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EXECUTIVE SUMMARY

 EXPAND – WORK ON FLOW. make the Executive Summary more of an actual summary of the paper and less of an introduction.
Since I am very familiar with the project, I didn't have trouble following the sequencing of the paper- However, someone new to the project might wonder why VP is immediately the focus.  You don't really bring out the process for narrowing down to VP until Page 26.  Might try to move that earlier in the document.
I don’t think it is clear that this is only one piece of the puzzle and that many other crossings are needed to prevent I-70 from being a complete barrier WVP is just the first one.  Also somehow there should be a part that details the limiting factors on building the overpass on all but about 2-3 places.  It is doubtful that there will ever be enough studies ( or $) to say this spot is the very best for wildlife and building the crossing structure 200-400 yards each side would be a failure.
Suggest making a more pointed distinction of broad-scale (corridors across Colorado/SRE) vs. local-scale (where to place it on west vail pass). For example, in sectin 4.1 you talk about landscape-scale connectivity… bring up this differentiation in the beginning of the paper.
Interstate 70 (I-70) is the primary east-west road through Colorado, transporting people, goods, and services to many in- and out-of-state destinations. I-70 is heavily-travelled and is generally recognized as a major barrier to wildlife movement in the Southern Rocky Mountains (USFS 2002). Vail Pass is one of several locations where this barrier effect is especially prominent (CDOT 2004; SREP 2005a) and could be alleviated. A wildlife bridge at West Vail Pass was first recommended by an interagency group convened by the Colorado Department of Transportation (CDOT) as a mitigation measure for restoring habitat connectivity for wildlife across I-70 at this location, given wildlife use of the area, terrain features and other design considerations (J.F. Sato 2007). This white paper summarizes existing literature pertaining to wildlife habitat connectivity at Vail Pass, and describes the decision-making processes leading to CDOT’s proposal to construct a wildlife bridge at West Vail Pass. This paper also discusses the ongoing efforts of local non-profit organizations, including the Southern Rockies Ecosystem Project, and Wilderness Workshop, to help make this proposal a reality by galvanizing public and congressional support for the proposed wildlife crossing.
This paper is intended to inform policy makers, transportation professionals, and concerned citizens interested in wildlife connectivity in general, and the construction of wildlife crossing structure(s) at Vail Pass in particular. The paper discusses the use of wildlife crossing structures as a means of mitigating habitat fragmentation (Section 2), and documents the current ecological and human landscape contexts of Vail Pass (Section 3). Vail Pass has been identified as an important wildlife crossing zone by a number of experts and studies (Section 4.1). The interstate is widely recognized as a major cause of habitat fragmentation and a considerable barrier to wildlife (USFS 2002), although the extent to which I-70 has impacted local wildlife populations and regional-scale dispersal movements is difficult to quantify without more detailed wildlife monitoring. Existing landscape features – including extensive public lands adjacent to the Interstate and throughout the broader area, and the presence of several open-span bridges in the lower reaches of the pass – provide the a foundational backdrop for constructing a wildlife crossing structure at West Vail Pass (Section 4.2). While there are a number of important wildlife crossing zones along I-70, Vail Pass is one of the most ecologically and logistically significant, which has lead CDOT and its partners to propose and study the feasibility of constructing a vegetated wildlife bridge at West Vail Pass (Section 4.2.1). Finally, the paper provides an overview of the ecological and engineering factors that are being examined under a separate effort through CDOT and its consultants, and that will influence the siting and design of the crossing structure to ensure its effectiveness for the greatest diversity of species (Sections 4.2.2 – 4.2.4). An adaptive management framework, including pre- and post-construction monitoring of wildlife activity, and the creation of performance measures, is needed to ensure the long-term success and sustainability of this and future wildlife mitigation measures. 
Perhaps when this is a done pdf file, could you provide links within the document to these sections?

State in Ex Summ that engineering assessment is a future/ongoing step – not covered here. For example, I didn’t find Section 4.2.3. to sufficiently describe the topographic challenges present, esp. give the added requirement to accommodate future I-70.  It may be best to remain silent on this issue, to just disclose that it’s a future task, and let that future task take care of this topic in total.
I have come through the whole document and still do not have a clear understanding of where the project stands right now.  Admittedly, this is likely a result of my own inattention as much as any deficiency in the document.  But assuming that some readers may have even worse attentiveness than I do (yikes!), it may be worth considering ending the exec summary AND the full doc AND the 2-pager with a “Current Status” section that clearly spells out where the project stands, what funding and decisions are needed, important deadlines and timelines, etc.

1. PURPOSE OF THE WHITE PAPER

Habitat fragmentation is a major threat to biodiversity across the globe (Noss 1983; Ehrlich 1986; Wilcove 1987; Wilcove et al. 1998) and in the Southern Rockies (SREP 2004). Transportation infrastructure, in particular, is a significant cause of habitat fragmentation, resulting in animal-vehicle collisions, altered wildlife movements, and reduced rates of reproduction and survival (Maehr 1984; Harris and Gallagher 1989; Reed et al.1996; Forman and Alexander 1998; Trombulak and Frissell 2000; Clevenger 2006). The sheer number of highway miles in the United States often necessitates that wildlife must cross roads to fulfill daily, seasonal and lifetime movement needs. Due to the impacts of roads and other factors (e.g., development), society is challenged to explore methods for maintaining and restoring habitat connectivity. Specifically, how do we construct a wildland infrastructure that reconnects wildlife populations otherwise isolated by development, transportation networks and other human activities?

Selecting appropriate wildlife mitigation measures for a given highway segment is a complex process. To be successful, a variety of treatments are needed. Mitigation measures are unique and site specific, and there are many options (Ruediger 2007). Wildlife crossings, including overpasses and underpasses, in conjunction with exclusion fencing, have been used in several countries including the United States to help alleviate the negative impacts that transportation systems have on wildlife populations (Falk et al. 1978; Kistler 1998; Clevenger et al. 2001). Time to insert Norris Dodd et al papers that just came out in Journal of wildlife Mgt, 2007
Interstate 70 (I-70) is the primary east-west route through Colorado, and is generally recognized as a major barrier to connectivity for many wildlife species in the Southern Rockies Ecoregion (USFS 2002). Vail Pass is one of several locations where wildlife connectivity needs have been identified across I-70 (CDOT 2004; SREP 2005a). A wildlife bridge has been suggested on several occasions as the best method for restoring habitat connectivity for wildlife movement across I-70 at West Vail Pass (see Section 4.1.). This white paper compiles the existing documentation to convey the state of the knowledge base on wildlife habitat connectivity at Vail Pass, and describes the decision-making processes leading to CDOT’s proposal to construct a wildlife bridge at West Vail Pass, and the efforts of local non-profit organizations to help make this proposal a reality.  
In November 2005, $420,000 was allotted by Congress to the Colorado Department of Transportation (CDOT) for preliminary analysis and design of a Wildlife Bridge at West Vail Pass. The Southern Rockies Ecosystem Project (SREP) and Wilderness Workshop – both non-profit conservation organizations – were instrumental in galvanizing the agency and community support necessary for Colorado’s delegation to champion this proposal in Congress. SREP and Wilderness Workshop continue to support CDOT by: 1) providing information to the public about the need for habitat connectivity and how wildlife crossings are a proven on-the-ground solution to addressing this need, 2) assisting with wildlife monitoring before and after construction to provide information on the effectiveness of the wildlife bridge while engaging community members, and 3) working with key policy makers and agencies to develop a framework that supports and facilitates the construction of a wildlife bridge at West Vail Pass.
The objectives of this white paper are:

· Outline the existing information and policy that address the need for wildlife crossing structure(s) along the I-70 corridor at Vail Pass. 
· Demonstrate (address?) the significance of Vail Pass as one of several important wildlife crossing zones along I-70, and the most feasible location for restoring connectivity across I-70 in this portion of the state, based on a range of scientific, social and political factors. 

· Provide an overview of the human, ecological and engineering factors affecting the siting and design of a wildlife crossing structure at West Vail Pass to ensure that it will be as effective as possible for the greatest diversity of species. 

· Provide an educational document for policy makers, transportation professionals, and concerned citizens to assist in their participation in the decision-making processes related to the construction of wildlife crossing structure(s) within the Vail Pass Wildlife Linkage.
The objectives don’t  address the need for additional studies, although this topic is discussed in detail in Section 4.2.   Somewhere upfront it would be useful to summarize ‘what’s known and what still needs further examination’.  For example, as the reader enters Section 4, she is lead to believe that ‘all that’s needed to be known is known’ and that a crossing on Vail Pass is for certain; only to then read in Section 4 that quite a bit of additional pre-construction study is required’.  It might be most useful for the reader to learn what key information is needed in order for a final decision to be made about a new crossing, and which of this information is contained in this report, and which is being conducted separately or later.  A bulleted list or table  would be a easy resource that the reader could follow.
2. HABITAT FRAGMENTATION AND WILDLIFE 
Animals move on a daily, seasonal and lifetime basis to meet their needs for forage, habitat and breeding. Human activities often create barriers to wildlife movement, preventing these needs from being adequately met, or forcing wildlife into unsafe situations in order to meet these needs. Restrictions on these movements affect wildlife at all spatial scales, impacting individual animals as well as populations. Because of these impacts, habitat fragmentation is now recognized as one of the greatest threats to biodiversity and the decline of species worldwide (Ehrlich 1986; Wilcove 1987; Wilcove et al. 1998). Need an updated paper. Paul Beier has a new one about to come out in Con Bio, on wild land linkages. If you don’t have a pre-press copy, I can send you one. Looks like it will be out in 2008, which would make your paper more cutting edge. It may not be the best one for this, but I am sure it can be worked in. You need a reference in this century.
The science of conservation biology demonstrates that large, interconnected wildlife populations are more viable than small, isolated populations (Noss 1983; Gilpin and Soulé 1986; Noss and Harris 1986; Noss et al 1996). Protecting and restoring connections among and between populations is particularly important for species that are rare, wide-ranging, have low fecundity rates, or exist in small populations that may not be able to recover from disturbance events. 
Landscape connectivity is a measure of the degree that landscape elements facilitate or impede the movement of organisms and the flow of ecological processes (Merriam 1984; Taylor et al 1993; Forman 1995; Crooks and Sanjayan 2006). Connectivity is not a simple measure. It is a function of the interactions between the physical structure of landscape elements and the behavioral responses of individuals to these elements (Bennett 1999; Tischendorf and Fahrig 2001). Connectivity must therefore be considered a dynamic metric that varies among species (Taylor et al 2006). Thus while complex, the significance of habitat connectivity to ecosystem functionality is well-documented (e.g., Noss and Cooperrider 1994; Noss 1983) and affects both terrestrial and aquatic wildlife.
Suggest making a more pointed distinction of broad-scale (corridors across Colorado/SRE) vs. local-scale (where to place it on west vail pass). For example, in sectin 4.1 you talk about landscape-scale connectivity… bring up this differentiation in the beginning of the paper.
Transportation infrastructure is a principal cause of habitat fragmentation, with negative impacts on wildlife (e.g., Harris and Gallagher 1989; Maehr 1984; Reed et al.1996) Look at how old your references are. There are ecological effects papers n the past 7 years. Try our wildlife and roads website for more up to date references. and people (Huijser 2006). Animals are frequent victims of roadkill (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), fragmenting their habitat and limiting their ability to fulfill certain needs. The impacts are pervasive – a 16-foot wide road removes approximately two acres of habitat per mile of road, and it is further estimated that the impacts of the road (noise and edge habitat) extend at least 600 meters beyond the road footprint on either side of a roadway (Forman and Deblinger 2000). Dodd et al (2007) reported a 50% decrease in the crossing rate for deer and elk when Highway 260 in Arizona was widened from two lanes to four. In Colorado, habitat fragmentation due to transportation infrastructure has been identified as a major threat to native wildlife, in particular, large and mid-sized mammals (CDOW 2006). 

The fragmentation effect of a road is influenced by road features such as the roadway footprint, traffic speeds, and traffic volumes (Clevenger and Kociolek 2006). While all types of roads can impede animal movement and cause other negative impacts for some wildlife species (Forman et al 2003; add “effects of recreation on Rocky Mountain Wildlife Habitat” Joslin and Youmans 1999 and/or “Forest Roads: a synthesis of scientific information” Gucinski and Furniss 2000 ), Bissonette has a paper about the “Cinderella Complex” that also addresses this. See wildlife and roads website several studies have demonstrated that high volume roads have the greatest impacts (Brody and Pelton 1989; Rondinini and Doncaster 2002; Chruszez et al 2003). The primary impacts of roads on wildlife are: direct mortality due to collisions with vehicles, habitat destruction and degradation, and the creation of real or perceived barriers to movement (Evink 2002; Forman et al 2003). In recognition of the need to maintain and restore wildlife movements across landscapes crisscrossed by roads, there is a growing toolbox of techniques for mitigating impacts or avoiding them in the first place (SREP 2006; Ruediger 2007; Wildlife and Roads website). Road ecology is an emerging field, and our understanding of “what works” for different species and in different situations is constantly evolving, based on research efforts in progress across North America and Europe (e.g., Bank et al 2002; Clevenger and Waltho 2000; Clevenger et al 2002a; Dodd et al 2007). Address FHWA’s policy regarding wildlife crossings
As existing transportation infrastructure is reconstructed or expanded, the challenge is to minimize the negative and unintended effects to humans, wildlife, and ecological systems (Hardy et al 2007). While the toolbox is growing, one thing is clear – there is no panacea. What works for one species may not work for another. Each situation must be considered individually, taking into account the particular species that make use of that environment, their life history traits and population dynamics. Local terrain features, traffic volumes, land use activities, infrastructure and the local communities further define the circumstances at each unique location. While detailed reconnaissance is required for a full understanding of a given situation, the search for solutions to ensure safe passages for wildlife demands innovation on the parts of both biological and engineering experts as well as planners.

I also find that hunting pressure, either legal or illegal affects wildlife use of passages. I think that is why U.S. elk won’t use the smaller culverts like protected Banff elk do, and why U.S. 93 in Montana has protected Grizzly bear mom and cubs already using new culverts where in Canada (hunted) they either won’t come near or take years to try it out.

