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PROBLEM STATEMENT

Direct and indirect highway impacts have been characterized as some of the most prevalent and widespread forces altering natural ecosystems in the U.S. (Noss and Cooperrider 1994, Trombulak and Frissell 2000, Farrell et al. 2002).  The direct impact of collisions with motor vehicles is a significant source of mortality affecting wildlife populations.  An estimated 500,000 (Romin and Bissonette 1996a) to 700,000 (Schwabe and Schuhmann 2002) deer (Odocoileus spp.) alone are killed annually on U.S. highways.   Wildlife-vehicle collisions cause human injuries and deaths, tremendous property damage and substantial loss of recreational opportunity and revenue associated with sport hunting (Reed et al. 1982, Schwabe and Schuhmann 2002), and disproportionately affect threatened or endangered species (Foster and Humphrey 1996).  

Forman and Alexander (1998) estimated that highways have affected >20% of the U.S. land area through habitat loss and degradation.   Perhaps the most pervasive impact of highways on wildlife are barrier and fragmentation effects resulting in diminished habitat connectivity and permeability (Noss and Cooperrider 1994, Forman et al. 2003).  Highways block animal movements between seasonal ranges or other vital habitats (Trombulak and Frissell 2000).  This barrier effect fragments habitats and populations, reduces genetic interchange (Epps et al. 2005), and limits dispersal of young (Beier 1995), all serving to disrupt viable wildlife population processes.  Long-term fragmentation and isolation renders populations more vulnerable to stochastic events that may lead to extinctions (Hanski and Gilpin 1997).  Though numerous studies have alluded to highway barrier effects on wildlife (e.g., see Forman et al. 2003), few have yielded quantitative data relative to animal passage rates, particularly in an experimental (e.g., pre- and post-construction) context, as Dodd et al. (2007a) did for elk (Cervus elaphus) along State Route 260 in central Arizona.

Several studies have addressed the effects of roads and highways on elk.  Roads can negatively impact elk and other ungulates by altering habitat use (Lyon 1979, Rowland et al. 2000, Wisdom et al. 2005), restricting movements and fragmenting populations (Epps et al. 2005), and increasing mortality through collisions with vehicles (Groot-Bruinderink and Hazebroek 1996, Gunson and Clevenger 2003).  The magnitude of all of these factors likely increase with increasing traffic volume.  For example, elk more strongly avoid areas near forest roads with higher traffic levels (Perry and Overly 1976, Rost and Bailey 1979, Witmer and deCelesta 1985, Rowland et al. 2000, Wisdom et al. 2005), leading to the hypothesis that increased traffic should result in decreasing habitat effectiveness (Lyon 1979, Lyon and Christensen 1992).  Likewise, increasing rates of ungulate-vehicle collisions are often correlated with increasing traffic volume (Groot-Bruinderink and Hazebroek 1996, Romin and Bissonette 1996b) though the relationship is often not linear, suggesting complex interactions with behavior, ungulate population density and landscape-level phenomenon (Groot-Bruinderink and Hazebroek 1996, Seiler 2004).  Wildlife passage structures have shown tremendous benefit in promoting wildlife passage for a variety of wildlife species (Farrell et al. 2002, Clevenger and Waltho 2003, Dodd et al. 2007b), and in conjunction with fencing have reduced the incidence of wildlife-vehicle collisions and promoted permeability (Clevenger et al. 2001, Dodd et al. 2007c). Conversely, traffic levels do not appear to deter elk crossings at below-grade underpasses (Gagnon 2006).

Most previous studies have examined elk movements and distributions along roads focused on relatively low use forest roads, and very few studies have examined the effects of roads with high traffic levels on elk movement and distribution.  Dodd et al (2007c) conducted one of the most comprehensive wildlife-highway interaction studies to date in the U.S.  They found that the reconstruction of State Route 260 from a 2-lane to 4-lane divided highway reduced elk permeability across the highway by 50% (Dodd et al. 2007a).  They further found that the combination of effective passage structures and ungulate-proof fencing restored permeability to pre-reconstruction levels, as well as dramatically reducing the incidence of elk-vehicle collisions (Dodd et al. 2007c).  However, State Route 260 is considered a moderately high traffic volume highway, with a current average annual daily traffic (AADT) of 8,700 vehicles/day.  Here, Gagnon (2006) found that traffic volume influenced at grade crossing patterns by elk, and the probability of elk occurring near the highway decreased with increasing traffic volume.  Theoretical models (Mueller and Berthoud 1997) suggest that highways with 4,000-10,000 AADT would present a strong barrier to wildlife that would repel animals away from the highway, as noted by Gagnon (2006).  But at 10,000 AADT, Mueller and Berthoud (1997) theorized that highways would become impermeable to wildlife, though this has never been tested experimentally.  This data would supplement the research on elk-traffic level interactions simultaneously being studied by AGFD and ADOT along several other highways in the state.

