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that limited mitigation resources are strategically targeted to areas that produce the greatest
results for motorists and wildlife. However, effectively gathering WVC data for mitigation
planning has proven challenging [12] because WVCs occur over broad geographic areas, during
all seasons of the year, and in large numbers [6,20]. Collecting data of this magnitude requires
many observers and an efficient data management system.

Ecologists have been collecting WVC data since at least the 1920s [21]. These early
ecologists recorded WVC data manually using the only method available to them at the time: pen
and paper. Now almost a century later, most state agencies still use the pen/paper method to
report animal carcasses that occur on roadways [12], which is problematic because data collected
in this manner generally have low spatial accuracy (i.e. nearest highway and km/mi marker),
contain avoidable inaccuracies, and require a considerable time investment to reformat data
digitally so they are useful for analyses and mitigation planning [10]. For instance, data must be
entered once on a paper form while in the field and then manually transcribed into an electronic
database. After data are in an electronic database, they must then be imported into a Geographic
Information System (GIS) to be visually analyzed for mitigation planning. Errors inevitably occur
in the process as humans enter and transcribe WV C data manually, particularly if the handwriting
on the paper form is illegible. Location data may also be prone to data entry errors. For instance,
the nearest marker may not be visible from the carcass location or the road may not have any
markers, which can make reporting an accurate location difficult or impossible.

Researchers have been aware of the difficulties associated with WVC data for many
years, and as a result, have been actively developing new methods with the goal of improving
accuracy and efficiency. As early as 2005, Ament et al. [22] developed a system in which
observers used Personal Data Assistants (PDAs) to electronically record data on animal carcasses

and to generate spatially accurate location coordinates using integrated Global Positioning
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System (GPS) technology. This system represented a breakthrough in WVC data collection
because it not only increased location accuracy, but it also standardized data collection and
eliminated transcription errors. Donaldson and Lafon also used this PDA system in Virginia [23].
The use of PDAs, however, did not solve all WVC data collection problems, because PDAs still
required the user to periodically transfer data from the PDA to a database for storage, which can
be cumbersome when many users are reporting data across large geographic areas. Additionally
in about 2006, PDAs began to be replaced by smartphones as the technology of choice.
Consequently, PDA reporting systems have not been widely adopted for WVC data collection.

Another reporting system for WVCs was developed by Hesse et al. [24] in 2007. Their
system used an inexpensive (~100 USD) but lesser known device called the Otto-Driving
Companion. This device was attached to the dashboard of the vehicle, and it allowed the motorist
to report animal carcasses with the push of a button while driving. The system generated spatially
accurate locations using GPS, but was limited by the number species that could be reported.
Again, WVC data had to be downloaded manually from each device to a database for the
information to be useable. While this represented another step forward in WVC data collection,
the Otto-Driving Companion has not been widely accepted.

Most recently, a small number of states and provinces (i.e., California, Idaho, Maine, and
British Columbia) have developed web applications for reporting WVCs [25]. These web-based
systems allow users to report animal carcasses by accessing a website where they enter location
and species information. Some systems even allow users to upload photos of animal carcasses.
The development of web applications for reporting WVC data is a significant advancement that
standardizes data collection and eliminates transcription, but these systems have two important
limitations: 1) users must have internet access, and 2) users must define carcass locations based

on what they know about the road location. The requirement of internet access requires personal
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computer users to either record the data or remember it until they have access to their computer.
Web applications can be accessed with mobile devices, they require mobile broadband internet
which is incomplete in most states, especially in rural areas where many WVCs occur. Web
applications also require users to define the locations of WV Cs manually, so there is the potential
for significant location error to occur; although most web applications now have built in map
viewers (e.g., Google Maps) that allow users to zoom to and select a location on the map, which
makes defining the location relatively easy. However, locations errors associated with this
technique are unknown and largely dependent on the user.