2.1. Mitigation Opportunities? Solutions for Wildlife 
Increasingly, wildlife crossings are being used as a tool to mitigate the negative impacts of transportation-related infrastructure and traffic on wildlife populations. A growing body of scientific research shows the importance of these wildlife crossings in helping to restore habitat connectivity for wildlife (Clevenger et al 2002a; Evink 2002). Wildlife crossing structures (including overpasses and underpasses, in conjunction with wildlife fencing) have been shown to restore and maintain landscape connectivity, as well as reduce animal-vehicle collisions (Bank et al 2002; Clevenger 2002a; Knapp 2005; Dodd et al 2007). Species preferences are contingent on a number of factors relating to location, size, and design, to assure that crossing via a structure is preferable to attempting an at-grade crossing (Hardy et al 2007). Careful observations, a growing understanding of animal behavior and sensory perception, and trial-and-error – through monitoring, research and adaptive management – are essential processes in the design and construction of functional wildlife crossings. 
Functional wildlife crossings must promote immigration, emigration, and population viability (Clevenger and Waltho 2003). While there is limited understanding of how to site and design effective wildlife crossing structures (Transportation Research Board 2002), an increase in the construction and monitoring of wildlife crossing structures in North America is continually feeding the knowledge base (Cramer and Bissonette 2005). Barnum (2002) demonstrated that wildlife do not cross roads randomly, but select crossing locations based on access to cover, forage, prey or other landscape and habitat features. This research – conducted along Vail Pass (I-70 in Colorado) and Trout Creek Pass (Colorado Highway 285) – further suggests that mid- and large-sized mammals, when they have the option, may prefer to use high quality crossing structures rather than crossing the roadway at-grade. Therefore, locating crossing structures along preferred crossing areas is essential for ensuring the success of these structures (Foster and Humphrey 1995, Clevenger and Wierzchowski 2006). A combination of roadkill and collision data, GIS-based analyses, game trail mapping, wildlife movement patterns and habitat maps, and expert information can all be used to help identify crossing areas (Clevenger et al 2002b). Further site-specific assessments and species-specific field studies (Scheick and Jones 1999, Clevenger et al 2002a, SREP 2006) and engineering assessments are needed to pinpoint the best locations for new wildlife crossing structures, although landscape and roadway features (e.g., suitable habitat, road cuts, shoulder barriers, etc.) can also be appraised to help identify preferred crossing locations (Barnum 2003). You can also quote Barnum’s  new work in the 2007 ICOET proceedings.
A multi-species approach is needed in developing a comprehensive vision for improving habitat connectivity for wildlife across a stretch of highway (SREP 2006). Individual species may perceive barriers in the landscape differently (Lima and Zollner 1996) and different species prefer different types of crossing structures (Malta et al 2005; You could also put in our reference, Cramer and Bissonette 2005 ICOET, where we argue for permeability, with several crossings, of different sizes). A number of factors influence an animal’s willingness to use a structure including. These include, structure dimensions, vegetative cover in the approaches to the structure, natural barriers or funnels, substrate through the structure, light, traffic noise, moisture, presence of a dry pathway, fencing, clear lines of sight, and an absence of human activity (Jackson and Griffin 1998; Clevenger and Waltho 2000, Iuell et al 2003, Ruediger 2007). While there is no evidence of prey species avoiding a crossing structure that is also used by its predators (Norris Dodd, Arizona Game and Fish, pers. comm.), this phenomenon has not been well-studied (Little et al 2002). 

A system of multiple crossing structures with a variety of designs can more adequately accommodate the diversity of wildlife in a particular area and their range of crossing requirements (Barnum 2003, Clevenger and Waltho 2005). Hardy et al (2007) provides a comprehensive review of the literature on locating, designing and evaluating the effectiveness of wildlife crossing structures and exclusion fencing. Ecological factors, engineering feasibility assessments, and costs are all considerations that must be weighed and balanced when developing mitigation measures for wildlife. 

2.1.1. Wildlife Crossing Structures

Wildlife crossing structures include culverts (e.g., concrete box, multi-plate arch, pipe), open-span bridges, and overpasses. Selecting an appropriate wildlife crossing structure design is based on a number of factors: target species preferences, engineering constraints due to terrain, construction and maintenance costs, highway safety, and aesthetics (Ruediger 2007). Culverts are the most common type of structures, and have traditionally been used extensively to accommodate hydraulic flows. These types of structures may also function as wildlife passages and are increasingly being adapted to accommodate wildlife crossing needs. Drainage culverts with sufficient height can function as passageways for a variety of mammals, including deer and bear, by including the natural streambed and adjacent riparian habitat (Evink 2002). Upland culverts – including old cattle crossings – are increasingly being installed or converted specifically to provide passageways for terrestrial wildlife. 

Bridges have traditionally been constructed to span drainages. These structures are more likely to span an entire streambed and associated riparian habitat, unlike most drainage culverts, which typically channelize water through the structures, thereby altering the natural hydraulic flow and preventing terrestrial wildlife movement through the structure. The dimensions of open-span bridges may vary significantly, and not all bridges can accommodate passage by large mammals. However, well-designed open-span bridges have been shown to provide effective passageways for a variety of wildlife species, including deer, elk, bear, mountain lion, wolf, and a variety of smaller species (Ruediger 2007).  There is a good paper by Terry McGuire for Banff work, that is aimed at engineers. I used it to help the engineers on I-70. Check our website for reference, and I can send the paper if you’d like.(PC)
Wildlife bridges, or overpasses, and large bridges that span across natural drainages leaving the habitat intact are considered the most successful crossing structures for the largest spectrum of species (Bank et al 2002). Wildlife bridges have been frequently used in Europe (Bank et al 2002) as an effective means for re-connecting habitats over roadways and are increasingly being constructed in North America. Two wildlife bridges constructed over the Trans-Canada Highway in Alberta, Canada have been well-studied and offer some of the most comprehensive research to date on designing these types of structures. Wildlife bridges are also currently planned in Montana (Highway 93) and Washington (I-90). 

Topographic and vegetation features greatly influence whether a wildlife overpass or underpass is most appropriate at a given location. While a wildlife bridge offers a relatively high-cost solution to improving permeability for wildlife across highways, a bridge can offer a more natural passageway that is attractive to wildlife, particularly where the terrain does not accommodate the construction of an open-span bridge. The open design and presence of natural vegetative cover literally extends habitat over the highway, facilitating its use by large carnivores and ungulates as well as small mammals, amphibians, and insects. Extensive research in Banff National Park, Canada has demonstrated that animals such as deer and elk prefer open structures that allow them to keep a lookout for predators and view habitat on the far side of the roadway (Clevenger et al 2002a). Two important design considerations that affect the effectiveness of a wildlife bridge are the width of the structure (Keller 1999; Pfister et al 2002), and the presence of flat, clear lines of sight across the structure to habitat on the opposite side of the road (Clevenger et al 2002a). Pfister et al (1999) observed that wildlife behavior was more natural on wider structures, and concluded that structures at least 60m (197 ft) wide were more effective than those narrower than 50m (164 ft). A parabolic design, where the structure ends are wider than the middle portion are believed to provide the most effective design for wildlife bridges (Clevenger et al 2002a). With this design, Clevenger et al (2002a) recommends that the narrowest portion of the structure should be approximately 70m (230 ft) wide and extend out to 90m (295 ft) at the ends to allow animals approaching from the side a better line of sight across the structure. A straight-line parabolic design is typically more cost-effective than a true hourglass design and provides the same benefits. In both Europe and North America, 50m (164 ft) is regarded as the absolute minimum width for an overpass, and 60-70m (197-230 ft) or more is a generally recommended, depending on other site-specific and engineering considerations (Keller 1999; Clevenger et al 2002a; Pfister et al 2002).

[image: image1.emf]
Figure 1. Recommended parabolic-shaped wildlife bridge designs. The ends of the bridges are wider (90m) than the center (70m), allowing animals approaching from the side a clear view across the bridge to habitat on the opposite side. The straight-edge design (B) allows for standard construction girders to be used and is less costly to build than the hourglass design (A). Adapted from Clevenger et al 2002a (p. 8-24). 
3. SITE DESCRIPTION

Add location graphics onto maps for all features discussed in this section
At an elevation of 10,666 ft (3165m), Vail Pass sits in the heart of the Colorado Rocky Mountains, marking the boundary between the Eagle River and Blue River Watersheds, both of which feed into the Colorado River. The Black Lakes lie just below the summit on the west side of the pass. From Lower Black Lake, Black Gore Creek descends to join Gore Creek, which feeds into the Eagle River downstream of the town of Vail. Palustrine wetlands, both emergent and shrub/scrub types, are extensive along Gore Creek and Black Gore Creek and may act as attractants for wildlife. To the east, West Tenmile Creek flows into the Blue River. The interstate crosses 18 large drainages between Copper Mountain and East Vail, 11 of which are spanned by bridges (Map 1).

This stretch of I-70 over Vail Pass lies entirely within the White River National Forest – at 2.3 million acres, it is one of the largest forests in Colorado. The interstate passes between the Gore Range, to the northeast, and the Sawatch Range to the southwest. While I-70 is an east-west route, this portion of the interstate runs north-south as it loops around the southern Gore Range.

The Eagles Nest Wilderness Area lies on the north side of the interstate, buffered from the roadway by a narrow band (0.3-0.8 miles) of national forest land managed for non-motorized, backcountry recreation activities. To the south, the Vail Pass summit area is managed for a broader variety of recreation activities. The Vail Pass Winter Recreation Area (VPWRA) comprises 55,000 acres between Vail Pass, Vail Ski Resort to the north, and Camp Hale to the west, including 67 miles of motorized trails. Forest lands on either side of the VPWRA are managed as Forested Landscape Linkages – these lands interface with the interstate between mileposts (MP) 183.2-186.9 and 191.6-193.6. 

The pass itself is characterized by rolling slopes of predominately mixed-conifer forest interspersed with aspen, lodgepole pine, sub-alpine meadows, and streamside willow carrs (Map 2). Slopes on the east side of the pass are typically more gentle (10-25°) than on the west side of the pass (15-30°), though there are some sections with steep cliffs, particularly on the west side. The forest cover is relatively diverse and open, facilitating the development of a diverse understory of forbs and grasses in some areas, while in others the understory is composed primarily of needle litter. Small stands of old growth forest lie adjacent to the interstate in several areas including between MP 185.5-186 on the north side and at MP 192 on the south side of the interstate (CDOT 2004). The Forest Service avoids active management within inventoried old growth stands in favor of natural ecological processes (USFS 2002). 

3.1. Human Context

3.1.1. Interstate 70 – Roadway Situation

Interstate 70 – the primary east-west route through Colorado – traverses Vail Pass, and is a moderate to high-volume highway connecting the towns of Frisco and Dillon to the east, with Vail on the west side of the pass. In 2006, the average annual daily traffic level was 19,000 vehicles, of which nearly 13%  was truck traffic. This rate is expected to increase to over 28,000 vehicles per day by 2026. (source?? Aren’t projections to 2020, 2030, 2035?)
The current route through the Rockies wasn’t established until the 1940s. Prior to that time, the most common route led over Shrine Pass to the town of Redcliff. The interstate was completed through this stretch in 1978, following heated public discussions about which route to take through the mountains. The original proposal called for a more direct route between Silverthorne and East Vail through the Eagles Nest Wilderness Area, which would have required tunneling beneath the Gore Range. Significant opposition to routing the interstate through a wilderness area resulted in the route being changed to the existing alignment of U.S. Highway 6, skirting the southern end of the Gore Range.  

The interstate is composed of four lanes (two eastbound and two westbound), resulting in a roadway footprint that ranges from 87-938 feet (26.5-286m), including median areas. On the east side of the pass, eastbound and westbound lanes are separated by a wide, natural median area between the summit and Copper Mountain (MP193) that reaches as wide as 853 feet (260m). The present course of the interstate follows natural drainages to the summit of the pass. The West Tenmile Creek drainage is a fairly broad drainage, and instead of following the course of the creek along the bottom of the drainage, the east- and westbound lanes are incised into the hillsides to create an even roadway surface, allowing the creek to flow naturally through the wide, natural median area. 

On the west side of the pass, the path of Black Gore Creek follows a steep, narrow drainage, and the interstate has been cut into the hillsides along the north side of the drainage creating, in some locations, steep road cuts and cliff areas adjacent to the highway. Through this stretch the east- and westbound lanes are separated by concrete Jersey barriers. Between MP 185.5 to 187 the westbound lanes are higher than the eastbound lanes, and are separated by stepped retaining walls. 

A bike path parallels the interstate throughout this roadway segment. From Copper Mountain to the summit (MP 190-195) the bike path winds up the depressed, natural median between the eastbound and westbound lanes. At the summit, the bike path crosses to the south side of the interstate, following a paved access road along the Black Lakes. From this point the bike path continues, with the interstate on the uphill side to the east, and Black Gore creek on the downhill side to the west. Around MP 187, the bike path veers towards the interstate and follows adjacent to the roadway to MP 185.3. There is no barrier separating the bike path from the highway shoulder through much of this stretch. At MP 185.3 the bike path crosses beneath the interstate to the north side of the roadway, where it remains until it drops into East Vail at MP 182. 

At an elevation of 10,666 ft, Vail Pass represents one of the highest points in the nation’s interstate system and underwent extensive review of environmental concerns during the construction process. These considerations resulted in the use of large open span bridges instead of fill slopes to preserve natural ecosystem functions and wildlife crossing routes in several drainages; maintaining a roadway footprint as narrow as practically feasible; restoring construction areas once the project was complete; and the use of settling basins during the construction process to protect water supplies
. 

Interestingly, I think much of the design was done pre-NEPA, so CDH really didn’t have a REQUIREMENT to do anything more than blast the road through.  Not sure, though… -ADM

Eleven of the 18 large drainages bisected by this stretch of interstate are spanned with bridges. While only one of these structures was built expressly for wildlife passage (Which one??), a number of the bridges provide high-quality, wide, and natural highway crossing opportunities for wildlife (Barnum 2003). These underpass structures range from 12.8-44.3 ft (3.9-13.5m) in height and from 71.9-715.2 ft (21.9-218.0m) in width, allowing for a natural ground covering, including trees and shrubs, to grow beneath many of them. Structures on the west side of the pass are paired, meaning that the underpasses under the eastbound lanes are directly aligned with those under the westbound lanes, allowing for continuous wildlife movement all the way from one side of the interstate to the other. However, on the east side of the pass, the sole underpass beneath the westbound lanes is not aligned with any of the five underpasses beneath the eastbound lanes. A tracking study documenting wildlife activity along Vail Pass demonstrated that through-passage by wildlife is greatest on the west side of the pass, where the underpasses beneath the east- and westbound lanes are aligned (Barnum 2003). 

Developed facilities around this stretch of interstate include a rest area just east of the summit, and a CDOT maintenance shed and truck turnouts (both eastbound and westbound) at the summit (~MP 190). Two major ski resorts are situated at the base of the pass on both the east and west sides. Copper Mountain Resort is located at the junction of I-70 and Highway 91 (MP 193-195). Vail Mountain Resort is located to the west of Vail Pass at the Town of Vail (between MP 175-177). Both resorts operate on Forest Service lands. During the winter months, snow pack levels are high, and large, steep snowdrifts along the roadsides and median may be created by snowplowing. 

Along the northwest side of the Vail Pass Wildlife Linkage, the Ginn Development Company is proposing to construct a new, high-end community on 4,809 acres on Battle Mountain, just north of the Town of Redcliff. The proposed development would include a private ski area, golf course, residential units, restaurants, and other services. 

