc.)? 

• Does the suite of focal species collectively capture the range of connectivity 
requirements, habitat associations and dispersal scales in Colorado?  

 
The Executive Committee reviewed the nominees over a period of several weeks, and 
from these selected 28 focal species and two ecological systems. The focal species 
selected for this project are listed in Appendix B, with a statement describing the reason 
for their inclusion. Figure 2.1 graphically displays the distribution of these species across 
habitat types, dispersal scales and the geography of Colorado. 
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Figure 2.1: Depiction of the distribution of focal species across habitat types, dispersal 
scales and geographic distribution in Colorado.  
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B.  Workshops 
 
Regional workshops were held in April and May of 2004, bringing together 
knowledgeable individuals from various agencies, local communities and universities. 
A series of five workshops were held in Fort Collins, Pueblo, Meeker, Montrose and 
Alamosa. Local and regional representatives were invited to contribute their knowledge 
of wildlife movement and connectivity needs. A total of 96 people representing 33 
agencies and organizations participated in the workshops including, 5 federal agencies; 
4 state agencies; 4 universities; 18 non-profit organizations; 2 consulting firms; and 3 
county governments (see Appendix D for a complete list of participants).  
 
The purpose of these workshops was to identify both functioning and degraded wildlife 
linkages that are vital to maintaining healthy populations of native species and 
ecosystems, therefore, the focus was on identifying large-scale landscape connections 
that facilitate movements to meet biological requirements for daily, seasonal or natal 
dispersal movements for native wildlife across a variety of habitat types and spatial 
scales. Participants had the opportunity to contribute information about the movement 
patterns of any of the focal species that had been previously selected by the Executive 
Committee, or any additional species for which they believed connectivity was a concern. 
Focal species include both species currently inhabiting the Colorado landscape as well as 
those that have been extirpated in all or part of their range in Colorado, and for which 
linkages between core habitat patches may be important for the expansion of recovering 
populations. A list of proposed focal species was provided, although participants were 
welcomed to identify linkages for additional focal species as they deemed appropriate. 
  
At each workshop, participants were split into roughly taxonomic groups based on their 
primary area of expertise relative to the list of focal species, although they were also 
encouraged to move to other groups throughout the day to contribute their knowledge 
about linkages for other species groups. Each group was provided with a detailed set of 
maps of the state (depicting land management and ownership status, major vegetation 
types, roadless areas, etc. – see Maps 1 & 2), and other materials, such as species 
specific data from CDOW’s Natural Diversity Information Source (NDIS)3, to assist 
them in defining linkage areas. Each group was asked to sketch both the core habitat 
patches and their connecting linkages for a given focal species. The decision to ask the 
participants to define core habitat patches themselves relative to a given focal species 
was based on the premise that core habitat patches may be different for different focal 
species, and to avoid biasing their responses. Core habitat patches did not have to be 
comprised of land in conservation ownership or management, and workshop 
participants delineated them based on vegetation, ownership and/or other 
considerations. 
 
Each workshop began with a detailed presentation outlining the process for identifying 
linkages to ensure a consistent process at each workshop location. The participants

                                                 
3 see http://ndis.nrel.colostate.edu/mapindex.asp 
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were instructed to roughly sketch linkage areas rather than simply linear arrows 
connecting core habitat patches. Given the time constraints of a daylong workshop, 
participants were asked to focus on the highest priority linkages for the focal species 
being considered by their group, rather than attempting to identify every possible 
linkage on the landscape.  
 
Having mapped core habitat patches and the linkages that connect them, the groups 
then completed detailed questionnaires about the linkages they identified (see Appendix 
E for the ‘Linkage Data Form’ and accompanying reference sheet). The Linkage Data 
Form was designed to provide a simple, standardized format for gathering information 
about these linkages. The questions aimed to capture the coarse-scale aspects of 
linkages to roughly understand the quality of a linkage and its role in the landscape. 
Questions captured information describing the ecological and biological components of 
the linkage; the current and likely future functionality of the linkage relative to the focal 
species; and the opportunity to pursue conservation actions that would protect or restore 
linkage functionality. The Linkage Data Form consisted of three sections. Questions in 
Section 1 referred to the primary focal species for which the linkage was identified. 
Sections 2 & 3 were comprised of questions relative to the linkage in general. Section 1 
was completed independently for each species that utilizes the linkage, unless the 
linkage functionality and connectivity needs of the species were already captured by 
those of another species for which Section 1 was completed. Sections 2 and 3 were 
completed only once for each linkage.    

 
Data Compilation and Linkage Prioritization 
 
Given the nature of these initial efforts to identify and prioritize linkages throughout 
Colorado, we decided to focus on simple, broad questions. We developed decision-
making rules to organize the data and allow cross-comparisons among linkages. The goal 
of these prioritization processes was to highlight which of these linkages were identified 
in the workshops as being the most critical for providing landscape-scale connectivity to 
the suite of focal species. The information compiled to answer this question is available 
to others interested in addressing other questions about connectivity on the CD 
accompanying this report. 
  
1.  Data Compilation 
Following the workshops, all identified linkages and core habitat patches were digitized 
in a geographic information system (GIS). If two different workshop groups 
independently identified the same linkage area for the same species, then the linkages 
were spatially merged and their responses on the Linkage Data Form were combined.  
 
Maintaining a standard definition of what a linkage looks like (e.g., two core habitat 
patches connected by a corridor of suitable habitat) is challenging, given the diversity 
of focal species considered in this process and the variety of spatial scales at which they 
live. In general, experts were instructed to map linkages according to this textbook 
definition, however, if this concept of linkage design was not appropriate for a species 

  15 
Linking Colorado’s Landscape, Phase I Report   



 

under consideration, then the experts were allowed the flexibility to map a ‘movement 
area’ more relevant to that species. For example, colonial species such as prairie dogs 
generally inhabit complexes of multiple colonies, among which there may be a great 
deal of movement by individual animals. In this case, a single linkage cannot be 
identified, and the entire complex should be considered a movement area.  
 
All of the Linkage Data Forms were entered into a database for inclusion in the 
prioritization process. If the experts did not complete a question, then the question 
received a score of zero. Similarly, if a Linkage Data Form was not completed for a given 
linkage, then the linkage received a score of zero for all questions. The experts were 
explicitly instructed to complete the forms for most critical linkages first to ensure that 
these would get completed in the time allotted. 
  
2.  Linkage Prioritization 
To prioritize across all linkages identified for the full suite of focal species, a simple, 
first-cut prioritization was performed based on the experts’ responses to four 
straightforward questions from Section 2 of the Linkage Data Form. These questions 
assess the overall quality, functionality, threat, and conservation opportunity relative to 
all of the focal species that utilize the linkage (Table 2.1). For all of the linkages 
identified for a given focal species, the four scores were averaged to produce the 
prioritization score for that focal species. Thus, linkages that scored high for 
conservation priority, ecological functionality, future threat and conservation 
opportunity were ranked as high priority.  
 

Question Description 
2.4. Score the conservation 
priority of this linkage. 

Evaluate the biological significance of this linkage to 
the population health of the focal species that utilize 
this linkage.  

2.5. Is the linkage currently 
ecologically functional? 

Evaluate the current degree of functionality of this 
linkage to the focal species that utilize it.  

2.6. What is the degree of future 
threat to this linkage? 

Evaluate the degree of known or likely future threat to 
this linkage. 

2.7. How would you rank the 
conservation opportunity for 
this linkage? 

Evaluate the degree to which there are existing 
opportunities (political support, landowners interested 
in conservation, local conservation groups, etc.) that 
would support conservation actions for this linkage. 

Table 2.1: Description of questions from the Linkage Data Form that were scored to produce the 
General Linkage Scores. 

 
Experts from different workshops or different workgroups occasionally identified 
linkages in the same location, but for varied species. To determine whether these 
independently-identified linkages were truly the same or different, the linkages were 
screened according to a decision rule. Two linkages were considered to be the same if 
they met all of the following criteria: 
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o The linkages connect the same core habitat patches; 
o The primary direction of species movement through the linkage is 

approximately the same.  
o The linkage areas overlap or are within 10 kilometers of one another.  

 
Ten kilometers was chosen as the cutoff because it is large enough to capture unintended 
differentiation at this coarse statewide scale, while being small enough to distinguish 
truly unique linkages. If two linkages met all of the above criteria, but one subsumed the 
other, then the larger of the linkages was split into two, so that one part of the linkage 
could be merged with the smaller linkage and the other part became its own linkage. If 
the same linkage was identified for separate species, then for each question, the highest 
score awarded for any of the species was counted in the prioritization. This cautionary 
decision rule assures that important information regarding a species use of a given 
linkage does not get diluted when merging the tabular data for multiple species using the 
same linkage. No weights were awarded based on the number of focal species that were 
identified for a given linkage, although this multi-species criterion was considered by the 
final decision-making team in selecting the final suite of high priority linkages.  
 
 
C.  Species Connectivity Modeling 
 
The overall goal of the modeling effort for the Linking Colorado’s Landscape project 
was to assess landscape connectivity from a species-specific perspective. Though not a 
part of the scope of work for this project, spatial analysis was added to the project to 
complement the complement and enhance the data and information gained from the series 
of expert workshops. In this document we describe the general methods for modeling 
species-specific landscape connectivity. Models were completed for Canada lynx, gray 
wolf, pronghorn and aquatic systems4. In addition, system-level maps were created for 
aquatic systems to provide an initial dam-based assessment of aquatic fragmentation.  
 
Modeling approach 
 
Our approach was to create and analyze the overall connectivity of a network of 
functionally-defined resource patches for each focal species. Here we distinguish two 
broad types of resources from an organism perspective: habitat resources that are used 
typically on a daily basis, such as for foraging, and the patches of habitat that an 
organism moves among at daily and longer time scales. These habitat resources exist 
within a mosaic – or landscape matrix – that usually does not provide high quality habitat 
resources, yet individuals often need to move through the matrix on time scales ranging 
from daily (e.g., roost to foraging habitat), seasonal (e.g., high elevation summer range to 

                                                 
4 Additional species were identified for modeling purposes at the outset of the project, but these were not 
completed due to the time commitment involved in constructing these species-specific models. Lynx, wolf 
and pronghorn were selected as the most important species for modeling landscape-scale connectivity 
across the state, given these constraints.  
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low elevation winter range), and one-time or infrequent events, such as juvenile dispersal 
to establish territories.  
 
Four major steps were developed in our modeling approach in recognition of these 
distinctions. First, we defined habitat quality. A map of habitat quality was generated that 
specifies the quality of forage resources in terms of 0 (not habitat) to 100 (highest quality 
habitat). Habitat quality value at a location is a function of the patch vegetation or type of 
land cover, the proximity of a location to the edge of a patch, and disturbances from 
nearby land uses and activities (e.g., roads, noise, etc.). For edge sensitive species, habitat 
quality often declines near the edge of a patch – the “edge effect” – but for other 
situations or species, proximity to an edge (both within the patch and adjacent to a patch) 
might provide higher quality habitat (e.g., a deer). 
 
Estimates of habitat quality were determined from species-vegetation affinities and based 
on Colorado GAP (Schrupp et al. 2000). We refined the binary (0/1) GAP affinities to 
estimate percentages of quality (in 10% increments) based on life history characteristics, 
which were reviewed by the Executive Committee and other species experts. Spatially 
explicit maps of these initial quality of forage resources were made using the 
CDOOW/BLM Basinwide dataset to provide a 30 m resolution map (rather than the 
coarser-grained GAP land cover). 
 
Second, we defined habitat patches by functionally integrating habitat quality with 
species’ ability and need to move among different resources. Given two locations (cells) 
with high habitat quality, it is more likely that the location that is nearby other high 
quality locations will be used. Conversely, isolated or “islands” of habitat that are not 
large enough to support an individual nor close enough to other locations of high quality 
habitat are not likely to adequately support individuals. Functionally defined patches that 
are “big enough” and “close enough” need to be defined for a species based on their 
needs and movement abilities. Our assumption of the minimum size of patches is based 
on a rough equivalence home range or territory size.  
 
Third, we considered the arrangement or distribution of these functionally defined 
patches in a landscape to assess inter-patch movement and matrix quality. When species 
move between functionally defined patches they encounter a variety of conditions that 
may facilitate or inhibit movement. Our model explicitly recognizes this “matrix quality” 
by allowing the specification of permeability values based on land use and cover types. 
Permeability accounts for the resistance to landscape movements, and is defined as “the 
state or quality of being open to passage or penetration” (Singleton et al. 2001; 2). Given 
a permeability surface, we compute functional distances between patches for multiple 
pathways, not just a single (sometimes called least-cost) path.  
 
Finally, we constructed a landscape or network that uses the functionally defined patches 
as graph “nodes” that are connected by graph “edges” that represent the cost-weighted 
distance between nodes. Networks are elegant data structures that can represent the 
complexity and fine-grain spatial variation of Colorado’s landscapes in a way that 
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generates a simple yet useful model. Moreover, networks are ideally suited for 
identifying “bottlenecks” or “choke points” -- locations that are critical for overall 
connectivity due to the spatial configuration of habitat (not simply the influence of the 
immediate neighborhood context). 
 
1. Defining Habitat Quality 
The overall habitat quality incorporates the three factors: in-situ resource quality (R); 
modification to resource quality as a function of patch structure (S); and modifications to 
resource quality due to disturbances (D). A raster layer is developed for each factor and 
these are multiplied together to compute the final habitat quality layer (Q): 

Q = R * S * D. 
 
1a. Resource Quality 
Natural features likely to contribute to the resource quality of landscapes, especially the 
type of natural vegetation cover, and often vegetation-species affinities were used to link 
specific types of vegetation to relative use or quality by a given species. The quality of 
each location (or cell) on the landscape largely depends on the land cover (or dominant 
vegetation type). Rather than simply a binary characterization (i.e., habitat/non-habitat), a 
range in quality of habitat can be specified5. For example, for lynx, spruce-fir forest 
might be considered primary habitat (100%), while lodgepole pine may be considered 
“good” habitat (80%) and ponderosa pine may be considered “poor” (20%). Other factors 
such as elevation, soils, moisture gradient, aspect/slope, etc. can be included to modify 
the in-situ quality at a given location (i.e. at a given pixel or cell). Quality is specified in a 
RECLASSIFY table (Table 2.2) that defines for each land cover type the associated 
habitat quality (0 100) for that species.  
 
1b. Patch Structure 
In addition to the dominant vegetation composition at a location, the patch structure of 
vegetation was considered to incorporate “edge” and “refuge” effects. Edge effects 
account for differences that can occur near the edge of a patch that cause a decline in 
quality at the edge of a patch (for “core” habitat species). Refuge effects occur when 
habitat quality depends on the spatial proximity of other cover types. For example, the 
forage adjacent to vegetation types that provide cover may be better for deer. The 
approach taken here to distinguish “core”, “edge effects”, and “edge habitat” was to 
allow the technician to specify how quality of a given vegetation or land cover type 
varies as a function of distance from a patch edge. Importantly, both distance inside a 
patch (to get at core) and outside a patch (to get at quality as a function of spatial 
adjacency of) can be represented. The power of this approach is that landscape structure 
and proximity are incorporated into the model. Most common habitat modeling 
approaches do not explicitly incorporate landscape structure and thus can be considered  
to be a-spatial models, even though they are often programmed in a GIS (Theobald and 
Hobbs 2002). 
 

                                                 
5 Note: although values can range from 0 to 100, most commonly these are estimated in 10% increments 
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Table 2.2: An example of a resource quality reclass table for a coniferous forest 
carnivore (e.g. Canada lynx) based on the Ecological Systems dataset for 
Colorado (derived from the CDOW/BLM Basinwide dataset – see Section II.C.7 
of this report). Note that other reclass tables can be generated based on other 
input datasets (e.g., National Land Cover dataset, GAP, etc.) 

Ecological systems vegetation class 
Class 
value Output resource quality 

Urban/Built Up 1 0 

Agriculture Land 2 0 

Barren 6 0 

Water 9 0 

Residential 11 0 

Commercial 12 0 

Dryland Ag 21 0 

Irrigated Ag 22 0 

Orchard 23 0 

Montane Moist-Mesic Mixed Conifer Forest 53 100 

Rock 61 0 

Alpine Tundra Dry Meadow 71 0 

Alpine/subalpine dwarf shrubland 72 20 

Snow (permanent) 73 0 

Alpine/Subalpine Moist Meadow 74 40 

Lower Montane Riparian Woodland 81 0 

Foothill Riparian Woodland and Shrubland 82 0 

Lower Montane-Foothills Shrubland 3102 0 

Mid-grass Prairie 3106 0 

Short-grass Prairie 3107 0 

Sand Dune and Swale Complex 3108 0 

Montane Grassland 3109 0 

Sagebrush Shrubland 3201 0 

Salt Desert Shrubland 3209 0 

Mixed grass/cactus 3304 0 

Winterfat Shrub Steppe 3305 0 

Pinyon-Juniper Woodland 4101 0 

Gambel's Oak/Serviceberry Shrubland 4201 0 

Aspen Forest 5101 100 

Ponderosa Pine Woodland 5201 60 

Spruce-Fir Forest  5202 100 

Douglas Fir-Ponderosa Pine Forest 5203 60 

Lodgepole Pine Forest 5204 90 

Bristlecone-Limber Pine Forest and Woodland 5208 20 

Subalpine/Montane Riparian Shrubland 8103 100 
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Patch structure is based on identifying high quality patches by applying user-defined 
thresholds to the resource quality raster. Cells that have “high quality” resource quality 
values (e.g., greater than 75%) are grouped together to form patches. That is, cells are 
aggregated to form unique patches if their immediate neighbors (using ArcGIS 
REGIONGROUP, 4 neighbors) have values greater than 75%. To differentiate locations 
within a patch (i.e. core interior vs. edge), each patch cell’s distance from the patch edge 
is computed. For example, Figure 1 shows a patch where darker green is deeper into the 
interior of the patch, while light to dark red shows increasing distance away from the 
patch edge. If there is no reason to believe that landscape structure makes any difference 
to a species of interest, then the habitat quality value is the same throughout all “inside” 
patch distances. Habitat quality for any given location (e.g., good from poor) is also 
specified by changing the quality value in a reclass table; for example, the “binary” line 
might drop from all 100% to all 50% (Fig. 2.2). The reduction of quality at patch edges 
can be incorporated by lowering the quality at short distances “inside” a patch. For 
example, in Figure 1 (top right), the core of a patch is high quality (100%), but beginning 
at about 400 m inside the edge of the patch declines rapidly to about 10% at the patch 
edge. A RECLASS table (Table 2.3) is then applied to these “inside” distances to specify 
how quality varies as a function of distance. 
 

Table 2.3: An example of the patch structure reclass table that specifies the habitat 
quality as a function of distance from patch edge. Note that land cover types are 
specified as columns (or fields) in the reclass table, and that any distance from edge 
class values can be used. 

Distance from edge (m) Binary Core high Refuge 
FROMVAL TOVAL V1 V421 (conifer) V42 (conifer) 

-99999999 -1000 100 100 100 
-1000 -500 100 100 100 
-400 -300 100 100 100 
-300 -200 100 80 100 
-200 -100 100 60 100 
-100 0 100 20 100 

0 100 100 10 100 
100 200 100 100 65 
200 300 100 100 45 
300 400 100 100 35 
400 500 100 100 25 
500 1000 100 100 0 

1000 9999999 100 100 0 
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Figure 2.2: Habitat quality as a function of distance from a patch edge (both  inside and outside). 
A “binary” modeling approach would specify either 0 (not habitat) or 100% (habitat) from 
distances -9999 (negative infinity) to 0. Distances 0 to 9999 (positive infinity) would always have 
a value of 100%. To model core habitat (e.g. “core high”), quality would increase from 0 at the 
patch edge, increasing gradually with negative distances (getting more “core”), while distances 
greater than 0 would be 100%. The “refuge” approach is modeled by specifying distances 
outside of the edge declining in quality. That is, the habitat quality of any adjacent cover type 
depends on the distance from the edge of a patch.



 

Habitat quality at a given location may depend on the in situ quality (or reductions near 
the edge of a patch – so called “edge effects”), as well as proximity to other habitat types. 
For example, “edge species” such as deer often prefer habitat where forested vegetation 
that provides thermal and predator cover is adjacent to forage habitat such as a grassy 
meadow. To estimate proximity to nearby resources, we compute distance away from (or 
“outside” distance) patches, but only for those patches that are “big enough” as specified 
by a user-defined threshold. This step allows small “islands” of habitat (or salt and 
pepper pixels) to be filtered out (because computing distance to patches is very sensitive 
to the original identification of a patch).  
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Figure 2.3: Habitat quality can also be reduced by certain nearby land cover or vegetation types. 
A common example is that habitat quality is thought to be compromised by nearby urban land 
use. To model this effect, negative distances are typically some very low quality (or 0%), and 
increases with increasing distance away from the edge of the offending cover type (e.g., 
“urban”). The “exurban” class above shows an example of where habitat quality deep inside a 
given land use type may be highly compromised, but might lessen approaching the edge of 
exurban land type, and then have no effect at some distance away from the edge (e.g. 750 m). 
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1c. Disturbances 
Another factor to consider is the reduction of habitat use due to disturbance effects 
associated typically with human land cover and land use such as urban areas and roads 
(Fig. 2.3). For example, interstate highways are likely to disturb a lynx and result in 
lower use (or higher stress). Note that disturbances can occur both in-situ (within a given 
cell) and at some distance away. For example, an interstate would not be considered 
habitat (a value of 0%), but the disturbance effect declines with further distance away. 
Although some “disturbance” land cover types are commonly represented in the datasets 
(e.g., urban or built-up areas) used to generate the resource quality map (step 1a), less 
intense but often more dispersed land use types such as lower density residential (>1 ha 
per unit) or linear networks such as roadways are not incorporated into the habitat 
analysis. Different road types can be distinguished as different land cover types in the 
disturbance raster so that interstates can be handled differently than secondary or local 
roads. To parameterize these disturbance effects, a technician can specify the “outside” 
patch distance values, so that any value less than 100% will reduce the habitat quality 
(regardless of the adjacent land cover type). For lynx, for example, this would allow 
habitat quality nearby major highways or urban areas to be reduced significantly, while 
for local roads, marginally. 
 
