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EXECUTIVE SUMMARY

Many California interstates provide commuter traffic and goods movement among regions and cities
through wild, protected areas. Collisions between wildlife and vehicles occur frequently, which has
prompted Caltrans to seek assistance in assessing the nature, extent, and solutions to potential conflict
between traffic and animals. Wildlife -vehicle collisions can pose a risk to human drivers and wildlife
populations andspecies. Interstate 280 (1280) has seen fatal and noifatal (to people) collisions
between cars and animals. Because of concern about the rate of collisions along this interstate,
Caltrans and the Transportation Enhancement Program of the USDOT saw fit to fund a study of the
causes of collisions and possible solution3he objectives of the study were to understand how wildlife
were currently using available under-crossing structures, how wildlife in general and mule deer
(Odocoileus hemionus) in particular interact with the highway and adjacent habitat, and to develop
mitigation for risk reduction. This report describes analysis of wildlifevehicle conflicts and wildlife
movement in association with 1280, as well as scenarios for mitigation of impacts to wildlife and
people from collisions.

Three types of wildlife observation data along 1-280 were used to characterize wildlife movement:
wildlife-vehicle collisions (WVC), images from wildlife camera traps at highway under-crossings,
opportunistic track surveys, and deer movement patterns using GPS-collars.

WV C occurrences were from Caltrans’ monitoring of carcass retrieval and disposal by Maintenance
crews and opportunistic observations of carcasses by participants in the California Roadkill Observation
System (http://wildlifecrossing.net/california). We identified statistically-significant WV C hotspots and
calculated rates of collisions with any animal and with deer in particular. There are various costs
associated with a collision between a deer and a vehicle. On average, a collision with a deer costs $6,671
(Hujser et al., 2009). This cost is borne by society in terms of medical costs, increased insurance
premiums, emergency response, lost productivity, and highway safety activities. Caltrans’ mission
includes protecting public safety: “Provide the safest transportation system in the nation for users and
workers”, a goal which presumably includes reducing the rates and costs of collisions to the public.

We found that the cost of deer collisions on 1-280 each year, between 2005 and 2012, varied from
<$1,000 to >$40,000 per mile. To put this number in perspective, it can cost ~$20,000/mile to augment a
5-6 foot chain link fence to make it an 8-foot fence and up to $100,000/mile to construct a new 8-foot
fence. There were segments of high costs from deer collisions (>$5,000) throughout the study area.
Certain stretches would pay for themselves in terms of avoided costs from deer collisions in a matter of 3-
5 years.

We tracked twenty four female deer using GPS collars (Lotek, Inc.) between December, 2011 and
January, 2013. Collared deer often approached and moved back and forth near the interstate and two were
hit by vehicles. Only 5 of the 24 collared deer passed back and forth under the highway, all using the
same 2 crossing structures, a large vegetated underpass and a minor road under-crossing.

Beginning in October, 2011, camera traps captured still and video images at 9 street underpasses, 1
bicycle over-crossing, 6 culverts, and 6 wildlife trails adjacent to crossing structures. We measured
species diversity and the relationship between wildlife passage and human use of structures. There was a
strong negative relationship between the presence of humans hiking, driving, walking dogs, or riding
bikes and the use of existing crossing structures by wildlife. In addition, there was very low species
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diversity observed using crossings at either interstate. Only 9 native mammal species were observed to
use crossing structures, which was not a function of camera sensitivity as they could detect movement of
small lizards. During 16 fairly continuous months of photo-monitoring of crossing structures, we
observed 1,341 mule deer crossings safely under the right-of-way. Because of the rate of traffic on the
surface of interstate, it is likely that most deer attempting to cross would be struck. Passing 1,341 deer in
16 months allowed a cost avoidance of 1,341 deer times $6,671/collision = $8.9 million, or $6.7
million/year. This could be considered one value of the structures.

Mitigating WVC consists of where to act and what actions to take to reduce risk to drivers and animals.
Managing conflict between vehicles and wildlife along 1-280 requires identifying priority areas, fencing
to keep deer and other animals from accessing the road surface, construction of new underpasses or
enhancement of existing structures, and re-management of existing underpasses to reduce human use.
Future research should focus on responses of wildlife to reduced human passage at underpasses, the
different management required in developed vs. undeveloped areas, and methods to increase species
diversity at crossing structures.

PROJECT PURPOSE

There were two purposes of this project cited in the original application for Transportation Enhancement
Program funds. First and foremost is to increase the safety of the commuters who choose to drive this
Highway by assessment of the wildlife-vehicle collision problem & then ascertaining how to most
efficiently reduce the impacts of wildlife-vehicle-collisions, benefiting both wildlife and public. The
second purpose of equal importance is to restore the wildlife movement and habitat connectivity across I-
280. The lessons learned, data collected and solutions chosen to restore the wildlife movement and
habitat connectivity with this project will be available to guide future projects of similar purpose in
California, including along 1-280 itself.