3.1.1.1. Interstate 70 Programmatic Environmental Impact Statement

Travel demand has increased steadily on the I-70 mountain corridor between Glenwood Springs and Denver. In response to that demand and increasing traffic congestion, CDOT released a Draft Programmatic Environmental Impact Statement (PEIS) in November 2004 – a major study that evaluates transportation improvements to I-70, detailing a variety of transportation alternatives and their associated environmental impacts (CDOT 2004). The PEIS represents a Tier 1 document under the National Environmental Policy Act (NEPA). The alternatives considered at this stage include adding travel lanes in select locations, transit, new travel lanes with the possible addition of transit in the future, and various combinations of the above. CDOT is currently undergoing a collaborative process with stakeholders, and under an adjusted timeline anticipates that the Final PEIS will be released in 2009. 

The following wildlife issues are discussed in the draft PEIS: 1) barriers to wildlife movement and mortality from animal-vehicle collisions, 2) direct habitat loss and fragmentation, 3) intensified impacts on adjacent habitats, i.e., the road effect zone, and 4) indirect effects of increased population growth and land use change on habitats. According to the draft PEIS, “the primary issue affecting wildlife in the Corridor is the interference of I-70 with wildlife movement and animal-vehicle collisions (AVCs). Barriers to wildlife movement include structural, operational, and behavioral impediments to wildlife trying to cross I-70” (CDOT 2004, p. 3.2-5). In 2002-2003, CDOT convened an interagency group to discuss mitigation for transportation-related impacts on wildlife movement in the I-70 mountain corridor. This group (known as the ALIVE [A Landscape Level Inventory of valued Ecosystem Components] Committee) identified 13 ‘Linkage Interference Zones’ (LIZ) along the corridor where traditional wildlife movement routes are affected by the interstate (see Section 4.1.1). These LIZs form the basis for evaluating the impacts to wildlife of each alternative and for developing mitigation strategies to compensate for those impacts.

WRITE MORE CLEARLY An important role of the NEPA process is to identify potential environmental impacts from each alternative approach and then develop strategies to avoid, minimize, and mitigate such impacts. The draft PEIS outlines the likely impacts of transportation improvements, as well as possible mitigation measures that could offset these impacts. The ALIVE committee’s recommendations for each LIZ offer general strategies that are not specific to any of the alternatives at this stage of the NEPA process.

3.1.2. Recreation 
The White River National Forest is not only one of the largest forests in the National Forest System, but it also ranks as the premier National Forest for recreational pursuits. Vail Pass, in particular, is a major destination for a variety of recreation activities supported by miles of motorized trails, hiking trails, backcountry access, ski huts, private and commercial snowcat skiing, and a paved bike path that parallels the interstate. Fifteen commercial outfitter/guides operate on Vail Pass during the winter (November-April), and 28 during the summer (May-October) (Roberts 2007). Recreationists on Vail Pass hail from all over the country and the world, but the majority of recreational traffic along the I-70 mountain corridor originates from the Front Range (77% in the summer and 70% in the winter), according to an analysis conducted by FHWA and CDOT (USFS 2006).  Future capacity enhancements to I-70 are anticipated to increase recreational activity on Vail Pass and throughout the corridor (CDOT 2004). 

One consequence of heavy recreational use in the Vail Pass area was increasing parking problems and conflicts between motorized and non-motorized user groups. In 1988 tensions came to a head, and the Vail Pass Task Force was formed in an effort to help resolve these disputes. The Task Force was spearheaded by the U.S. Forest Service and CDOT, and includes a variety of stakeholders representing the array of recreation uses: the Colorado Snowmobile Association, Colorado Mountain Club, Copper Mountain Resort, Nova Guides, Summit Huts Association, Tenth Mountain Division Huts Association, Minturn Powder Hounds, Backcountry Snowsports Alliance, Vail Associates, and private snowcat owners. Since its formation, the Task Force has formulated a management plan based on user concerns that clearly designates where motorized activities are restricted or permitted. As a part of this program, winter users are charged a fee to offset management costs. The Vail Pass Task Force recommends management actions to the Forest Service regarding winter recreation activities on the 55,000-acre Vail Pass Winter Recreation Area between Vail Pass and Camp Hale, including 67 miles of motorized trails, 53 miles of non-motorized trails, and 3,300 acres of motorized-assisted ski terrain. The Forest Service estimates that  200 users visit Vail Pass on winter weekends, approximately 60 % of whom engage in non-motorized activities, while the remaining 40% use snowmobiles or snowcats (Cropp 2007). KG says 60-75% are motorized – check w Roberts report
Beyond the boundaries of the Vail Pass Winter Recreation Area, the Forest Service’s management plan designates the lands to the north and south as Forested Landscape Linkage (Map 3). This prescription recognizes the need to manage these areas as key landscape linkages that provide for “landscape-scale movement, migration, and dispersal of forest carnivores and other wide-ranging wildlife species,” and are intended to provide wildlife with security from intensive recreational activity and other human disturbances (USFS 2002, p. 3-70). The wildlife bridge is proposed along a section of interstate that abuts the Forested Landscape Linkage on West Vail Pass, where there are fewer recreational pressures that might affect wildlife use of the bridge.  

The effects of recreation on wildlife activity at Vail Pass has not been well-documented, although it is likely that the concentration of recreation activities and associated infrastructure near the summit of the pass has shifted wildlife activity to either side of the pass. In general, human activity may have the effect of altering species composition in local areas by favoring certain species and discouraging others. Snowmobile and ski trails result in snow compaction that can provide access into backcountry areas by species that would otherwise be limited by snow depths. (Claar et al 1999; Ruggiero et al 2000). While suitable lynx denning habitat has been mapped within the Vail Pass Winter Recreation Area, potential den sites may not be sufficiently removed – spatially and temporally – from human disturbances to support the foraging needs of a mother and her offspring (Roberts 2007). If animals learn to avoid an area with human activity, they are then foregoing the resources available in that area and must seek those resources out elsewhere (Claar et al 1999). On-going wildlife monitoring at Shrine Pass may also provide some information on wildlife activity in the more heavily recreated portions of the pass (see Section 4.2.4). 

The Holy Cross and Dillon Ranger Districts are proposing to increase the number of winter user days permitted to allow an additional 2,500 motorized and 2,500 non-motorized user days. However, the biological assessment for the Vail Pass Winter Recreation Area discussing the impacts of recreation on federally listed threatened or endangered species concludes that current recreation activities “may affect, likely to adversely affect lynx and lynx habitat” (Roberts 2007). A biological opinion for this assessment has not yet been rendered by the U.S. Fish and Wildlife Service. 

3.1.2.1. Hiking

The Vail Pass area provides access to numerous hiking trails including the Eagles Nest Wilderness on the north side of the interstate and several backcountry huts maintained by the Tenth Mountain Division Huts Association on the south side of the interstate. A number of trails originate from the Shrine Pass road. Other popular trails include the Two Elk Trail on the west side of the pass, the Wilder Gulch Trail on the east side of the pass, the Commando Run, and the Uneva Pass Trail. 
3.1.2.2. Hunting 
Hunting is a popular activity on both Vail Pass and Shrine Pass. Deer and elk hunting on Vail Pass is managed in four Game Management Units (GMU) – animals on the south side of the interstate fall under GMU 45 and 37, while those on the north side are in GMU 36 and 371. CDOW designates the number of hunting tags sold for each game unit. Hunting for black bear, mountain lion, bobcat, moose and coyote is also legal in Colorado. Hunters often park along the interstate to access the backcountry and to retrieve their game. 

3.1.2.3. Backcountry Skiing

Backcountry skiing/snowboarding has increased significantly in popularity over the last decade, and a number of the hiking trails are also used by backcountry skiers during the winter. In addition, skiers/riders create their own trails both ascending and descending the mountain slopes. 

At Vail Pass, backcountry skiing and riding, as well as snowshoeing, is further facilitated by the presence of several backcountry huts primarily on the south side of the interstate that provide overnight accommodations for backcountry users. The hut system allows users to travel between huts for more extended journeys and greater access to remote areas. 

The availability of motorized routes has also brought an influx of private snowmobiles and commercial snowcat shuttles, creating the phenomena of ‘hybrid’ backcountry skiing/riding, where skiers and riders can access 3,300 acres of skiable terrain via motorized assistance (Cropp 2007). Motorized access to backcountry areas allows users to penetrate deeper into the backcountry, thereby enlarging the human disturbance zone. 

Backcountry skiing/riding may not currently be a major contributor to human disturbance of wildlife, as use is relatively low and typically dispersed. However, disturbance is still possible, particularly where use is concentrated, such as in the motorized-assisted ski terrain. The cumulative impacts of various recreation activities in addition to long-term use may lead to avoidance behavior by some species. Snow compaction is a primary impact from backcountry recreation, and can provide access into backcountry areas by species that would otherwise be limited by snow depths (Claar et al 1999). In addition, one study found that disturbance to wildlife from cross-country skiers actually produced a more heightened stress response in mule deer than snowmobiles, likely because a skier is more likely to surprise wildlife than a snowmobile, whose approach can be anticipated (Freddy et al 1986). However snowmobiles can travel longer distances and are likely to cause disturbance over a greater area. 

3.1.2.4. Snowmobiling

Snowmobiling is an immensely popular activity in the area encompassed by the Vail Pass Wildlife Linkage. A number of private snowmobilers and commercial outfitters use the summit parking lot as a staging area. On the other side of the linkage, Nova Guides operates a snowmobile outfitter and guide business from Camp Hale. Snowmobiling is restricted to certain routes and multi-use areas within the Vail Pass Winter Recreation Area, although these restrictions are often violated and Forest Service snow rangers do not have the capacity to enforce these restrictions consistently throughout the entire Recreation Area. 

Coyote, bobcat and mountain lion are among the species that may take advantage of the ease of travel on compacted snowmobile trails. It is likely that wildlife activity is limited to nighttime hours in areas with motorized recreation.  
3.1.2.5. Bicycling
The Vail Pass bike path between Copper Mountain and the town of Vail is an extremely popular bicycle route and receives extensive use throughout the summer and fall seasons. A number of users are shuttled to the summit rest area via private or commercial shuttle operations, where they begin the descent down. Others tackle the entire route and use the infrastructure at the summit as a rest stop. The bike trail parallels the interstate, but is separated from the roadway (except for a short section on the west side of the pass around MP 186). The bike path extends the footprint of human activity associated with the roadway beyond the interstate itself, although the impacts of the bike path on wildlife activity have not been quantified. An informal survey conducted by Eco Trails registered 227 trail users in a two-hour period on a weekend day in July, 2006
. The vast majority of trail users were cyclists (222), and the remaining were hikers (5). Eco Trails is a program run through Eagle County that oversees, promotes, and cooperatively maintains the Vail Pass bike path and other multi-use non-motorized trails in the county. IMPACTS TO WILDLIFE?
3.2. Wildlife Activity
Wildlife in this area include black bear (Ursus americanus), coyote (Canis latrans), Rocky Mountain elk (Cervus elaphus nelsonii), mule deer (Odocoileus hemionus), moose (Alces alces), bighorn sheep (Ovis canadensis  ), mountain goat (Oreamnos americanus), bobcat (Lynx rufus), Canada lynx (Lynx canadensis), mountain lion (Puma concolor), red fox (Vulpes vulpes), pine marten (Martes americana), snowshoe hare (Lepus americanus), long-tailed and short-tailed weasels (Mustela frenata and Mustela erminea), porcupine (Erethizon dorsatum), other small mammals (squirrels, chipmunks, mice), and a variety of avian species. While roadkill levels are low along this segment of I-70, the area is heavily used by wildlife (Barnum 2003).
Precise wildlife movements and population densities are not well-documented in the Vail Pass area, although CDOW does maintain information on game species per management unit. Barnum’s 2003 study provides the only detailed multi-species inventory of wildlife activity on the pass. Heavy snowfall during the winter months greatly affects wildlife activity and behavior through the seasons. Barnum documented the movements (via tracking) of red fox, bobcat, mule deer, elk, and mountain lion during the snow-free months, while snowshoe hare, coyote, pine marten, and long-tailed and short-tailed weasels were documented year-round. 

Consistent with previous research on wildlife-highway interactions, Barnum (2003) found that wildlife activity on Vail Pass is positively associated with drainages and forest cover. In addition, wildlife activity was primarily associated with slopes 15° or less during the winter when steep slopes become more slippery and difficult to navigate. 

Life history requirements, home range information, and other species-specific information is presented in the following sections for select species. The interstate is widely recognized as a major cause of habitat fragmentation and a considerable barrier to wildlife (USFS 2002), although the extent to which I-70 has impacted local populations and regional-scale dispersal movements is difficult to quantify without more detailed wildlife monitoring.
3.2.1. Carnivores
Carnivore responses to human activity vary greatly among species. While some species, such as raccoons and coyotes, are able to take advantage of human-altered habitats, others which? are negatively affected by human activity. Human disturbance at den sites and habitat fragmentation by roads and trails can cause direct mortality or avoidance behavior, limiting an animal’s access to or utilization of resources. In addition, predator-prey dynamics and interspecific competition may be affected by the change in species composition (Claar et al 1999). 

Black Bear
Bears require large areas of habitat to maintain viable populations, and as food supplies vary from year to year, they may be forced to search across a greater area to meet their nutritional needs. The range of a black bear may cover between 10 and 250 square miles, depending on the availability of local resources and competition for suitable breeding and denning habitat. Black bears prefer habitat of mixed deciduous/coniferous forest with a thick understory and interspersed with forest clearings. In Colorado, bears have been found to prefer gambel oak and aspen forests with adjacent riparian areas. Forage availability greatly affects bear activity relative to their tolerance for human activity. Indeed, developed sites (homes, recreation areas, campgrounds, etc.) located in bear habitat may attract bears, particularly when food supplies elsewhere are scarce.

Threats to black bears are mainly anthropogenic. Ninety percent of all black bear deaths after the age of 18 months are human-related, including hunting and motor vehicle collisions. A study in Idaho indicated that black bears may shift their home ranges away from areas with high road densities (Young and Beecham 1986). In Montana, researchers found that bears avoided habitat within 900 feet (274m) of an open road, and avoided trails to a lesser degree (Kasworm and Manley 1990).  Black bears in a North Carolina study rarely crossed an interstate highway, but were found to cross low-traffic volume roads (Brody and Pelton 1989).