STUDY AREA
Interstate-40 (I-40) is the main highway artery across Arizona and supports the transport of goods between southern California and a large portion of the United States.  I-40 is traveled by >6.5 million motorists each year.  As the southwest continues to grow, traffic on I-40 will also increase.

ADOT wildlife-vehicle collisions data indicates that 60 collisions/year on I-40 (milepost 155-217) with elk and deer. Insights gained from our research project will help determine the best strategies of mitigating elk-vehicle collisions while maintaining connectivity and permeability for elk and other wildlife species.  ADOT has awarded a contract for the development of a Design Concept Report (DCR) for the stretch of I-40 from MP 184 – MP 212, Bellemont to Winona.  Information from this proposed research project could be used in the DCR process to provide a more integrated and comprehensive analysis of transportation improvements along I-40 that will help address wildlife-vehicle collisions that affect highway safety as well as promoting wildlife permeability.  

ADOT has began efforts to document wildlife use of bridges and culverts and their potential for increased future wildlife use (e.g., with fencing).  Along State Route 260 we found elk were drawn to the presence of riparian meadow and water sources, this may also be the case along I-40.  Flagstaff ADOT Natural Resource Management Group is also documenting use of the water sources along I-40.  Our proposed study area will be focused on the planned upgrade of I-40 from Bellemont (MP 184) to Winona (MP 212) but will encompass all areas within and adjacent to the study area and encompass all of the areas along I-40 exhibiting high incidences of elk-vehicle collision.  Due to the migratory nature of the elk associated with I-40, we will expand the geographic study area to include elk movements of herds on either side of the DCR study area and to the north and south.  This study area will also encompass the location of the elk-vehicle accident that resulted in the landmark Booth versus the State of Arizona case, where the State of Arizona was found negligent.

Research Objectives 

This research project will add greatly to our understanding of elk movements along high-traffic highways (>15,000 AADT), a relatively unknown topic (Ruediger et al. 2006).  The overall goal of this research project is to apply insights we have gained on the long-term State Route 260 project combined with data that will be obtained from this project will help to address the current elk-vehicle collision problem along I-40.  The specific objectives and associated procedures of our research include:

1) Assess elk movement patterns and distribution relative to I-40, and determine the location of high-frequency crossing zones and assess elk permeability across the highway corridor.

2) Investigate the spatial and temporal relationships of elk highway crossing and distribution patterns to vehicular traffic volume.

3) Evaluate elk movements associated with water sources located in close proximity to I-40

4) Investigate wildlife-vehicle collision patterns along I-40.

5) Develop recommendations both for the retrofitting of existing and reconstruction of new wildlife passage structures and other mitigations to reduce elk-vehicle collisions while maintaining or promoting highway permeability along I-40.

Objective 1.
Assess elk movement patterns and distribution relative to Interstate 40, and determine the location of high-frequency crossing zones and assess elk permeability across the highway corridor.

This is the primary objective of this research project and we will rely on the application of GPS telemetry.  We will employ methodologies developed and reported by Dodd et al. (2007a, 2007c) to assess movements, distribution, and measure elk permeability.  To collect the most data with available funding we will use SOB collars that will be recovered after 22 months of data collection.

Task 1.1.
Instrument elk with GPS receiver collars.


Task 1.1.2.  In the first year of the project, the research team will instrument 40-50 elk with a combination of new store-on-board GPS receiver collars, downloadable “spread-spectrum” collars along I-40 from Williams to Twin Arrows, encompassing the entire DCR study area and providing movement data between herds to the east and west of the study area.  Collars will be installed on elk as close as possible to the highway corridor (preferably within ½ mile of the highway), and distributed primarily in areas with water or meadows and in close proximity to I-40, and other major peaks in elk-vehicle collisions (Figure 1).  Elk will primarily be captured using Clover traps, along with darting and use of a drop net.  As elk are generally crepuscular/nocturnal in their habits, For direct comparison of elk movements along other northern Arizona highways, GPS collars will be programmed to receive 8 fixes/day between 1600–0800 hours (1 fix every 120 minutes), equivalent to the data collection regimen of the current collars associated with the State Route 64, I-17 pilot study, and I-17 Elk Movements Study.  This time interval between fixes is also sufficient to determine highway crossings (Dodd et al. 2006a) and assess relationships to traffic volume (Gagnon 2006, see Objective 2).  Operational battery life of the store-on-board collars is projected to be approximately 44 months, and should yield >10,000 GPS fixes/animal (>400,000 total).The spread-spectrums last approximately 22 months, and should yield >5,000 GPS fixes/animal (>250,000 total).  We will focus the spread-spectrum collars in the areas immediately within and in close proximity to the study area (MP 184-212) to provide immediate results to begin the decision making process for wildlife-vehicle collision mitigation options.  The remainder of the collars will be distributed evenly along the entire I-40 elk-vehicle collision hotspot area MP 165-MP217.  This will not only provide data for the current DCR but also for any future upgrades along I-40 in elk country.
Task 1.2.
Use Geographic Information System (GIS) analysis to determine elk movements, highway crossing patterns, distribution relative to the highway, and to assess permeability across the highway corridor.