The section of 1-280 that runs through San Mateo County sees many auto collisions on an annual basis
due to deer-crossings alone (Figure 1). Human injury can result when vehicles collide with the deer and
other large animals. The mitigation solutions recommended here should result in reduction of wildlife-
vehicle collisions. This reduction is as important to the safety of the commuters as it is to wildlife
movement.
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One of Kerry Strickland's favorite motherly duties was sending her son,

H Daniel, McDonald's gift cards throughout his collegiate career, first
I 0 n g 'range transportatl 0 n while he was at Seattle University, then later during his graduate
- schooling at Stanford. She wanted to make sure that her son was
plannlng_ always eating

Most Popular  Most Commented
And like any concerned mother, the gift card would always be followed
up by a phone call a week or so later just fo check in on her only child

— and always, she got the same response: yes mom, | bought a meal
or two, but then | found someone on the street whe needed the card a

lot more than | did and | gave it to them

That was the way Daniel Strickiand lived life.

"He was always giving something to somebody else, whether it was his

heart, his knowledge, his ear for listening," said Kerry. "The most that |

want people to remember about my son was not only the academics,

but the heart that he had and the person that he was is what made me

meiproudest.™ Daniel Strickiand died last week when his
nded on 280,

Daniel Strickland, an associate professer of Engineering at Santa
Clara, died |ast Friday due to extensive brain damage suffered in an
auto accident the night before on -280 S. Daniel hit a deer on the
road, stalling his car in the lane and was rear ended moments later by
another vehicle. He died less than 24 hours later at Stanford Hospital
He was 27 years old.

Daniel came to Santa Clara in the fall of 2010, just a few months

removed from Stanford University where he graduated with a Master's
degree and a Ph.D. In his short ime at Santa Clara, Daniel was a E
favorite among students because of his ability to relate to them in ways |
that were deeper than just academics, said senior Mike Sizemore, one
of Daniel's research assistants, who described him as just "one of the Andess Rodin v
s "

<

Figure 1 Motorist killed on 1-280 after collision with a deer.

PROJECTASK LIST

TASK 1: PROJECT MANAGEMENT AND COORDINATION

A) Convene project team composed of University of California Davis (UCD), California Department
of Fish and Game (CDFG), Caltrafsstrict 4, and subcontractor staff

B) Hold monthly team meetingdgn-person or by phone, coordinated by UCD team

C) Coordinate with adjacent property owners to gain access to study area, and secure necessary
permits to enter from Caltrans

D) Submit quarterly, annual and final progress reports summarizing data and findgs in a web-
ready format, to Caltrans

E) Report project findings at the INTERNATIONAL CONFEENCE ON ECOLOGY AND
TRANSPORTATION (COET) or similar transportation and environment conference
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TASK 2: WILDLIFE MOVEMENT TRACKING

A) Review and update peliminary data provided by Caltrans, including roadkill assessment,
adjacent habitat studies, locations of culvert underpasses, California Highway Patrol (CHP) reports
and associated mapping. Update data quarterly and integrate into research findings. iawv

technical literature describing wildlife movement relative to transportation infrastructure

B) Capture and Global Positioning SystenGPS)collar 15 resident adult deer and retrieve collars

C) Use preliminary Caltrans data to select under and over crossing locations where track plates and
cameras will be deployed to measure wildlife use at these locations

D) Map and analyze deer herd movement in Geographic Information System (GIS) using GPS data,
other wildlife species data from track plates and camera study, E

TASK 3:1-280 CORRIDOR WILDLIFE MOVEMENT CHARACTERIZATION AND
RECOMMENDATIONS

A.) Characterize each under and ovesrossing for potential and actual wildlife movement

B.) ldentify locations of wildlife movement relative to existing opportunistic crossing locations (e.g.,
under-crossings)

C.) Submit recommendations in report format to Caltrans regarding wildlife crossing locations and
methods for reducing wildlife-vehicle collision and facilitating wildlife movement safely across the
right-of-way

D) Methods may include fencing, vegetation clearing and specialized road signs
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INTRODUCTION

Interstates carry heavy traffic loads, often through wildlife habitat. The combination of heavy traffic and
wildlife movement results in wildlife-vehicle collisions (WVC), the rate of which can often be reduced
through structural amendments to the highways. High-speed collisions with deer, and attempts to avoid
collisions with any animal, pose serious risks to drivers and animals. In addition, reduced movement of
animals through an ecosystem because of aversion to highways, or mortality on the road surface, will
reduce genetic flows within and among populations of individual species. There were two purposes of
this project: 1) To assess potential causes and locations of deer-vehicle collisions; 2) To ascertain how to
most efficiently increase permeability to wildlife of interstates, thus significantly reducing the impacts of
wildlife-vehicle-collisions, benefiting both wildlife and public.