CDOW has identified the entire Vail Pass area as black bear habitat (NDIS 2006). Barnum (2003) recorded bear activity at the underpass at MP 185, and initial camera monitoring through the Citizen Science Wildlife Monitoring program has documented bears on Shrine Pass and near the underpass at MP 185.3 (SREP [unpublished data]). There have been road killed bears on I-70 – where??
Canada Lynx
The Canada lynx is listed as a threatened species by the U.S. Fish and Wildlife Service under the Endangered Species Act (ESA) of 1973 (as amended). Prior to their extirpation from Colorado in the late 1970’s, there were a number of lynx sightings in the Vail Pass area (Roberts 2007). In 1999, CDOW began a reintroduction program in the San Juan Mountains of southwestern Colorado, releasing 218 lynx from 1999-2006. In 2005, the lynx population in Colorado was estimated at over 200 adults and kittens (Shenk 2006). No known kittens were born to collared lynx in 2007. 

A successful reintroduction program is also dependent upon the presence of ample suitable lynx habitat. Primary lynx habitat is dense, structurally complex coniferous forest between 8000 and 12, 000 feet, although the secretive cats may move through lower elevation montane forests to reach primary habitat in other portions of their range. Suitable lynx habitat throughout the Southern Rockies is naturally fragmented by topography, suggesting that movement corridors play an important role in maintaining population viability (Barnum [n.d.]). Monitoring of Colorado’s lynx population has documented an average home range for a reproducing female lynx of 29 square miles (75.2 km2), while home ranges of up to 271 square miles (703.9 km2) have been documented for non-reproductive animals (Shenk 2006). These large area requirements further underscore the importance of movement corridors for lynx. Although lynx are generally tolerant of moderate levels of human activity (Staples 1995; Ruediger et al 2000), low population densities and large-scale movement patterns can make lynx populations more sensitive to animal-vehicle collisions and barrier effects due to roads. However, in areas where habitat conditions near roads favor snowshoe hares – their primary prey – lynx may be attracted to the roadway, increasing their vulnerability to vehicle collisions. Terra-Berns et al (1997) found that while lynx tracks were frequently observed paralleling roads and trails, they were rarely observed crossing them. While the impacts of highway traffic and collisions with vehicles may vary from region to region, studies in the southern Canadian Rocky Mountains found that lynx avoided crossing high-traffic volume roads (Apps 2000), and traffic volumes over 4,000 vehicles per day could have serious impacts on lynx behavior and mortality (Ruediger et al 1999; Ruediger et al 2000). Annual average daily traffic at Vail Pass is 19,000 vehicles per day – nearly five times greater than this threshold.

The Independence Pass/Collegiate Peaks area is recognized as an established lynx core area, and Vail Pass is part of a major north-south movement route through the Colorado Rocky Mountains (Shenk 2005). Monitoring work has documented lynx activity continuously within the Vail Pass Wildlife Linkage since their release in 1999, and has also shown an increase of usage from 1999-2006 (Shenk 2007). Lynx satellite and GPS collar data confirm regular lynx activity on both East and West Vail Pass, on both sides of the interstate, with the heaviest use on the south side of the interstate, although no den sites have been documented in this area (Map 4). Lynx have regularly used the Vail Pass Wildlife Linkage as a movement corridor since 2000, and year-round residency is also possible (Shenk 2007). A study of snowshoe hare habitat in the White River National Forest found that the snowshoe hare population inhabiting the Vail Pass area is sufficient to support resident lynx (Doerr 2005). In Fall 2007, three lynx were documented on the east side of the pass south of the interstate (Roberts 2007). 

CDOW noted in their comments on the draft I-70 PEIS that, based on radio collar data, I-70 represents a barrier to lynx movement through central Colorado and expansion of the interstate would have inevitable impacts on lynx. The lynx mortality rate on I-70 is significant at 4-7% of total mortalities of the reintroduced population, but this barrier is not insurmountable as a number of the collared lynx have successfully crossed the interstate (CDOW 2005). Lynx may cross openings greater than 100m (300 ft) wide, but both human-made and natural open areas discourage use and disrupt travel movements (Koehler and Brittell 1990), suggesting that just the footprint of a highway can substantially disrupt lynx travel and hunting patterns. As this new population grows and expands, animals will continue moving north from the reintroduction sites in the southern part of the state. Nine lynx have been killed by vehicle collisions from 1999-2005, two of which occurred on West Vail Pass. These mortalities may affect the reintroduced population as it struggles to gain a foothold in the Southern Rockies. Forman et al (1997) state that roadkill rates (of what magnitude? State/clarify) are a major factor in reducing populations of rare species. Brocke et al (1990) notes that translocated populations may be more susceptible to animal-vehicle collisions than native populations as they attempt to establish themselves in a new location. Steury and Murray (2004) found that reintroduction success is tied to high hare densities and low levels of anthropogenic disturbance. –MOVE or delete
In addition to the road impacts, lynx activity may also be affected by recreational activities within and adjacent to the wildlife linkage area. Vail Resort borders the northern edge of the linkage, while Copper Mountain Resort borders the southern edge, and substantial recreational activities occur within the linkage itself throughout the year. Diurnal security area, which provide secure daytime bedding habitat, are recognized as a key component for lynx conservation particularly in areas adjacent to develop recreation (Ruediger et al 2000l; Roberts 2007). Snowmobiling within the Vail Pass Winter Recreation Area around Shrine Pass may also lynx activity – the noise and disruptions caused by snowmobiles, in addition to the snow compaction, may have negative impacts for lynx. Lynx are adapted to traveling through areas with deep, low density snow that other predators can’t exploit. However, snow compaction due to recreational activities can allow other carnivores such as bobcats, coyotes and mountain lions access into remote areas, reducing the competitive advantage previously maintained by lynx (Claar et al 1999). In addition, human presence near denning sites in the late spring can result in den abandonment with a negative effect on kitten survival (Claar et al 1999). Roberts (2008) notes that no threshold has been defined regarding the impacts of winter recreation on lynx, and the volume or intensity of winter recreation activities could affect the functionality of lynx movement corridors. Roberts (2008) assessment concludes that although sufficient habitat is managed to support lynx movement through the Vail Pass Winter Recreation Area, current levels of recreation activities may hinder lynx movement through the area and use of diurnal security areas.   

These types of disturbances may cause lynx to avoid portions of the Vail Pass Winter Recreation Area where motorized recreation activity is the heaviest in favor of those areas where such activity is prohibited as well as in the adjacent Forested Landscape Linkages (see MAP). Proper management and enforcement of motorized recreation will be required to ensure the effectiveness of wildlife crossing structures across I-70 at Vail Pass. See Section 4.2.1. for a discussion of the types of management and enforcement activities that are necessary to ensure the perpetual functionality of a proposed crossing structure. 

Coyote 
The coyote is a wide ranging habitat generalist that is known to be quite tolerant of human activity, and is one of the most adaptable and widespread carnivores in North America (Fitzgerald et al 1994). The coyote has long been reviled as a predatory pest throughout its range, although, ironically, coyotes have proven extraordinarily adaptable to the habitat changes wrought by humans and have even been able to expand into niches previously unavailable to them. Consequently, coyotes now have major exploitation (i.e., competition for resources) and interference (i.e. aggressive behavior to deny access to a resource) effects on Canada lynx. They have even been known to prey upon lynx, although the magnitude of such predation remains unknown (Ruediger et al 2000). Their tolerance of human activity and human-altered landscapes may render coyotes more susceptible to animal-vehicle collisions, although high reproductive rates allow coyote population to overcome high mortality rates (Claar et al 1999). 

Preliminary monitoring data at Vail Pass have documented coyote activity at several monitoring stations during the summer, fall and winter seasons (SREP, unpublished data). Coyote were also the most commonly detected animal during the winter months in Barnum’s (2003) tracking study. This research also found that coyotes on Vail Pass demonstrated a strong preference for low gradient slopes, except near Copper Mountain Ski Resort, where coyote activity during the wintertime was more strongly influenced by the ease of mobility on the compacted snow of the ski runs and the lure of food sources (trash) associated with the resort.

Mountain Lion
Mountain lions require large, uninterrupted areas to establish their home range, and are a good indicator of large-scale connectivity (Crooks 2002). As a top predator, mountain lions are also important for top-down ecosystem regulation, preying on elk and deer. They are habitat generalists, but as highly specialized ambush predators they require good cover or complex terrain for concealment (Sweanor et al 2000). Exurban development and recreational activity in mountain lion habitat in recent decades has led to an increase in human conflicts with lions. Habitat fragmentation and degradation is a major threat (Murphy 1998), and functional linkages that allow for genetic exchange via dispersing subadults are seen as an important factor for ensuring the long-term health of mountain lion populations (Claar et al 1999). Such movement linkages need not exclude human activity. Beier (1995) found that while lions avoided substantially-developed corridors and the associated noise, lighting, and presence of domestic dogs, they readily used areas with heavily-used recreational trails.  The more recent studies are showing lions utilizing the urban edge to hunt for deer and raccoons.
The entire Vail Pass area has been identified as habitat for mountain lions and the stretch between MP 180.7 – 182 is identified as a human conflict area (NDIS 2006). Barnum (2003) recorded mountain lion activity on both the east and west sides of Vail Pass, including use of three of the four monitored underpasses, and a juvenile mountain lion was detected through a snow-tracking study on the east side of the pass in Winter 2008 (SREP [unpublished data]).  Lions have been killed on Vail Pass right at the narrows
Pine Marten
The pine, or American, marten is an inhabitant of large stands of older growth and mixed age closed canopy coniferous forests – particularly spruce-fir, though they may also be found in stands dominated by lodgepole pine and limber pine. Martens are known to be sensitive to habitat loss and fragmentation, and have a demonstrated avoidance of open areas without structural cover (Buskirk and Ruggiero 1994). Studies have also shown that martens are absent from small, isolated habitat patches (Carroll et al 1999), suggesting that connectivity between suitable habitat is an important attribute in fragmented or heterogeneous landscapes. These medium-small carnivores are active year-round, generally from dusk to dawn, although diurnal activity is not unusual. Martens are typically more active during the summer than the winter months. Average home ranges approximate 0.77-1.16 square miles (2-3 sq. km) for males and 0.3 square miles (0.8 sq km) for females (Fitzgerald et al 1994). 

Marten movement patterns are generally unpredictable as they do not follow regular travel routes. Collisions with vehicles are not a major cause of mortality – the impacts of highways on marten populations are largely due to the barrier effect and habitat loss. Snow compaction due to winter recreation activities may have negative impacts on martens and other small mammals, providing predators with increased access into deep-snow areas that would otherwise be unavailable to them.

While monitoring efforts have detected marten activity around West Vail Pass and Shrine Pass (Barnum 2003; SREP [unpublished data]), little is known about the status of marten populations in this linkage, or the effects of I-70 on genetic connectivity for this species. 

There has always been a good population of marten on both sides of I-70.  Vail Pass was a popular spot for trappers to catch martens and there have been numerous martens hit on I-70 from the top to East Vail. - BA
Other Carnivores

Bobcats are known to be present throughout the Vail Pass area, though very little information exists about bobcat populations in Colorado. Preferred bobcat habitat includes areas with good cover for hunting, resting and denning. Steep-sloped, rocky areas with dense vertical cover and little herbaceous ground cover provide favored loafing sites (Anderson 1990). Bobcats in Wisconsin have demonstrated road avoidance behaviors (Lovallo and Anderson 1996), but no such studies have been conducted in Colorado. 

Neither wolverine (Gulo gulo) nor gray wolf (Canis lupus) currently have established populations in Colorado, but the Vail Pass area has historically provided habitat for each of these species, both of which have among the largest home ranges of any mammal on the continent. Wolverines have been documented using a variety of habitat types, and the primary factors influencing habitat use appear to be food availability (Banci 1987), denning sites (Claar et al 1999), and the avoidance of high temperatures and human activity (Hornocker and Hash 1981). 

Gray wolves have dispersed into northern Colorado from populations in Wyoming, and in 2005 a female wolf was killed on I-70 near Idaho Springs. Wolves are habitat generalists and are considered good indicators of remote, large wilderness areas due to demonstrated road avoidance behavior and sensitivity to road density (Fitzgerald et al 1994; Thurber et al 1994; Wydeven et al 2001). Wolves are a fairly resilient species and can disperse long distances, allowing them the potential to recolonize areas where they have been extirpated if they are not further displaced by development and human-caused mortality (Claar et al, 1999). Wolves are listed as endangered under the ESA throughout Colorado.

3.2.2. Ungulates

Traditionally, access to winter range habitat and forage was considered the most limiting factor regulating ungulate populations, as this is the time of year when large populations congregate in restricted areas with lower snow depths to access limited resources. However, in recent years, it has become increasingly apparent that the summer months are of utmost importance for animals to obtain the nutritional benefits of high quality forage and begin storing the energy reserves that will help sustain them through the winter and support reproductive success (Canfield et al 1999). Summer allows a substantial increase in range expansion, compared to winter range as animals seek out the nutrient-dense young vegetation at the edge of the snowmelt line at increasingly higher elevations (Canfield et al 1999). Summertime disturbance and access to forage on Vail Pass may, therefore, have greater effects on the deer and elk populations than previously thought.  

Rocky Mountain Elk
This large, migratory animal is both an important game species as well as prey for predators such as wolves and mountain lions. While elk are habitat generalists – found in grasslands, scrublands, forests and forest openings – their presence is indicative of early successional habitats. 

According to CDOW, Colorado’s elk population is above long-term population objectives, although populations appear to be declining in some areas, perhaps in response to disturbance to calving habitat (USFS 2002). The DOW has been actively managing elk populations thru increased harvest strategies for the past decade.  This has reduced populations in most DAUs to at or near the population objectives-kg. The average home range of a female elk is 12 square miles (31 sq. km), with spring and fall migrations ranging from about 4-35 miles (6-60 km), although some herds are more sedentary. Migrating elk move towards higher elevations as snow melts, and then return to lower elevations as forage becomes limited in the fall and winter (Fitzgerald et al 1994). 

The entire Vail Pass area has been identified as elk summer range (NDIS 2006). Winter range areas include the lower Gore Creek drainage, Camp Hale and the Eagle River drainage, Officer’s Gulch, and the lower Blue River drainage. The Two Elk Creek drainage on the west side of the pass is recognized as a traditional calving area for elk (Shively et al 2005). You should have Smith, Stafford, Guller and Wilder Gulches as all being calving areas as documented by deVergie, Phillips, Alldredge.  The same would be for Miller and Polk Creek.
A Colorado study found that elk avoid areas within 600 feet of a road (Rost and Baily 1979), although they will cross roads that bisect their habitat. The impacts of I-70 on elk populations at Vail Pass are unknown, although CDOW notably manages herds on the south and north sides of the interstate as independent game units. Preliminary monitoring data have documented elk activity all along West Vail Pass and Shrine Pass (monitoring began on East Vail Pass in Summer 2007; SREP [unpublished data]). Barnum (2003) recorded that 56.8% of elk did not attempt to cross the interstate (n = 271), and while elk were documented using the underpasses at MP 183 and 185 on the west side of the pass, none were found using the underpasses on the east side of the pass. There are elk studies with radio collar and neck bands in the upper Eagle River drainage from 1984 to 2000 during this time there were over 400 elk banded (3 master student and 1 PhD) I would use these studies to document elk use all of the studies documented elk crossing I-70 on both sides of the pass. - BA

Mule Deer
Mule deer is an important game animal that migrates between higher elevations in summer and lower elevations in winter. Mule deer occur in a wide variety of habitats, including grasslands, forests, forest clearings and riparian areas. While deer have a high tolerance to human activity, ever-increasing development and traffic flows may degrade long-term connectivity for mule deer. Mule deer populations are currently high, but appear to be declining in some areas of the state. These declines are related to a number of factors including, habitat loss due to roads and development (CDOW 2005). In Colorado, mule deer have demonstrated avoidance of areas within 600 feet of a road (Rost and Baily 1979), although they will cross roads that bisect their habitat.