Presently there is no widely adopted WV C data collection system that is both efficient for
users and accurate for geographic locations. My intent was to create a data collection system that
increased efficiency and accuracy, but also had the potential to be broadly accepted and used. 1
also desired to create a system that seamlessly integrated WV C data collection, storage, and
analysis. In this paper, I review the development and testing of the WVC Reporter. The WVC
Reporter is a smartphone-based reporting system that combines a mobile web application for data
collection, a centralized database for data storage, and a desktop web application for analyses. |
found that the WV C Reporter produced accurate, nearly error free location data. Additionally,
efficiency was greatly increased because data entry time was reduced and transcription was
eliminated. Finally the web application improved the ease and effectiveness of WVC data
analyses. The WV C Reporter represents a step forward in the continued pursuit to improve WVC

data collection.
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Methods

Study Area

The WVC Reporter was developed and tested in Utah (219,807 km®), which is located in
the southwestern United States. The Utah landscape is topographically diverse with elevations
ranging from 663-4,413 m [26]. The climate for much of the state is considered semi-arid (127-
381 mm precipitation annually), but high elevation areas can receive considerably more
precipitation (>1,473 mm) [27]. Three major ecoregions comprise the majority of the state: the
Colorado Plateau, the Wasatch and Uinta Mountains, and the Central Basin and Range [28]. As a
result, Utah is ecologically diverse and inhabited by a wide variety of plants and animals that are
adapted to an array of habitats from salt desert shrub lands to alpine tundra [29].

Utah is largely a rural state with 75 % of the land area being federally or state owned
[26]. There are, however, several urban areas along the front of the Wasatch Mountains in central
Utah, where the majority of the state’s 2.8 million residents live [30]. According to the latest
census estimate, Utah was the 3" fastest growing state [31] in the United States. Consequently,
the state is rapidly becoming urbanized [32]. The growing human population has increased
demand for transportation and traffic volumes have doubled in the past 30 years (1980-2010)
[33]. In 2010, it was estimated that 42.8 billion km were driven on the states 73,413 km of roads
[33,34].

Wildlife-vehicle collisions commonly occur in Utah and are a considerable public safety
concern [35]. Most reported wildlife vehicle collisions in Utah involve mule deer (Odocoileus
hemionus) [35], which is the state’s most abundant wild large mammal [36]. Vehicle collisions
with mule deer in Utah result in an average of 7.5 million (USD) in damages each year [37].
Consequently, mitigation measures such as wildlife crossings and exclusionary fencing have been

used to address the problem [38].
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WVC Data Collection

Surveys for wildlife carcasses using automobiles have been conducted systematically in
Utah since at least 1998 [39]. Automobile surveys were done by Utah Department of
Transportation (UDOT) contractors. During the study, UDOT contractors were obligated to drive
~2,800 km of roads twice a week (Monday and Thursday) throughout the year. UDOT contractor
routes were selected because they had high numbers of WVCs. During surveys UDOT
contractors were required to remove all animal carcasses that were detected on the road surface,
the median, and the road shoulder. They also were required to keep detailed records of the species
removed and their locations. Utah Division Wildlife Resources (UDWR) employees also
removed and reported animal carcasses that occurred on roads other than those covered by UDOT
contractors. UDWR employees did not conduct systematic surveys, but reported carcasses
opportunistically. Prior to implementation of the WVC Reporter system, both agencies recorded

animal carcass data using the pen/paper method.

WVC Reporter System

The WVC Reporter system consists of three integrated components: 1) a mobile web
application, 2) a database, and 3) a desktop web application (Figure 5.1). The mobile web
application was designed for in-field data collection. It allows the user to report information on
wildlife carcasses using a smartphone. When reporting a wildlife carcass, the user simply clicks
on the mobile web application bookmark and a report form opens. The report form contains a
dropdown menu of wildlife species that are commonly encountered. If the species being reported
is not available in the menu, it can be entered manually. The user also enters the sex (male,
female, or unknown) and age class (adult, juvenile, or unknown) of the animal. Optional
information that can be reported includes a carcass fat measurement (an indicator of health in

ungulates) and an ID number if the animal was involved in a research study and marked.
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For each reported carcass, the mobile application generates a number of pieces of
information automatically. For example, the mobile web application accesses the smartphone
GPS and acquires coordinates (latitude/longitude) for the location. Coordinates are then used to
determine the nearest highway and marker automatically. This eliminates all data entry errors
associated with location information. The mobile web application also reports the user, time, and
date. When the user is finished entering information in the report form, the send button transfers
data via a mobile internet connection to the WVC Reporter database. If mobile internet service is
unavailable, the information is stored in the phone until the next report is submitted.