Task 1.2.1.  GPS data will be downloaded to a computer after collars drop from elk on pre-programmed release dates.  After downloading, GPS data will be analyzed by GIS using ArcGIS and Animal Movement ArcView Extension software (Dodd et al. 2006a).

Task 1.2.2.  To determine the frequency of crossings by elk, the length of the study section of highway will be delineated into sequentially numbered 0.10-mile segments.  Crossings will be determined where successive GPS fixes occur on each side of the highway, with the crossing segment determined to be the one in which the line between the successive fixes falls.  To assess highway permeability, the research team will utilize the same approach as Dodd et al. (2006a) to measure passage rates by elk.  Passage rate, as a measure of permeability, is determined from the ratio of highway crossings to approaches.  An approach is considered to have occurred when an animal travels toward the highway and enters the 0.15-mile buffer zone; it ultimately may cross or repel from the highway. 

Objective 2.
Investigate the spatial and temporal relationships of elk highway crossing and distribution patterns to vehicular traffic volume.

Gagnon (2006) addressed the relationships of elk distribution and highway crossings to traffic volume along SR 260, with traffic affecting both animal distribution and timing of crossings of elk accessing preferred foraging areas adjacent to State Route 260 (Manzo 2006)  Recent theoretical models (Mueller and Berthoud 1997, Iuell et al. 2003, Jaeger et al. 2005) assume that the potential for traffic to act as an impermeable moving fence (Bellis and Graves 1978) increases with traffic volume, although this theoretical model has yet to be tested for elk along a high traffic volume highway such as I-40.

We hypothesize that the high traffic volumes along I-40 will have even more of an impact on elk movement across the highway than along State Route 260; however the level of this influence may be dependent upon locations of preferred foraging sites, water sources, and migration routes.  The insights we gain from conducting studies of this nature are extremely valuable in finding solutions to wildlife-highway conflicts.

This data will supplement the research being conducted along I-17 to further investigate elk movements associated with traffic levels along a high-traffic highway.

Task 2.1.  Install a permanent traffic counter along I-40 within our study area.

Task 2.1.1.  The research team will work with ADOT’s data management section to install a traffic counting in the study section, likely in the Bellmont area, which will also supplement traffic count coverage needs for ADOT and are already planned.  These counters will have automated data transmission capabilities.  Traffic data (number of vehicles, average speed, and vehicle types) will be recorded in 1-hour intervals.

ADOT personnel have recognized the lack of traffic counting equipment along this stretch of I-40 and support our decision to install one here to supplement the one east of Flagstaff.  AGFD along with ADOT personnel will conduct a preliminary assessment of the I-40 study area and locate a suitable site for installing a traffic counting station that is able to obtain cellular phone coverage for automated data transmission.  ADOT will most likely use a loop-type system cut into the pavement. ADOT has committed to installing a traffic counter for the purposes of this study and will cover these costs.
Task 2.2.  Assess the relationship between traffic volume and elk distribution and crossing patterns.

Task 2.2.1. Assess the relationship between traffic volume and elk distribution and crossing patterns as determined in Task 1.2., using the same approach as Gagnon (2006).  
Both elk highway crossing and distance from the highway will be linked to average traffic volumes for the GPS fix interval period.  Relationships between traffic volume and elk movements will be assessed using logistic regression, as per Gagnon (2006).

6) Objective 3.
Evaluate elk movements associated with water sources located in close proximity to I-40

Previous studies have examined the effects of environmental parameters (slope, aspect, canopy cover, etc.) on elk-vehicle collision rates.  Prior to our State Route 260 project, no studies had examined the influence of environmental parameters on elk highway crossing patterns.  Manzo (2006) found that distance to meadow and water were the most important factors contributing to the aggregated highway crossing pattern along State Route 260.  We hypothesize that these factors will also play a significant role in influencing elk crossing and distribution patterns along I-40.  ADOT is currently documenting use of these water sources via trail cameras.

Task 3.1.  Identify meadow and water sources adjacent to I-40 with GIS, aerial photos, and ground validation.  Develop a GIS layer of existing meadows and water sources.

Task 3.2. Capture elk in the vicinity of these water sources to document movements associated with water along the highway.

Task 3.3.  Potentially remove elk access to water sources adjacent to the highway and document elk movements and crossing patterns following this treatment (pending future funding).