The entire Vail Pass area has been identified as summer habitat for mule deer by CDOW (NDIS 2006). Winter range for deer summering on Vail Pass is located in the lower Blue River and Eagle River Valleys. Deer were the most commonly recorded species in Barnum’s (2003) Vail Pass study. Motion-triggered cameras currently (Summer 2006 – present) located at four of the bridges under the interstate on the west side of the pass have also documented frequent activity by mule deer at three of these underpasses during the summer and fall months. A lack of wildlife activity under the bridge over the Two Elks Trail (MP 184) may be a result of regular human activity on the trail or the constrained nature of the drainage itself (SREP [unpublished data]). 

Other Ungulates
Colorado’s moose population was introduced in the late 1970’s, though prior to that time individual animals were known to wander into the state from Wyoming and Utah. Moose inhabit forested areas with plentiful browse near streams, lakes and wetlands. CDOW identifies habitat for moose in the lower elevations of both the east and west sides of Vail Pass (CDOW 2006). Barnum’s (2003) research detected moose activity at several locations, including two of the existing underpasses, and ongoing camera monitoring has documented moose activity at several locations on the north side of the interstate around MP 192.5-193.5 (SREP [unpublished data]).

Add bighorn sheep and mountain goats Sheep winter at Booth Creek cliff looking over I-70 and have been killed on I-70. Although we only have one report there was a pronghorn in the East Vail area one summer and it crossed I-70 and ended up in the back bowls of Vail.
3.2.3. Transportation- Related Impacts
The impacts of transportation-related infrastructure and traffic on wildlife are wel-documented in the literature (e.g. Forman and Alexander 1998; Clevenger 2002a; Evink 2002; Forman et al 2003). Large carnivores, in particular, are susceptible to these impacts, due to their need for large core areas of relatively wild habitat, small population densities, longevity, and wide-ranging movements (Noss et al 1996). Given the network of roads across the landscape, road crossings are inevitable for wide-ranging and migrating species in the central Colorado Rockies. The ecosystem-level consequences of impacts to large carnivores cascade through the trophic levels (Terborgh 1988; Noss et al 1996), and the presence of large carnivores may be indicative of healthy natural ecosystems.

3.2.3.1. Barrier Effects

Transportation-related barrier effects on wildlife movements may result from traffic volumes and speeds, physical barriers (fencing, walls or guardrails along roadway shoulders or medians), or the roadway footprint itself. Other impacts in the road-effect zone include traffic noise and lighting, construction and maintenance-related disturbances, and contaminants from de-icing chemicals or other winter traction materials (Forman and Alexander 1998; Forman and Deblinger 2000). The distance to which these impacts affect adjacent habitat may vary depending on the terrain and vegetation structure. Individual species also have varying levels of sensitivity to these types of impacts (Singleton et al 2002). 

Several features influence the permeability of I-70 at Vail Pass including: four lanes of interstate; high speed passenger and freight traffic (65mph speed limit); underpasses at select locations that can function as wildlife crossings, median and shoulder barriers; a wide, grassy median on the east side of the pass; terrain features (including natural cliffs and road cuts); and elevation differences between the westbound and eastbound lanes along several segments of West Vail Pass. All of these factors can affect wildlife movement across I-70. 

Existing open-span bridges on Vail Pass provide high-quality crossing opportunities for wildlife, ranging from 3.9 – 13.5m in height, and from 21.9 – 218.0m in width. The open nature of these structures allows vegetation – including trees – to grow, so that natural cover is retained throughout the length of the crossing (Barnum 2003). Structures on the west side of the pass are paired, meaning that the underpasses under the eastbound lanes are directly aligned with those under the westbound lanes, allowing for continuous wildlife movement all the way from one side of the interstate to the other. However, on the east side of the pass, there are five underpasses beneath the eastbound lanes and only one underpass beneath the westbound lanes dues to the banking of these lanes against the adjacent uphill slopes. Barnum (2003) found that the two most heavily-used underpasses occur on the west side of the pass where the eastbound and westbound alignments are side-by-side, suggesting that, once the minimum size requirements for a crossing structure have been met, the effectiveness of a crossing structure in promoting wildlife passage is heavily influenced by the ease of crossing the entire highway. Conversely, the off-set design of the bridge structures on the east side of the pass precludes safe passage of wildlife, as animals crossing through a structure under the eastbound lanes were likely to make an at-grade crossing over the westbound lanes where no crossing structure was available. (These results suggest that,) Barnum concludes, when given a choice, these animals will opt to use a high quality open-span bridge crossing structure over crossing the interstate at-grade. On-going monitoring activities on Vail Pass will help to further validate these results (see Section 4.2.4.)  (The evidence of the steep uphill slopes needs to be disclosed as to the likely cause of the lack of a paired westbound structure.)
Or does it just mean that the structures under the e-bound lanes are well-placed – or both – and there aren’t enough under the w-bound lanes (obviously), so an animal crossing under the e-bound lanes continues on its way, over the highway at grade? -ADM
Median and/or shoulder barriers are present along much of the stretch of I-70 over Vail Pass, particularly along the west side of the pass. Barnum’s (2003) study of wildlife crossing activity over I-70 at Vail Pass found that crossing zones of mule deer, elk and coyote were inversely correlated with sections of road that were obstructed by barriers such as Jersey barriers, guardrails, walls or cliffs. This research indicated that wildlife movement may be limited by roadside and shoulder barriers, as animals were not likely to jump over roadside Jersey barriers or guardrails to enter the roadway. Therefore, while landscape features are instrumental in determining where animals approach the roadway, roadside barriers may make the ultimate determination in where animals may cross the road. Barnum found that animals may walk along the gravel shoulders adjacent to a roadway before crossing, but do not travel along the inside of a shoulder barrier, between the shoulder and the traffic lanes. This study also found a strong relationship between animal crossing zones and barrier ends, which could potentially result in animals being funneled to cross at these barrier ends. 

Clevenger and Kociolek (2006) note that median barriers can trap or slow wildlife attempting to cross a road, thereby increasing the likelihood of an animal-vehicle collision. The visual impact of a median or shoulder barrier can also preclude animals from attempting to cross due to the lack of view of habitat on opposite side.  

3.2.3.2. Animal-Vehicle Collisions 
Animal-vehicle collision (AVC) data from Vail Pass are derived primarily from Colorado State Patrol (CSP) accident Rreports, which record 83 AVCs between MP 182-195 from 1993-2004 (Fig. 1). These records show that deer, elk, mountain lion, coyote, and moose have all been killed in collisions on Vail Pass. In addition, two lynx have been hit by vehicles on West Vail Pass, one in July, 1999, just west of the summit (MP 188.2), and the second, in May 2004, at MP 187.3, two miles west of the summit (Map 5).

AVCs are generally recognized as being severely underreported as well as unevenly reported over time and geographies. Romin and Bissonette (1996) recommend factoring in a 16-50 percent reporting rate when estimating AVC levels from accident reports. Regardless, concentrations in AVCs can help define problematic stretches of roadway. Since 2005, CDOT maintenance personnel have been recording animal carcasses found along roadways, in an effort to compile more comprehensive data on animal-vehicle collisions (Fig. 2).  

Both the CSP and the CDOT data show higher levels of AVCs on the lower elevation portions of the pass, on both the east and west sides. The most commonly recorded species in both the CSP and the CDOT records are mule deer, although a majority of the CSP records do not record species at all. 

AVC rates are dependent on both traffic volume and the number of animals crossing the roadway (Roof and Woodling 1996; Barnum 2000). Stretches of roadway with high AVC rates represent locations where animals are unsuccessfully attempting to cross a roadway. Areas with low AVC rates may be areas where animals are able to successfully cross the roadway, or they may be locations where animals are not attempting to cross the roadway at all, either because it is not a preferable crossing location, or because the roadway is too much of a barrier. Low AVC rates can also be caused by semi trucks hitting wildlife an not stopping to report the accident to CSP.
In the I-70 PEIS (CDOT 2004), CDOT uses CSP accident data to calculate collision rates, and considers areas with greater than 1.4 AVC per year per mile as ‘problem areas’. Based on this criterion, Vail Pass, with an AVC rate of 0.5, is not a problem area for AVCs. However, the rate of AVCs does not reflect the impacts to local wildlife populations, which may be more severe for a small population (e.g., lynx) than a large population (e.g., deer). In either case, Vail Pass has a relatively low rate of AVCs compared to other stretches of I-70.
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4. VAIL PASS WILDLIFE LINKAGE

Define the VP wildlife linkage – scope, habitat connections. 

The SE portion of Camp Hale may function as an important movement corridor for lynx (directly connected to Tennessee Pass Lynx linkage) May be difficult for a lynx to move freely within and around the Camp Hale area if the level of recreation continues to increase. Specifically, lynx may avoid traveling between Jones Gulch (which drains the NW side of Chicago Ridge) and McCallister Gulch, which has been id’d by the FS as a diurnal security area and foraging habitat (Roberts 2007).  

Vail Pass Wildlife Linkage facilitates north-south lynx movement between the Holy Cross Wilderness Area and the Eagles Nest Wilderness Area (Roberts 2007). 

Connects to Tennessee pass lynx linkage (FS identified), which facilitates liynx movement along or across the Continental Divide.  This linkage facilitates north-south lynx movements along the east slope of th Sawatch Range all the way from the San Juan Core Area into the central CO mountains (Roberts 2007). 

4.1. Why Vail Pass? Why VP or why WVP? Make sure impt pts in this section don’t get lost. 

Combined Effect of Human Activities and Transportation on Wildlife 

(Given the significance of the Recreation discussion in Section 3.X, it would be useful to provide to the reader a ‘cumulative’-type discussion of the combined effect of these two activities, and an expert-based conclusion, if found, that “in spite of the human activities, mitigating for transportation impacts is warranted due to the significance of this impact…”
The wildlife bridge at West Vail Pass was proposed as an early action, ecosystem–based mitigation measure for the infrastructure impacts the I-70 mountain corridor expansion will have on wildlife, including the threatened Canada lynx. As such, CDOT may construct the wildlife bridge as an early mitigative action to minimize impacts of the project on lynx as part of consultation under section 7 of the Endangered Species Act. Construction of the wildlife bridge was proposed as an early action measure so that CDOT could meet mitigation requirements at this location early on in the process of I-70 reconstruction. The wildlife bridge may also serve to mitigate environmental impacts to other species, fulfilling CDOT’s NEPA obligations as well. 

The foundation for “ecosystem-based” mitigation is described in the recently published report from FHWA entitled, Eco-Logical – an Ecosystem Approach to Developing Infrastructure Projects (Brown 2006). Ecosystem-based mitigation is the process of restoring, creating, enhancing, and preserving habitat and other ecosystem features in conjunction with or in advance of projects in areas where environmental needs and the potential environmental contributions are the greatest. Through Eco-Logical, FHWA is promoting the idea that mitigation should be done in the best place ecologically, and should not be constrained by the boundaries of transportation projects. The wildlife bridge was proposed as the first of many ecosystem-based mitigation measures that are needed to fulfill mitigation requirements where transportation projects impact wildlife movement, water quality and habitat loss within the I-70 corridor. However, the Final Programmatic Environmental Impact Statement for I-70 is not expected to be complete until 2009 and the precise nature of infrastructure changes will remain uncertain until that time.

A number of wildlife crossing locations have been identified within the I-70 corridor providing guidance for moving forward with appropriate mitigation measures as opportunities arise. Sections 4.1.1 – 4.1.5 of this white paper detail the existing documentation that identifies important wildlife linkage needs at Vail Pass and other locations. The Vail Pass wildlife bridge proposal has been advanced given the mutual understanding that Vail Pass currently offers the best opportunity for mitigating the impacts of transportation infrastructure and traffic on I-70 as determined by the configuration of both natural and human elements in the landscape, and the political and community support for such a proposal. Forest Service lands on either side of this stretch of interstate help ensure habitat protection in the linkage approaches, and an ongoing commitment to compatible management from the Forest Service is needed to ensure long-term functionality of the linkage. A new crossing structure near the summit of the pass would improve north-south permeability across the interstate by complementing the existing span bridges located lower down on the pass and providing an additional crossing option that would be accessible to a variety of species. 

Landscape-scale connectivity cannot be achieved with the construction of a single wildlife crossing structure. Indeed, the West Vail Pass wildlife bridge is regarded as a first step toward the restoration of habitat connectivity in the Vail Pass wildlife linkage. Additional efforts by CDOT, FHWA, counties, land trusts, and other local partners to implement mitigation measures will be essential to the restoring landscape-scale habitat connectivity for wildlife. 

4.1.1. A Landscape Level Inventory of Valued Ecosystem Components (ALIVE)

In 2001, CDOT and FHWA convened an interagency group of wildlife specialists called “A Landscape Level Inventory of Valued Ecosystem Components” (ALIVE) to consider the negative impacts of existing and proposed transportation systems on wildlife habitat and movement patterns, and to guide mitigation development strategies as a part of the I-70 PEIS (CDOT 2004). Other agencies engaged in the ALIVE committee included agencies responsible for the protection and management of wildlife habitats and threatened and endangered species – the Colorado Division of Wildlife (CDOW), the Bureau of Land Management (BLM), the US Forest Service (USFS), and the U.S. Fish and Wildlife Service (USFWS). The objective of an agreement among the cooperating agencies was to agree up-front to conservation strategies and mitigation measures to ensure timely environmental clearances for projects prioritized under the PEIS. 