The mobile web application is compatible with most iPhone and Android smartphones.
Specific device requirements include iOS Safari 3.2+, Android Browser 2.1+, or Google Chrome
10.0+. The programming code for the mobile web application was written in HTMLS, CSS, and
JavaScript. The HTMLS5 geolocation Application Program Interface (API) was used to enable
location data collection, and the application cache allows the mobile web application to be used
even when there is no internet connection available. Programming for all components of the
WVC Reporter was done by the Utah Automated Geographic Reference Center (AGRC).

The WVC Reporter database serves as the central repository for all reports that are
submitted using the mobile web application. The database is dynamic and updated when reports
are submitted through an ESRI ArcGIS Server Feature Service. The database is an ESRI ArcSDE
Geodatabase, and it is housed in a Structured Query Language (SQL) Server at the AGRC in Salt
Lake City, Utah.

The desktop web application was designed to make it easier for planners, maintenance
crews, and wildlife managers to use WVC data. To accomplish this, the web application serves
as: 1) a map to view carcass locations at user defined scales, 2) a place to download current WVC

data, 3) a way to enter carcass data manually, and 4) a link to the mobile web application. To map
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carcass locations, the desktop web application uses ESRI's ArcGIS Server and ArcGIS API for
JavaScript. The web application is dynamically linked to the WVC Reporter database, so mapped
carcass locations represent the most current data available. Rather than display all carcass
locations on the map regardless of the spatial extent, the map viewer shows clusters of carcass
locations as circles, where the size of the circle represents the number of carcasses in the area
(Figure 5.2). As one zooms in on specific locations within the state, the circles become
progressively smaller and eventually disappear at fine scale extents showing only the actual
carcass locations. This provides an efficient means to see where WV C hotspots occur regardless
of the scale extent the map is viewed at. Carcass locations also can be overlaid on one of seven
different base maps. The high-resolution aerial imagery base map provides an excellent backdrop
for analyzing WVC patterns, because landscape features such as vegetation, rivers, human
developments, agricultural fields, and roads are clearly visible at fine scale extents. Additionally,
the terrain base map shades relief making topography appear three dimensional, which is helpful
for viewing carcass location with respect to major topographic features such as drainages. To add
additional context not available in the base maps, I included GIS layers for wildlife crossing
locations, exclusionary fencing, marker locations, and management regions (UDOT and UDWR)
that can be toggled on and off by the user. The map viewer also includes data filters (date,
species, and management region) allowing the user to modify data to suit their specific needs. For
fine-scale WVC analysis, users can also enter a highway number (e.g.; US 6) and section (e.g.,
markers 210-213), and the map viewer will zoom to that location and summarize WVC data for
that area (Figure 5.2). Finally, the map viewer allows displayed data to be exported as a PDF,
which provides the user with a way to share data or create figures for reports.

While the map viewer provides an efficient means to visualize WVC patterns, in some

situations it may be desirable to perform more sophisticated spatial analyses. To facilitate this, the



128
desktop web application allows the user to download the WVC Reporter database as either an
ESRI shapefile or a dbf file. The shapefile is a common GIS format that allows carcasses location
to be easy imported into GIS software where spatial analyses can be performed. The download
function also respects the data filters in the desktop web application.

When designing the desktop web application, I realized not all agency personnel
reporting WVC collision data would have access to smartphones and consequently some
information would still be collected on paper forms. To address this situation, the desktop web
application has a report form for manually entering carcass locations. It essentially functions the
same as the mobile web application report form, with the exception that the user has to define the
carcass location manually by either entering GPS coordinates (latitude/longitude or UTM), the
highway/ marker, or the street address. Once the location information is entered, the user is able
to verify the location information was correct by viewing the location on a built-in map viewer.

The final function of the desktop web application is to serve as a location to link to the
mobile web application. Before field technicians can use the mobile application on their
individual smartphones, they must first access the web application
(https://wvc.mapserv.utah.gov/wvc/desktop/index.php), click on the mobile app link, and then
bookmark the location on their smartphone. The desktop web application was programmed using
the same languages as the mobile application, and it works with nearly all commonly used web

browsers (Internet Explorer 7+, Chrome, Firefox, and Safari).