 
2. Habitat Patches 
The next step was to define habitat patches from the habitat quality map. These core 
habitat patches represent the primary habitat, and are used to define linkages. Two major 
factors important in this step are related to how species “scale” a landscape: foraging 
movement and minimum patch size (Fig. 2.4). Differentiating the functional response of 
an animal based on defining patches versus movement among patches is important. That 
is, it is useful to separate how species respond to landscape characteristics in terms of 
habitat quality, especially in the sense of daily foraging, as opposed to their ability to 
move through a landscape at longer time frames such as seasonal, yearly, or natal 
dispersal. 
 
Different species have different abilities to move about a landscape and forage in their 
daily to seasonal movements. We specified a foraging radius (in meters) that was used as 
a moving window filter to average the habitat quality values. This assumption allows the 
model to approximate foraging behavior of species so that for vagile species, (those that 
can move relative long distances when foraging; e.g., a moose) small islands of habitat 
that are “close enough” but not spatially adjacent on the habitat quality map can be 
functionally integrated. For a species with poorer movement ability (e.g., a mouse), a 
smaller foraging radius (and hence smaller moving window) will result in less contiguous 
habitat. Typically the radius is determined by using home range area requirements that 
are scaled to organism body mass. 
 
A user-defined threshold value (defaults to 75%) was used to identify “good enough” 
habitat quality. That is, cells with at least the threshold value (e.g., 75%) average habitat 
quality are considered to be good quality habitat. This thresholding creates a binary map 
so that contiguous cells of good quality habitat can be combined to form functional 
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patches of habitat (using 8 neighborhood algorithm). Patches that are “too small” – again 
based on a user-defined threshold – are removed. A patch needs to be large enough so 
that smaller and more dispersed patches of habitat are filtered out from consideration as a 
functionally-defined habitat patch. The resource quality of the cells identified within the 
good quality patches is recognized, resulting in a quality-weighted area being computed, 
so that the area of a cell is multiplied by its average habitat quality value. This means that 
patches with lower average habitat quality (but still better than the 75% threshold) 
requires a slightly larger minimum patch size (up to 133% as large). Often, the minimum 
patch size can be computed by multiplying the minimum population size times the area 
required (or home range) for an individual (or pair). 
 
 

 

Habitat 
Quality 

0 - 100% 
Moving 
window 
Average

Foraging 
Radius 

If Patch Area > 
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Figure 2.4: Flow chart of the inputs, major processes, and output from the defining 
habitat patches. 

 
 

3. Inter-Patch Movement and Matrix Quality 
Once the habitat patches were identified, the next step was to assess the spatial 
arrangement of patches such that the relative ease or difficulty of an organism to move 
between patches is incorporated. Often the straight line (Euclidean) distance from patch 
edge to neighboring patches is computed, but an increasingly common method to 
incorporate the matrix quality (or permeability, resistance, friction, etc) is through least-
cost path (LCP) analysis. LCP uses a raster layer where cell values contain weights that 
specify the “cost” (or likelihood of successfully moving across a cell), and the least-cost 
algorithm identifies the single path between two patches that provides the lowest “cost” 
or cost-weighted summation. In many situations where matrix quality varies, the least-
cost path can be quite different than the straight-line path between two patches.  
 
Movement through a landscape is modified by a variety of factors, most commonly 
vegetation (land cover) type, slope, housing or population density, and road density are 
used (e.g., Singleton et al. 2001). For each vegetation type, a movement cost is computed 
based on its relative permeability to movement. Permeability was calculated using 
weights that can be interpreted as the likelihood that an organism can successfully pass 
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through a cell. If a cell is completely permeable (commonly high quality habitat would be 
considered this), then the weight is 1.0 (which equals the straight line Euclidean 
distance). If there is a 90% chance of moving through successfully, then the weight is 0.9 
(less permeable).  A very impermeable feature (or barrier) would have a very small value 
(e.g., 0.0001). Note that operationally the inverse of these values are used when 
computing cost distance in the GIS. 
 
Rather than relying solely on the minimum least-cost distance path, we compute a full 
distribution of cost-distance values that occur at the boundary of the allocation polygon 
(aka Voronoi or Thiessen polygon) of each patch. The technician can specify a threshold 
that allows the lowest X% of the values (e.g., 1%, 5%, 10%, etc.). Although by definition 
there is only a single path that is the minimum distance, multiple pathways that are 
spatially disjoint can be identified and represented if the threshold is greater than the 
minimum value (Theobald in press). Moreover, we can map the corridor that is 
represented by the values below the threshold and identify key places to protect. 
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Figure 2.5:. Flowchart for movement step. 
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Table 2.4: Example of a permeability reclass table for lynx using the USGS 
National Land Cover dataset (NLCD) with highways mapped by the ESRI Street 
Map’s major roads dataset (a derivative of the TIGER dataset that has been 
cleaned up and updated by Geographic Technologies). 

NLCD ID Cover Type Permeability 
11 water 0.1 
12 perennial ice/snow 0.3 
21 residential low 0.1 
22 residential high 0.05 
23 commericial/ind/trans 0.01 
24 exurban 0.2 
31 bare rock/sand 0.3 
32 quarries/mines 0.1 
33 transitional 0.3 
41 forest - deciduous 1.0 
42 forest - coniferous 1.0 
43 forest - mixed 1.0 
51 shrubland 0.9 
61 agr - orchards 0.3 
71 grasslands 0.4 
81 agr - pasture/hay 0.2 
82 agr - cropland 0.2 
83 agr - cropland 2 0.2 
84 agr - fallow 0.1 
85 urban - recreational 0.1 
91 wetland - woody 0.8 
92 wetland - herbaceous 0.8 

101 rural-interstate 0.01 
102 rural-other primary arte 0.01 
106 rural-minor arterial 0.05 
107 rural-major collector 0.05 
108 rural-minor collector 0.1 
109 rural-local 0.1 
111 urban-interstate 0.001 
112 urban-freeway 0.001 
114 urban - other primary ar 0.01 
116 urban - minor arterial 0.01 
117 urban - collector 0.1 
119 urban - local 0.1 

 
 

 
4. Model Parameters 
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We estimated the in-situ resource quality for each ecological system class based on 
species life history characteristics (i.e. similar to California WHR, CoGAP, etc.). Patch 
structure parameters (i.e. quality based on distance from edge) were estimated based on 
life history characteristics and guidance from species experts (see Appendix F for 
parameter definitions for lynx, wolf and pronghorn). Disturbances from roads and urban 
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areas were estimated by fitting a logistic function such that the effect will be 0 at the 
maximum distance at which a species shows change in behavior (as estimated from 
Forman et al. 2001), and the mid-point distance will have a 50% impact. Habitat patches 
were integrated using an area estimate of the daily foraging area based on allometric 
relationships between body size and home range (Theobald and Hobbs 2001; Kelt and 
van Duren 2002; Jetz et al. 2004).  
 
To complement these “best estimate” scenarios for each species, we also have developed 
two alternative scenarios – low and high – that bracket the parameters in the best scenario 
(Table 2.5). That is, to examine the sensitivity of the assumptions made in parameterizing 
the best scenario, we have generated two alternative scenarios “low” and “high.” For both 
the minimum area required and foraging radius, we used on order of magnitude smaller 
and order of magnitude larger values respectively. 
 
The minimum patch size parameter and foraging radius (based on assuming a circle) 
were estimated using home range sizes based on allometric relationships between body 
size and home range (Jetz et al. 2004). To allow for home ranges that were composed of 
several smaller patches, we arbitrarily chose 1/3 of the home range size for our best 
estimates. Low and high estimates are based on one order of magnitude above and below.  
 

Table 2.5: Best, low and high home range estimates for lynx, wolf, pronghorn 
 

Parameter Lynx Wolf Pronghorn 
Weight range (kg) 5 to 15 18 to 80 36 to 70 
Average weight (kg) 10 49 53 
Minimum patch size (ha) 
Best estimate 264.0 1815 100 (25) 
Low scenario 26.4 181.5 10 (2.5) 
High scenario 2640 18150 1000 (250) 
Foraging radius (m) 
Best estimate 917 2404 282 
Low scenario 290 760 89 
High scenario 2899 7601 892 

 
 
5. Landscape Network 
The final step is to construct a landscape network that uses the functionally defined 
patches as graph “nodes” and connects them by graph “edges” (Urban and Keitt 2001) 
that represent the cost-weighted distance between nodes (Fig. 2.6). 
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We attempted to compute measures of the importance of each link using an “edge 
removal analysis” (Urban and Keitt 2001) method. That is, metrics such as the total 
number of patches in the network, the number of sub-networks, and the node-weighted 
interaction (i.e. product of patch sizes divided by the edge weight) are computed for the 
network. An edge is selected (often by longest edge first), removed and then the metrics 
are re-computed for the network (minus the edge that was removed). This is repeated, 
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incrementally removing all edges until only 1 edge in the entire network remains. The 
approach was tried initially, but did not produce satisfactory results. In networks that are 
strongly connected (i.e., lots of redundant pathways between any pair of nodes), 
removing a single edge changes connectivity very little, or none at all. Therefore, we 
developed an alternative method that better captures the connectivity value of linkages.  
 

 
 
Figure 2.6: The landscape network is represented visually by a graph where the 
nodes (or end points) of the edges are located in the centroid of the patch, and edges 
connect adjacent habitat patches. Note that straight line edges are used to allow 
easier visualization, they contain as attributes the effective or cost-weighted 
distances from patch edge to patch edge. 

 
 
6. Computing connectivity 
To compute the importance of a linkage, we needed to estimate the connectivity of a node 
to all other nodes. This is similar to Hanski’s Incidence function measure of 
‘connectance’, Si (Hanski 1994). This computes how connected a patch is in terms of 
emigration from all other patches. 
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Where Pj is a binary indicator of patch occupancy, which we assume to be 1 in all cases 
for our modeling work. To compute the importance of a linkage, we assume that the 
spatial interaction between two adjacent patches (nodes) indicates the link importance. 
Here we first compute the cost distance, cij, from each patch to adjacent patches, using 
the 10th percentile cost distance value, d (because it is much more robust than simply the 
minimum cost distance). We use a distance decay function of 1.7 to account for rapidly 
declining importance (this decay function is arbitrary, often a value of 2 is used). We 
chose to use this form of distance decay function rather than the exp function (natural 
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number raised to a power) used by Hanski because exp behaves well only for values in 
the range of 1 to 100 – otherwise it quickly goes to infinity – yet many of our distances 
(in units of m) go well into 104-108 range. 

7.1dcij =  

 
Next, we compute a weight wij that specifies the amount of interaction between a patch i 
and all other patches j in the network. This value is simply the inverse of the sum of the 
cij for each edge that falls along the shortest path between pairs of nodes (made up of 
multiple edges for non-adjacent neighbors).  

∑= ijij cw /1  

 
Finally, we compute a modified form of Si that incorporates the ratio of the area of the 
target patch (Ai) in relationship to the average of all other immediate neighboring patches 
(Ak). This presumes that bigger target patches relative to its immediately adjacent 
neighbors are more likely to successfully receive emigrant, whereas smaller target 
patches may get saturated quickly. 
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So, our measure of connectance for each node is: 
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Link importance, Li, is then the product of Ti value of the two patches i and j that are 
connected by a given link, divided by the link’s cost distance. 
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Link importance is an estimate of the importance of a linkage that connects two nodes 
(patches). For each linkage, it provides the estimated degree of interaction that occurs 
across a linkage, while considering the whole landscape arrangement of patches and 
linkages. Link importance is a ratio value, providing a useful estimate of one linkage 
relative to the others, although it should be noted that the absolute value has no direct 
biological implication (e.g., it does not predict the number of emigrants in a year, etc). 

 
7. Spatial datasets 
The primary land cover/land use data set used in developing the focal species models was 
the Ecological Systems dataset, which was derived from the CDOW/BLM’s Basinwide 
dataset6 and complemented with the USGS National Land Cover Dataset for areas 
outside of Colorado. To create the dataset, the basinwide datasets were stitched together 
(and corrected for seam problems), and then reclassified the 102 classes to roughly 34 

                                                 
6 This is a land use/cover dataset interpreted from Landsat TM imagery (from late 1990s), at ~30 m 
resolution. 
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ecological system classes (following the approach recently used for the US National 
Vegetation Classification; see Appendix G). 
 Additional datasets used in the modeling include:  

- DEM – USGS National Elevation Dataset, 30 m resolution 
- USGS National Land Cover Dataset, 30 m resolution, 1990s land cover 
- USGS/EPA National Hydrography Dataset, 1:100,000 
- Species occurrence: known and likely occurrence data by county from CDOW’s 

NDIS 
- Roads: ESRI’s Streetmap 2003; provided by Geographic Data Technology  

 
 
Aquatic Fragmentation 
 
Typically, the number of dams in a basin (or dam density) is computed as a measure of 
aquatic fragmentation. But this does not differentiate the height of the dam, or the surface 
area or storage volume of the reservoir created by the dam. Also, density does not 
distinguish the location or pattern of the dams within the basin – they may be equally 
spaced across the basin or clustered together. So, an alternative measure is to compute the 
average distance along a stream from the nearest dam (of a specified height). Biologically 
this indicates the difficulty or ease for aquatic species that travel longitudinally (e.g., 
American dippers). Initially we used point locations from the National Inventory of 
Dams, but many dams and reservoirs were not included (because they were relatively 
small or were more recent). So, instead we used the waterbodies found in the USGS 
NHD (1:100K) dataset for those lakes/reservoirs > 25 ha (to remove the small alpine 
natural lakes and smaller artificial ponds).7 This makes the assumption that these larger 
waterbodies are reservoirs (and hence artificial), which is largely true for the arid west. 
 
We then computed the average distance along a stream to the nearest dam because it is a 
good, robust measure of fragmentation of aquatic system due to introduction of dams. 
Distance along stream lines (1:100K NHD) from the reservoir (both up and down stream) 
was computed. The average distance from a dam was then computed for each basin or 
sub-basin (at HUC 8 and smaller watersheds).  
 
High average distance in a watershed indicates low fragmentation by dams, while low 
average distance indicates a relatively high degree of fragmentation. This metric can be 
used to assess the relative degree of fragmentation of a basin and is sensitive to the 
location of dams, as well as the number. It is more difficult, however to pinpoint what 
features or places where greater or lesser fragmentation is occurring. Moreover, it does 
not directly address possible impacts due to modifications associated with roads directly. 
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7 ArcGIS attribute query: [AreaSqKm] >= (  25  * 0.01 )   1130 features; and found artificial paths and 
set values to 0, then all other stream/river paths to 1, the find FType = 336 or 428 
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PART III: WORKSHOP AND MODELING RESULTS 
 
A. Summary of Workshop Results  
 
The information collected during the expert workshops resulted in the identification of 
176 linkages across the state. Although the preponderance of linkages were identified for 
a single species, 52 are multi-species linkages that were independently identified for more 
than one focal species (Fig. 3.1). Linkage Data Forms were completed for only 130 of the 
total linkages identified. Participants were instructed to complete forms for the most 
important linkages first, so it is our assumption that these 130 linkages capture the most 
important of the identified linkages.  
 

Linkages with Multiple Focal Species 

70%

22%

6% 1%1%
1

2

3

4

5

 
Figure 3.1: Percent of linkages with multiple focal species identified.  

 
 
Linkages were identified for 39 different species. Workshop participants identified 
linkages for several species that were not on the provided focal species list including, 
wild horse, swift fox, coyote, and several bird and fish species. Linkages for these expert-
identified focal species were included in the linkage assessment, even though these 
species may not have been considered at all of the five workshops. No linkages were 
identified for seven of the focal species suggested by the Executive Committee to 
workshop participants (bobcat, chorus frog, gopher snake, grizzly bear, short-horned 
lizard, tiger salamander). 
 
The vast majority of linkages were identified for ungulates or large carnivores (Fig. 3.2). 
The most linkages were identified for elk (46), followed by lynx (40), and mule deer (30); 
(Table 3.1). Seventeen species had only one or two identified linkages. The distribution of 
linkages across species is largely a function of our greater collective understanding of 
mammalian movement patterns and population dynamics. For example, the recent 
reintroduction of lynx to southern Colorado and the impending Forest Service lynx 
amendment has focused much attention and research on lynx. The much smaller number 
of linkages identified for birds, amphibians and reptiles, fish and small mammals reflects 
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a relatively poor understanding of their movement patterns. We quickly discovered the 
difficulty of a multi-species assessment in undertaking the ambitious goal of identifying 
linkages for diverse species with movements ranging from less than a mile to hundreds of 
miles. 
 

Table 3.1: Number of linkages identified for each focal species 
(included focal species that were added by experts). 

 

Focal Species 
Number of Linkages 

Identified 
Arkansas darter 1 
bighorn sheep 8 
bison 1 
black bear 16 
black-tailed prairie dog 7 
boreal toad 4 
brassy minnow 2 
Colorado pike minnow 3 
common shiner 2 
coyote 1 
desert spiny lizard 1 
elk 46 
greater prairie chicken 3 
greater sage grouse 3 
greenback cutthroat trout 10 
Gunnison’s prairie dog 4 
Gunnison sage grouse 7 
lesser prairie chicken 5 
longnose leopard lizard 2 
lynx 40 
meadow jumping mouse 2 
Mexican spotted owl 1 
mountain lion 24 
mountain plover 1 
mule deer 30 
northern leopard frog 1 
pronghorn 18 
Rio Grande chub 11 
Rio Grande cutthroat trout 22 
Rio Grande sucker 6 
riparian birds 1 
sandhill crane 1 
southwest willow flycatcher 1 
suckermouth minnow 1 
swift fox 3 
white-tailed prairie dog 2 
wild horse 1 
wolf 8 
wolverine 3 

33

 
Linking Colorado’s Landscapes, Phase I Report 



 

Number of Linkages Identified per Species Group
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Figure 3.2: Proportion of linkages identified for each species group. 
 

Over the course of the five workshops, 20 groups were organized (roughly by taxa) to 
identify linkages. When completing a Linkage Data Form, eleven of these groups 
occasionally selected more than one primary focal species for a single form in spite of 
instructions to select only one. Because of this inconsistency, when more than one focal 
species was identified on a Linkage Data Form the additional focal species did not count 
towards the “Number of Focal Species” count. Only species that were independently 
identified (i.e., by different groups) for the same linkage were tallied in this count. 
 
Table 3.2 summarizes the results of the Linkage Prioritization based on the information 
provided on the Linkage Data Forms. High-ranking linkages are those that are important 
for the focal species; currently function as linkages (no restoration or mitigation needed) 
and whose functionality is not threatened; and offer ample opportunities for securing 
protection of the linkage. The desert spiny lizard linkage in the Four-Corners region 
(linkage no. 374) was identified as the highest-ranking expert-identified linkage through 
this process.  
 
Map 3 displays all of the workshop-identified linkages, post-processing. The linkages are 
mapped as arrows indicating the primary direction of animal movement between core 
areas because the coarse resolution of the statewide assessment does not lend itself to 
depicting the actual spatial extent (width and length) of the linkages. However, during the 
workshops, participants roughly sketched linkage area, providing an initial estimate that 
will be further refined for the selected high priority linkages in Phase II of Linking 
Colorado’s Landscapes. Core areas are not mapped here because they are species-
dependent, and all cores for all species cannot be displayed simultaneously.  
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Table 3.2: Workshop-identified linkage prioritization results. Scores are based on responses to general questions about 
conservation significance, functionality, threat and opportunity. Linkages for which these questions were not answered received a 
score of zero and are not included here (complete responses to all questions on the Linkage Data Form for all linkages can be 
viewed on the CD accompanying this report). 