The focus of the ALIVE committee was fourfold (JFSA 2007):
· Designate key wildlife habitat, including Canada lynx habitat.
· Identify and characterize Linkage Interference Zones.
· Analyze specific conflict areas for wildlife roadway crossing within the linkage interference zones.
· Make recommendations for mitigating conflicts through wildlife crossings and other techniques including fencing and land conservation strategies. 
The ALIVE committee compiled and evaluated a wide range of ecological components, including contiguous blocks of habitat, linkages, migration routes, summer and winter ranges, rare and endangered species and ecosystems, and species ranked by the Colorado Natural Heritage Program. The compiled data and subsequent GIS analyses highlighted barriers to landscape connectivity and wildlife movement, and impaired landscape components, enabling the committee to assess the direct, indirect and cumulative impacts of transportation improvements proposed in the I-70 PEIS and target effective landscape-level mitigation strategies. The ALIVE committee was the first to recommend the construction of a wildlife bridge at West Vail Pass to address transportation-related impacts. 
4.1.1.1. Linkage Interference Zones

The ALIVE group made comprehensive recommendations on wildlife crossing mitigations in key wildlife Linkage Interference Zones, or wildlife movement areas. 
Linkage Interference Zones are locations along the Corridor where the evidence suggests that the existing highway’s barrier effect impedes traditional wildlife movement through certain corridors. These corridors include migration routes, as well as pathways used by a species to access required parts of its habitat on a more frequent basis. In all instances, these movement pathways connect two important components of a species’ habitat needed to complete lifecycles. Evidence used to identify probable linkage interference zones included AVC data, knowledge of historic movement patterns, and observations by agency personnel, primarily of mule deer, elk, bighorn sheep and, when data were available, carnivores (CDOT 2004).
The ALIVE committee identified a total of thirteen Linkage Interference Zones
 along I-70 between Denver and Glenwood Springs (Map 6). The committee gave each zone a priority rank and identified specific mitigation measures, which were outlined in a cost estimate chart distributed by CDOT and their consultants for a 2003 I-70 PEIS meeting (Appendix B). Two zones were mapped along both the east and west sides of Vail Pass.

· Zone 6a & 6b: West Vail Pass (MP 180.7-188.5). This zone extends from the junction of the Gore Creek and Black Gore Creek drainages to the CDOT maintenance shed near the summit of the pass. The zone was identified as one of the best remaining places to cross I-70 in the Vail area. Habitat characteristics, including coniferous forest to the edge of both sides of the highway, the presence of seven existing span bridges between MP 182.5 and 185.4, the lack of development in the zone, and the zone’s location next to a wilderness area all contribute to the high levels of wildlife activity in this LIZ, despite the low incidence of animal-vehicle collisions (0.03/mi/yr). While the lower portion of the pass (LIZ 6a) was considered sufficiently permeable, the upper portions of West Vail Pass (LIZ 6b) were considered in need of improvements for wildlife movement (ALIVE 2003). West Vail Pass was given a high priority ranking because it is the longest LIZ at high elevation (6.8 miles), and there are no safe wildlife crossing opportunities in the upper portions of the zone (JFSA 2007). Recommended mitigation measures include a wildlife overpass at MP 188.0, a wildlife underpass structure at MP 186.3, and wildlife fencing between the proposed structures along both sides of I-70. The ALIVE Committee’s rationale for these recommendations was based on the lack of development in the LIZ, the Forest Service’s management of the lands on either side of the interstate, and the coordination of crossing structure construction with the sediment control action plan (JFSA 2007). 

· Zone 7: East Vail Pass to Copper Mountain (MP 190.4-194.0). This zone extends between the rest area just below the summit of the pass to the resort developments associated with the ski area at Copper Mountain. Some motorized recreation is permitted in the northern reaches of the zone, and non-motorized recreation is common on trails throughout the zone. The zone is largely forested, though not as densely as West Vail Pass, and there are large open areas throughout. Although there are five span bridges located under the eastbound lanes, none of these align with the single span bridge under the westbound lane, and there are no features guiding animals to these safe crossing locations. This zone also received a high priority ranking, although it was noted that the topography limits adding additional span bridges under the westbound lanes. Recommended mitigation measures include arch structures under the westbound lanes at MP 192.5 and MP 193.4, adding berms and screening vegetation to guide wildlife from the eastbound bridges to the westbound bridge, and providing spaces between guard rail segments to reduce the likelihood of a collision with a vehicle when animals jump over barriers. 

In addition to the two Vail Pass zones, only three other Linkage Interference Zones were identified as ‘high priorities’ (Zone 4 – Wolcott to Avon, Zone 9 - Laskey Gulch, and Zone 9.5 – Herman Gulch/Bakerville). Because the PEIS is a Tier 1 document, only general recommendations for mitigation can be made at this stage. Therefore, rather than including the complete recommendations of the ALIVE committee, the draft PEIS recommendation for the West Vail Pass LIZ reads: “new wildlife crossing structures be as large as possible depending on engineering design requirements and topographic limitations of the area; add CDOT wildlife fencing between proposed structures on both sides of I-70” (CDOT 2004, p.3.2-14). 

CDOW noted in their comments on the draft PEIS that mitigation plans for wildlife should be more fully described prior to the selection of an alternative and clearly articulated in the selected alternative, as areas that currently act as barriers to wildlife movement will only become more impassible with highway expansion and increased traffic levels unless appropriate wildlife crossing structures are installed (CDOW 2005). 

4.1.1.2. Interagency Memorandum of Understanding for I-70 Mitigation
The final objective of the ALIVE program was to develop cooperative agreements between CDOT and the regulatory and resource agencies. To advance this goal, and to facilitate collaboration in the development of effective mitigation measures for wildlife to minimize transportation impacts, a Memorandum of Understanding (MOU) was drafted in 2006, and is expected to be signed by all parties in 2008. This MOU will help CDOT and FHWA fulfill their section 7 consultation requirements, reduce the demands of future consultation requirements, and ensure that mitigation and land management strategies are implemented by the responsible jurisdiction and in the best locations regardless of where the actual transportation projects are located, thereby ensuring the greatest benefit to wildlife and wildlife habitats at a landscape scale. The ALIVE committee notes that “this strategy proceeds from the premise that restoration of impacted habitats and preservation of critical habitats is more likely to meet stated mitigation goals than local creation of habitat, and that restoration and preservation require a watershed or regional perspective for successful implementation” (JFSA 2007). 
4.1.2. USDA Forest Service: Wildlife Linkage Areas Identification
Following the listing of Canada lynx as a Threatened species under the Endangered Species Act in 2000, the U.S. Forest Service undertook the mapping of lynx linkage areas in the Western United States to help guide and coordinate federal actions regarding lynx habitat mapping and management (Claar et al 2003). The identification of lynx linkages was intended to provide focus for future planning and research activities. Attributes used to identify these linkages include: unimpeded routes of suitable habitat between blocks of lynx habitat, topographic features (ridgelines, north-facing slopes, valley bottoms, other terrain features), known crossing problems or other barriers, pinch points in public lands, and an absence of urban and recreational development. 

Through this process, the entire Vail Pass area was identified as a lynx linkage. During a field assessment of lynx crossing areas across I-70, leading up to the mapping of lynx linkage areas, local USFS, USFWS and CDOW biologists noted the following regarding West Vail Pass (USFS 1999):

There is about a four mile stretch of I-70 here that has not provided for wildlife movement.  This is the area where a lynx was recently killed by traffic and this area is considered important for the species natural dispersion.  We suggest considering designing at least two overpasses in this area in conjunction with fencing to provide for safe passage of lynx and other wildlife.  One suggested area is between the two Black Lakes, another area is west of Black Lake Two near where the lynx was killed.  

The purpose of this field evaluation was 1) to provide input for any future modifications of I-70 so that lynx and other wildlife crossing needs would be considered in future highway designs, and 2) to begin addressing critical lynx movement needs across highway corridors within the Upper Eagle River Lynx Conservation Area. These mapping efforts support Strategy 1.c.8 of the White River National Forest Plan, which calls for the “mapping, identification and prioritization of site-specific locations where highway crossings are needed to reduce highway impacts on lynx”, and commits the Forest Service to working with FHWA and CDOT in this process to address lynx movement and habitat connectivity needs (USFS 2002, p.1-6).
4.1.3. Linking Colorado’s Landscapes 

The Linking Colorado’s Landscapes project – designated as a 2006 Exemplary Ecosystem Initiative by the Federal Highway Administration – was initiated in 2003 to identify, prioritize, and assess wildlife movement linkages throughout Colorado. The project developed as a collaborative effort between the Colorado Department of Transportation (CDOT), the Federal Highway Administration (FHWA), the Southern Rockies Ecosystem Project (SREP), The Nature Conservancy, and Colorado State University (CSU). Under this unique partnership, a FHWA grant enabled CDOT to contract with SREP for the development of a connectivity assessment in Colorado to facilitate CDOT’s consideration of landscape-scale permeability for wildlife while addressing the state’s transportation needs and environmental stewardship objectives. 

Linking Colorado’s Landscapes consisted of two phases: a statewide assessment of broad-scale wildlife linkages, and an in-depth assessment of twelve of the highest priority linkages. The primary objective of Phase I of Linking Colorado’s Landscapes was to identify broad linkage zones across the state that facilitate movement for Colorado’s diverse array of wildlife species, and prioritize amongst them for further study (SREP 2005a). Phase II consisted of in-depth evaluations for a subset of the highest priority linkages (SREP 2006). 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). 

The statewide assessment used a two-track approach employing both expert opinion and connectivity modeling to produce a comprehensive assessment of 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. Integrating both qualitative and quantitative data produces a more comprehensive understanding of wildlife movement areas and is preferable to a single-track approach (Clevenger et al 2002b). 

In total, 176 linkages were identified via the expert workshops, with additional linkages modeled for Canada lynx, gray wolf and pronghorn. Linkage prioritization was based primarily on ecological rankings derived from the expert workshops and the species models. Other considerations that influenced the final prioritization include planned transportation projects as identified in CDOT’s statewide plan, animal-vehicle collision data, and the presence of local partners. 

The Vail Pass Linkage – extending between the Holy Cross and Eagles Nest Wilderness Areas, and crossing over both I-70 and U.S. Highway 24 – was identified as one of 23 high priority linkages in the statewide connectivity assessment (SREP 2005a). Linkages at Jones Gulch-Laskey Gulch and Berthoud Pass were also identified as high priority linkages for north-south connectivity through the subalpine forests of the central mountains. The primary threats to these linkages are heavily developed resort areas, high levels of recreational use, and the traffic and infrastructure barriers presented by the interstate. Both land protection and highway mitigation were identified as important needs to protect and restore the functionality of the linkages. 

4.1.4. CSU Research: Highway Corridor Wildlife Mitigation/Habitat Connectivity Study
A team of CSU researchers was contracted by CDOT in 2004 to prioritize highway segments in Colorado based on their importance for landscape and wildlife linkages. This initial research provided the basis for further study based on those prioritizations and CDOT’s construction plans for the specific highway corridors (Crooks et al 2006). 

Using a highway map separated into roughly five-mile segments, the researches evaluated data from four sources: 1) Animal-vehicle collision reports from CDOT and Colorado State Patrol, 2) Linkages identified during the expert workshops portion of Linking Colorado’s Landscapes (SREP 2005a), 3) Highway crossings and migration corridors as identified by CDOW’s Wildlife Resource Information (WRIS) database, and 4) Landscape linkages for a suite of focal species using the FunConn landscape linkages tool (Theobald et al 2005). Two species of conservation concern were selected for the analysis – Canada lynx and gray wolf. Using these data, a biological prioritization of highway segments was developed (the researchers also prepared a prioritization based on human health and safety, and a composite map reflecting an overall estimation of linkage importance). The West Vail Pass highway segment ranked in the top 10th percentile based on conservation concerns. What does this mean?  Is it one of the top 10 segments for concern statewide?  Or is it in the top 10% of all the XX segments looked at?  I think this could be worded more clearly.  kg
4.2. Landscape Context Opportunities

Ecological research is critical in directing the need for wildlife crossing structures, but additional factors feed into the decision-making process dictating how and where to construct these structures. The following considerations were elemental in the decision-making to advance the recommended wildlife bridge at West Vail Pass and are discussed in the following sections: 1) Existing open-span bridges that function as wildlife underpasses along the lower portions of West Vail Pass, and 2) Forest Service land ownership throughout the Vail Pass Wildlife Linkage.
4.2.1. Existing Underpasses

Seven open-span bridges located under I-70 on the west side of the pass between MP 182-185.3 currently allow passage for wildlife beneath the interstate (Map 7). Barnum (2003) reported high rates of through-passage under the bridges on the west side of the pass by a variety of wildlife, but most heavily by deer. These underpasses provide multiple opportunities for safe passage of wildlife along lower West Vail Pass. This stretch of interstate was identified by the ALIVE committee as Linkage Interference Zone 6a (Lower West Vail Pass), and was considered sufficiently permeable (ALIVE 2003). However, a five-mile gap occurs from the top of the pass between MP 185.3-190, where there are no safe crossing opportunities for wildlife. The fact that these overpasses exist and are used effectively by wildlife almost seems to lower the priority for the WV overpass project.  Wouldn’t the average reader get the idea that there might be better places to spend the $$ and effort than an area where crossings already provide for safe wildlife movement?  I understand the 5 mile gap, but would the average person? kg
Research along highways in other parts of North America (Clevenger et al 2002a; Dodd et al 2007) has demonstrated that multiple crossing opportunities are needed to restore permeability where highways act as barriers to wildlife movement. Generally crossing structures for large and mid-sized mammals are recommended approximately every mile (depending on target species) within an identified wildlife linkage zone (e.g., Dodd et al 2007). The construction of a wildlife bridge along the upper portions of West Vail Pass (between MP 185-190) would help enhance permeability through both of the identified Linkage Interference Zones (6a and 6b) on West Vail Pass, helping to create a comprehensive system of wildlife passageways along the entire west side of the pass. In addition, because the wildlife bridge is proposed along the upper reaches of the pass, it may provide safe passage for a greater variety of wildlife. Preliminary data from the Citizen Science Wildlife Monitoring program indicate that mule deer are more active in the lower portions of the pass and are actively crossing through the existing span bridges, while elk are more active in the upper portions of the pass, where there are currently no crossing structures (SREP [unpublished data]). 
4.2.1. Land Management in Crossing Structure Approaches

Land managed and protected for wildlife in the habitat leading up to a crossing structure (crossing structure approaches) is a critical consideration when planning for any wildlife crossing. If a substantial investment is to be made in constructing a structure, land protection must be assured in perpetuity to ensure that the effectiveness of the crossing structure will not be compromised by adjacent land uses or future development. Public land ownership, private preserves or conservation easements are all compatible with wildlife crossing structures, however the management of these lands must also be compatible with wildlife. Grazing, mineral extraction, motorized recreation, developed recreation, and other high density recreation activities should be avoided in the approaches to wildlife crossing structures to minimize human incursions and impacts to wildlife habitat, and facilitate wildlife use of these structures. ‘Quiet’ recreation uses, such as hiking, mountain biking, snowshoeing, and backcountry skiing/riding should also be limited. 