Location Error

I tested the WVC reporter application using a Motorola Droid X smartphone (Model
10083V2-B-K1, Verizon, New York, New York, USA) and an Apple iPhone 4 (Model A1349,
Apple, Inc., Cupertino, California, USA). To estimate the horizontal error for locations collected

with these phones, I tested them at random locations on highways throughout the state of Utah. At
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each random location, I recorded location coordinates using a mapping-grade Archer Differential
Global Positioning System (DGPS) receiver (Model XF101, Juniper Systems, Logan, Utah, USA)
that was capable of sub-meter accuracy. I used locations collected with DGPS receiver to
represent the “true” location. Additionally at each random point, I recorded location coordinates
using the smartphones and a recreation-grade Garmin GPS receiver (Model eTrex Legend H,
Garmin International, Inc., Olathe, Kansas, USA). I included the recreation-grade GPS in testing
to see how the smartphones compared to a standalone GPS receiver. All location data were
imported into ArcGIS 10.1 (ESRI, Redlands, California, USA) for analysis. Location error was
estimated as the Euclidean distance between the true location and the points collected by the test
units. Because the location errors were not normally distributed, I reported the medians and
median absolute deviations (MADs) instead of means and standard deviations. I also used the
nonparametric Kruskal-Wallis test to test for differences in location errors between units. All
statistical tests for this study were performed using R 2.14.1 (R Development Core Team, Vienna,
Austria). To estimate how much spatial accuracy improved, I compared the location error for my
smartphones to the location error (401 m) estimated by Gunson et al. [10] for reporting only the

highway and marker.

Data Entry Time

I estimated the amount of time required to report carcasses using the WVC Reporter
application under field conditions. For both smartphones, I recorded data entry time in seconds
using a stopwatch. The reported data entry times represents the time from when the mobile web
application was opened on the smartphone until all data was entered and the submit report button
was pressed. Data entry times were also non-normal, so I reported medians and MADs. I tested
for differences in data entry times between smartphones using the Wilcoxon rank-sum test. I did

not measure data entry times for the pen/paper method but assumed it took 60-90 seconds to
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report each carcass using this technique. I also made the same assumption for the amount of time

it takes to transcribe written data into an electronic database.

Data Entry Errors

I estimated reporting errors for the previous system of paper forms and transcription. |
could only estimate reporting errors for location data. Location data were reported as both the
highway/marker, and as GPS coordinates (easting, northing) reported in UTMs. For each record, I
verified the GPS coordinates matched with the reported highway/marker. When GPS coordinates
were associated with a highway, but the reported highway/marker did not match the location, I
assumed that the highway/marker was reported incorrectly. When GPS coordinates did not

coincide with a highway, I assumed that the coordinates were reported incorrectly.

Costs Savings

To estimate the total cost savings from using the WVC Reporter, I used the data entry
time saved for both infield data collection and transcription and assumed the mean hourly wage
for those reporting and transcribing data was $12/hr. All dollar amounts in this paper represent

United States currency (USD).

Results

WVC Reporter System

I began development on the WVC Reporter in July of 2011. The system was thoroughly
tested for a 6 month period (October 2011- March 2012) prior to its release. Development costs
for programming and testing totaled $34,000. Annual maintenance costs were estimated to be
$1,500. The WVC Reporter officially went into use across Utah on April 16, 2012. Use of the

WVC Reporter application was restricted to UDWR and UDOT personnel, UDOT contractors,
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and select wildlife and transportation professionals. During the first year of use, 6,822 carcasses
were reported by 47 different users across the state. A total of 43 different species were reported,
but the majority of carcasses (85 %) were mule deer (Figure 5.3). Additionally, spatial patterns
were clearly apparent at multiple scale extents when using the map viewer to assess carcass
locations. For instance at the statewide scale, the majority of WVCs occurred in the north central
portion of the state (Figure 5.2). At the scale of individual highways, carcasses appeared to be
clustered in hotspots along highways. At fine scale extents, the landscape and infrastructure
features associated with hotspot locations were clearly visible when viewed in conjunction with a

high-resolution aerial imagery (Figure 5.2).