 
ID Linkage Name Focal Species Number of 

Focal Species
Score  Rank

374 Four Corners desert spiny lizard 1 5.00 1 
377 Grand Mesa boreal toad 1 4.75 2 
550 Wolf Creek Pass lynx, wolf 2 4.75 2 
502 Hwy 160 (Durango-Pagosa)/ Bayfield/Usigo-

Piedra-Devil Creek 
black bear, elk, mule deer 3 4.56 3 

523 Hwy 62/ Dallas Divide elk, lynx, mountain lion, mule deer, wolf 5 4.50 4 
515 Floyd Hill-I69/ Mt Vernon Canyon (Zone 13) elk, mountain lion, mule deer 3 4.50 4 
521 Hwy 550 (Montrose-Ridgway) elk, mountain lion, mule deer 3 4.50 4 
520 Hwy 550/ Crawford elk, mule deer, Gunnison sage grouse 3 4.50 4 
551 Conejos-San Antonio elk, wolf 2 4.50 4 
301 (no name) Gunnison sage grouse 1 4.50 4 
302 (no name) Gunnison sage grouse 1 4.50 4 
303 (no name) Gunnison sage grouse 

 
1 4.50 4 

3 Guanella #5     
      

     

   
    

lynx 1 4.50 4
13 Tennessee Pass lynx 1 4.50 4
25 Slum Gullion Pass lynx 1 4.50 4 
26 Culebra Range lynx 1 4.50 4

526 Livermore Valley/ Hwy287-Cherokee 
 

mountain lion, pronghorn 
 

2 4.50 4 
150 Medano Road

 
pronghorn 1 4.50 4

151 Badito pronghorn 1 4.50 4
295 Saguache Creek southwest willow flycatcher 1 4.50 4 
237 Central City-I70/ Hwy119-Blackhawk bighorn sheep 1 4.25 5 
518 Meeker hogback; Nine Mile Gap elk, mountain lion, mule deer 3 4.25 5 
289 (no name) Gunnison sage grouse 1 4.25 5 
291 Iron Springs-Miramonte/San Miguel Basin Gunnison sage grouse 1 4.25 5 
292 Poncha Pass Gunnison sage grouse 1 4.25 5 
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ID Linkage Name Focal Species Number of 
Focal Species

Score  Rank

375 Gateway longnose leopard lizard 1 4.25 5 
217 US-285    

    

   

    

     

    

mountain lion  1 4.25 5
275 Las Animas-North Ordway swift fox 1 4.25 5 
505 Great Sand Dunes-Baca/ Fort Garland elk, mule deer 2 4.25 5 
506 Cuchara-Spanish Peaks bighorn sheep, elk, lynx, mule deer 4 4.00 6 
501 Hwy 550 (N of Durango) black bear, elk, mule deer 

 
3 4.00 6 

66 South Park-Hwy284 elk 1 4.00 6
74 Cherokee Ranch-OSCA (Highlands Ranch) elk 1 4.00 6 

516 South Park-Hwy283 elk, lynx 2 4.00 6 
529 Nine-Mile Gulch elk, mule deer 2 4.00 6 
539 Hwy 141 (Naturita-Dry Creek) 

  
elk, mule deer 

 
2 4.00 6 

14 Cochetopa Hills lynx 1 4.00 6
16 Monarch Pass/Cochetopa Hills/Poncha Springs 

  
lynx 1 4.00 6 

39 Guanella Pass lynx 1 4.00 6
548 Egeria #2 lynx, wolf 2 4.00 6 
307 Pawnee mountain plover 1 4.00 6
524 (no name) bighorn sheep, elk, mountain lion, wolf 4 3.88 7 
538 Herman Gulch boreal toad, lynx 2 3.88 7 
38 Jones Gulch/Loveland Pass/Laskey Gulch lynx 1 3.88 7 

514 I-25 Conservation Corridor black bear, elk, mountain lion 2 3.75 8 
500 Hwy 160 (Durango-Mancos) black bear, elk, mule deer 3 3.75 8 
507 Raton Pass black bear, mountain lion 2 3.75 8 
263 Chico Basin black-tailed prairie dog 1 3.75 8 
262 Crow Valley black-tailed prairie dog 

 
1 3.75 8 

70 USFS Summer Range/ Sugarloaf-Caribou elk 1 3.75 8
530 Fortification Creek elk, mule deer 2 3.75 8 
532 Big Bottom elk, mule deer 2 3.75 8 
504 SF Monte/ South Fork elk, mule deer 2 3.75 8 
540 Hwy 550 (S of Durango) elk, mule deer 2 3.75 8 
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ID Linkage Name Focal Species Number of 
Focal Species

Score  Rank

305 (no name) greater sage grouse 1 3.75 8 
33 Vail Pass     

     

     
      

   

     

lynx 1 3.75 8
124 White River Dome mule deer 1 3.75 8 
156 Arkansas River pronghorn 1 3.75 8
241 (no name) wild horse 1 3.75 8 
245 (no name) wolverine 1 3.75 8

1 Berthoud Pass lynx 1 3.63 9
17 Red Mountain Pass lynx 1 3.63 9 

525 Sand Dunes/San Luis Creek bison, Gunnison prairie dog, Northern 
leopard frog 

3 3.50 10

180 Cerro Summit black bear 1 3.50 10 
503 Hwy 84 black bear, elk 2 3.50 10 
511 Purgatoire-West black bear, elk, mountain lion 3 3.50 10 
527 Ft. Carson black bear, Mexican spotted owl 2 3.50 10 
509 Huerfano black bear, mountain lion 2 3.50 10 
261 Pawnee black-tailed prairie dog 1 3.50 10 
373 Trout Creek boreal toad 

 
1 3.50 10 

72 Winiger Ridge-Eldora elk 1 3.50 10
543 Hwy 145 (Norwood-Naturita) elk, mule deer 2 3.50 10 
544 Hwy 145 (Norwood-Naturita) elk, mule deer 2 3.50 10 
534 Oak Ridge elk, mule deer 2 3.50 10 
541 Snowmass elk, mule deer 2 3.50 10 
304 North Park/Middle Park greater sage grouse 1 3.50 10 
270 Black Canyon Gunnison prairie dog 1 3.50 10 

5 Muddy Pass #5 lynx 1 3.50 10 
32 Cumbres-La Monga Pass/ Conejos lynx 1 3.50 10 

203 Sangre de Cristo/'San Luis Valley Foothills mountain lion 1 3.50 10 
205 South San Juan mountain lion 1 3.50 10 
549 Pawnee Buttes pronghorn, swift fox 2 3.50 10 
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ID Linkage Name Focal Species Number of 
Focal Species

Score  Rank

294 La Veta Creek riparian birds 1 3.50 10 
271 Rangley white-tailed prairie dog 

 
1 3.50 10 

247     
     

      
     

    

     

(no name) wolverine
 

1 3.50 10
23 LaVeta Pass lynx 1 3.38 11

512 (no name) black bear, mountain lion 2 3.25 12 
264 Cheraw black-tailed prairie dog 1 3.25 12 
266 Carrizo Unit CNG black-tailed prairie dog 1 3.25 12 
267 Timpas Unit CNG black-tailed prairie dog 1 3.25 12 
59 Rio Blanco Hill elk 1 3.25 12 
76 Cedarwood Crossing

 
elk 1 3.25 12

79 Greene Mountain elk 1 3.25 12
69 Winter Range-HVR-Winter Range Flats elk 1 3.25 12 

533 Blue Mountain elk, mule deer 2 3.25 12 
542 Sopris Creek elk, mule deer 2 3.25 13 
536 Aspen Glenn elk, mule deer 2 3.25 12 
298 (no name) greater prairie chicken 1 3.25 12 
300 Campo lesser prairie chicken 1 3.25 12 
528 Wolf Springs/Black Mountain #31 lynx, mountain lion 2 3.25 12 
218 Browns Park mountain lion 1 3.25 12 
519 Wells Gulch mountain lion, wolf 2 3.25 12 
116 North Larimer County-I25 mule deer 1 3.25 12 
276 Las Animas-Wilson Ranch 

 
swift fox 

 
1 3.25 12 

254 I70-Rifle-Glenwood wolf 1 3.25 12
167 Pawnee National Grassland-Hwy14 pronghorn 1 3.03 14 
238 St. Vrain-Hwy7 bighorn sheep 1 3.00 14 
552 (no name) bighorn sheep, mule deer 

 
2 3.00 14 

68 Dowe Flats-HVR elk 1 3.00 14
531 Maybell elk, mule deer 2 3.00 14 
535 East of Aspen elk, mule deer, lynx 3 3.00 14 
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ID Linkage Name Focal Species Number of 
Focal Species

Score  Rank

260 (no name) Gunnison prairie dog 1 3.00 14 
286 Campo lesser prairie chicken 1 3.00 14 
222 Juniper Mtn-Bald Mtn 

 
mountain lion 

 
1 3.00 14 

160    
      

     

     
     

(no name) pronghorn 1 3.00 14
246 (no name) wolverine 1 3.00 14
299 Eads lesser prairie chicken 

 
1 2.88 15 

230 (no name) coyote 1 2.75 17
537 Avalanche Creek elk, mule deer, lynx 3 2.75 17 
513 (no name) greater prairie chicken, pronghorn 2 2.75 17 
281 Monument meadow jumping mouse 

 
1 2.75 17 

157 Kramer Creek
 

pronghorn 1 2.75 16
158 (no name) pronghorn 1 2.75 16
166 Pawnee National Grasslands - Hwy14 pronghorn 1 2.75 17 
297 (no name) greater prairie chicken 1 2.50 18 
287 Two Buttes lesser prairie chicken 1 2.50 18 
280 Lyons meadow jumping mouse 1 2.50 18 
306 Still Water greater sage grouse 1 2.25 19 
288 Holly lesser prairie chicken 1 2.00 20 
34 Lower Blue River lynx 1 1.33 21 
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*Prioritization scores for workshop-identified linkages ranged from 0-5. Very High = 4.5-5; High = 3.5-4.49; Medium = 2.5-3.49; Low = <2.5. 
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Map 3 displays the linkages according to their linkage priority rank. These rankings are 
based on the prioritization scores, such that, on a 5-point scale: > 4.5 = ‘very high’; 3.5-
4.49 = ‘high’; 2.5-3.49 = ‘medium; and < 2.5 = ‘low’.  Nearly half of the 176 workshop-
identified linkages are ‘very high’ or ‘high’ priority (Table 3.3). 
 

Table 3.3: Linkage prioritization rankings.  
 

Very High High Medium Low 
20 65 42 49 

11% 37% 24% 28% 
 
The majority of linkages were identified as ‘constrained linkages’ that are provide some 
degree of connectivity despite compromised functionality due to barriers and/or other 
habitat degradation (Fig. 3.3; Map 48).  Twenty-two percent of the linkages were 
identified as ‘high quality’. These results indicate that improved landscape permeability 
is required on nearly 80% of the linkages to ensure connectivity for wildlife in these 
areas.  
 

Current Linkage Functionality

22%

54%

17%

7%

High Quality Constrained Choke Point Missing Link

 
Figure 3.3: Relative proportions do not include linkages for which 
degree of functionality was not identified (42 linkages). See Appendix E 
for definitions of terms. 

 
Roads and development (urban, suburban and exurban) were identified as the greatest 
individual barriers to connectivity in the linkages, followed by agriculture/grazing and 
recreational activities and facilities (Fig. 3.4). Most identified threats were ranked ‘low’ 
in severity (Fig. 3.5), however, this graph does not consider cumulative impact of 
multiple threats or barriers. Overall threat to linkage connectivity was characterized 
separately (Q. 2.5 on the Linkage Data Form, see Appendix E). In that assessment, 29 
linkages were ranked ‘highly threatened’ (Map 5).

                                                 

42

8 For the purposes of the graph and map, linkages that were rated in-between two categories are included in 
the lower-quality category, e.g, a linkage that was rated ‘constrained-choke point’ is lumped into the ‘choke 
point’ category. 
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Figure 3.4: Workshop participants were asked to identify significant impediments or barriers to 
animal movement within the linkage (including both natural and unnatural features on the 
landscape). ‘Other’ includes expert-identified barriers such as, railroads, oil and gas mining, and 
timber management activities. 
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Figure 3.5: Threats were individually ranked based on their impacts to 
wildlife connectivity within the linkage.
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Linking Colorado’s Landscapes was developed under the supposition that roadways 
present major barriers to wildlife movement. A look at the types of barriers identified by 
workshop participants confirms that roads and highways frequently affect the 
connectivity function of linkages (Fig. 3.4). A further look at the severity of the threat 
that roads and highways present to connectivity further confirms this assessment (Fig. 
3.6).  
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Figure 3.6: Severity of highway threat across all linkages workshop-identified 
linkages, as ranked by the workshop participants.  

 
 
 
Results by Species Group 
 
The following sections present results from the workshop process by species group (large 
carnivores, ungulates, small mammals, amphibians and reptiles, birds and aquatic 
species). Although only two of these species groups were considered in our final 
selection process of high priority linkages, considerable information was compiled for the 
other species groups as well.  
 
Only single-species linkages are discussed here. Elsewhere in this report, if a linkage was 
independently identified for two or more species, that information was combined and the 
linkage was merged to become a ‘multi-species linkage’. However, in this section, 
because we are considering the results for each species independently, we consider only 
the unmerged linkages. 
 
In considering the linkages for individual species or species groups, it is apparent that 
connectivity does not mean the same thing for all of these species. While the large 
carnivores may require a traditional linkage connecting core areas, birds may require 
stepping stones, and prairie dogs the freedom to move between multiple colonies.  
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1.  Large Carnivores 
The large carnivores group includes black bear, coyote, gray wolf, lynx, mountain lion, 
and wolf. Eighty-nine linkages were identified for these species. Although none of the 
top five workshop-identified linkages were included in the final selection of high priority 
linkages (because they did not optimize for the other selection criteria), 10 of the top 20 
workshop-identified linkages were included in the final selection. Table 3.4 lists the 
linkages from this group that were selected by the Executive Committee as high priority 
linkages for further analysis in Phase II of Linking Colorado’s Landscapes (see Section 
IV,A of this report). A full list of all the workshop-identified linkages for large carnivores 
and the prioritization results can be found in Table 3.5. Maps 6, 7, 8, 9, and 10 display the 
results for lynx, black bear, gray wolf, mountain lion and wolverine, respectively. 
 
Table 3.4: High priority linkages for large carnivores and their associated Linkage Complex 
High Priority Linkage 

Complex 
Linkage 

ID 
Linkage Name Focal Species Prioritization 

Score* 
24 Wolf Creek Pass lynx 4.38 Wolf Creek Pass 

 252 Vermejo-San Juans gray wolf 4.00 
1 Berthoud Pass lynx 3.63 

33 Vail Pass lynx 3.75 
Central Mountains 
Lynx Linkages 
 38 Laskey Gulch lynx 3.88 

217 US-285 mountain lion 4.25 Denver West Foothills 
 209 Floyd Hill mountain lion 3.75 

181 I-25 Conservation 
Corridor 

black bear 3.25 Douglas County Front 

208 I-25 Conservation 
Corridor 

mountain lion 3.25 

183 (no name) black bear 3.50 
190 Raton Pass black bear 3.50 
210 (no name) mountain lion 3.50 

I-25 South (Pueblo to 
Raton Pass) 
 

216 Raton Pass/Purgatoire 
West 

mountain lion 3.50 

176 (no name) black bear 3.50 
177 Hwy 550 (N. Durango) black bear 4.00 

Durango-San Juan 
Basin 

178 Usigo-Piedra-Devil Creek black bear 4.25 
Meeker to Craig (Hwy 
13) 

221 Nine-Mile Gap mountain lion 3.25 

Monarch Pass-Poncha 
Pass 

16 Monarch Pass- Poncha 
Pass-Cochetopa Hills 

lynx 4.00 

Montrose to Ridgeway 521 Ridgeway mountain lion 4.00 
* Maximum possible score is 5. 
 
Linkage Data Forms were completed for 53 of the 89 linkages that were mapped for large 
carnivores. Of these, 12 were characterized as ‘high quality’ linkages, 27 as 
‘constrained’, 10 as ‘choke points’ and the remaining 4 as ‘missing links’. Seven linkages 
were noted for the irreplaceable connectivity that they provide between habitat patches: 
Monarch Pass-Poncha Pass (#16), La Veta Pass (#23), Slum Gullion (#25), Culebra 
(#26), Conchara-Spanish Peaks (#27), Wolf Springs (#29), and Vermejo-San Juans 
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(#252). Twenty-three linkages were identified as landscape linkages that provide key 
habitat connectivity within a network of cores and linkages, or between ecoregions. Of 
the final list of high priority linkages, the following were identified as landscape linkages 
during the workshops: Raton Pass (#190, #210, #216),  Montrose to Ridgeway (#521), 
Vermejo-San Juans (#252), and Nine-Mile Gap (#221). Roads and highways were identified 
as the largest threat to connectivity in these linkages. Development and recreational 
facilities and use were identified as additional impending threats to connectivity.  
 
Only one linkage was identified specifically for coyote (Map 9). This species is known to 
be tolerant of human activity (and therefore less sensitive to the impacts of 
fragmentation), so in much of the landscape, it is not worth our effort to map all potential 
linkages for this wide-ranging and tolerant generalist. The coyote linkage (#230) was 
therefore identified to capture the last vestiges of connectivity in the heavily developed 
Metro Denver area in acknowledgement of the coyote’s role in top-down regulation in 
fragmented systems (Crooks and Soulé 1999; Crooks 2002). 
 
Because wolverines have extremely large ranges and their presence is not currently 
confirmed in Colorado, it was difficult for the workshop participants to pinpoint specific 
linkages. Nevertheless, there is much potential habitat for wolverine in Colorado, and 
their extensive movements in other parts of their range are well documented (Fitzgerald 
et al 1994). For these reasons, large ‘movement areas’ were mapped for wolverine rather 
than more explicit linkages (Map 10). 
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Table 3.5: Workshop-based prioritization results for large carnivores. 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat 
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

3         Guanella #5 lynx 5 5 3 5 4.50 3
13         Tennessee Pass lynx 5 4 5 4 4.50 3
25 Slum Gullion Pass lynx 5 5 3 5 4.50 3 
26        Culebra Range lynx 5 5 3 5 4.50 3

207 Livermore Valley mountain lion 5 4 4 5 4.50 3 
24 Wolf Creek Pass lynx 5 3.5 4.5 4.5 4.38 4 

178 Usigo-Piedra-Devil Creek black bear 5 4 4 4 4.25 5 
217        US-285 mountain lion 5 3 5 4 4.25 5
177 Hwy 550 (N Durango) black bear 4 3 5 4 4.00 7 

8       Egeria #2 lynx 5 4 3 4 4.00 7
14         Cochetopa Hills lynx 5 4 3 4 4.00 7
16 Monarch Pass/Poncha Springs lynx 4.6 4.2 3 4.2 4.00 7 
39        Guanella Pass lynx 4 4 4 4 4.00 7

202        Ridgway mountain lion 4 4 4 4 4.00 7
252        Vermejo-San Juans wolf 5 5 3 3 4.00 7
38      Jones Gulch/Loveland

Pass/Laskey Gulch 
lynx 4.3 2.6 4.6 4 3.88 8

200 Dallas Divide mountain lion 3.5 4 5 3 3.88 8 
250        Dallas Divide wolf 3.5 4 5 3 3.88 8
33        Vail Pass lynx 5 4 3 3 3.75 9

209  Floyd Hill-I69 mountain lion 5 2 5 3 3.75 9 
245       (no name) wolverine 5 4 2 4 3.75 9

1        Berthoud Pass lynx 4.5 3.5 3.5 3 3.63 10
17 Red Mountain Pass lynx 4.5 4 2.5 3.5 3.63 10 

176 (no name) black bear 3 4 4 3 3.50 11 
179 Hwy 84 black bear 4 4 3 3 3.50 11 
180 Cerro Summit black bear 4 4 3 3 3.50 11 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat 
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

183 (no name) black bear 3 4 3 4 3.50 11 
190 Raton Pass black bear 4 3 4 3 3.50 11 

4        Herman Gulch lynx 5 1 4 4 3.50 11
5 Muddy Pass #5 lynx 4 4 3 3 3.50 11 

27         Conchara-Spanish Peaks lynx 4 3 5 2 3.50 11
32 Cumbres-La Monga Pass/ 

Conejos 
lynx      4 4 2 4 3.50 11

203 Sangre de Cristo/'San Luis 
Valley Foothills 

mountain lion 4 4 2.5 3.5 3.50 11 

205 South San Juan mountain lion 3 4 4 3 3.50 11 
210 (no name) mountain lion 3 4 3 4 3.50 11 
214         Purgatoire-West mountain lion 3 4 3 4 3.50 11
216 Raton Pass/ Purgatoire-West mountain lion 3.5 3.5 3.5 3.5 3.50 11 
247       (no name) wolverine 4 5 1 4 3.50 11
23        LaVeta Pass lynx 4 3 4.5 2 3.38 12

181 I-25 Conservation Corridor black bear 3 3 2 5 3.25 13 
188 (no name) black bear 4 4 3 2 3.25 13 
29 Wolf Springs/Black Mountain 

#31 
lynx    3.5 3 3 3.5 3.25 13

201 Wells Gulch mountain lion 3 4 3 3 3.25 13 
206 (no name) mountain lion 4 4 3 2 3.25 13 
208 I-25 Conservation Corridor mountain lion 3 3 2 5 3.25 13 
218 Browns Park mountain lion 3 3 3 4 3.25 13 
221 Nine Mile Gap mountain lion 3 3 3 4 3.25 13 
251       Wells Gulch wolf 3 4 3 3 3.25 13
254         I70-Rifle-Glenwood wolf 5 3 4 1 3.25 13
222 Juniper Mtn-Bald Mtn mountain lion 2 3 3 4 3.00 15 
246       (no name) wolverine 3 4 2 3 3.00 15
230        (no name) coyote 2 2 5 2 2.75 17
34 Lower Blue River lynx 2 1  1 1.33 21 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat 
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

175 (no name) black bear     0.00 23 
182 (no name) black bear     0.00 23 
184 (no name) black bear     0.00 23 
185 (no name) black bear     0.00 23 
186 (no name) black bear     0.00 23 
187 (no name) black bear     0.00 23 
189 (no name) black bear     0.00 23 

2        (no name) lynx 0.00 23
6         (no name) lynx 0.00 23
7         (no name) lynx 0.00 23
9         (no name) lynx 0.00 23

10         (no name) lynx 0.00 23
11         (no name) lynx 0.00 23
12         (no name) lynx 0.00 23
15         (no name) lynx 0.00 23
18         (no name) lynx 0.00 23
19         (no name) lynx 0.00 23
20         (no name) lynx 0.00 23
21         (no name) lynx 0.00 23
22         (no name) lynx 0.00 23
28         (no name) lynx 0.00 23
30         (no name) lynx 0.00 23
31         (no name) lynx 0.00 23
35         (no name) lynx 0.00 23
36         (no name) lynx 0.00 23
37         (no name) lynx 0.00 23
40         (no name) lynx 0.00 23

204 (no name) mountain lion     0.00 23 
211 (no name) mountain lion     0.00 23 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat 
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

212 (no name) mountain lion     0.00 23 
213 (no name) mountain lion     0.00 23 
215 (no name) mountain lion     0.00 23 
219 (no name) mountain lion     0.00 23 
220 (no name) mountain lion     0.00 23 
223 (no name) mountain lion     0.00 23 
253        (no name) wolf 0.00 23
255         (no name) wolf 0.00 23
256         (no name) wolf 0.00 23
257         (no name) wolf 0.00 23
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2. Ungulates 
The ungulates group includes bighorn sheep, bison, elk, deer, pronghorn, and wild horse. A 
total of 104 linkages were identified for species in this group, primarily elk (46 linkages) 
and mule deer (30 linkages). Table 3.6 lists the linkages from this group that were selected 
by the Executive Committee as high priority linkages for further analysis in Phase II of 
Linking Colorado’s Landscapes (see Section IV,A of this report). A full list of all the 
workshop-identified linkages for ungulates and the prioritization results can be found in 
Table 3.7.  