Efforts in Washington State provide an excellent example of how land ownership and management issues can be addressed to support functional wildlife crossings. At Snoqualmie Pass, a 15-mile stretch of Interstate 90 (I-90) connecting eastern Washington to the Seattle area, the Washington State Department of Transportation has proposed adding or improving wildlife crossings at 14 different locations, including two wildlife overpasses. In support of this effort, Snoqualmie Pass has been the focus of a major land exchange and land acquisition effort. Historically, a checkerboard of private and public lands, the U.S. Fish and Wildlife Service, the U.S. Forest Service, and a number of nonprofit conservation groups have invested over $100 million to add 75,000 acres (approximately 117 square miles) of land to the National Forest system within the I-90 Snoqualmie Pass East project area (I-90 Snoqualmie Pass East Mitigation Development Team 2006). Collaborative efforts such as this are essential to the protection and restoration of functional wildlife linkages. 

The situation at Vail Pass is significantly less complex as the landscape both north and south of the interstate and throughout the larger landscape linkage area is already under public ownership and managed by the Forest Service. Motorized recreation is permitted near the top of Vail Pass around the Shrine Pass area (on the south side of the interstate). The portion of the Forest interfacing with the interstate between MP 186-190 is managed for non-motorized backcountry recreation, with winter motorized recreation allowed only on the bike path between MP 188-190 (See Map 3). Forest lands adjacent to the south side of the interstate between MP 183.2-186.9 are managed as Forested Landscape Linkage, which are designated to provide secure wildlife movement zones, particularly in areas adjacent to human developments or disturbed areas (USFS 2002). To the north of the interstate lies the Eagles Nest Wilderness Area. While human activity may have to be more closely regulated in the approaches to the wildlife bridge to ensure that it does not conflict with wildlife use, land ownership and land management at this location is highly compatible with a wildlife crossing structure. This situation does not exist at other identified high priority wildlife crossing locations that cross I-70. Once a structure is built, the Forest Service may have to give additional attention the areas immediately adjacent to the structure to ensure that human activities do not interfere with wildlife use of the structure. It is important to consider both the impacts of individual activities as well as the cumulative effects of recreation uses and associated development. Appropriate land management is crucial to the long-term success of a wildlife crossing structure and the integrity of the entire Vail Pass Wildlife Linkage. Recognizing this, the Region 2 Forest Service Regional Forester and the White River National Forest have expressed explicit support for increased opportunities for safe wildlife crossings in this area and are willing to evaluate the need for adjusting management area boundaries to facilitate those opportunities.

4.2. West Vail Pass Wildlife Bridge Proposal 

4.2.1. The Decision-Making Process
On March 31, 2005, SREP and Wilderness Workshop convened a meeting at the USDA Forest Service Regional Office in Lakewood, Colorado to assess the current level of agency interest and commitment to implementing an early action conservation measure in a high priority Linkage Interference Zone. Once consensus on this general idea was achieved, the group discussed the possibility of a wildlife bridge at West Vail Pass (LIZ 6b) per the ALIVE Committee’s recommendations as a potential implementation action. The group acknowledged that this location had certain advantages (e.g., protected land on both sides of the interstate, fewer recreational impacts) than other high priority LIZs, such as Laskey Gulch. 

CDOT, FHWA, the U.S. Fish and Wildlife Service, the U.S. Forest Service, the Colorado Department of Natural Resources, and J.F. Sato and Associates (the consulting firm that facilitated the meetings of the ALIVE Committee) were all present for this discussion. At this meeting, each group presented their commitment to moving forward with a proposal, outlined any questions or concerns that they had, and clarified their role in developing and advancing a proposal. All of the groups expressed support for moving forward with the project and engaging the Colorado’s congressional delegation to support the project at the federal level, contingent on the following considerations (SREP 2005b):

· Funding for the project should not conflict with other CDOT projects. 

· The timing for the project should be worked out with the I-70 PEIS. 

· The construction of an overpass at West Vail Pass could be considered a conservation measure for impacts in the I-70 PEIS by the U.S. Fish and Wildlife Service. 

· The White River National Forest agreed to review the location of a proposed structure to ensure that compatible land management occurs on the adjoining Forest lands. 

All of the parties present at this meeting agreed that a wildlife crossing structure in this area should be sited and designed for the benefit of multiple species. 

Following this meeting, on April 19, 2005, a small group of engineers and other interested parties
 conducted a site visit to Vail Pass for a preliminary look at the feasibility of constructing a wildlife bridge on West Vail Pass. The group selected two locations to visit (MP 187.4 and MP 188) that appeared to be most appropriate, based on topography, roadway constraints, and adjacent land management. The general consensus that emerged from the group was that a wildlife overpass would be the most feasible type of crossing structure at either of these locations, primarily due to the local terrain, which would not accommodate the construction of an open-span bridge. 

Building on the confirmation of support from each of the state and federal transportation and natural resource management agencies, SREP and Wilderness Workshop approached the Vail Town Council and the Eagle County Commissioners to assess local interest and support in pursuing this project. Both the Town of Vail and Eagle County wrote letters of support to encourage the project to move forward. 

With this backing of both local and agency support, Senator Allard (R), Senator Salazar (D), and Representative Udall (D) submitted requests to fund the West Vail Pass wildlife bridge through the Public Lands Highway Discretionary Program. This is the only source of federal money that brings additional funds – above and beyond regular funding mechanisms for transportation projects – to state departments of transportation, and the only way to access these funds is by requesting an earmark. This funding source does not require a match and does not compete with local projects. The wildlife bridge project qualified for this funding because I-70 lies on an easement through the White River National Forest and meets the goals for improving transportation infrastructure on federal lands (see 23 U.S.C. 202, 203 & 204; TEA-21 Section 1101(a)(8)(B)).

In November 2005, Congress passed the 2005 Appropriations Bill which allotted $500,000 directly to CDOT for the wildlife bridge proposal. This amount was later reduced to $420,000 due to a federal obligation limitation that affected all appropriations. On March 12, 2007, CDOT awarded the initial Scope of Work for the wildlife bridge to Felsburg, Holt & Ullevig (FHU), a transportation engineering firm based in Centennial, Colorado. FHU has assembled a team of biologists and structural engineers to conduct a feasibility analysis to site and design the wildlife bridge on West Vail Pass between MP 186-190. The primary considerations that the FHU team will be evaluating are: movement needs of the target species, spatial and temporal patterns of wildlife movement, habitat, land management, topographic constraints, compatibility with the selected alternative from the I-70 PEIS, engineering constraints, and recreational resources. The location and design of the wildlife bridge and associated wildlife fencing must be compatible with each of these considerations. Therefore, the preparation of final design for the bridge is contingent upon the selection of an alternative for the I-70 mountain corridor. 

Colorado’s Congressional delegation will continue to be instrumental in raising additional federal funds for the construction of the wildlife bridge. This precedent-setting initiative can serve as a model elsewhere around the country to restore landscape connections for wildlife. In FY 2007, CDOT requested $1 million in funds from the Federal Appropriations Bill through the Public Lands Highway Discretionary Program in order to complete engineering designs and a total cost estimate for construction. The wildlife bridge was promoted as one of two top priorities for funding in the state of Colorado in the appropriations request by CDOT; however, neither of these priorities were selected for funding by FHWA.  

See Figure 3 for a complete chronology of the events related to the proposal to construct a wildlife bridge at West Vail Pass (see separate Timeline attachment – will be integrated into final document). 

4.2.3. Engineering Design Considerations
Two initial engineering considerations shape the design of a wildlife crossing structure: location and structure type. FHU is the consulting firm tasked with determining the precise location for the wildlife bridge between MP 186-190. Site determination must weigh both ecological and engineering factors, as well as cost considerations. 

somehow there should be a part that details the limiting factors on building the overpass on all but about 2-3 places.  
Structure type is largely determined by topography and engineering constraints. Wildlife bridges are ideal where the terrain is flat or sloped, the forest canopy approaches the highway, and large natural drainages do not exist, whereas wildlife underpasses are more appropriate where drainages are bisected by a roadway (Ruediger 2007). In contrast to lower West Vail Pass, there are no drainages bisected by the interstate along upper West Vail Pass. Through this stretch, the interstate parallels the Black Gore Creek drainage. The interstate is cut into the northeast slopes of the drainage. The topography on either side of the interstate ranges from steep road cuts to gentle side slopes. Because there are no natural drainages through this road segment, constructing an open-span bridge at this location would necessitate digging out a major portion of the hillside under I-70. In contrast, a wildlife bridge along this stretch would not require significant alterations to the surrounding terrain – instead, it is akin to extending the slope over the roadway, where it was previously cut out to accommodate the interstate. 

An additional factor influencing the design of the wildlife bridge is related to the I-70 PEIS and the alternative that will ultimately be selected for the I-70 mountain corridor. Highway widening (i.e., constructing additional traffic lanes) and transit alternatives are both being considered for this segment of the interstate. CDOT has contracted with the consulting firm PBS&J for an Environmental Assessment for the addition of climbing lanes on the west side of Vail Pass as an early-action item in the I-70 PEIS, however this work is on hold until a final alternative is selected. Transit options, including high-speed rail, bus guideway systems, and transit preservation, are also alternatives under consideration. Construction of the wildlife bridge will not preclude these transit options, although the additional span and clearance needed to accommodate transit will increase the cost of the structure. Final designs for the wildlife bridge cannot be determined until a Record of Decision is made for the I-70 mountain corridor. 

The construction of a wildlife bridge along this stretch of roadway presents a number of challenges, notably, the grade of the roadway, the limited locations where a bridge can feasibly be sited, and the relative remoteness of the location. In addition, engineers must consider how to divert traffic and minimize disruptions to the traveling public during construction; transport fill to the site; determine weight loads for the structure, considering both soil and snow pack; de-icing mechanisms for the roadway as it crosses under the bridge; wing fencing (discussed below) and landscaping atop the structure. 

Additional information is forthcoming regarding the movement needs of the target species, spatial and temporal patterns of wildlife movement, habitat, land management, topographic constraints, compatibility with the selected alternative from the I-70 PEIS, and recreational resources. (FHU).  Additional pre-construction monitoring techniques can be found in Section 4.2.4.
4.2.3. Additional Considerations
4.2.3.1. Fencing
Wildlife fencing is a critical component in a system of wildlife crossing structures. Wildlife crossing structures have shown to be most effective at providing a safe passageway for wildlife when constructed in conjunction with wildlife fencing (Bank et al 2002; Clevenger 2002a; Knapp 2005; Dodd et al 2007). Some wildlife species are extremely wary and will avoid confinement or unnatural situations. Given the choice between using an unfamiliar wildlife crossing structure and crossing highway pavement, many will choose the latter, until they become familiar with the structure. Fencing guides wildlife to crossing structures to access habitat on the opposite side of the road. Over time, wildlife typically become more comfortable with using crossing structures. Adaptations to using wildlife crossings often depends upon behavioral responses of each species and may take several years before acceptance and regular use of a new structure. Clevenger et al (2002a) found that some species did not use the wildlife overpasses in Banff at all the first year following construction, and the frequency of use for all species increased steadily over a four-year period. In addition, they found that ungulate species adapted more rapidly to using the wildlife overpasses compared to the large carnivore species. Research in Arizona found that white-tailed deer tended to adapt more quickly to a new crossing structure than mule deer (Gagnon et al 2005). In addition, it may be easier for animals to accept a structure when they are led through it when they are young, as opposed to being confronted with a new structure that they must learn to be accustomed to. A study of migratory mule deer in the Piceance Basin of Northwest Colorado found that the monitored animals followed essentially the same yearly movement routes between seasonal ranges over the long term (Garrott et al 1987). Young animals brought through a wildlife crossing structure by their parents may readily accept the crossing structure for life. Some species such as lynx use olfactory clues in establishing movement patterns, and use may increase for these species as more individuals leave scent trails across the structure.
Without fencing, many animals would not use crossing structures (Clevenger et al 2001). Along Highway 260 in Arizona, researchers found that only 12% of elk and deer successfully crossed through new crossing structures before guide fencing was installed – 81% of animals approaching the structures instead opted to cross at-grade. However, when fencing was erected, the percentage of successful through-crossings increased to 56%, with no animals crossing at-grade (Dodd et al 2007).
Fencing must be eight feet high and well entrenched into the ground. The standard mesh size for wildlife fencing is 6 inches (15 cm), but mesh this size does not deter passage by a number of small and even mid-sized mammals. In southwest Colorado, coyote tracks were observed passing easily through 6-inch mesh (Jon Holst, CDOT, pers. comm.). The addition of smaller-mesh fencing along the base of the wildlife fence is an effective means of preventing small and mid-sized animals from breaching fencing intended to guide them to a safe passageway. Smaller mesh fence should also be buried 8-16 inches (20-40 cm) into the ground to prevent access into the highway right-of-way by animals digging under the fence (Bank et al 2002)

While important for guiding wildlife to safe crossing locations, fencing should not be used indiscriminately for long stretches of roadway where no crossing opportunities are provided, as it could prove an even greater barrier to wildlife movement (Dodd et al 2007). Fencing should be constructed with consideration for the terrain, and careful attention should be given to how and where the fence ends. Ideally, fencing should tie into other landscape features, such as cliffs or forest cover, to discourage animals from entering the highway right-of-way by going around the ends of the fence. Where longer stretches of fencing are installed, escape routes should be provided for animals that accidentally become trapped in the right-of-way. Escape ramps (or jump outs) are generally preferable to one-way gates, which are difficult to maintain and do not provide a viable escape for larger animals. 
The seasonal use patterns by wildlife species are an additional important consideration when considering fencing.  Some wildlife species such as deer and elk are not present in the WVP area during periods of deep snow when the effective height of the fence will be less due to snow depths.  However, lynx, marten and other wildlife species will still be in the area and will need to be directed by the wing fences to the crossing structure.  As the snow depth increases, the effectiveness of the fence would decrease for these animals during the winter.  
The ALIVE Committee did not recommend fencing along the lower portions of West Vail Pass, due to the current efficacy of the existing open-span bridges. However, fencing, in conjunction with new crossing structures, was recommended for the upper portions of the pass (JFSA 2007). Additional site-specific studies and wildlife surveys will be needed to develop the precise route and design for the fencing. 

4.2.3.2. Recreation
Human activity is one of the factors that can diminish the use of a wildlife crossing structure by animals, particularly carnivores (Clevenger and Waltho 2000). To ensure the wildlife bridge is functional for the broadest array of species, the adjacent Forest Service lands should be managed to minimize recreational activity in the approaches to the new structure. Under the current Forest Plan, motorized recreation is permitted around Shrine Pass Road, but is not allowed in the area adjacent to the interstate, except for a two-mile stretch restricted to the bike path from the summit rest area to MP 188.5. Gates, fencing and signing are all measures that can be used to minimize human activity around wildlife crossing structures.

Hunting is common throughout the fall season around Vail Pass, and hunters are known to access backcountry areas by parking along the interstate. Any wildlife fencing that is constructed in conjunction with the wildlife bridge must continue to allow continued access into the backcountry hunting areas and to prevent the fencing from being vandalized. 