Location Error

Location error varied between the units I tested (K = 25.26, p < 0.01). The Droid X had
the highest median location error (5.2 m). The location error for the iPhone 4 was lower (4.6 m),
but similar to the Droid X. The Garmin GPS had the lowest median location error (2.4 m). The
use of smartphones decreased location error 99 % over reporting highway/marker locations.
Using a Garmin GPS instead of the smartphones I tested would have further decreased location

error < 1 % (Table 5.1).

Data Entry Time

Data entry time varied between the Droid X and the iPhone 4 (W= 3528, p =<0.01).
The median data entry time for the Droid X (22.0 s) was shorter than median data entry time for
the [Phone 4 (26.5 s). Using smartphones over the pen/paper method decreased data entry time
56-76 %, which I estimated saved approximately 63.5-128.9 person hours of work over a one
year period. Additionally, data transcription was eliminated, which resulted in a time savings of

113.7-170.5 person hours of work annually.
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Data Entry Errors
I measured data entry error rates for carcasses that were reported using the pen/paper
method and then transcribed into an electronic database (Table 5.2). Data entry error rates were
highest for marker locations (19 %), intermediate for GPS coordinates (10 %), and lowest for

highway names (1 %). The overall data entry error rate for all location data was 10 %.

Cost Savings
I estimated $2,126-$3,593 was saved in data entry and transcription time during one year

in Utah.

Discussion

In 2008, Bissonette and Cramer [11] recommended accurate and standardized WVC data
as a priority for transportation planning and wildlife management in North America. Given the
recent advances that have taken place in mobile communications and electronics, it seemed
promising that WVC data collection could be improved by incorporating these modern advances.
The WVC Reporter was specifically designed to leverage modern technologies to produce
accurate and standardized WV C data. The system accomplished this by integrating several
modern advances (smartphones, GPS, a mobile application, mobile broadband internet, an
electronic database, a web application, a map viewer) into a seamless method for collecting,
managing, and using data. The system was developed and tested at a statewide scale to serve as a
proof of concept, but has the potential to be adopted throughout North America because it
produced accurate data, improved efficiency, and enhanced data management and use.

Accuracy was increased by reducing errors associated with location data and by reducing
data entry errors. On average, location error for the smartphones I tested was only ~4-5 m and

the largest recorded error for either phone was 23 m. However, location error for highway/marker
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Table 5.1. The estimated location error and entry time for data collected with smartphones and a

standalone GPS at 60 random locations throughout Utah.

Location Error (m) Data Entry Time (s)
Unit n Median MAD Range n Median MAD Range
Droid 60 52 4.5 0.7-23.2 111 22.0 59 10.0-42.0
iPhone 60 4.6 29 0.2-21.0 122 26.5 9.6 15.0-87.0
Garmin 60 24 1.3 0.3-8.0 NA NA NA NA
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Table 5.2. Data entry errors for location data that was collected using the pen/method and then

transcribed into an electronic spreadsheet.

Location Data n Errors % Error
Highway 1836 23 1.3
Mile Marker 1836 356 19.4
Easting Coordinate 1836 196 10.7
Northing Coordinate 1836 189 10.3

Total 7344 764 10.4




144

Information Flow

Smartphone and App Database Website with Map Viewer
(Dynamic and Centralized)

Figure 5.1. Flow of information through the WVC Reporter system.
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CHAPTER 6

CONCLUSIONS

Roads are an essential part of modern communities and economies (Forman et al. 2003,
Larsson et al. 2010). As the human population grows, traffic volumes are expected to continue to
rise, and roads will be built and expanded to accommodate the increasing demand for
transportation (FHWA 2010). As a result, the effect that roads and vehicle traffic have on wildlife
will likely intensify, making it imperative that managers understand how roads are affecting
wildlife so mitigation can be directed accordingly.

In Utah, considerable amounts of mule deer (Odocoileus hemionus) habitat are now
bisected by roads with increasing traffic volumes (UDOT 2012). Mule deer are commonly
involved in vehicle collisions (West 2008), and there is concern that roads may be impacting
populations. The focus of my research was to: 1) estimate the number of vehicle collisions
involving deer in Utah, 2) examine the demographic effects of vehicle collisions, 3) determine
how movements and survival were impacted by roads, and 4) create an electronic, smartphone-
based system for reporting vehicle collisions.