 
Table 3.6: High priority linkages for ungulates and their associated Linkage Complexes. 

High Priority 
Linkage Complex 

Linkage 
ID 

Linkage Name Focal 
Species 

Prioritization 
Score* 

73 Mt Vernon Canyon elk 4.00 Denver West Foothills 
 117 (no name) mule deer 0.00 

74 Cherokee Ranch elk 4.00 Douglas County Front 
75 I-25 Conservation Corridor elk 3.75 

I-25 South (Pueblo to 
Raton Pass) 

76 Cedarwood Crossing elk 3.25 

82 Hwy 160 (Durango-Pagosa 
Springs) 

elk 4.25 

83 Hwy 160 (Durango-Mancos) elk 3.25 
84 Hwy 550 (N. Durango) elk 3.75 

105 Hwy 550 (N. Durango) mule deer 3.75 
106 Hwy 160 (Durango-Mancos) mule deer 3.25 
107 Hwy 160 (Durango-Pagosa 

Springs) 
mule deer 4.25 

Durango-San Juan 
Basin 

112 Bayfield mule deer 4.00 
53 Big Bottom elk 3.75 
54 Nine-Mile Gap elk 4.00 
56 Meeker Hogback elk 4.00 

118 Big Bottom mule deer 3.75 
119 Nine-Mile Gap mule deer 4.00 

Meeker to Craig  

120 Meeker Hogback mule deer 4.00 
90 Hwy 550 elk 3.75 Montrose to Ridgeway 

102 Hwy 550 mule deer 3.75 
Boulder County Front 69 Winter Range Flats elk 3.25 

60 Aspen Glenn elk 3.25 Lower Roaring Fork 
Valley 126 East of Aspen mule deer 3.00 

156 Arkansas River pronghorn 3.75 Pueblo County 
Pronghorn Linkages 157 Kramer Creek pronghorn 2.75 
*Maximum possible score is 5.  
 
Linkage Data Forms were completed for 84 of the 104 linkages mapped for ungulates. Of 
these, 14 were characterized as ‘high quality’ linkages, 44 as ‘constrained’, 20 as ‘choke 
points’, and the remaining 6 as ‘missing links’. Thirteen linkages were noted for the 
irreplaceable connectivity that they provide between habitat patches. Among these are 
linkages #75 (Cherokee Ranch), #107 (Hwy 160 from Durango to Pagosa Springs), and 
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#112 (Bayfield). In addition, 37 linkages were identified as landscape linkages that 
provide key habitat connectivity within a network of cores and linkages, or between 
ecoregions. Of the final list of high priority linkages, the following Linkage Complexes 
were identified as landscape linkages during the workshops: Meeker to Craig, Lower 
Roaring Fork Valley, Boulder County Front, I-25 South (Pueblo to Raton Pass), Douglas 
County Front, and Pueblo County Pronghorn Linkages. Roads/highways and 
development were identified as the largest threats to connectivity in these linkages.  
 
Only one wild horse linkage was identified, in the San Luis Valley. While wild horse is 
not a native to Colorado, some workshop participants felt that this species deserved 
consideration because of its cultural role in the landscape and declining population. 
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Table 3.7: Workshop-based prioritization results for ungulates. 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity    
(Q. 2.7) 

Priority 
Score Rank 

78         Conejos-San Antonio elk 5 5 4 4 4.50 3
150        Medano Road pronghorn 5 5 3 5 4.50 3
151        Badito pronghorn 5 5 3 5 4.50 3
237 Central City-I70/ Hwy119-

Blackhawk 
bighorn sheep 4.5 4 5 3.5 4.25 5 

77 Great Sand Dunes-Baca elk 4 4 4 5 4.25 5 
82 Hwy 160 (Durango-Pagosa) elk 5 3.5 5 3.5 4.25 5 

107 Hwy 160 (Durango-Pagosa)/ 
Bayfield 

mule deer 5 2.3 5 4.25 4.14 6 

54         Nine-Mile Gulch elk 5 5 2 4 4.00 7
56         Meeker hogback elk 5 5 2 4 4.00 7
66         South Park-Hwy284 elk 5 4 4 3 4.00 7
67         South Park-Hwy284 elk 5 4 4 3 4.00 7
73 Mt Vernon Canyon (Zone 

13) 
elk      5 3 3 5 4.00 7

74        Cherokee Ranch-OSCA
(Highlands Ranch) 

elk 5 3 4 4 4.00 7

86        Hwy 62 elk 5 3 4 4 4.00 7
87 Hwy 141 (Naturita-Dry 

Creek) 
elk      5 4 3 4 4.00 7

101 Hwy 62 mule deer 5 3 4 4 4.00 7 
109 Hwy 141 (Naturita-Dry 

Creek) 
mule deer 5 4 3 4 4.00 7 

111 Fort Garland mule deer 4 4 4 4 4.00 7 
112        Bayfield mule deer 5 1 5 5 4.00 7
119 Nine-Mile Gulch mule deer 5 5 2 4 4.00 7 
120 Meeker hogback mule deer 5 5 2 4 4.00 7 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat   
(Q. 2.6) 

Opportunity    
(Q. 2.7) 

Priority 
Score Rank 

155 Livermore Valley/ Hwy287-
Cherokee 

pronghorn    5 3.5 3.5 4 4.00 7

52         Fortification Creek elk 5 4 3 3 3.75 9
53        Big Bottom elk 5 4 3 3 3.75 9
70 USFS Summer Range/ 

Sugarloaf-Caribou 
elk      4.5 5 2.5 3 3.75

75 I25 Conservation Corridor elk 5 3 2 5 3.75 9 
80        South Fork elk 4 4 5 2 3.75 9
84 Hwy 550 (N of Durango) elk 4 3 5 3 3.75 9 
90 Hwy 55 (Montrose-

Ridgway) 
elk      5 2 5 3 3.75 9

96 Hwy 550 (S of Durango) elk 4 3 4 4 3.75 9 
102 Hwy 55 (Montrose-

Ridgway) 
mule deer 5 2 5 3 3.75 9 

105 Hwy 550 (N of Durango) mule deer 4 3 5 3 3.75 9 
110 Hwy 550 (S of Durango) mule deer 4 3 4 4 3.75 9 
118 Big Bottom mule deer 5 4 3 3 3.75 9 
122 Fortification Creek mule deer 5 4 3 3 3.75 9 
124 White River Dome mule deer 3 4 5 3 3.75 9 
156 Arkansas River  pronghorn 4 5 3 3 3.75 9 
241 (no name) wild horse 3 3 5 4 3.75 9 
58        Oak Ridge elk 3 4 3 4 3.50 11
64         Snowmass elk 3 3 5 3 3.50 11
72         Winiger Ridge-Eldora elk 5 5 2 2 3.50 11
88 Hwy 145 (Norwood-

Naturita) 
elk      4 3 3.5 3.5 3.50 11

89 Hwy 145 (Norwood-
Naturita) 

elk      4 3 3.5 3.5 3.50 11
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity    
(Q. 2.7) 

Priority 
Score Rank 

103 Hwy 145 (Norwood-
Naturita) 

mule deer 4 3 3.5 3.5 3.50 11 

104 Hwy 145 (Norwood-
Naturita) 

mule deer 4 3 3.5 3.5 3.50 11 

113 SF Monte mule deer 4 3 5 2 3.50 11 
121 Oak Ridge mule deer 3 4 3 4 3.50 11 
129         Snowmass mule deer 3 3 5 3 3.50 11
50        Blue Mountain elk 3 5 2 3 3.25 13
59 Rio Blanco Hill elk 4 4 2 3 3.25 13 
60        Aspen Glenn elk 2 5 4 2 3.25 13
63         Sopris Creek elk 3 3 4 3 3.25 13
69       Winter Range-HVR-Winter

Range Flats 
 elk 1 4 4 4 3.25 13

76         Cedarwood Crossing elk 3 4 4 2 3.25 13
79        Greene Mountain elk 3 3 5 2 3.25 13
83 Hwy 160 (Durango-Mancos) elk 4 3 3 3 3.25 13 

91         Hwy 550 elk 4 3 3 3 3.25 13
106 Hwy 160 (Durango-Mancos) mule deer 4 3 3 3 3.25 13 

108 Hwy 550 mule deer 4 3 3 3 3.25 13 
116 North Larimer County-I25 mule deer 3 3 5 2 3.25 13 
125 Blue Mountain mule deer 3 5 2 3 3.25 13 
127 Aspen Glenn mule deer 2 5 4 2 3.25 13 
128 Sopris Creek mule deer 3 3 4 3 3.25 13 
167 Pawnee National Grassland-

Hwy14 
pronghorn    1.6 3.6 4.3 2.6 3.03 14

236 (no name) bighorn sheep 3 2 4 3 3.00 15 
238 St. Vrain-Hwy7 bighorn sheep 3 4 2 3 3.00 15 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity    
(Q. 2.7) 

Priority 
Score Rank 

51         Maybell elk 3 4 2 3 3.00 15
65 East of Aspen elk 2 4 3 3 3.00 15 
68         Dowe Flats-HVR elk 2 3 4 3 3.00 15

114 (no name) mule deer 3 2 4 3 3.00 15 
123        Maybell mule deer 3 4 2 3 3.00 15
126 East of Aspen mule deer 2 4 3 3 3.00 15 
160        (no name) pronghorn 3 2 3 4 3.00 15
62        Avalanche Creek elk 2 3 3 3 2.75 17

130 Avalanche Creek mule deer 2 3 3 3 2.75 17 
157        Kramer Creek pronghorn 3 2 4 2 2.75 17
158        (no name) pronghorn 3 4 2 2 2.75 17
163         (no name) pronghorn 3 4 2 2 2.75 17
166 Pawnee - Hwy14 pronghorn 1 4 4 2 2.75 17 
233 Cuchara Pass bighorn sheep 1 2 2 4 2.25 19 
231 (no name) bighorn sheep     0.00 23 
232 (no name) bighorn sheep     0.00 23 
234 (no name) bighorn sheep     0.00 23 
235 (no name) bighorn sheep     0.00 23 
240        (no name) bison 0.00 23
61        (no name) elk 0.00 23
81         (no name) elk 0.00 23
85         (no name) elk 0.00 23
92         (no name) elk 0.00 23
93         (no name) elk 0.00 23
94         (no name) elk 0.00 23
95         (no name) elk 0.00 23
99         (no name) elk 0.00 23

100         (no name) elk 0.00 23
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity    
(Q. 2.7) 

Priority
Score Rank 

115 (no name) mule deer     0.00 23 
117 (no name) mule deer     0.00 23 
152         (no name) pronghorn 0.00 23
153         (no name) pronghorn 0.00 23
154         (no name) pronghorn 0.00 23
159         (no name) pronghorn 0.00 23
161         (no name) pronghorn 0.00 23
162         (no name) pronghorn 0.00 23
164         (no name) pronghorn 0.00 23
165         (no name) pronghorn 0.00 23
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3. Small Mammals 
The small mammals group includes black-tailed prairie dog, Gunnison’s prairie dog, 
meadow jumping mouse, swift fox, and white-tailed prairie dog. A total of 18 linkages 
were identified for species in this group, primarily black-tailed prairie dog (7 linkages). 
Table 3.8 and Map 15 display the prioritization results for all of the workshop-
identified linkages for small mammals. 
 
Because prairie dogs are colonial and may move among colonies, the identified linkage 
areas for the three species of prairie dogs are really complexes of colonies, among which 
there is significant inter-colony movement.  
 
The primary threat identified for the small mammals group is residential and commercial 
development, followed by gaps in suitable habitat cover, topographic barriers, 
agriculture, utility lines and roads.  
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Table 3.8: Workshop-based prioritization results for small mammals. 
 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

275 Las Animas-North Ordway swift fox 5 3 4 5 4.25 5 

262 Crow Valley black-tailed prairie dog 3 4 4 4 3.75 9 
263 Chico Basin black-tailed prairie dog 4 4 3 4 3.75 9 
261 Pawnee black-tailed prairie dog 3 4 3 4 3.50 11 
270 Black Canyon Gunnison prairie dog 4 4 2 4 3.50 11 
277 Pawnee Buttes swift fox 3 5 2 4 3.50 11 
271 Rangley white-tailed prairie dog 4 4 2 4 3.50 11 
264 Cheraw black-tailed prairie dog 4 4 2 3 3.25 13 
266 Carrizo Unit CNG black-tailed prairie dog 3 4 2 4 3.25 13 
267 Timpas Unit CNG black-tailed prairie dog 3 4 2 4 3.25 13 
276 Las Animas-Wilson Ranch swift fox 3 4 3 3 3.25 13 

260 (no name) Gunnison prairie dog 2 4 3 3 3.00 15 
268 Sand Dune Gunnison prairie dog 2 4  3 3.00 15 
281 Monument meadow jumping mouse 2 2 5 2 2.75 17 
280 Lyons meadow jumping mouse 2 1 5 2 2.50 18 
265 (no name) black-tailed prairie dog     0.00 23 
269 (no name) Gunnison prairie dog     0.00 23 
272 (no name) white-tailed prairie dog     0.00 23 
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4. Amphibians and Reptiles 
The amphibians and reptiles group includes boreal toad, desert spiny lizard, longnose 
leopard lizard, and northern leopard frog. A total of 8 linkages were identified for 
species in this group, primarily boreal toad (4 linkages). Table 3.9 and Map 16 display 
the prioritization results for all of the workshop-identified linkages for amphibians and 
reptiles. 
 
Linkage Data Forms were completed for 6 of the 8 linkages mapped for amphibians and 
reptile. Of these, 3 were characterized as ‘high quality’ linkages, 1 as ‘constrained’, 1 as a 
‘choke point’, and 1 as a ‘missing link’. None of the amphibians and reptiles linkages 
were characterized as ‘irreplaceable’ or as linkages critical for maintaining landscape 
connectivity, although they are important for providing dispersal opportunities at a local 
scale. The primary threats identified for the amphibians and reptiles group are dams and 
diversions, roads/highways, and recreation.  
 

84

 
Linking Colorado’s Landscapes, Phase I Report 



 

 Linking Colorado’s Landscapes, Phase I Report       85  



 

Table 3.9: Workshop-based prioritization results for amphibians and reptiles. 
 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

374 Four Corners desert spiny lizard 5 5 5 5 5.00 1 
377 Grand Mesa boreal toad 5 4 5 5 4.75 2 
375 Gateway longnose leopard lizard 4 5 3 5 4.25 5 
373 Trout Creek boreal toad 5 5 2 2 3.50 11 
372 San Luis Creek northern leopard frog 3 2 4 3 3.00 15 
370 Herman Gulch boreal toad 3 2.5 2.5 3.5 2.88 16 
371 (no name) boreal toad     0.00 23 
376 (no name) longnose leopard lizard     0.00 23 
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5. Birds 
The birds group includes greater prairie chicken, greater sage grouse, Gunnison sage 
grouse, lesser prairie chicken, Mexican spotted owl, mountain plover, riparian birds, 
sandhill crane, and southwest willow flycatcher. A total of 23 linkages were identified for 
species in this group, primarily for Gunnison sage grouse (7 linkages). Table 3.10 and 
Map 17 display the prioritization results for all of the workshop-identified linkages for 
birds. 
 
Linkage Data Forms were completed for 23 of the 24 linkages mapped for birds. Of 
these, 2 were characterized as ‘high quality’ linkages, 16 as ‘constrained’, 4 as ‘choke 
points’, and 1 as a ‘missing link’. Three linkages were noted for the irreplaceable 
connectivity that they provide between habitat patches. Gaps in habitat cover, agriculture, 
and development followed by roads/highways were identified as the largest threats to 
connectivity in these linkages. 
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Table 3.10: Workshop-based prioritization results for birds. 
 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

290 Crawford Gunnison sage grouse 5 4 5 4 4.50 3 
301 (no name) Gunnison sage grouse 5 4 5 4 4.50 3 
302 (no name) Gunnison sage grouse 5 4 5 4 4.50 3 
303 (no name) Gunnison sage grouse 5 4 5 4 4.50 3 
295 Saguache Creek southwest willow flycatcher 5 3 5 5 4.50 3 
289 (no name) Gunnison sage grouse 5 4 4 4 4.25 5 
291 Iron Springs-Miramonte/San

Miguel Basin 
 Gunnison sage grouse 5 4 3.5 4.5 4.25 5 

292 Poncha Pass Gunnison sage grouse 5 3 5 4 4.25 5 
307       Pawnee mountain plover 5 3 4 4 4.00
305 (no name) greater sage grouse 4 3 5 3 3.75 9 
304 North Park/Middle Park greater sage grouse 4 3 4 3 3.50 11 
285 Ft. Carson Mexican spotted owl 5 5 2 2 3.50 11 
294 La Veta Creek riparian birds 3 3 5 3 3.50 11 
298 (no name) greater prairie chicken 3 3 4 3 3.25 13 
300 Campo lesser prairie chicken 3 3 2 5 3.25 13 
286 Campo lesser prairie chicken 3.5 1.5 3 4 3.00 15 
299 Eads lesser prairie chicken 3 3 3 2.5 2.88 16 
296 (no name) greater prairie chicken 3 4 2 2 2.75 17 
297 (no name) greater prairie chicken 2 3 2 3 2.50 18 
287 Two Buttes lesser prairie chicken 3 1 3 3 2.50 18 
306 Still Water greater sage grouse 0 3 2 4 2.25 19 
288 Holly lesser prairie chicken 2 2 2 2 2.00 20 
293 (no name) sandhill crane     0.00 23 
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6. Aquatic Species 
It was our intent, in the framework of Phase I of Linking Colorado’s Landscapes, to 
incorporate aquatic considerations into our traditionally terrestrially biased concept of 
fragmentation. The goal of this project was focused on identifying critical linkages. 
Because aquatic and riparian systems are inherently corridors, workshop participants 
identified areas fragmented by dams and diversions, such that functional connectivity is 
inhibited. In addition, we hoped to highlight areas where aquatic connectivity is linked 
to terrestrial connectivity. While we have made some initial steps towards identifying 
stream segments that are key to maintaining or restoring aquatic habitat connectivity, 
we have by no means completed this task. Please refer to Section IV,B: Future 
Research for additional information needs regarding aquatic fragmentation. Aquatic 
fragmentation will also receive additional consideration in the linkage specific 
assessments of high priority linkages in Phase II of Linking Colorado’s Landscapes.  
 
The aquatics group includes Arkansas darter, brassy minnow, Colorado pike minnow, 
common shiner, greenback cutthroat trout, Rio Grande chub, Rio Grande cutthroat 
trout, Rio Grande sucker, and suckermouth minnow. A total of 55 linkages were 
identified for species in this group. Table 3.11 and Map 18 display the prioritization 
results for all of the workshop-identified linkages for aquatic species. 
 
While Linkage Data Forms were completed for only 17 of the 58 identified linkages, 
there are some trends that clearly emerge from these data. None of these linkages were 
identified as ‘high quality’, while 10 of the 17 were identified as ‘missing links. The 
primary threat identified for aquatic species is dams and other aquatic diversions. The 
problem of fragmented aquatic ecosystems is pervasive, and attention directed 
specifically towards understanding and addressing these issues is required. 
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Table 3:11: Workshop-based prioritization results for aquatic species. 

ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

314 Trinchera Creek Watershed Rio Grande cutthroat 5 3 4 5 4.25 5 
368 Culebra Creek Watershed Rio Grande cutthroat 4 5 4 4 4.25 5 
321 Cross Creek-Jacks Creek Rio Grande sucker 4 3 4 3 3.50 11 
355 (no name) brassy minnow 4 2 3 4 3.25 13 
357 (no name) common shiner 3 3 4 3 3.25 13 
318 San Luis Creek Rio Grande chub 5 1 5 2 3.25 13 
358 Targall Creek greenback cutthroat trout 5 1 3 3 3.00 15 
359 Targall Creek greenback cutthroat trout 5 1 3 3 3.00 15 
360 Targall Creek greenback cutthroat trout 5 1 3 3 3.00 15 
317 Saguache Creek Rio Grande chub 2 3 5 2 3.00 15 
320 Rio San Antonio Rio Grande chub 3 1 5 3 3.00 15 
319 Hot Creek Rio Grande sucker 3 1 5 3 3.00 15 
366 Plateau Creek Colorado pike minnow 3 3 1.5 3.5 2.75 17 
316 Carnero Creek Rio Grande cutthroat 3 1 5 2 2.75 17 
315 Sangre de Cristo Creek 

Watershed 
Rio Grande cutthroat 3 1 4 2 2.50 18 

367 Kenney Reservoir Colorado pike minnow 3 1 3 2 2.25 19 
353 John Martin Reservoir Arkansas darter 1 1 0 1 0.75 22 
311 (no name) greenback cutthroat trout     0.00 23 
312 (no name) greenback cutthroat trout     0.00 23 
313 (no name) greenback cutthroat trout     0.00 23 
354 (no name) brassy minnow     0.00 23 
356 (no name) suckermouth minnow     0.00 23 
365 (no name) Colorado pike minnow     0.00 23 
352 (no name) common shiner     0.00 23 
361 (no name) greenback cutthroat trout     0.00 23 
362 (no name) greenback cutthroat trout     0.00 23 
363 (no name) greenback cutthroat trout     0.00 23 
364 (no name) greenback cutthroat trout     0.00 23 
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ID Linkage Name Focal Species Conservation 
Priority (Q. 2.4) 

Linkage 
Functionality 

(Q. 2.5) 

Future 
Threat  
(Q. 2.6) 

Opportunity  
(Q. 2.7) 

Priority 
Score Rank 

324 (no name) Rio Grande chub     0.00 23 
325 (no name) Rio Grande chub     0.00 23 
334 (no name) Rio Grande chub     0.00 23 
335 (no name) Rio Grande chub     0.00 23 
340 (no name) Rio Grande chub     0.00 23 
341 (no name) Rio Grande chub     0.00 23 
345 (no name) Rio Grande chub     0.00 23 
348 (no name) Rio Grande chub     0.00 23 
326 (no name) Rio Grande cutthroat     0.00 23 
327 (no name) Rio Grande cutthroat     0.00 23 
328 (no name) Rio Grande cutthroat     0.00 23 
329 (no name) Rio Grande cutthroat     0.00 23 
330 (no name) Rio Grande cutthroat     0.00 23 
331 (no name) Rio Grande cutthroat     0.00 23 
332 (no name) Rio Grande cutthroat     0.00 23 
333 (no name) Rio Grande cutthroat     0.00 23 
336 (no name) Rio Grande cutthroat     0.00 23 
337 (no name) Rio Grande cutthroat     0.00 23 
338 (no name) Rio Grande cutthroat     0.00 23 
342 (no name) Rio Grande cutthroat     0.00 23 
344 (no name) Rio Grande cutthroat     0.00 23 
346 (no name) Rio Grande cutthroat     0.00 23 
347 (no name) Rio Grande cutthroat     0.00 23 
349 (no name) Rio Grande cutthroat     0.00 23 
350 (no name) Rio Grande cutthroat     0.00 23 
351 (no name) Rio Grande cutthroat     0.00 23 
322 (no name) Rio Grande sucker     0.00 23 
323 (no name) Rio Grande sucker     0.00 23 
339 (no name) Rio Grande sucker     0.00 23 
343 (no name) Rio Grande sucker     0.00 23 

 
Linking Colorado’s Landscapes, Phase I Report 

96



 

B. Modeling Results 
 
The results presented for the modeling analysis measure how important a linkage is based on the 
current landscape configuration and land use. That is, because current land use and roads are 
included explicitly in our computations, we rank linkages based on the current estimated use, given 
the current land use and road configuration. As a result, linkages that have important, but degraded 
ecological functions due to land use and roads may not appear in the model results as top ranked 
linkages (e.g., the linkages that cross I-70 and/or through large urban/built-up areas)1.  
 
We provide summary results for lynx, wolf, and pronghorn first by comparing the differences 
between the three scenarios - low, best, and high( see Table 3.12). Generally, as expected, the 
number of patches for a given scenario differs fairly largely between scenarios, as do the mean and 
minimum patch area. Also, as expected, the total area (and maximum patch size) identified as habitat 
within functionally defined patches is fairly robust, showing that there are key patches that remain 
important patches given the range of parameters. Map 19 demonstrates an example of results for the 
Lynx – High scenario. 
 

Table 3.12: Low, best and high scenario results for lynx, gray wolf and pronghorn. 
LYNX Patches Patch area No. Links 

Scenario Number Total Mean Min Max Std Dev. (bi-
directional) 

Low 2819 58067 20.5 0.2 2917 120.9 6723 
Best 489 56067 114.6 2.6 2962 285.0 1355 
High 144 48837 339.1 27.1 2986 444.5 401 

GRAY WOLF Patches Patch area No. Links 
Scenario Number Total Mean Min Max Std Dev. (bi-

directional) 
Low 540 114727 212.4 1.7 4950 538.9 1484 
Best 212 10301 514.2 18.4 4979 784.6 594 
High 94 96766 10294.3 192.3 4947 880.7 258 
PRONGHORN Patches Patch area No. Links 

Scenario Number Total Mean Min Max Std Dev. (bi-
directional) 

Low*  - - - - - - 
Best 3584 321935 89.8 0.8 7988.4 402.1 9501 
High 852 315407 370.1 9.9 8023.7 777.7 2378 

* Exceeded computational abilities. 

                                                 
1 In order to determine the potential reduction in connectivity due to expanding human land use and transportation 
networks, we would need to conduct further analyses that compare “natural” landscapes (an approximation of 1800s 
lands) to current (2000) and possible future land use and transportation (2020, 2030) scenarios. 
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Map 19: Connectivity map for lynx – high scenario. Patches of habitat are shown in green with highways 
(red) and other major roads (black) and county boundaries (gray). All linkages are shown by thin green lines, 
with the top 50 important linkages identified as thick yellow lines. 

Linking Colorado’s Landscapes, Phase I Report 99



 

We displayed the locations of the top 50 and top 100 (bi-directional) links for the best and high 
scenarios for each species (we did not consider the low scenario because there were too many 
linkages to consider fully at this time), and then found particular locations to be important across 
species (Map 20). 
 

Model Results 25 Jan 2005
Important Linkages
Species

Lynx

Pronghorn

Wolf

Major roads

Counties

 
 
Map 20:  Map showing the model results for lynx, wolf, and pronghorn. The approximate location of the top 
25-50 linkages for each species are displayed. Linkage importance is based on the degree of estimated 
movement among patches through linkages that reflects current conditions (i.e. land cover, land use and 
transportation network). Movement or connectivity between all pairs of patches (i and j) is roughly calculated 
as the area of patch j times the ratio of the area of patch i to its immediate neighbors, divided by the cost-
distance from patch j to i. 
 
 
Aquatic Fragmentation 
 
Fragmentation of freshwater aquatic systems by dams and reservoirs is displayed in Map 21. For 
streams that were not connected to a dam (which was the starting location of the cumulative distance 
grid), there may not be any value inside a watershed, so some watersheds are blank because there is  
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no data to show. Darker green colors depict watersheds that have lower average distance from a 
reservoir, and locations along the Front Range and the west side of the Continental Divide stand out 
as being fairly fragmented. Notably unfragmented watersheds along the Front Range are the Clear 
Creek, Huerfano, and Purgatoire drainages.  
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Map 21: A  map showing the fragmentation of freshwater aquatic systems by dams and 
reservoirs. For each watershed (8 digit HUC), the average distance (m) from the nearest 
reservoir along a stream is computed. Lower average distances (in green) signify a higher 
degree of fragmentation, whereas blue watersheds show areas with lower fragmentation. 

 
 
 C. Comparison of Workshop- and Model-Based Prioritizations 
 
To compare the model-identified linkages with the workshop-identified linkages, we created 
overlays for each of the three modeled species: lynx, wolf and pronghorn. To categorize the 
workshop-identified linkages into priority ranks, we used the following ranks: Very High = 4.5-5; 
High = 3.5-4.49; Medium = 2.5-3.49; Low = <2.5. The model-identified linkages were categorized 
according to the following cutoffs: Very High = 5th percentile; High = 5th-10th percentile; Medium = 
10th-15th percentile; Low = <25th percentile. 
 
For the purposes of this overlay, we used the ‘high’ scenario of patch structure for lynx and 
pronghorn. These scenarios assume a patch size and foraging radius an order of magnitude higher 
than our ‘best’ estimates. We chose to use the ‘high’ scenario because it assumes a lesser degree of 
fragmentation, resulting in larger patches and fewer data points (i.e., linkages) between them. 
However, because the ‘high’ scenario for wolf defines very few patches, we felt that the ‘best’  
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estimate provided a more reasonable number of patches and linkages, to which the workshop-
identified linkages could be compared.  
 
While the workshop participants focused on identifying the most critical linkages, the models 
identified all linkages for each species, resulting in substantially more model-identified than 
workshop-identified linkages. In addition, both the models and the workshop participants identified 
potential linkages, as opposed to only those that are currently in use. Linkages identified by the 
model beyond the edge of suitable habitat patches are artifacts of the modeling process and are not 
considered authentic linkages. These appear as linkages that ‘run’ into one another beyond the 
complex of suitable habitat patches, particularly in the wolf and lynx models. 
 
Forty linkages were identified for lynx in the workshop process. While the model identified 
significantly more linkages, four of the ‘very high’ or ‘high’-ranked linkages were identified by both 
processes: Wolf Creek Pass (#24); Monarch Pass (#16); Tennessee Pass/Freemont Pass (#13); and 
Kenosha Pass  (#40) – see Table 3.13; Map 22. Workshop participants also identified Guanella Pass 
(#3), Laskey Gulch/Jones Gulch (#38) and Dallas Divide (#21) as high or very high priority 
linkages. Laskey Gulch/Jones Gulch was identified by the model, but did not receive a high 
importance value. The low importance value is most likely because the model perceived I-70, the ski 
area and associated development as insurmountable barriers. Dallas Divide received a low 
importance rank in the model, while Guanella Pass was not identified at all. Four ‘very high’-ranked, 
model-identified linkages were not identified by workshop participants: eastern San Juans; Grand 
Mesa National Forest; West Elk Wilderness to Raggeds Wilderness; and Rawah Wilderness to 
Comanche Peak Wilderness and Neota Wilderness.  
 

Table 3.13: Correlation between model- and workshop-identified linkages for lynx. 
 Workshop-Identified Linkages 

Priority 
Rank* 

Very High High Medium Low Not Id’d 

Very High 2   2 4 
High  2  1 3 
Medium  1 3 3  
Low 1 3 2 4  M

od
el

-I
de

nt
ifi

ed
 

L
in

ka
ge

s 

Not Id’d 1   3  
* See the Results section of this report for information on how priority ranks were determined. 
 
Map 23 and Table 3.14 provide an overview of the model and workshop results for gray wolf. Broad 
linkage areas were identified for this species by the workshop participants, all of which were also 
captured by one or more linkages in the model. Both prioritization processes identified Wolf Creek 
Pass (#24) as ‘very high’. Another linkage through southern Routt County connecting the Gore 
Range to the Flattops Wilderness (#548) was identified in the workshop process as a single, broad, 
high-ranking linkage, while the model identified three separate linkages, ranked ‘medium’, ‘high’ 
and ‘very high’. The model also identified several very high-ranked linkages that were not identified 
during the workshops: crossing Hwy 145 south of Telluride; Hwy 550 between Durango and 
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Silverton; along the Continental Divide through the Collegiate Peaks; and I-70 near Downieville2. 
Overall, the model identified substantially more linkages for gray wolf –and consequently, more 
high-ranking linkages – than the workshop participants. 
 
Table 3.14: Correlation between model- and workshop-identified linkages for gray wolf. 

 Workshop-Identified Linkages 
Priority Rank Very High High Medium Low Not Id’d 
Very High 1     ** 
High  1 1   ** 
Medium 1   1  3 ** 
Low 1       ** 

M
od

el
-I

de
nt

ifi
ed

 
L

in
ka

ge
s 

Not Id’d         
* See the Results section of this report for information on how priority ranks were determined. 
** Numerous linkages were identified by the model. 
 
Workshop and modeling results for pronghorn showed the greatest discrepancy (Table 3.15; Map 
24). Model analysis identified numerous small patches and linkages amongst them, whereas the 
workshop participants disregarded some of the smaller-scale patchiness of the grasslands landscape, 
and instead defined larger core areas. As a result, workshop participants identified fewer linkages 
between major core areas (disregarding smaller scale patchiness within the cores), while the model 
identified linkages relative to a much finer scale of patchiness. Despite these differing views of 
landscape fragmentation, most of the workshop-identified linkages were also identified by the 
model. Linkages #156 in eastern Pueblo County and #163 in western Yuma County were identified 
as high priority by both the workshop and modeling tracks. 
 

Table 3.15: Correlation between model- and workshop-identified linkages for pronghorn. 
 Workshop-Identified Linkages 
Priority Rank Very High High Medium Low Not Id’d 
Very High   1 1  30+ 
High  1 2   50+ 
Medium 1   3 1 * 
Low    1 3 * 

M
od

el
-I

de
nt

ifi
ed

 
L

in
ka

ge
s 

Not Id’d 1 1  2  
* See the Results section of this report for information on how priority ranks were determined. 
** Numerous linkages were identified by the model. 

                                                 
2 This is also the area where the first known wolf in Colorado (since their extirpation from the state in the late 1930’s) 
was killed in May 2004. This linkage was not identified by the workshop participants – the wolf’s use of this linkage, 
and her subsequent death, occurred after the workshops took place.  
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IV: DISCUSSION 
 
 
A. High Priority Linkage Selection 
  
The Executive Committee met on October 25, 2004 to determine which linkages were the 
most critical for further in-depth analysis. Several considerations were factored into this 
final decision-making: the results of the workshop-based prioritization for large 
carnivores and ungulates; the model-based prioritization results; and information on 
additional circumstances that could either enhance or diminish the ability to maintain or 
restore functionality in a given linkage.  
 
The Executive Committee realized throughout this process the difficulties of producing a 
multi-species assessment that crosses multiple spatial scales and ecosystem types. Given 
the nature of this coarse-scale process, the committee decided to consider only the large 
carnivores and ungulates species groups for this iteration, thus using only a portion of the 
data collected to establish our immediate priorities for in-depth analysis in Phase II of 
Linking Colorado’s Landscapes. We do not have corroborative modeling data for the 
smaller species (small mammals, birds, amphibians and reptiles, and aquatic species), and 
it was determined that the final prioritization should be limited to the species for which 
we have more abundant and corroborative information. While it cannot be assumed that 
all of the critical connectivity needs for these other species are captured, we can assume 
that the large carnivore and ungulate linkages encompass some linkages for these species.  
 
Additional factors that informed the Executive Committee’s decision-making included: 
the presence of local partners that are prepared to engage in these efforts; stretches of 
roadway with frequent animal-vehicle collisions (based on reports filed by the Colorado 
State Patrol); the location of planned transportation projects projected by CDOT through 
2030; the complementary contributions that each linkage offered to network connectivity 
across the greater landscape; and the distribution of linkages across the state. While the 
biological assessment of linkages provides the foundation for high priority linkage 
selection, these additional considerations were included because the Executive 
Committee believed that the two prioritization processes alone did not encompass all of 
the necessary considerations for effective decision-making. 
 
These additional considerations were assessed as follows to determine how they might 
influence a given linkage’s standing in the prioritization. This combination of criteria was 
used to select high priority linkages, although a single linkage was not required to meet 
all of the criteria.  

o Is the linkage ranked ‘high’ or ‘very high’ in the workshop-based prioritization, 
and/or the model-based prioritization (if applicable)? 

o Are there established partnerships with local organizations that are already or 
could become engaged in further linkage analysis and linkage protection and 
restoration efforts? 
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o Are there projected roadway projects in the linkage, as identified by CDOT’s list 
of constrained projects in the 20-year plan3? 

o Are there a high number of animal-vehicle collisions on highways in the linkage 
area, as reported in Colorado State Patrol accident reports (Map 25)? 

o Does each selected linkage provide a complementary contribution to overall 
landscape connectivity across the state? 

 
Twenty-three linkages were thereby selected by the Executive Committee for more 
immediate action and in-depth analysis. The 23 high priority linkages were combined 
into 12 linkage complexes based on similar geography, species use, and partnership 
opportunities (Table 3.16; Map 26). This suite of linkages aims to capture landscape-
scale connectivity for a variety of native wildlife to satisfy long-term needs for genetic 
dispersal as well as seasonal and daily movements. Table 3.17 displays the results for 
each of the selected high priority linkages (by linkage complex) relative to the decision-
making criteria. The primary species for which a linkage was identified are listed here, 
although additional species may also utilize the linkage. The 12 linkage complexes are 
also described below. 
 
This coarse-scale, first iteration analysis provides a basis for immediate conservation 
action to prevent further degradation in what we have concluded to be among the most 
critical wildlife linkages in the state. Other linkages identified through these analyses 
may also have conservation significance (to maintain local connectivity, for example), 
and these data may prove useful to other people working on these issues in different 
areas. It should be noted that linkages identified both via the workshop and modeling 
processes are very coarsely mapped, and further analysis is required to refine the spatial 
extent of these linkages. The ‘linkage arrows’ displayed on the maps in this report 
indicate only the general location of these linkages4. The suite of high priority linkages 
will be the focus of additional in-depth analyses and conservation design efforts in Phase 
II of Linking Colorado’s Landscapes. 

                                                 
3 Corridor List of Constrained Projects (Draft), 0ct. 22 2004; http://arcimsexternal.dot.state.co.us/plansite/login.cfm
4 Although workshop participants coarsely sketched linkage areas, we elected to simply indicate these areas 
with arrows until finer-scale analysis can refine the linkage area. 
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Table 3.16: Linkages that comprise each of the high priority linkage complexes. 
High Priority Linkage 

Complex 
Linkage 

ID 
Linkage Name Focal Species 

1 Berthoud Pass lynx 
33 Vail Pass lynx 

Central Mountains Lynx 
Linkages 
 38 Laskey Gulch lynx 
Wolf Creek Pass 550 Wolf Creek Pass lynx; gray wolf 

217 US-285 mountain lion Denver West Foothills 
 515 Floyd Hill elk; mountain 

lion; mule deer 
74 Cherokee Ranch elk Douglas County Front 

514 I-25 Conservation Corridor black bear; elk; 
mountain lion 

76 Cedarwood Crossing elk 
507 Raton Pass black bear; 

mountain lion 

I-25 South (Pueblo to Raton 
Pass) 

509 Huerfano black bear; 
mountain lion 

500 Hwy 160 (Durango-
Mancos) 

black bear; elk; 
mule deer 

501 Hwy 550 (N. Durango) black bear; elk; 
mule deer 

Durango-San Juan Basin 

502 Hwy 160 (Durango-Pagosa 
Springs) 

black bear; elk; 
mule deer 

518 Meeker Hogback elk; mountain 
lion; mule deer 

529 Nine-Mile Gulch elk; mule deer 

Meeker to Craig (Hwy 13) 

532 Big Bottom elk; mule deer 
Monarch Pass-Poncha Pass 16 Monarch Pass- Poncha Pass lynx 
Montrose to Ridgeway 521 Hwy 550 (Montrose-

Ridgeway) 
elk; mountain 
lion; mule deer 

Boulder County Front 69 Winter Range Flats elk 
Lower Roaring Fork Valley 536 Aspen Glenn elk; mule deer 

156 Arkansas River pronghorn Pueblo County Pronghorn 
Linkages 157 (no name) pronghorn 

 
 
Central Mountains Lynx Linkages 
Focal Species: lynx 
Counties: Clear Creek, Eagle, Gilpin, Grand, Summit 
Three linkages at Vail Pass, Jones Gulch-Laskey Gulch, and Berthoud Pass provide 
north-south connectivity through the subalpine forests of the central mountains on either 
side of the Continental Divide. Developed resort areas, high levels of recreational use, as 
well as passenger and freight traffic constrict wildlife movement.  
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Wolf Creek Pass 
Focal Species: gray wolf, lynx  
Counties: Archuleta, Mineral, Rio Grande 
Spanning the continental divide, this linkage provides an important landscape connection 
for large carnivores between the high quality habitats of the South San Juan and 
Weminuche Wilderness areas. In addition to aiding the dispersal of the reintroduced lynx 
population, this linkage may also assist wolves in reestablishing their range in Colorado. 
Currently, wildlife movement across the pass is somewhat constrained by recreational 
activities and traffic on Hwy-160, but new developments at Wolf Creek and construction 
projects on Hwy 160 threaten to increase development impacts, traffic densities, and 
recreational use. 
 
 
Denver West Foothills
Focal Species: elk, mountain lion, mule deer 
Counties: Jefferson 
Two heavily trafficked highways (I-70 and Hwy-285) coincide with wildlife moving 
north-south through the foothills west of Denver. Animal movement through this area is 
highly constrained by the highways as well as the development of the adjacent urban and 
mountain communities. A large local elk herd presents potential safety problems for both 
wildlife and drivers. 
 
 
 Douglas County Front
Focal Species: elk, black bear, mountain lion 
Counties: Douglas 
These linkages lie at the fringes of the burgeoning Denver Metropolitan area and 
surrounding communities to the south. Connectivity among these otherwise isolated 
habitat remnants supports local dispersal movements of wildlife such as mountain lions, 
bears, and elk. County and local partners have already succeeded in protecting portions of 
the linkage habitat. 
 
 
Pueblo to Raton Pass (I-25) 
Focal Species: black bear, elk, mountain lion 
Counties: Huerfano, Las Animas, Pueblo 
Projected growth east of the Wet Mountains and Culebra Range in conjunction with an 
anticipated increase in passenger and freight traffic in the I-25 corridor threatens to 
further constrict wildlife movement between the large expanses of plains habitat to the 
east and foothills and mountain habitats to the west. Linkages at Raton Pass, Colorado 
City, and along the Huerfano Valley are targeted for their role in promoting bear, elk and 
mountain lion dispersal.  
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Durango-San Juan Basin 
Focal Species: black bear, elk, mule deer 
Counties: Archuleta, La Plata 
Linkages traversing Highway 160 east and west of Durango and Highway 550 north of 
Durango connect elk winter ranges and provide dispersal corridors for black bears. High 
incidences of animal-vehicle collisions and ongoing development throughout the basin 
underscore the importance of functioning wildlife linkages in this area. Proposed oil and 
gas development and associated infrastructure in the HD Mountains further threatens 
wildlife habitat connectivity in the basin.   
 