4.2.3.3. Water Quality 
In 2002, the Colorado Water Quality Control Commission listed Black Gore Creek as impaired for sediment, with approximately 5,000 tons of sand/salt run-off being added into Black Gore Creek every year. The Black Gore Creek Watershed
 has the highest rate of sand application per acre of road surface in the I-70 corridor. Liquid deicer is also commonly used on I-70 in both the Black Gore Creek and West Tenmile Creek drainages.
The Black Gore Creek Steering Committee has been meeting since 1997 to assist CDOT in the development of an interagency strategy to mitigate for I-70 highway traction sand related impacts to Black Gore Creek. This group is working to implement best management practices to reduce sediment loading, and to track water quality conditions of Black Gore Creek. A Sediment Control Action Plan (SCAP) was complete for Black Gore Creek in May 2002 to mitigate future sediment loading from I-70 run-off. Soft-bottom sediment basins have been constructed along the west side of the pass to decrease the amount of sediment flow into Black Gore Creek. 

The wildlife bridge should be constructed and designed in a manner that does not exacerbate existing sedimentation problems in Black Gore Creek. Instead, construction activities on Vail Pass should offer an opportunity to improve water quality over current conditions. It may be possible to excavate sediment from Black Gore Creek to use in the construction of the bridge, thereby removing detrimental sediment build-up from the creek and reducing costs for the transport of fill material for the bridge construction. 

4.2.4. Wildlife Monitoring
Long-term monitoring programs are an essential component in the study, design and management of effective wildlife crossings (Clevenger et al 2002a; Dodd et al 2007). Monitoring helps determine the amount of wildlife use a structure receives, and documents species activity. Both pre- and post-construction monitoring is needed to evaluate the effectiveness of a crossing structure and to enhance our understanding of how wildlife respond to a given mitigation measure. Pre-construction monitoring includes the collection of baseline data on the variety of species that are present in the project area, and should seek to answer the following questions (MDT 2002). Table 1 lists a number of research techniques that can be employed to address these questions:

· Which species of animals utilize the proposed project area?

· How do these species use the project area, and what is the seasonal variation of that use?

· How do habitat features (vegetation, topography, etc.) and roadway features (travel lanes, shoulder/median barriers, etc.) influence animal movements?

· What are the traffic patterns (seasonal, daily, truck v. car, etc.) and how do these correlate with wildlife movements in the project area?

Table 1: Possible research Techniques for Wildlife Monitoring Program at Vail Pass in order of lowest cost/intensity to highest (adapted from Haas 2006). Make appendix instead??
	Roadkill Surveys
	Description:
Conduct roadkill surveys along I-70 between East Vail and Copper Mountain exits.

Personnel:
Can be accomplished by volunteers and CDOT Maintenance.

Intensity:
Easy – simple driving surveys conducted on a regular basis.

Cost:
Low – no investment except for that of data forms and personnel time.

	Track Surveys
	Description:
Conduct track surveys along roadway shoulders (eastbound and westbound I-70) between East Vail and Copper Mountain exits (e.g., Barnum 2003). Snow-tracking can be a very effective technique during the wintertime. Also may conduct track counts as a part of post-construction monitoring of a new structure to determine species use/activity of that structure. 

Personnel:
Train volunteers to conduct surveys or utilize a field tech.

Intensity:
Moderate – walking surveys along established roadside transects conducted on a regular basis.

Cost:
Low – no investment except for that of data forms and personnel time.

	Camera Surveys
	Description:
Establish motion-triggered video and digital cameras to record pre-construction wildlife activity and behavior. Cameras provide a day and time stamp that allows activity patterns to be monitored (Hardy et al 2007). Video monitoring is particularly useful for evaluating wildlife responses to a new structure in post-construction monitoring (Gagnon et al 2005).

Personnel:
Trained personnel/volunteers to monitor camera stations and download images.

Intensity:
Easy – periodic visits to camera stations to download images/video clips and replace batteries (every 3-4 weeks).

Cost:
Moderate – initial up-front costs of cameras and associated video/digital storage devices; no cost for film processing; limited field work costs.

	Track Beds
	Description:
Prepare track beds at either end of the structure to be monitored, though these may not be reliable if they are not protected from wind, rain and snow.

Personnel:
Field tech or trained volunteers

Intensity:
Moderate – regular visits to identify tracks and direction of travel, and maintain track beds.

Cost:
Moderate – Track beds may be prepared with imported tracking substrate or by raking and smoothing the naturally occurring soil; requires substantial field work. 

	DNA Analysis (Hair Snares, Pellet Transects)
	Description:
Establish a grid of hair snare stations and scat transects. Stations would be baited with non-rewarding lure to attract lynx and other carnivores. Micro-satellite markers can be used to detect genetic discontinuities within a population, and can be used to measure the effects of barriers on a population (Hardy et al 2007). 
Personnel:
Trained personnel to set up stations and collect hair samples.

Intensity:
Moderate – periodic visits to stations to collect samples (every 1-2 weeks).

Cost:
High – hair snare setup and associated scent lures; field time to collect samples; Lab tests (id to individual) are very expensive.

	Banding
	Description: 
Collect movement data for select species (likely elk, mule deer, and black bear) by banding a subset of the population. 

Personnel:
Certified personnel to capture and band target species; trained personnel/CDOW personnel to survey for banded animals.

Intensity:
High – capture and banding of individuals and surveying for banded animals would require strenuous hiking to remote areas to retrieve data.

Cost:
High – initial up-front costs of bands and capture time; subsequent field work to collect data.

	GPS Telemetry
	Description: 
Collect fine-scale movement data to analyze movement patterns and behavior of select species (likely elk, mule deer, and lynx); collars would be programmed to look at baseline fine-scale movement patterns relative to I-70 prior to construction of the overpass

Personnel:
Certified CDOW personnel to capture and collar target species; trained personnel/CDOW personnel to retrieve GPS data from collars

Intensity:
High – capture and collaring of individuals and retrieval of location data from GPS collars on a regular basis; would require fly-time or strenuous hiking to remote areas to retrieve data on a regular basis (every 1-3 months). 

Cost:
Very High – initial up-front costs of collars and capture time; subsequent field work to retrieve collar data. 


Few studies have been conducted with systematic monitoring and appropriate experimental design to fully develop an accurate understanding of pre- and post-construction wildlife activity (Romin and Bissonette 1996; Underwood 1997). Research related to the monitoring of mitigation measures installed as a part of the reconstruction of the Trans-Canada Highway – including 24 underpasses and two overpasses designed specifically for wildlife – proves the exception. More than ten years of data have yielded numerous revelations that continue to inform the siting and design of wildlife crossing for a variety of different species. 

To begin understanding the landscape- and ecosystem-level effects of restored connectivity, long-term monitoring is needed to collect sufficient data and filter out the effects of demographic and environmental stochasticity (Clevenger et al 2002a; Clevenger and Waltho 2003; Stephens et al 2003). A Before-After, Control-Impact (BACI) study design offers a rigorous experimental design for evaluating pre- and post-construction impacts, but may be difficult to execute given the requirements for randomization and replication (Hardy et al 2007). However, pre-mitigation data must be comparable to post-mitigation data, requiring study of environmental and demographic changes that may not be a result of the mitigation measure being studied. 

Research in Banff, Canada and Payson, Arizona has shown that animals have a learning curve as they adjust to new wildlife crossing structures (Clevenger and Waltho 2003; Dodd et al 2007). Monitoring activities in Banff demonstrated that deer usage of the wildlife crossing structures continued to increase over a five-year period, while elk usage leveled off, and even decreased slightly in the fifth year (Clevenger and Waltho 2003). These changes in usage are only discernable in a program that is dedicated to monitoring usage over multiple years, and must be considered with regards to other annual trends and patterns of use influencing population demographics. The population-level effects of a new barrier or mitigation of an existing barrier may take several generations to be observed, especially for wide-ranging species that occur in relatively low densities and have low reproductive rates (Clevenger 2002a).

In addition to the overall benefits to the science and practice of road ecology, long-term monitoring offers project-specific benefits that can help prevent the need for costly retrofits in the future, while helping to fine-tune mitigation measures like fencing, wildlife approaches to the structures, and human use levels through adaptive management (Ruediger 2007).  Finally, the evidence provided by monitoring efforts on the effectiveness of mitigation measures is an important tool in maintaining agency and public support for wildlife crossings (Clevenger and McGuire 2001; Ruediger 2007).

4.2.4.1. Citizen Science Wildlife Monitoring

To complement these efforts and begin collecting baseline data on wildlife activity around Vail Pass, SREP, in collaboration with the Denver Zoo and the Gore Range Natural Science School launched the Citizen Science Wildlife Monitoring program to engage local citizens in the collection of these data. The program is designed to 1) engage a broad range of community members in an educational wildlife monitoring project, 2) collect critical information about wildlife movement, and 3) develop an informed and active community that engages with scientists, policy-makers and other citizens about the importance of landscape connectivity for wildlife movement. 

Twenty trained citizen scientists are now maintaining and collecting images from forty-nine motion-sensitive cameras placed along the interstate and in the forested approaches to the roadway. Over the long-term, these data will be compared with post-construction data after the bridge is complete, allowing evaluations of the effectiveness and impact of this structure. 

4.2.4.2. Greater Monitoring Study Group
The Citizen Science Program has been instrumental in catalyzing support among a larger group of agency and university partners to expand the monitoring effort and begin developing protocols for pre- and post-construction monitoring of wildlife crossings. Recognizing the need for additional monitoring data at Vail Pass and along the entire length of the I-70 Mountain Corridor, in late 2006 SREP convened an interagency group to validate, refine and advance the recommendations of the ALIVE Committee (see Appendix C for the list of participants). The primary goal of the group is to develop protocols for pre- and post- construction monitoring that can be applied to wildlife crossings elsewhere in the state. A multi-species monitoring approach that tests several different monitoring techniques could greatly enhance support for monitoring projects at other locations where these data are needed to locate, design and evaluate mitigation projects. Using the Vail Pass landscape between Copper Mountain and East Vail as a test case, the group is now seeking funds to pursue a suite of research goals (see Box 1).

	Box 1: GREATER MONITORING STUDY GROUP – RESEARCH GOALS



	GOAL 1: Develop monitoring protocols for pre- and post-construction monitoring that can be applied to wildlife crossing projects elsewhere



	
	a) Perform a cost-benefit analysis of multiple monitoring techniques for assessing permeability

	
	b) Develop protocols for identifying locations and designing appropriate mitigation measures for multiple species in a mountainous environment

	
	c) Link wildlife data to habitat and roadway characteristics (i.e., physical landscape attributes) so that modeling can replace some monitoring effort at other locations statewide

	
	d) Develop measures for evaluating the success of wildlife crossing projects



	GOAL 2: Monitor wildlife populations and movement around Vail Pass


	
	a) Validate and evaluate the highway segments previously identified as Linkage Interference Zones at Vail Pass by ALIVE

	
	b) Develop an understanding of landscape-scale movement patterns for target species at Vail Pass

	
	c) Identify specific mitigation measures for improving habitat permeability and decreasing surface crossings (i.e., probability of AVCs) from East Vail to Copper Mountain


4.2.4.3. Adaptive Management
Adaptive management is a deliberate process that requires an experimental approach utilizing ongoing research to continually adjust management actions. It is a reflective management technique that has gained popularity among conservation professionals and natural resource managers over the last several decades. The U.S. Geological Survey formally defines adaptive management as:

A type of natural resource management in which decisions are made as part of an ongoing science-based process. Adaptive management involves testing, monitoring, and evaluating applied strategies, and incorporating new knowledge into management approaches that are based on scientific findings and the needs of society. Results are used to modify management policy, strategies, and practices.

The science and practice of wildlife crossings is still an emerging field, and the principles of adaptive management are essential in ensuring that each new mitigation measure benefits from all previous efforts, both successful and unsuccessful, and in turn, contributes to the growing knowledgebase helping conservationists, natural resource managers and transportation engineers alike determine what works, for which species, and where. Historically, a lack of available information on the effectiveness of various mitigation measures (Romin and Bissonette 1996), and wildlife data has significantly hampered the implementation of effective wildlife crossings. But this trend is changing as evidenced by ongoing efforts in Canada (Clevenger et al 2002a), Montana (Hardy et al 2007), and elsewhere. Dodd et al (2007) took advantage of a phased construction timeline along 17 miles of highway undergoing reconstruction in northern Arizona to implement adaptive management, applying the lessons learned in earlier phases to each subsequent phase.

No mitigation measure is likely to achieve one-hundred percent effectiveness (measured as proportion of successful crossing and/or decrease in animal-vehicle collisions), nor is such an accomplishment necessary for success (Hardy et al 2007). Yet a well-conceived adaptive management strategy is an essential component of designing and implementing mitigation measures for wildlife to ensure their greatest functionality possible. An applied management strategy at Vail Pass has the potential to contribute extensively to Colorado’s database on mitigation measures for wildlife, with long-term benefits to transportation planning and wildlife management along the I-70 mountain corridor and throughout the state.  
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�


Figure 1: AVCs reported on Vail Pass between mile post 182-195 from accident reports filed by Colorado State Patrol from 1993-2004. updated data??? Add lynx kills 1999 & 2004??





�


Figure 2: AVCs reported on Vail Pass between mile post 182-195 in 2005 and 2006 as recorded by CDOT maintenance personnel. 















































� The History of I-70 in Colorado: http://www.dot.state.co.us/50anniversary/I70.cfm#timeline


� Survey conducted from 10:00a.m. – 12:00p.m. on Saturday July 15, 2006 at the East Vail entrance gate. Round trips were not counted. 


� The 13 Linkage Interference Zones are: 1) Dotsero, 2) Eagle Airport to Eagle, 3) Eagle to Wolcott, 4) Wolcott to Avon, 5) Dowd’s Junction, 6) West Vail Pass (a & b), 7) East Vail Pass, 8) Owl Canyon-Officer’s Gulch, 9) Laskey Gulch (a & b), 9.5) Herman Gulch, 10) Empire, 11)Fall River, and 12) Mt. Vernon Canyon. 


� Site visit participants: Scott Belonger (P.E., Loris and Associates), Monique DiGiorgio (Director of Development and Communications, Southern Rockies Ecosystem Project), Chris Haas (Biologist, SWCA Environmental Consultants), Julia Kintsch (Program Director, Southern Rockies Ecosystem Project), Evan Kirby (Felsburg, Holt and Ullevig), Peter Kozinski (Region 3 Resident Engineer, CDOT), Brian Pinkerton (Region 1 Program Engineer, CDOT), Chris Paulson (Region 1, CDOT), Ina Zisman (Region 1 Resident Engineer, CDOT). 


� CDOT uses the term ‘watershed’ generically in this context to refer to specific stream segments that are draining areas along I-70. These areas may not coincide precisely with regulatory watershed boundaries. (See p. 3.4-3 of the Draft I-70 PEIS for more information). 


� http://water.usgs.gov/owq/cleanwater/ufp/glossary.html
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