Objective 4.
Investigate wildlife-vehicle collision patterns along I-40.

Interstate-40 represents a high elk-vehicle collision hotspots in Arizona.  Data from 1989-2006 show definite elk-vehicle collision peaks.  However most of this data is coarse in nature, rounded to the nearest milepost, and provides little site-specific information to support highway mitigation efforts.  In 2006 AGFD met with ADOT and DPS to address a more detailed approach to collecting wildlife-vehicle collisions data for future mitigation efforts.  These meetings led to modified forms for DPS personnel to include more wildlife related details.  This objective will include all wildlife species.

Along State Route 260, AGFD and ADOT were able to use collision data as a supplement to GPS crossing data to make recommendations on the extent of fencing needed to reduce elk-vehicle collisions by intercepting elk and funneling them to crossing structures.  This information will be a valuable supplement to the GPS data gathered along I-40 in making recommendations for retrofitting opportunities along this stretch of roadway.


Task 4.1.  Document all wildlife-vehicle collisions along I-40.

Task 4.1.1.  The research team will coordinate with AGFD Flagstaff Region, ADOT, and DPS Highway Patrol to document all wildlife-vehicle accidents and roadkills along the study length of I-40.

Task 4.1.2.  Research project personnel will regularly search the study area for evidence of wildlife-vehicle collisions and roadkills that otherwise may not be reported on the ADOT database or by the Wildlife Vehicle Collision Report cards.

Task 4.1.3.  All wildlife-vehicle collision and roadkill data will be entered into a spreadsheet database, compiled, and analyzed similar to Dodd et al. (2006, 2007c).  

Objective 5.
Develop recommendations both for the retrofitting of existing and reconstruction of new wildlife passage structures and other mitigations to reduce elk-vehicle collisions while maintaining or promoting highway permeability along I-40.

Task 5.1.  Using all available data and information, develop recommendations on the need for retrofitting, locations of future passage structures and other mitigations efforts to reduce elk-vehicle collisions while maintaining elk permeability across I-40.  This information will be valuable in making decisions for retrofitting I-40 to reduce immediate elk-vehicle collision problems as well as the future plans of upgrading I-40.

The ADOT Flagstaff District has been very receptive and supportive of ideas for reducing wildlife-vehicle collisions and maintaining or promoting wildlife permeability.  DPS Highway Patrolmen have also expressed their concern for the safety of motorists along I-40 as they have to deal directly with each severe elk-vehicle collision and stand committed to help resolve the conflicts.  Other local entities have also been very supportive of aggressive resolution of this issue, including the Coconino County Board of Supervisors and Planning and Zoning Commission.   In June 2006, they expressed support of ADOT and AGFD efforts to reduce elk-vehicle collisions and obtaining funding through enhancement grants to resolve the conflict.

PROJECT SCHEDULE

This research project will be accomplished over a 36-month period, with the first 2 years of field data collection and GPS telemetry tracking focused on providing results for application on the Bellmont to Winona DCR, followed by 12 months of continual data collection to identify high crossing zones, evaluate elk movements associated with I-40 traffic volumes and to provide recommendations for future upgrades along I-40 to the east and west of the current DCR.  Two phases of data analysis will occur, 1) within an adequate time-frame to provide recommendation for the current DCR and 2) the final analysis following maximized life-span of the remaining GPS collars, followed by final report preparation.  It is anticipated that this project will be initiated in Winter 2008-2009 and be completed in Winter 2012.

PROJECT BUDGET

Arizona Game and Fish currently has funds available to assist with a portion of personal services for the first year of the project, and ADOT involvement is crucial to future decision making and recommendation processes and they will likely provide some funds in the near future.
	Budget Item

	
	Total

	     GPS collars/ capture equipment/ bait
	220,000*

	Personal Services
	ADOT or AGFD


· *Funding provided by  HPC Funds approved by bRMEF
PROJECT CONTACTS

This monitoring project will be coordinated, administered, and executed by the AGFD Research Branch. The field research biologist will be responsible for on-the-ground monitoring activities, technician supervision, day-to-day coordination with ADOT personnel, and data management, analysis, and report preparation.  Research Branch contacts for this project includes:

Project Contacts

Jeff Gagnon, Principal Research Biologist


Research Branch


5000 W. Carefree Highway


Phoenix, AZ  85086-5000

Phoenix, AZ 85023


Phone:  928.522.8164


Cell:  928.814.8925


E-mail:  jeff_gagnon@yahoo.com
Ray Schweinsburg, Program Supervisor


Research Branch


Arizona Game and Fish Department


5000 W. Carefree Highway


Phoenix, AZ  85086-5000


Phone:  623.236.7251


FAX:    623.236.7918


E-mail: rschweinsburg@azgfd.gov
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