 
Meeker to Craig (Highway 13)
Focal Species: elk, mountain lion, mule deer 
Counties: Moffat, Rio Blanco 
Mule deer, elk and mountain lions risk crossing Highway 13 at Big Bottom, Nine-Mile 
Gap, creating major safety hazards for drivers traveling the highway. The linkages – 
connecting the White River National Forest to BLM lands to the west – currently allow 
some wildlife passage, but long-term genetic dispersal is compromised by frequent road 
mortalities. Ongoing oil and gas development also threatens the quality of these linkages.  
 
 
Monarch Pass-Poncha Pass 
Focal Species: lynx 
Counties: Chaffee, Gunnison, Saguache 
Spanning two mountain passes and connecting the Sawatch Range and Cochetopa Hills 
with the Sangre de Cristos, this linkage opens up access to large expanses of otherwise 
isolated habitat. Mountain lion and Gunnison sage grouse are also known to move across 
Poncha Pass, although further site- level analyses are needed to determine the precise 
connectivity needs for each of these species. Lynx dispersal through this area is 
compromised by winter recreation as well as the highways, which serve as a gateway for 
people accessing the central Colorado mountains.  
 
 
Montrose to Ridgeway (Highway 550) 
Focal Species: elk, mountain lion, mule deer 
Counties: Montrose, Ouray 
Large herds of deer and elk spend winter months in this river valley between the 
Uncompahgre Plateau and the Cimmaron Mountains. The linkage provides a refuge for 
these animals and also allows mountain lions to disperse between these large blocks of 
habitat to the east and west. Driver safety is of great concern along this stretch of 
highway between Montrose and Ridgeway, which is known as a location with a high 
frequency of animal-vehicle collisions. The San Juan Corridor Coalition is actively 
engaged in promoting the safe passage of wildlife through the linkage and encouraging 
driver awareness.  
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Lower Roaring Fork Valley  
Focal Species: elk, mule deer 
Counties: Garfield 
Year-round mule deer and elk movement through this linkage presents a potential safety 
concern for travelers along Highway 82 accessing the resorts and recreational activities 
around Aspen. The long-term impacts of continued road mortalities and a tightening 
bottleneck due to residential growth may degrade the health of these wildlife populations. 
 
 
Boulder-Lyons Front 
Focal Species: elk 
Counties: Boulder 
This linkage at the base of the foothills north of Boulder serves as a migratory corridor 
for elk herds around the Indian Peaks, as well as providing winter habitat and forage for 
these populations. Residential development, recreational activities and traffic on 
Highway 36 create a choke point for wildlife attempting to traverse the road, creating a 
potential safety hazard for drivers.  
 
 
 Pueblo County Pronghorn Linkages  
Focal Species: pronghorn 
Counties: Pueblo, Crowley 
These two linkages help to connect large blocks of pronghorn habitat across the plains 
east of Pueblo. Fencing across this grassland landscape in addition to development and 
highways heading east from Pueblos act as barriers to pronghorn, which rely on large 
open landscapes for forage and to escape from predators.
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Table 3.17: Characterization of the 12 high priority linkage complexes, including several factors that influenced selection of these linkages. 

Linkage Group 
Name 

Focal Species 
(Workshop) 

Workshop 
Prioritization1

Model 
Prioritization2

Local 
Partner-

ships 
Threat CDOT 

Projects3

Relative 
number of 

AVCs4

Central Mountains 
Lynx Linkage Lynx High High (Lynx, Wolf) Yes 

Highways; 
Development; 

Recreation 
Yes  Medium-Low

Wolf Creek Pass Gray Wolf, Lynx Very High Very High (Lynx, 
Wolf) Yes Development; 

Highway 
Yes (in 

progress) Low 

Denver West Foothills Elk, Mountain 
Lion, Mule Deer Very High Low (Wolf, 

Pronghorn) No Highway; 
Development Yes  High

Douglas County Front Black Bear, Elk, 
Mountain Lion High     Low (Pronghorn) Yes Development; 

Agriculture Yes Medium-High

I-25 South (Pueblo to 
Raton Pass) 

Black Bear, Elk, 
Mountain Lion High 

Low (Wolf); 
Medium 

(Pronghorn) 
No  Development

Yes – 
northern 
linkage 

Medium 

Durango-San Juan 
Basin 

Black Bear, Elk, 
Mule Deer High Low (Lynx, Wolf, 

Pronghorn) Yes Highway; 
Development Yes  High 

Montrose to Ridgeway 
(Highway 550) 

Elk, Mountain 
Lion, Mule Deer Very High Medium (Wolf); 

Low (Lynx) Yes  Highway; 
Development Yes  High

Meeker to Craig 
(Highway 13) 

Elk, Mountain 
Lion, Mule Deer High 

Medium 
(Pronghorn); Low 

(Lynx, Wolf) 
No Highway; Oil 

& Gas Yes  High

Monarch Pass – 
Poncha Pass Lynx High High (Wolf, Lynx) Yes  Recreation; 

Highway No  Low

Boulder-Lyons Front Elk      Medium Low (Pronghorn) Yes Highway No High

Lower Roaring Fork 
Valley Elk, Mule Deer Medium 

Medium-High 
(Wolf); Low 

(Lynx) 
Yes Highway; 

Development No  High

Pueblo County 
Pronghorn Linkages Pronghorn    Medium-High Very High 

(Pronghorn) No Development; 
Highway Yes Low

1Prioritization scores for workshop-identified linkages ranged from 0-5. Very High = 4.5-5; High = 3.5-4.49; Medium = 2.5-3.49; Low = <2.5. 
2Prioritization ranks for model-identified linkages determined such that, Very High = 5th percentile; High = 5th-10th percentile; Medium = 10th-
15th percentile; Low = <25 percentile. 
3A yes indicates that the stretch of highway (or a portion of it) is listed on the Constrained Projects list in CDOT’s 2030 Plan – this does not 
suggest that funding is already allocated. 
4Animal-vehicle collision data is derived from State Patrol Accident Reports.
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B. Future Research 
 
Inevitably, a project of this scale and scope uncovers numerous additional research needs 
that would boost our understanding of wildlife movement patterns and perceptions of 
connectivity. This first-iteration assessment of wildlife linkages in Colorado provides an 
opportunity to highlight these information gaps that we and others can build upon in the 
future. Following are several primary areas of research that would contribute significantly 
to our ability to protect and restore functional and evolutionary connectivity for the 
diversity of wildlife species that move across Colorado’s landscapes. 
 
Second-Iteration Assessment of Critical Wildlife Linkages: Linking Colorado’s 
Landscapes represents the most comprehensive assessment of wildlife linkages in 
Colorado to date. Through this process we have compiled extensive and complex 
information that have advanced our understanding of the current state of landscape 
connectivity. While this has been an impressive effort, the evolving science and changing 
landscape demand additional analysis.  A second-iteration assessment of wildlife 
linkages, built upon the foundation laid by Linking Colorado’s Landscapes would 
contribute significantly towards refining our first-iteration assessment. A second iteration 
should further incorporate multiple species and aquatic fragmentation (see below).  
 
Aquatic fragmentation: Aquatic fragmentation is inherently different than terrestrial 
fragmentation. Given the linear and constrained nature of aquatic systems, fragmentation 
has distinct consequences for the ecological processes that define these systems as well as 
the species that inhabit them.  

• What is the current state of aquatic fragmentation in Colorado and what are the 
impacts on native aquatic populations? 

• Given the impacts of dams and non-native species on native aquatic populations, 
how can aquatic systems be reconfigured to restore functional connectivity in 
areas where complete restoration to earlier natural conditions is impossible and 
perhaps unwise? 

• In what circumstances can we consider aquatic and terrestrial systems jointly? In 
what circumstances must each be considered individually?  

• Additional modeling to measure aquatic fragmentation should take into account 
roads. We believe it is important to develop an indicator that measures how 
roadways likely modify and fragment watersheds (not just streams). A common 
metric is to count the number of roads that cross rivers in a watershed. This metric 
is simple but does not consider the spatial distribution of the crossings (how close 
they are together, whether they are located high or low in a watershed) nor does it 
account for roads that are nearby – but do not cross – streams and rivers. Instead, 
we propose to develop a metric that weights the effect of a road based on its 
distance  to the nearest stream to which water would flow. Also, we would 
attempt to account for road use (volume of traffic and number of lanes), as well as 
the slope. 
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Species research: The movement patterns and connectivity needs of many of our native 
wildlife species remain only partially understood. Additional research on daily and 
seasonal dispersal movements, home ranges, and, in particular, where animals are 
attempting to cross roads and highways, and their responses to different types of barriers 
and crossing structures is needed.  A better understanding of the impacts of landscape 
fragmentation and the connectivity needs of wildlife with smaller home ranges and 
dispersal distances would be of great benefit to this project. 
 
Animal-vehicle collisions: This gap is not strictly a research need, as the lack of data is 
largely due to underreporting of collisions with wildlife by drivers, and the manner in 
which these data are collected. An outreach campaign to drivers is needed to educate 
drivers about the importance of reporting all collisions, regardless of property damages. 
SREP has begun to address this need via Colorado Wildlife on the Move, a public 
awareness campaign targeted on reducing animal-vehicle collisions.  
 
As a result of this project, SREP was able to work with CDOT to add species-specific 
information into the Animal-Vehicle Collision (AVC) database, which is based on 
accident reports filed by the State Patrol. In addition, SREP and CDOT have been 
working to refine and simplify the process for extracting existing species-specific AVC 
data. Ultimately, we hope to see improvements and nationwide standards for how these 
data are collected and compiled.5  
 
 
C. Lessons Learned  
 
The following points are ideas and lessons that were gleaned over the course of Phase I of 
this project. We hope that these thoughts will be of use to others who follow in our 
footsteps.  
 
Committed Core Team 

 The Executive Committee provided a critical component to the development and 
execution of Linking Colorado’s Landscapes. We found it essential to have a core 
team that was committed to the process to assist in project development, provide 
feedback and new perspectives, as well as technical expertise, and to connect the 
project manager to additional contacts and sources of information. It should be 
recognized that not all potential partners need to have a role on the core team at 
every step of the way. While efforts should be made regularly to keep interested 
parties updated, the efficiency of the core team should not be burdened by 
extraneous interests at this more conceptual stage of the project.  

 
 The core team should create a workplan for the entire process from the outset, 

including timelines and assignment of responsibilities. While this plan will likely 

                                                 
5 Patty Cramer at Utah State University is beginning  this task. For more information, she may be contacted 
at pcramer@cc.usu.edu 
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change as the project evolves, it will continue to provide guidance and ensure that 
all parties are aware of their responsibilities.  

 
Apply best available information 

 While we uncovered many information gaps throughout this process, we made 
every effort to seek out the most detailed and pertinent species data, and consulted 
with numerous species experts. Although uncertainty remains in the process, we 
feel that this project provides a reasonable first iteration, allowing data-backed 
conservation actions to commence, even in the face of uncertainty.  The inherent 
uncertainty of conservation work underscores the importance of ongoing 
monitoring and adaptive management in any project.  

 
Carefully Consider Workshop Design  

 A challenging question we encountered while planning the expert workshops was 
whether to hold one large statewide workshop, or to host several smaller 
workshops in locations around the state. Both of these options have positive and 
negative aspects. A major advantage of a single statewide workshop is that as a 
group, the participants are identifying linkages for the entire state, and at the end 
of the process they can review all of the identified linkages to produce a relative 
assessment of all of the linkages at once, in addition to identifying any gaps that 
may exist. Multiple regional workshops can result in overlapping data that can be 
confounding or invite unnecessary error into the process. However, without 
significant financial backing to defer participants’ travel costs, it may not be 
feasible to host a meaningful statewide workshop. 
 
Conversely, multiple regional workshops provide greater opportunities for people 
from all regions of the state to participate and encourages greater local 
participation. We chose this route, relying on the review process to address any 
necessary refinements. In either case, care must be taken to prevent 
inconsistencies among workgroups regardless of the number of workshops. 
Ultimately, the question becomes how to best collect standardized information 
while maximizing participation, the answer to which may vary from one situation 
to the next. 

 
 The data collected during any workshop is directly a product of the participants. 

In most cases it is not possible to bring every key expert to the table, but 
organization efforts should focus on encouraging key people to attend. This 
inherent variability also underscores the importance of corroborating the 
workshop information with other data. 

 
Consider Issues of Scale 

 This project was designed with the intention of providing a multi-species 
assessment of connectivity across multiple spatial scales. The stated goal was to 
consider a range of focal species to capture connectivity at a wide range of spatial 
scales, in recognition that different species perceive the landscape – and barriers – 
differently. Despite our dedication and persistence, the sheer volume and 
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complexity of data prevented the Executive Committee from ultimately taking all 
the compiled species information into consideration when selecting the final suite 
of high priority linkages for further analysis and mitigation.  
 
The primary lesson learned is that when undertaking a project of this scope, it is 
not practically feasible to address all systems and species simultaneously. The 
unique characteristics that contribute to the diversity of the landscape also 
demand individualized attention. We were able to compile data on a diverse array 
of species, but we found that we could not prioritize across all species 
simultaneously as it would be comparing apples to oranges. We therefore chose to 
consider only the linkages identified for large carnivores and ungulates in our 
final prioritization. Additional species will be taken into consideration at the site-
specific scale as we delve into the linkage analyses in Phase II.   

 
Simplify Data Collection and Compilation 

 While it’s tempting to collect as much information as possible from the experts 
while they are gathered together, that approach detracts from the primary 
objective of collecting information that contributes directly to linkage 
prioritization. The questionnaire should be simple and focused. It is worth 
sacrificing detail for consistency and completeness of information. We had a page 
of ‘optional questions’ (i.e., to be completed, time permitting), and naturally did 
not receive many responses to these questions. The Linkage Data Form would 
appear less intimidating if we had simply omitted any questions that were not 
essential for prioritization purposes.  
 It’s acceptable to leave out data for some analyses. Despite careful planning, it is 

inevitable that some non-integral data will be collected. These data are not 
useless, but nor should they be integrated into the prioritization simply because 
they are available. In our case, the prioritization scheme evolved over time and we 
found that a prioritization based on the species-specific questions (Section 1 of the 
Linkage Data Form) was too complex. We determined that it was better to limit 
the questions upon which the prioritization was based to the most simple and 
direct questions for a linkage (Questions 2.4 – 2.7 on the Linkage Data Form). 
Responses to other questions were used to further describe the identified linkages. 

  
 
D. Phase II, Linking Colorado’s Landscapes 
 
Phase I of Linking Colorado’s Landscapes provides a point of departure from which we 
can focus our site-specific analyses. The primary objective of Phase II is to provide in-
depth analyses of each high priority linkage. Based on this compilation of site-specific 
information we will provide recommendations for possible crossing structures, 
management alternatives, and other measures to improve permeability in these linkage 
areas. Phase II planning and activities will be coordinated and advised by a central 
steering committee consisting of representatives from each of the partnering agencies, 
institutions and organizations.  
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Linkage analysis will determine additional species that utilize the linkage; identify 
specific crossing areas; asses land ownership and management within the linkage; and 
evaluate existing features that facilitate or impair movement. In addition to crossing 
structures, on-the-ground mitigation work must ensure that once having crossed a road, 
there is sufficient and adequately protected habitat so that an animal can continue to 
safely disperse across the landscape. Such protection activities could include working 
with local non-profit organizations to purchase development rights on key private 
properties, promoting appropriate public lands management, or assisting communities in 
making informed decisions to avoid conflicts in important wildlife corridors. The 
resulting linkage assessment packages and recommendations will be distributed in spring 
2006, and will serve as a guide for CDOT and other local and regional transportation 
planners, community leaders, and conservationists working to develop more wildlife-
friendly landscapes and transportation networks. 
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APPENDIX B: Selected Focal Species and Justification for Inclusion 
 

Common Name Scientific Name Justification for Selection 
AVIFAUNA: In general, the mobility of many birds and their natural adaptations to heterogeneous environments (H. Swanson, personal 
communication, Feb. 16, 2004) often renders them inappropriate as indicators of connected landscapes. However, the following narrow 
endemics were selected because they are non-migratory, susceptible to fragmentation, dependent on intact habitats, and occupy specific, non-
overlapping ranges. 
Greater Prairie 
Chicken Tympanuchus cupido Sensitive to human activity, including agriculture and livestock grazing. 

Restricted to northeastern Colorado (Jones 1998). 

Greater Sage Grouse Centrocercus 
urophasianus 

Dependent upon broad, continuous stretches of homogenous sagebrush habitat 
primarily in northwestern Colorado (Levad 1998). 

Gunnison sage grouse Centrocercus 
minimus 

Good indicators of large, healthy sagebrush habitats; Limited range extends 
through the Gunnison Basin and western Colorado. Very sensitive to both within- 
and between-population fragmentation and easily disturbed at leks and nesting 
sites (Fitzgerald et al 1994; D. Klute, personal communication, Dec. 2003). 

Lesser Prairie 
Chicken 

Tympanuchus 
pallidicinctus 

Threatened population in Colorado particularly sensitive to fragmentation of 
sandsage/grassland habitat (Winn 1998). 

REPTILES AND AMPHIBIANS: The selection of amphibian and reptilian focal species is aimed at capturing connectivity at a scales 
appropriate for species with shorter dispersal movements. Individual mortality even on small roads with high traffic volumes can adversely 
impact population viability for amphibians and reptiles (Jackson 2000).  

Tiger salamander Ambystoma tigrinum 

Demonstrated sensitivity to road mortality during migration in areas of 
population concentrations. Particularly sensitive to road impacts adjacent to 
ponds.  Generally vulnerable due to low agility, slow-moving, large migrations 
across roads (Hammerson 1999) 

Boreal Toad Bufo boreas 

Captures small-scale, mid-elevation connectivity within subalpine forest, 
marshes, wet meadows, streams, etc. of the Rocky Mountains. Declining 
populations exacerbated by habitat destruction and degradation such as road 
construction, resource extraction, and recreation (Loeffler 2001). 

Short-Horned Lizard Phyrynosoma 
hernandesi 

Occupies broad geographic range at low- to mid-elevations and various sage, 
shrub and open forest habitats. Indicator of fragmentation on rangeland (much 
preferred habitat corresponds to areas used for livestock grazing) and 
fragmentation due to oil and gas exploration /development (Hammerson 1999).  
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Common Name Scientific Name Justification for Selection 

Gopher Snake Pituophis catenifer 
 

Tolerant of some habitat alteration, although large numbers of these beneficial 
predators are killed on roads, particularly in agricultural areas (Hammerson 
1999), and movement patterns predispose it to road mortality (J.B. Grant, 
personal communication, Dec. 2003) across a wider variety of plains, riparian, 
shrubland, woodland and agricultural habitats.  

Western Chorus Frog Psuedacris triseriata Representative of small-scale connectivity between uplands and wetland areas (E. 
Muths, personal communication, Dec. 2003).  

Northern Leopard 
Frog Rana pipiens 

Indicator of small-scale connectivity in riparian areas. Populations are 
widespread, if scarce. in Colorado, and individuals are known for occasional 
long-distance (3 km) movement from wet or riparian areas (Hammerson 1999). A 
well-studied organism that is known to be affected by roads (J.B. Grant, personal 
communication, Dec. 2003).  

MAMMALS 

Pronghorn Antilocapra americana 

Migratory species with mid-large home range requirements is representative of 
connectivity across large expanses of grassland and shrubland habitats (B. Miller, 
personal communication, Dec. 2003). Habitat is affected by highways, railroads, 
substandard fences and human development (SREP 2003). 

Coyote Canis latrans 

Wide-ranging habitat generalist that is quite tolerant of human activity – selected 
to capture the outer extent of tolerance to fragmentation in urban areas and 
because of their potential top-down role in fragmented systems (Crooks and 
Soulé 1999; Crooks 2002).   

Gray Wolf Canis lupus 

Good indicator of remote, large, intact wilderness due to demonstrated road 
avoidance behavior and sensitivity to road density (Fitzgerald et al 1994; Thurber 
et al 1994; Wydeven et al 2001). Can occupy a variety of habitats in Colorado 
from mountains to plains (B. Miller, personal communication, Dec. 2003).  

Elk Cervus elaphus 

Represents a large number of wildlife species that are dependent upon early 
successional habitats. Important game species and frequent victims of vehicular 
collisions in areas of population concentrations and across migratory routes.  Elk 
are also important food source for predators such as wolves and mountain lions.  
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Common Name Scientific Name Justification for Selection 

Gunnison’s Prairie 
Dog Cynomys gunnisoni 

Represents small-scale connectivity in mid-elevation valleys and plateaus in the 
Gunnison Basin and southwestern Colorado. Colonies subject to fragmentation 
and road mortality (L. Grunau, personal communication, Dec. 2003).  

White-Tailed Prairie 
Dog Cynomys leucurus 

Represents small-scale connectivity of semidesert shrubland habitats in 
northwestern Colorado. Colonies create an environment that is important to 
numerous additional vertebrate species (Campbell and Clark 1981). 

Black-Tailed Prairie 
Dog Cynomys ludovicianus 

Represents small-scale connectivity across the plains of eastern Colorado. 
Colonies create an environment that is important to numerous additional 
vertebrate species (Campbell and Clark 1981). 

Wolverine Gulo gulo 

Current status in Colorado uncertain, although populations may be reintroduced. 
Captures dispersal across very large home ranges and in alpine areas. Extremely 
low population densities render the species particular sensitive to road mortaliy 
(L. Grunau, personal communication, Dec. 2003).  