Besides providing structural and foraging values, a critical function of ecosystems and habitats is
providing connectivity for wildlife movement. Connectivity provides opportunities to move among areas
required for various life cycle functions. Roads, highways, and land uses can pose barriers of varying
permeability to wildlife species. Permeability refers to the effectiveness of an area or structure to provide
access and movement. Interstates passing through natural habitats of the West may restrict movement of
ground-dwelling vertebrates because of the lack of sufficient crossing structures, WVCs on the road
surface, and aversion to the light, noise, and movement of traffic. Understanding the relative permeability
of interstates and segments of highways, increases the likelihood that responsible Departments of
Transportation (DOTS) can act quickly to improve permeability and reduce risks to animals at the
individual to population scale.

Driver safety can be compromised in two significant ways by animal entry onto a highway’s surface. One
is collision with larger animals, which can damage the vehicle and potentially lead to driver injury or
death. Another is through attempts by drivers to avoid collision with an animal of any size, which can
result in the driver crashing, potentially injuring themselves, or others. By examining rates of accidents
among highway segments and among highways, DOTSs can prioritize areas for action to reduce risk of
collisions.

As with many other DOTSs, California Department of Transportation (Caltrans) collects two important
kinds of data useful for prioritizing actions to reduce WVC: traffic collision reports (from California
Highway Patrol) and carcass clean-up reports (from Caltrans Division of Maintenance staff). The vast
majority of these reports involve the results of collision with mule deer (Odocoileus hemionus) which are
numerous across much of the state and large enough to cause vehicular damage and driver-injury. These
kinds of data are important for the investigation of problem stretches of highway, potential effects on
ungulate populations, and decision-support for actions to reduce WVC (Green et al., 2011) and to
understand effectiveness of mitigation actions (Craighead et al., 2011). Since 2009, California has been
host to the California Roadkill Observation System (http://wildlifcrossing.net/california), one of 3 state-
scale, online reporting systems (the others are in ME and ID). Opportunistic and targeted (to road
segments) collection of roadkill/WVC observations can be used along with collision and carcass clean-up
reports to develop a full picture of where WV C are occurring, which species are involved, and what times
of day and year may have higher rates of collision.
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Wildlife-vehicle collisions represent the unsuccessful crossing of a roadway by an animal. In order to
understand and improve successful crossing, it is also important to measure passage of animals through
crossing structures and adjacent to the roadway. Free-standing cameras, triggered by movement of
animals (wildlife cameras) are often used to sample or census animal movement through constrained
structures under or over roadways. Radio- or GPS-collars are often used to track hourly or daily
movement of individual animals throughout their home range or dispersal/migratory travel. Deer use of
certain habitat types near urban highways may contribute to their being involved in collisions with
vehicles (Found and Boyce, 2011), allowing predictive models to be developed that could be used in
assisting analysis and planning. Understanding wildlife movement in association with highways, highway
infrastructure, and WV C are critical to placing effective mitigation structures and actions (Barnum et al.,
2003 a,b; Barnum et al., 2007).

The section of interest on 1-280 runs parallel with Crystal Springs Reservoir. There have been many
collisions between deer and cars along this stretch of highway, resulting in injury, property damage, and
impacts to deer populations. It is possible that the deer may be crossing the freeway to get to water.

There are several investigation and planning activities associated with this project. One is investigating
where the highway poses the most significant movement barrier to mammals, especially deer. Because
daily, seasonal, and dispersal movement may be important to many species in the area, a significant
barrier could pose a threat to species’ persistence in the region, including isolating certain populations on
either side of the corridor. Planning and building mitigation and enhancing activities to reduce wildlife-
vehicle conflict will be the second phase of the project.

We used WV C occurrences, wildlife camera pictures, and GPS-collars to estimate successful and
unsuccessful crossing of the freeway and hourly movement of deer alongside the freeway. Analyses of
successful and unsuccessful movement were used to spatially determine where conflict was severe and
potential mitigations best targeted. We also estimated species diversity at the highway and potential
impacts of the highway on animal behavior. We provide corresponding recommendations for Caltrans to
retrofit both highways to improve permeability and reduce rates of traffic accidents.

STUDY AREA

This interstate is a commuting highway between South San Francisco Bay cities (such as San Jose) and
the city of San Francisco. It also serves immediately abutting cities along the San Francisco Peninsula.
Approximately 22 miles of the 1-280 transportation corridor (the study section) is adjacent to varying
quality wildlife habitat (e.g., oak woodland, grassland) and has sufficient traffic volume (>200,000
vehicles/day; Caltrans, 2010) to pose a significant barrier to wildlife movement and result in significant
wildlife-traffic conflict. In effect, this corridor bisects the range of a resident deer herd, significantly
impacting the herd and public safety.

EXISTING INFRASTRUORE

Using Caltrans data, we found 20 bridge spans in the study section, which included structures like the
highway 92 interchange, which had 3 spans. We also found 68 culverts, which were primarily small
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(<36™) drainage structures, but also included several large (>8” x 8”) box culverts for use by people
(Figure 2).

Figure 2A. Infrastructure elements (culverts, bridges, and post-miles) along 1-280, north
section. (figure on next pages)

Figure 2B. Infrastructure elements (culverts, bridges, and post-miles) along 1-280, south
section. (figure on next pages)
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