Accurate estimates of DVCs are needed to effectively mitigate the effects of roads and to
properly manage deer populations (Bissonette and Cramer 2008). However, there is great
uncertainty associated with most DVC estimates because commonly used DVC data sources are
inherently biased and the bias is rarely accounted for in estimates (Huijser et al. 2007). In chapter
2, I estimated the number of DVCs in Utah using carcass surveys conducted with automobiles
and all-terrain vehicles. I found that uncorrected carcass surveys underestimated the actual
number of DVCs substantially and detected only 41 % of deer killed in vehicle collisions along

roads administered by the Utah Department of Transportation. After correcting for this bias, I
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estimated that vehicle collisions were removing 2-5 % of the mule deer population in Utah
annually, which was less than what was being harvested by hunters (7-9 %).

The effect that DVCs have on deer populations depends not only on the number of deer
killed but also on the demographic groups removed, because deer demographic groups have
distinct fecundity and survival rates (Gaillard et al. 2000). In deer populations, prime-aged
females (2-7 yrs) are the most important demographic group to population growth (Gaillard et al.
1998). In chapter 3, I observed that 65 % of deer killed in vehicle collisions were female and 40
% were adult females. Of adult females, 98 % were prime-aged, which indicates that vehicle-
related mortality could potentially exert a strong influence on deer abundance. Additionally, when
I compared vehicle collision rates among deer species in Utah, I found that mule deer were 7.4-
8.7 times more likely to be involved in vehicle collisions than elk and 1.2-2 times more likely
than moose. Although mule deer appeared to be more vulnerable to vehicle collisions than other
species and a high percentage of prime-age females were being killed, mule deer abundance has
been relatively stable for the past 20 years, while traffic volumes have steadily increased. Given
this evidence, it is likely that current vehicle collision levels are not yet high enough to cause
population declines at the statewide scale extent.

The rate at which DVCs occur is spatially and temporally variable (Biggs et al. 2004,
Kassar and Bissonette 2005). Understanding the sources of this variation is the key to effective
mitigation that will enhance driver safety and reduce deer mortality. In chapter 4, I examined how
natural variation in climate during winter influenced deer distribution, movement patterns, and
DVC rates. I found that precipitation and snow depth differed considerably between winters, with
precipitation decreasing 50 % and snow depth decreasing 48 % during the second winter. In
response, the spatial distribution of deer changed, with deer occurring at higher elevations and 55

% farther from roads. As result, crossing rates decreased as much as 96 % on roads with high
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traffic volumes during the second winter. Reduced crossing rates were likely responsible for
much of the 75 % decrease in deer-vehicle collisions during the second winter. My data suggest a
causal mechanism by which winter conditions affect DVC rates, which can help managers predict
when DVC rates are likely to rise, allowing them to warn drivers of the increased danger.

There currently is a need for management agencies to be able to efficiently collect
accurate and standardized wildlife-vehicle collision (WVC) data (Huijser et al. 2007), because it
is the foundation of mitigation projects that benefit both drivers and wildlife (Ford et al. 2009).
Prior to this study, there was no widely adopted electronic reporting system that was both
efficient and accurate. In chapter 5, I discussed the development and testing of a smartphone-
based system for reporting WVC data. The WVC Reporter system consisted of a mobile web
application for data collection, a database for centralized storage of data, and a desktop
application for viewing data. The smartphones that I tested for use with the application produced
accurate spatial locations (median error = 4.6-5.2 m), and reduced location error considerably (99
%). Using the application also increased efficiency by reducing data entry times 56-76 % and
eliminating data transcription. Additionally, data collected WVC reporter system had ~10 %
fewer data entry errors. The desktop web application was an effective tool for accessing data and
visualizing wildlife-vehicle collision patterns. The WVC Reporter integrated several modern
technologies into a seamless method for collecting, managing, and using WVC data. The
development costs ($35,000) for the system were minor when viewed in context of the potential
benefits of having spatially accurate and temporally current wildlife-vehicle collision data. The
WVC Reporter represents a step forward in WVC data collection and use, and the system has the
potential to be widely adopted, because it addresses many of the problems associated with earlier

electronic reporting systems.
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