Canada Lynx Lynx canadensis 

Large home ranges and high mobility captures connectivity in structurally 
dynamic coniferous forests along the spine of the Rockies (B. Miller, personal 
communication, Dec. 2003). Good indicator for species requiring wilderness-
quality habitat. Low density populations are sensitive to vehicular collisions, and 
home ranges may be affected by avoidance of major highways (Ruediger et al 
2000) 

Bobcat Lynx rufus 
Represents connections between mountains and plains and indicator of 
connectivity at moderate levels of fragmentation (Crooks 2002). Documented 
road avoidance behavior for bobcat in Wisconsin (Lovallo and Anderson 1996).  

American Marten Martes Americana 
Demonstrated avoidance of open areas without structural cover suggests the 
species is a good indicator of connected forested habitats with continuous 
overhead cover (Buskirk and Ruggiero 1994).  

Mule Deer Odocoileus hemionus 
Important game animal that migrates between summer (higher elevations) to 
winter ranges (lower elevations). Loss of winter range results from land 
conversion, road construction, housing developments, etc (Lehnert et al 1996). 

Mountain Lion Puma concolor 
Top predator and a good indicator of large-scale connectivity between 
mountainous and plains environments (Crooks 2002). Habitat generalist that 
represents habitats with good cover for concealment (Sweanor et al 2000) 
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Common Name Scientific Name Justification for Selection 

Grizzly Bear Ursus arctos 

Wide-ranging species with documented road avoidance. Dispersal is affected by 
human activities and high volume roads, suggesting importance of linkages. 
(Chruszcz et al 2003). Where bears persist (outside of Colorado), they have been 
extirpated from lowland areas with high human use and development. 

Meadow Jumping 
Mouse Zapus husdonius Indicative of structurally complex riparian habitats and long distance (50 stream 

miles) connectivity of riparian habitat (Clippinger 2002). 
ECOLOGICAL SYSTEMS 

System Type Justification for a Systems Approach 

Aquatic Systems 

River and streams inherently provide corridors linking aquatic communities. 
Fragmentation in these linear systems is distinct form terrestrial fragmentation in 
both its causes and impacts. For example, dams are unique to aquatic systems and 
may have both positive (e.g., prevent passage of exotic species into key areas) 
and negative impacts (e.g., isolate native populations, channelization changes 
hydrological flow regimes, which can affect floodplain vegetation, bird 
communites etc ), depending on their size and location within a stream network. 
Aquatic linkages highlight areas where aquatic systems have been adversely 
fragmented (by diversions, dams, pollution, etc.), or where retaining connections 
(e.g., within a network of headwater streams) is important for native populations.  

Riparian Systems 

Research has shown that riparian areas provide important components of foraging 
and movement habitat to a variety of terrestrial wildlife species. These areas 
generally provide more food and security than other cover types and act as natural 
corridors facilitating the movement of terrestrial species through both natural and 
human-altered landscapes (Servheen et al 2003).   
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APPENDIX C: Species Expert Consultants 
 
 
The following people provided scientific expertise and recommended species for 
consideration as focal species. Based on these recommendations, the Executive 
Committee selected the final suite of focal species.  
 
 

Name Title and Affiliation 
Dave Armstrong Professor of Ecology and Evolutionary Biology and 

useum Associate Curator, University of Colorado M
 

Norm Clippinger Research Associate of Ecology and Evolutionary 
Biology, University of Colorado 
 

Kevin Crooks Assistant Professor of Fisheries and Wildlife Biology, 
olorado State University C

 
David Gaillard P

 
rogram Associate, Predator Conservation Alliance 

Jacqueline Bonnie Grant The Nature Conservancy Postdoctoral Fellow, Colorado 
tate University S

 
Scott Gillihan  Deputy Executive Director, Rocky Mountain Bird 

bservatory O
 

Lee Grunau Conservation Planner, Colorado Natural Heritage 
rogram P

 
David Klute All-Bird Conservation Coordinator, Colorado Division  

of Wildlife 
 

Fritz Knopf Research Wildlife Biologist – Species and Habitats of 
ederal Interest, U.S. Geological Survey F

 
Boris Kondratieff Professor and Curator of Entomology, Colorado State 

University 
 

Brian Miller Coordinator of Conservation Biology, Denver Zoo 
 

Erin Muths Zoologist – Species and Habitats of Federal Interest, U.S. 
eological Survey G

 
Tom Nessler Aquatic Biologist – Nongame and Native Fish Recovery, 

Colorado Division of Wildlife 
 

Chris Pague S
 

enior Conservation Ecologist, The Nature Conservancy 

Heather Swanson Ph. D. Candidate, Department of Ecology and 
Evolutionary Biology, University of Colorado, Boulder 
 

John Sovell Team Leader and Invertebrate Zoologist/Ecologist, 
Colorado Natural Heritage Program 
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APPENDIX D: Workshop Participants 
 
 
First Name Last Name Affiliation 
John Alves Colorado Division of Wildlife 
Tim Armstrong Adams State College  
Mark Ball U.S. Forest Service  
Chad Bishop Colorado Division of Wildlife 
Fred Bunch National Park Service 
Rick Bunn U.S. Army - Fort Carson 
Erik Brekke Bureau of Land Management 
Lonnie Brown Colorado Division of Wildlife 
Christine Canaly San Luis Valley Ecosystem Council 
Douglas Clark Bureau of Land Management 
Amanda Clements Bureau of Land Management 
Richard Compton White River Conservation Project 
Sarah Coulter San Juan Corridors Coalition 
Harry Crockett Colorado State University 
Kevin Crooks Colorado State University 
Rob Edward Sinapu 
Jim Eussen Colorodao Department of Transportation 
Thomas Fresques Bureau of Land Management 
Randy Ghormley U.S. Forest Service 
Keith Giezentanner U.S. Forest Service 
Greg Glasgow U.S. Forest Service 
Natasha Goedert U.S. Forest Service 
Art Goodtimes San Miguel County Commissioner 
Lee Grunau Colorado Natural Heritage Program 
Loren Hettinger J.F. Sato Consultants 
Dave Hoerath Boulder County Parks and Open Space 
Bob Holder Colorado Division of Wildlife 
Tom Holland U.S. Forest Service 
John Holst Colorado Department of Transportation  
Scott Hoover Colorado Division of Wildlife 
Carol Howe U.S. Forest Service 
Elizabeth Humphrey U.S. Forest Service 
Shirley Jentsch San Juan Corridors Coalition 
Tina Jackson Colorado Division of Wildlife 
Kevin Kaczmarek Colorado Division of Wildlife 
Laurel Kagan-Wiley U.S. Forest Service 
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First Name Last Name Organization 
John Kleopfer U.S. Fish and Wildlife Service 
Glenn Klingler Bureau of Land Management 
David Klute Colorado Division of Wildlife 
Boris  Kondratieff Colorado State University 
Dennis Lowry U.S. Forest Service 
Jonathan Lowsky Pitkin County Open Space 
Scott Ludwig U.S. Forest Service 
Peggy  Lyon Colorado Natural Heritage Program 
Peter McDonald U.S. Forest Service 
Megan McGuire Bureau of Land Management 
Megan McLachlan Rocky Mountain Bird Observatory 
Louanne McMartin U.S. Fish and Wildlife Service 
Carron Meaney Denver Museum of Natural History 
Alison Michael U.S. Fish and Wildlife Service 
Lisa Modica The Nature Conservancy 
Reed Morris Colorado Wilderness Network 
SeEtta Moss Arkansas Valley Audubon Society 
Kirk Navo Colorado Division of Wildlife 
Betsy Neely The Nature Conservancy 
Tom Nesler Colorado Division of Wildlife 
Ann Oliver The Nature Conservancy 
F. Yates Oppermann Colorado Department of Transportation 
Chris Pague The Nature Conservancy 
Gary Patton U.S. Forest Service 
Mark Pearson San Juan Citizens Alliance 
Jana Pederson J.F. Sato Consultants 
Brad Petch Colorado Division of Wildlife 
Jeff Peterson Colorado Department of Transportation 
Phyllis  Pineda National Park Service 
Jonathan Proctor Predator Conservation Alliance  
Francie Pusateri Colorado Division of Wildlife 
Claudia Regan U.S. Forest Service 
Allan Reishus Rocky Mountain Elk Foundation; Ducks Unlimited 
Paul Robertson The Nature Conservancy 
Doug Robinson Rocky Mountain Elk Foundation 
Renee Rondeau Colorado Natural Heritage Program 
Anne Ruggles Bear Canyon Consulting, LLC 
Jennifer Seidenberg Colorado Environmental Coalition 
Robin Sell Bureau of Land Management 
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First Name Last Name Organization 
Sloan Shoemaker Wilderness Workshop 
Jean Smith Upper Arkansas and South Platte Project 
John Sovell Colorado Natural Heritage Program 
Clay Speas U.S. Forest Service 
Gary  Spinuzzi Colorado Department of Transportation 
Alan Staehle Ouray 
John Stansfield Sierra Club 
David Stern  Denver Zoo 
Lorraine Streckfus Central Colorado Wilderness Coalition 
Linda Sweanor University of California at Davis 
Dave Theobald Colorado State University 
Ron Torretta U.S. Forest Service 
Arnie Valdez Land Rights Council Project 
Joe Vieira Bureau of Land Management 
Allen Vitt Colorado Division of Wildlife 
Kent Walter Bureau of Land Management 
Bruce Watkins Colorado Division of Wildlife 
Ron West Colorado Natural Areas Program 
Dana Winkelman Coloardo State University Co-op Unit 
Melanie Woolever U.S. Forest Service 
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APPENDIX E: Workshop Information and Data Collection Form 
 
 
Workshop Dates and Locations 
 
Each workshop was preceded by a public information session held the evening before the 
workshop. These information sessions provided an opportunity for SREP to introduce 
Linking Colorado’s Landscapes to community leaders, other stakeholders and interested 
individuals. 
 
Fort Collins 
 Public Information Session: Elks Lodge, Wednesday, March 31, 7:00 - 8:00 p.m.  
 Expert Workshop: Elks Lodge, Thursday, April 1, 8:00 a.m. – 5:00 p.m. 
 
Meeker 
 Public Information Session: Fairfield Center, Wednesday, April 7, 7:00 - 8:00 p.m.  
 Expert Workshop: Fairfield Center, Thursday, April 8 , 8:00 a.m. – 5:00 p.m. 
 
Pueblo 

Public Information Session: Greenway and Nature Center of Pueblo, Monday 
April 12, 7:00 - 8:00 p.m.  

Expert Workshop: Greenway and Nature Center of Pueblo, Tuesday April 13 , 
8:00 a.m. – 5:00 p.m. 

 
Montrose 

Public Information Session: Montrose Public Library, Monday May 3, 7:00 - 8:00 p.m.  
Expert Workshop: Ute Indian Museum, Tuesday May 4 , 8:00 a.m. – 5:00 p.m. 

 
Alamosa 

Public Information Session: Adams State College, Wednesday May 5, 7:00 - 8:00 p.m.  
Expert Workshop: Medano-Zapata Ranch (The Nature Conservancy), Thursday 

May 6, 8:00 a.m. – 5:00 p.m. 
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Linkage Description Worksheet: Focal Species

Linkage ID Number:______________
Workshop Location: _______________________                  

Workshop Date: ___________________________

SECTION 1: PLEASE COMPLETE THIS SECTION FOR EACH FOCAL SPECIES

FOCAL SPECIES

1.
1.1.

(Check all that apply) Breeding habitat
Migration
Dispersal
Feeding
General habitat

1.2.

1.3.

1.4.

Highways/roads
Urban/Suburban/Exurban 
Development
Utility corridors/pipelines
Recreational Facilities 
and/or Use
Agriculture/Grazing
Gaps in habitat cover
Large Rivers
Topography
Dams/Hydrologic 
alterations
Other:____________

one individual; 3 = supports small population; 4 = 
support ecologically effective population

Is the habitat patch area sufficient in size to support 
an ecologically effective population of the focal 
species? RANK 1-4, where 1 = smaller than average 
home range; 2 = home range for at least

What are the most significant impediments or 
barriers to animal movement within the linkage? 
(RANK the threat to connectivity that each barrier 
presents, i.e., very high, high, medium, low, or N/A ).

     Patch 1 + Patch 2 + Linkage

            Priority Rank: 

     Habitat Patch 1 ID #_____________________

     Habitat Patch 1 ID #______________________
     Habitat Patch 2 ID #______________________

Habitat patch quality, relative to the focal species 
that utilize it (for each core patch select unimpacted , 
somewhat impacted  or impacted ):

     Habitat Patch 2 ID #______________________

Linkage Use: 
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Linkage Description Worksheet: Focal Species

Linkage ID Number:______________

1.5.

1.6.

(Check all that apply) Contiguous habitat cover
Dirt Roads
Riparian Habitat
Underpasses/Bridges/ 
Culverts
Topography/Drainages
Waterways
Other:____________

1.7.

(Select ONE) High Quality
Constrained Linkage
Choke Point Linkage
Missing Linkage

1.8.
(Check all that apply) Fire

Hydrology
Predation
Seed Dispersal
Mature Forest
Other:____________

1.9.

1.10.

Ecological Restoration and 
Mitigation
Political Buy-in
Financial Cost

1.11.

with a unique ID number (e.g., X-101, X-102), and note 
mile markers or other distinguishing characteristics.

What is the current functionality of the linkage 
relative to the focal species?

How important is this linkage for this focal species? 
Choose 1 (somewhat important) to 5 (very important)

Are there any specific highway/road crossing areas 
or dams that are important to the focal species? 
Please identify these here and on the map 

What existing features (natural or man-made) 
facilitate species movement in this linkage? 

What are the primary information gaps and research 
needs for this linkage, relative to the focal species 
that utilize it? Note if future studies are planned. 

Associated Ecological Processes:

For each of the following categories, how much 
effort/cost is required to restore the functionality of 
the linkage? RANK each from 1 (low) to 5 (extensive).
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Linkage Description Worksheet: General

Linkage ID Number:______________

SECTION 2: PLEASE ANSWER ALL OF THE QUESTIONS IN THIS SECTION

2.1. List names of experts filling out this worksheet:

2.2. Linkage Name:

2.3. For which additional focal species is this linkage important? Please list.

2.4. Score the conservation priority of this linkage:

2.5. Is the linkage currently ecologically functional?

2.6. What is the degree of future threat to this linkage?

2.7. How would you rank the conservation opportunity for this linkage?

2.8. Who are the key contacts for this linkage?

2.9. What scientific documentation supports the nomination of this linkage?
List reports, studies, published papers

     1                     2                     3                     4                     5  
None                                    Medium                                   Very High

     1                     2                     3                     4                     5  
Somewhat                             Important                                    Very

     1                     2                     3                     4                     5  
Non-functional                  Partially Functional                         Very Functional

     1                     2                     3                     4                     5  

AffiliationName

No Threat                               Medium                                    Highly Threatened
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Linkage Description Worksheet: General

Linkage ID Number:______________

SECTION 3: PLEASE ANSWER THE QUESTIONS IN THIS SECTION AS TIME PERMITS

3.1. With what degree of scientific certainty is this linkage proposed?

     1                     2                     3                     4                     5  
   Low                                     Medium                                    High

3.2. What is the primary reason for selecting this linkage? (select all that apply)

____Irreplaceable Link ____At-Risk Species Link
____Multi-Species Link ____Other___________________
____Landscape-Level Link

3.3. If the proposed linkage requires restoration to be functional, are there any know detrimental 
effects that are likely from restoring this linkage?

____No Effect
____Effect. Please Describe:

3.4. What is the ownership of land in habitat patches connected by proposed linkage?

Protection Level
% of Habitat Patch 1 % of Habitat Patch 2
ID #____________ ID #____________

Conservation ownership and management
Public ownership, non-conservation land
Private ownership, non-conservation land
Tribal

3.5. What is the ownership of land within the proposed linkage?

Protection Level % of Linkage
Conservation ownership and management
Public ownership, non-conservation land
Private ownership, non-conservation land
Tribal

3.6. Describe any component of the linkage that has not been covered elsewhere.
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LINKAGE DATA FORM: 

REFERENCE SHEET 
 
 
SECTION 1  
 
1.1. Linkage Use: 

For each focal species, note whether the linkage is used for breeding habitat, 
migration, dispersal, feeding and/or general habitat.  
 

1.2. Is the habitat patch area sufficient in size to support an ecologically effective 
population of the focal species? 

Note the ID number for each habitat patch, and then rank 1-4 for each 
habitat patch individually and the connected patches (patch 1 + patch 2 + 
linkages), according to the following definitions: 
 
1 = The area is not large enough to support the average home range of an 
individual animal.  
 
2 =  The are is large enough to support the average home range of at least 
one individual, but is not large enough to support a population. For example, 
the patch supports home ranges for 1-10 individuals. 
 
3 =  The area is large enough to support a small population that, in isolation, 
may not be viable over the long-term. For example, the patch supports home 
ranges for less than 50 individuals.  
 
4 =  The area is large enough to support an ecologically effective population 
in isolation.  
 

1.3. Habitat patch quality, relative to the focal species that utilize it: 
Note the ID number of each habitat patch, and select unimpacted, somewhat 
impacted, or impacted according to the following definitions: 
 
Unimpacted = Dominated by natural vegetation, relatively unfragmented, 
supports habitat for diverse array of native species, high area to perimeter 
ratio, low to moderate levels of urbanization and agriculture.  
 
Somewhat Impacted = Native vegetation has been affected by human 
activities, with apparent fragmentation by roads, highways, urbanization and 
agriculture, etc., but habitat is readily restorable given dedicated 
intervention. “Readily restorable” means that the area still supports native 
soils and sufficient native vegetative propagules (e.g., seed sources) that 
degraded habitat areas can be returned to natural vegetative composition 
with passive or some active habitat management. This might include fallow 
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agricultural fields, but would generally exclude extensive cut or fill slopes, 
paved areas, and highly compacted soils. 
 
Impacted = Natural habitat is compromised by human activities, with 
obvious fragmentation. Restoration is feasible, but may be cost prohibitive. 
Focal species may be in danger of extirpation due to habitat degradation and 
fragmentation. 
 

1.4. What are the most significant impediments or barriers to animal movement 
within the linkage? 

Rank the degree of threat that each barrier presents to the movement of the 
focal species. Note existing barriers as well as proposed new barriers and 
changes to existing barriers that further alter the connectivity function of the 
linkage.  
 
Low = Threat is unlikely or likely to only slightly impair connectivity 
function in a limited portion of the linkage. Threat is reversible and requires 
only limited mitigation/restoration. Examples may include cattle grazing in 
a portion of a linkage or low level, non-motorized recreation. 
 
Medium = Threat is likely to moderately degrade connectivity function of 
the linkage. Threat abatement is feasible, but may require more active 
restoration. Examples may include some channel alterations or low-density 
development. 
 
High = Threat is likely to seriously degrade connectivity function of the 
linkage. Threat abatement is feasible, but requires intense intervention. 
Examples may include development of recreational facilities (e.g., ski area, 
golf course), or road expansion. 
 
Very High = Threat is likely to irreversibly eliminate the linkage. Examples 
may include high-density residential or commercial development, highway 
expansion, or dams in critical locations. 
 

1.5. Are there any specific highway/road crossing areas or dams that are important 
to the focal species? 

Please identify highway and road crossings on the map with a unique ID 
number (e.g., X-101, X-102), and note mile markers or other distinguishing 
characteristics on the form. These may be existing structures or areas 
lacking crossing structures, but where the focal species attempts to traverse. 
 

1.6. What existing features (natural or man-made) facilitate species movement in 
this linkage? 

Identify linkage features that facilitate movement for the focal species, such 
as contiguous habitat cover, dirt roads, riparian habitat, underpasses or 
bridges, waterways, and topographic features such as drainages. 

Appendix E: Workshop Materials 



 
1.7. What is the current functionality of the linkage: 

 
High Quality Linkage = Linkage habitat is healthy, dominated by native 
species, and requires little active management to maintain. Linkage is 
basically an extension of habitat connecting two habitat patches. Contains 
cover/habitat for focal and other wildlife species that facilitates animal 
movements and other essential flows between different sections of the 
landscape. 
 
Constrained Linkage = Most of the habitat in the linkage is healthy, but may 
it may be fragmented (e.g., roads, dams, high density residential or urban 
areas or other man-made features that degrade connectivity), but it still 
contains a high proportion of natural area. Road kills may be common 
within the linkage, and some restoration/mitigation is required to improve 
the connectivity function of the linkage 
  
Choke-Point Linkage = A narrow, impacted, or otherwise tenuous habitat 
linkage between habitat patches. The linkage currently has a low natural area 
to total area ratio, and most of the habitat in the linkage requires restoration to 
support viable populations of the focal species. This linkage may experience 
higher levels of road kill. 
  
Missing Linkage  = A highly impacted area currently providing essentially 
no connectivity function (due to intervening development, roadway, dams, 
etc.), but based on location and connectivity function, one that is critical to 
restore for the focal species noted above. 

 
1.8. Associated Ecological Processes: 

Are there ecological processes upon which the focal species is dependent or 
which the focal species perpetuates, such that if the focal species population is 
healthy, can we assume that these processes are also proceeding unimpeded. 
 

1.9. How important is this linkage for the focal species? 
Evaluate the significance of the role that this linkage plays in providing 
connectivity for the focal species, and the degree to which it provides an 
irreplaceable connection to the focal species. 1 is somewhat important 
(linkage provides some connectivity benefit) and 5 is very important 
(linkage is critical to providing individual and population level connectivity 
for the focal species). 
 

1.10. For each of the following categories, how much effort/cost is required to 
restore the functionality of the linkage? 

Rank the degree of ecological restoration/mitigation required to restore 
linkage functionality, the amount of political-buy in needed to actualize 
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linkage restoration/mitigation activities, and the estimated cost of 
restoration/mitigation, where 1 is low and 5 is extensive 
 

1.11. What are the primary information gaps and research needs for this linkage, 
relative to the focal species that utilize it? 

Note specific gaps relative to the focal species use of the linkage, and future 
planned studies. 
 

SECTION 2 
 
2.1. List the names of the experts filling out this worksheet: 

Please list the first and last names, of each person contributing information 
regarding this linkage. 
 

2.2. Linkage Name: 
Name the linkage after the habitat patches, protected areas, or mountain 
ranges that the linkage is intended to connect. For example, a linkage 
intended to connect Holy Cross Wilderness and Eagle’s Nest Wilderness 
would be ‘Holy Cross-Eagle’s Nest’. 

 
2.3. For which additional focal species is this linkage important? 

Please list additional focal species that utilize this linkage. If the 
connectivity needs of these focal species are captured by the species for 
which Section 1 of the Linkage Data Form was completed, then Section 1 
need not be completed for these species. 
 

2.4. Score the conservation priority of this linkage. 
Evaluate the biological significance of this linkage where 1 is somewhat 
important and 5 is very important. (Note: this ranking scheme assumes that 
‘unimportant’ linkages are not be considered at all). 

 
2.5. Is the linkage currently ecologically functional? 

Evaluate the current degree of functionality, where 1 is non-functional and 5 
is highly functional 

 
2.6. What is the degree of future threat to this linkage? 

Evaluate the degree of future threat to this linkage, where 1 is not threatened 
and 5 is highly threatened. 
 

2.7. How would you rank the conservation opportunity for this linkage? 
Note specific opportunities or contacts, if known, or conversely, any known 
hindrances to conservation of this linkage. 
 

2.8. Who are the key contacts for this linkage? 
Note the name and affiliation of participants or non-participants who are 
most knowledgeable about this linkage.  
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2.9. What scientific documentation supports the nomination of this linkage? 
Provide any citations or anecdotal evidence for field studies, reports, or 
published papers demonstrating use of the linkage. 
 

 
 

 
SECTION 3 
 
3.1. With what degree of scientific certainty is this linkage proposed? 

Evaluate your confidence in proposing this linkage, such that 1 is low 
certainty and 5 is very certain. Consider, how confident are you of focal 
species use of this linkage, and of the linkage’s role in supporting both 
individual and population-level connectivity? 

 
3.2. What is the primary reason for selecting this linkage? (Select all that apply) 

 
Irreplaceable Link = This is an irreplaceable link for connectivity between 
two habitat patches, as no other connections or potential connections exist.  
 
Multi-Species Link = This is an important linkage area for multiple species 
in different taxonomic groups.  
 
Landscape-Level Link = This is a key linkage within the network of habitat 
patches and linkages, and/or it is part of an important linkage to adjacent 
ecoregions. 
 
At-Risk Species Link = Linkage provides connectivity for at-risk species.  
 

3.3. If the proposed linkage requires restoration to be functional, are there any 
know detrimental effects that are likely from restoring this linkage? 

 
Could restoration of this linkage facilitate the spread of invasive species or 
the spread of disease across the landscape? Are there any other likely 
detrimental effects of restoration? 
 

3.4. What is the ownership of land in habitat patches connected by proposed 
linkage?  

For each habitat patch, note the approximate area in each of the following 
categories: 
 
Conservation ownership and management = Includes wilderness areas, 
private preserves, and conservation easements. 
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Public ownership, non-conservation land = Includes public lands not 
designated as wilderness.  
 
Private ownership, non-conservation land = Includes all private lands that 
are not managed as preserves or under conservation easements. 
 
Tribal = All tribal lands. 

 
 
3.5. What is the ownership of land within the proposed linkage?  

Approximate the proportion of land in each ownership category 
 
*See above descriptions of categories (question 3.3.) 

 
3.6. Describe any component of the linkage that has not been covered elsewhere. 
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APPENDIX F: Resource Quality Parameters for lynx, wolf, and 
pronghorn 
 
 

 GRID  Resource quality 
Row value Definition Lynx Wolf Pronghorn

0 1 Urban/Built Up 0 0 0
1 2 Agriculture Land 0 0 0
2 6 Barren 0 0 0
3 9 Water 0 0 0
4 11 Residential 0 0 0
5 12 Commercial 0 0 0
6 21 Dryland Ag 0 0 30
7 22 Irrigated Ag 0 0 0
8 23 Orchard 0 0 0
9 53 Shrubland 20 60 100

10 61 Rock 0 0 0
11 71 Alpine Tundra Dry Meadow 10 40 0
12 72 Alpine/subalpine dwarf shrubland 20 40 0
13 73 Snow 0 0 0
14 74 Alpine/Subalpine Moist Meadow 50 60 0
15 81 Lower Montane Riparian Woodland 70 70 0
16 82 Foothill Riparian Woodland and Shru 0 60 0
17 1011 Open water 0 0 0
18 1012 Perennial ice/snow 0 0 0
19 1021 Residential (low intensity) 0 0 0
20 1022 Residential (high intensity) 0 0 0
21 1023 Comm/Ind/Transportation 0 0 0
22 1031 Bare rock/Sand/Clay 0 0 0
23 1032 Quarries/Mines/Gravel 0 0 0
24 1033 Transitional 0 0 0
25 1041 Forest - Deciduous 90 100 50
26 1042 Forest - Evergreen 100 100 50
27 1043 Forest - Mixed 95 100 50
28 1051 Shrubland 0 60 100
29 1061 Orchards/Vineyards 0 0 0
30 1071 Grasslands 0 0 0
31 1081 Agr - Pasture/hay 0 0 0
32 1082 Agr - Row crops 0 0 0
33 1083 Agr - small grains 0 0 0
34 1084 Agr - fallow 0 0 0
35 1085 Urban/recreational grass 0 0 0
36 1091 Wetland - woody 90 90 0
37 1092 Wetlands - herbaceous 20 80 0
38 3102 Lower Montane-Foothills Shrubland 0 60 100
39 3106 Mid-grass Prairie 0 60 100
40 3107 Short-grass Prairie 0 0 100
41 3108 Sand Dune and Swale Complex 0 40 0
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42 3109 Montane Grassland 0 80 90
43 3201 Sagebrush Shrubland 0 70 100
44 3209 Salt Desert Shrubland 0 70 100
45 3304 Grass/Misc. Cactus Mix 0 40 100
46 3305 Winterfat/Grass Mix 0 0 100
47 4101 Pinyon-Juniper Woodland 50 80 70
48 4102 Juniper Savanna 40 70 70
49 4201 Gambel's Oak/Serviceberry Shrubland 60 60 60
50 5101 Aspen Forest 100 100 0
51 5201 Ponderosa Pine Woodland 50 50 80
52 5202 Spruce-Fir Forest 100 100 80
53 5203 Douglas Fir-Ponderosa Pine Forest 70 70 70
54 5204 Lodgepole Pine Forest 100 100 60
55 5208 Bristlecone-Limber Pine Forest and 80 80 0
56 8103 Subalpine/Montane Riparian Shrublan 90 90 50
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APPENDIX G: Crosswalk between Ecological System types and Basinwide class names 
 

GridValue   
      

     

    
     

     

     

     
    
    

    
    

     

    

     

ESNum Ecological system
CVCP 
CODES Basinwide class name Description 

0 NoData Collar 0 Collar Collar
1 1 Urban/Built Up 1 Urban/Built Up High density commercial or high density residential areas. 
2 11 Residential 11 Residential High density residential areas, lawns, planted trees. 
3 12 Commercial 12 Commercial High density urban areas, parking lots, buildings, etc. 
4 2 Agriculture Land 2 Agriculture Land Row crops, irrigated pasture, dry farm crops. 
5 21 Dryland Ag 21 Dryland Ag Dryland crops and fields. 
6 22 Irrigated Ag 22 Irrigated Ag Irrigated crops and fields. 
7 23 Orchard 23 Orchard Cropland consisting of orchards. 
8 3107 Short-grass Prairie 3 Rangeland Consists of grass/forb range, shrub/brush range, or mixed range. 
9 3107 Short-grass Prairie 31 Grass/Forb Rangeland Perennial and annual grasslands and/or mixed forbs. 

10 3209 Salt Desert Shrubland 3101 Snakeweed/Shrub Mix Shrubland codominated by snakeweed and mixed shrubs. 
11 3107 Short-grass Prairie 3102 Grass Dominated Rangeland dominated by annual and perennial grasses. 
12 3107 Short-grass Prairie 3103 Forb Dominated Rangeland dominated by forbs. 
13 3107 Short-grass Prairie 3104 Grass/Forb Mix Rangeland codominated by grasses and forbs. 
15 3106 Mid-grass Prairie 3106 Mid-grass Prairie Mid-grass prairie species BOCU, HIJA, HOJU, PASM, PSSP, SCSC, STNE. 
16 3107 Short-grass Prairie 3107 Short-grass Prairie Short-grass prairie species BOGR and BUDA. 
17 3108 Sand Dune and Swale Complex 3108 Sand Dune Complex Species include CALO, ANHA, SPCR, MUPU, PHAU, REFL, and PSLA. 
18 3109 Montane Grassland 3109 Foothill and Mountain Grasses Species include DAPA, FEAR, FEID, FETH, MUFI, MUMO, PSSP, STCO, KOMA. 
19 3107 Short-grass Prairie 3110 Disturbed Rangeland Disturbed or overgrazed rangeland. 
20 3107 Short-grass Prairie 3111 Sparse Grass (Blowouts) Sparsely vegetated grasslands, 10-40% vegetation, indicative of Blowouts. 
21 3209 Salt Desert Shrubland 32 Shrub/Brush Rangeland Consists of sagebrush, saltbrush, greasewood, snakeweed, etc. 
22 3201 Sagebrush Shrubland 3201 Sagebrush Community Sagebrush with rabbitbrush, bitterbrush. 
23 3209 Salt Desert Shrubland 3202 Saltbush Community Saltbrush on alkaline soils associated with snakeweed, sagebrush. 
24 3209 Salt Desert Shrubland 3203 Greasewood Low elevation shrubland dominated by greasewood. 
25 3201 Sagebrush Shrubland 3204 Sagebrush/Gambel Oak Mix Shrubland codominated by Big Sagebrush and Gambel Oak. 
26 3102 Lower Montane-Foothills Shrubland 3205 Snakeweed Low elevation shrubland dominated by snakeweed. 
27 3102 Lower Montane-Foothills Shrubland 3206 Snowberry Deciduous shrubland dominated by Mountain Snowberry. 
28 3102 Lower Montane-Foothills Shrubland 3207 Snowberry/Shrub Mix Deciduous shrubland codominated by mountain snowberry and mixed shrubs. 
29 3201 Sagebrush Shrubland 3208 Bitterbrush Community Shrubland dominated by PUTR2 (Bitterbrush). 
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30 3209 Salt Desert Shrubland 3209 Salt Desert Shrub Community Low-elevation shrublands found on alluvial salt fans or flats. 
31 3209 Salt Desert Shrubland 3210 Sagebrush/Greasewood Shrubland codominated by sagebrush and greasewood, with some rabbitbrush. 
32 3102 Lower Montane-Foothills Shrubland 33 Shrub/Grass/Forb Mix Mixed grass/forb and shrub/grass rangeland. 
33 3201 Sagebrush Shrubland 3301 Sagebrush/Grass Mix Codominate sagebrush shrubland and perennial grassland. 
34 3201 Sagebrush Shrubland 3302 Rabbitbrush/Grass Mix Codominate rabbitbrush and perennial grassland. 
35 3201 Sagebrush Shrubland 3303 Sagebrush/Mesic Mtn Shrub Mix Codominate sagebrush/Mesic Mtn shrub mixed with grass/forb. 
36 3304 Mixed grass/cactus 3304 Grass/Misc. Cactus Mix Low elevation perennial grassland codominate with cacti shrubland. 
37 3305 Winterfat Shrub Steppe 3305 Winterfat/Grass Mix Codominate winterfat shrubland and perennial grassland. 
38 3201 Sagebrush Shrubland 3306 Bitterbrush/Grass Mix Codominate Bitterbrush shrubland and perennial grassland. 
39 3304 Mixed grass/cactus 3307 Grass/Yucca Mix Codominate perennial grassland and cactus shrubland, primarily yucca. 
40 3201 Sagebrush Shrubland 3308 Sagebrush/Rabbitbrush Mix Codominate shrubland of sagbrush and rabbitbrush. 
43 4101 Pinyon-Juniper Woodland 4101 Pinon-Juniper Pinon-Juniper woodland with mixed understory. 
44 4102 Juniper Savanna 4102 Juniper Woodland principally dominated by JUOS and/or JUSC2. 

46 4201 
Gambel's Oak/Serviceberry 
Shrubland 4201 Gambel Oak Deciduous woodland (or tall shrubland) dominated by Gambel oak. 

47 3102 Lower Montane-Foothills Shrubland 4202 Xeric Mountain Shrub Mix Deciduous woodland (or tall shrubland) dominated by Mtn. Mahogany. 

48 4201 
Gambel's Oak/Serviceberry 
Shrubland 4203 Mesic Mountain Shrub Mix Oak dominant with sagebrush, snowberry, grass. 

49 4201 
Gambel's Oak/Serviceberry 
Shrubland 4204 Serviceberry/Shrub Mix Deciduous woodland (or tall shrubland) dominated by Servicberry. 

50 8103 
Subalpine/Montane Riparian 
Shrubland 4205 Upland Willow/Shrub Mix High elevation shrubland dominated by willow and mixed shrubs. 

51 4201 
Gambel's Oak/Serviceberry 
Shrubland 4206 Manzanita Deciduous shrubland dominated by Manzanita (ARCTO3) 

53 4101 Pinyon-Juniper Woodland 4301 PJ-Oak Mix Codominate Gambel oak and Pinyon/Juniper woodland. 
54 4101 Pinyon-Juniper Woodland 4302 PJ-Sagebrush Mix Codominate Pinon-Juniper and Sagebrush. 
55 4101 Pinyon-Juniper Woodland 4303 PJ-Mtn Shrub Mix Codominate Pinon-Juniper and Oak, Mtn. Mahogany or other deciduous shrubs. 
56 4101 Pinyon-Juniper Woodland 4304 Sparse PJ/Shrub/Rock Mix < 25% Pinon-Juniper with sagebrush and rock. 
57 4102 Juniper Savanna 4305 Sparse Juniper/Shrub/Rock Mix < 25% Juniper with sagebrush and rock. 
58 4102 Juniper Savanna 4306 Juniper/Sagebrush Mix Codominate Juniper and Sagebrush. 
59 4102 Juniper Savanna 4307 Juniper/Mtn Shrub Mix Codiminate Juniper and Oak, Mtn Mahogany or other deciduous shrubs. 
62 5101 Aspen Forest 5101 Aspen Deciduous forest dominated by Aspen. 
63 5101 Aspen Forest 5102 Aspen/Mesic Mountain Shrub Mix Codominate Aspen and Gambel oak deciduous woodland. 
65 5201 Ponderosa Pine Woodland 5201 Ponderosa Pine Coniferous forest dominated by PIPO. 
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66 5202 Spruce-Fir Forest  5202 Englemann Spruce/Fir Mix Coniferous forest codominated by PIEN and ABLA. 
67 5203 Douglas Fir-Ponderosa Pine Forest 5203 Douglas Fir Coniferous forest dominated by PSME. 
68 5204 Lodgepole Pine Forest 5204 Lodgepole Pine Coniferous forest dominated by PICO. 
69 5202 Spruce-Fir Forest  5205 Sub-Alpine Fir Coniferous forest dominated by ABLA. 
70 5202 Spruce-Fir Forest  5206 Spruce/Fir Regeneration Harvested PIEN/ABLA sites, in regeneration. 
71 5202 Spruce-Fir Forest  5207 Spruce/Lodgepole Pine Mix Coniferous forest codominated by PICO and spruce. 

72 5208 
Bristlecone-Limber Pine Forest and 
Woodland 5208 Bristlecone Pine Coniferous forest dominated by PIAR. 

73 5203 Douglas Fir-Ponderosa Pine Forest 5209 Ponderosa Pine/Douglas Fir Mix Mixed forest codominated by PIPO and PSME. 

75 5208 
Bristlecone-Limber Pine Forest and 
Woodland 5211 Limber Pine Coniferous forest dominated by PIFL. 

77 5204 Lodgepole Pine Forest 5213 Lodgepole/Spruce/Fir Mix Coniferous forest co-dominated by PICO, PIEN, and ABCO. 
78 5202 Spruce-Fir Forest  5214 Fir/Lodgepole Pine Mix Coniferous forest codominated by ABLA and PICO. 

79 53 
Montane Moist-Mesic Mixed 
Confier Forest 5215 

Douglas Fir/Englemann Spruce 
Mix Coniferous forest co-dominated by PSME, and PIEN. 

80 53 
Montane Moist-Mesic Mixed 
Confier Forest 53 Mixed Forest Land Forests of spruce/fir, pine/oak, fir/aspen or pine/aspen mix. 

81 5202 Spruce-Fir Forest  5301 Spruce/Fir/Aspen Mix Mixed forest codominated by PIEN, ABLA, and Aspen. 

82 53 
Montane Moist-Mesic Mixed 
Confier Forest 5302 P. Pine/Gambel Oak Mix Coniferous forest and/or tall shrubland codominated by PIPO and QUGA. 

83 53 
Montane Moist-Mesic Mixed 
Confier Forest 5303 Ponderosa Pine/Aspen Mix Mixed forest codominated by PIPO and Aspen. 

84 53 
Montane Moist-Mesic Mixed 
Confier Forest 5304 Douglas Fir/Aspen Mix Mixed forest codominated by PSME and Aspen. 

85 53 
Montane Moist-Mesic Mixed 
Confier Forest 5305 P. Pine/Aspen/Gamble Oak Mix Mixed forest codominated by PIPO, QUGA, and Aspen. 

86 53 
Montane Moist-Mesic Mixed 
Confier Forest 5306 Lodgepole Pine/Aspen Mix Mixed forest codominated by Aspen and PICO. 

87 53 
Montane Moist-Mesic Mixed 
Confier Forest 5307 Spruce/Fir/Lodgepole/Aspen Mix Mixed coniferous/deciduous forest codom with PIEN, ABCO, PICO, and POTR. 

88 5201 Ponderosa Pine Woodland 5308 
Ponderosa Pine/Mesic Mtn. 
Shrub Codominate Ponderosa Pine forest and mountain shrubland. 

89 5201 Ponderosa Pine Woodland 5309 
Ponderosa Pine/Aspen/Mesic 
Mtn. Codominate Ponderosa Pine, Aspen and mountain shrubland. 

90 6 Barren 6 Barren Land < 10% vegetation. 
91 61 Rock 61 Rock < 10% vegetation, rock outcrops, red sandstones, etc. 
92 61 Rock 6101 Talus Slopes & Rock Outcrops Talus and scree slopes, nearly 100% rock. 
93 6 Barren 62 Soil Bare soil and fallow agriculture fields. 
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94 6 Barren 6201 Disturbed Soil Areas where human activities have created bare ground, i.e. mine tailings. 
96 71 Alpine Tundra Dry Meadow 71 Alpine Meadow > 11,500' tundra vegetation including grasses, forbs, sedges. 
97 71 Alpine Tundra Dry Meadow 7101 Alpine Forb Dominated > 11,500' meadow dominated by alpine forbs. 
98 71 Alpine Tundra Dry Meadow 7102 Alpine Grass Dominated > 11,500' meadow dominated by alpine grasses. 
99 71 Alpine Tundra Dry Meadow 7103 Alpine Grass/Forb Mix > 11,500' mixed meadow codominated by alpine grasses and forbs. 

100 72 Alpine/subalpine dwarf shrubland 72 SubAlpine Shrub Community 7,000' to 11,500' tundra shrubs. 
101 73 Snow 73 Snow Perennial snow fields.
102 74 Alpine/Subalpine Moist Meadow 74 Subalpine Meadow Herbacious vegatation below timberline (9,000 - 11,500). 
103 74 Alpine/Subalpine Moist Meadow 7401 Subalpine Grass/Forb Mix High elevation meadows co-dominated by grass and forbs (9,000 - 11,500). 
104 81 Lower Montane Riparian Woodland 8 Riparian Cottonwood, willow, sedges along waterways. 
105 81 Lower Montane Riparian Woodland 81 Forested Riparian Wooded riparian areas consisting primarily of poplars. 
106 81 Lower Montane Riparian Woodland 8101 Cottonwood Wooded riparian areas dominated by cottonwood. 

108 8103 
Subalpine/Montane Riparian 
Shrubland 8103 Conifer Riparian Wooded riparian areas in mid-upper elevations with mixed coniferous species. 

109 82 
Foothill Riparian Woodland and 
Shrubland 82 Shrub Riparian Shrub riparian areas consisting primarily of shrub willows. 

110 8103 
Subalpine/Montane Riparian 
Shrubland 8201 Willow Shrub riparian areas dominated by shrub willow species. 

111 82 
Foothill Riparian Woodland and 
Shrubland 8202 Exotic Riparian Shrubs Shrub Riparian area dominated by Salt Cedar (TARA) and Russian Olive (ELAN). 

112 82 
Foothill Riparian Woodland and 
Shrubland 83 Herbaceous Riparian Non-woody riparian areas consisting primarily of sedges. 

113 82 
Foothill Riparian Woodland and 
Shrubland 8301 Sedge Herbaceous riparian areas dominated by sedges. 

114 9 Water 9 Water Lakes, reservoirs, rivers, streams. 
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