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ABSTRACT

HOTSPOTANALYSIS OF ROAD KILL

IN SOUTHERN CALIFORNIA: A GIS APPROACH

By
Deanna D. Wilson
Master ofArts in Geography

GIS Program

Areas of high probability for road kilotspots were identified and land cover
patterns that best distinguished where wildlife crossed road networks were measured to
examine relationships between road kill and landscape/road variablghtic@inties in
Southern California from 1992012. The spatial association of road kidtspotswith
specificland cover types was assessed usieral geospatial analysis techniqUédse
Point Density analysis determined that there were eight hotiepatsad Kill in three
counties for Southern California. Four hotspots were in San Diego County, two were in
Los Angeles County, and two were in Ventura Counhe habitat characteristics for the
three countiendicatedthatroad kill occurred in highlyrbanized locations with 61%a
urbanland coverwhile the remainin@9% ofroad kills were unevenly distributed
between eleven other land cover tyges: this study, there were a variety of species
affectedby road kills, from very small to very larg@imals including birds and reptiles.
Rabbits were the most frequently killed animals followed by snakes, birds, squirrels, and

coyotes.



Thelandscape metrioseremeasured witiFRAGSTATS(version4.0). The
FRAGSTATS results computed a multiplicity ofridscape metrics for the categorical
map patterns by quantifying the spatial configuration of patches near the roads. The
analysisdentified a difference in the recognizkdtspotareas for the patches lahd
cover While road killincidents the majorityof the time occurredn urban areas in seven
out of the eight hotspatsirban land covawasthe dominant type foonly three of the
eight hotspot locatia) two in central San Diego on the coastd the othein southern
Los Angeles Countys p e a r maanadysisrevehlexthat the density of road kill is
strongly correlated with the number of land cover patches and patch richseiss.
numberof patchegNP) andthe number of patch types in each gfeR) increase, road
kill events also inreaseThis may be due to a fragmented landscape in which wildlife
havea variety of patchypes they must navigate, thus increasing the need for them to
move across the landscape and the probability of being hit on a road.

Although road mortgy may not affectarge and fecungopulations, it can have
a significant impact osmallpopulationsandthreatened or endangered speclés
outcome for théotspotanalyss clearly showdurbanland covettype as the highest
among road kill sitesThe results suggest that wildlife are crossing roads at distinct
locationsin the landscape. Measures can be taken to improve the chances for survival of
many animals in th&uture such assonstructingwildlife crossings likeoverpasesand
underpasses for future road constructionisiémtified hotspot area#s the population in
Southern California continues to increase so does the need to identify and protect critical

habitats for wildlife.



Chapter 1 -- Introduction

1.1 Background

Roads can be a network of nuisances that fragment wildlife habitat and degrade
the natural environmenthe physical footprint of the nearly 4 million miles of roads in
the United States is relatively small, however,dbelogicalfootprint of the road sstem
goes muchiarther(Beier, et al.2008) With the current rate of population growth, the
demand for human development has increased significdillty increased development
is invading sensitive wildlife habitat and altering their environmiemtthermore, habitats
are becoming fragmented as urbanization continues and roads are condRoatisdcan
cause direct loss of habitat, change the quality of adjacent habitat, impede animal
movementsand lead to road kil[Forman et al.2003) Speciesare forced to crossusy
roadsintersecting their environment. Consequentbad kill is a major threat for wildlife
as well as an increasing hazard to drivers on American roadiags threatened are
large mammals, such as carnivores and ungulatesethatirly move over great
distancegNg, et al.2004) Particularly, in rural and suburban areas road kill is a
significant safety concerfClevengeret al.2006)

As traffic volumes increase and roads extend to more and more natural areas,
wildlife and vehicles collisions continue to intensify, resulting in a major ssmaomic
and traffic safety issuas well as a species conservation ig§ueson et al.2010) To
handlethe increasing traffic volume#merican roadsare altered and improved
regularly. Widening and reconstructing existing roads can negatively affect the habitat of
wildlife by either altering, fragmenting or reducing theaturalenvironment
Consequently, animatbhat are roaming in their environmearehaving to traverséhe

1



newly modified r@ads in search of food, matesemen to relocate to new habitat for
survival As a resultthe rate of success roadcrossing onaltered or newly constructed
roads decreases significan{forman et al.2003) When roads are constructed in
wildlife habitatsthe connectivityis reducedesulting in significant habitat
fragmentation. Additionallythe human populati@spreading into the urbamildland
interface increasdbeinteractiors between animals and hunsaHowever, little research
has been done to identify where these interactions are most likely to haperch
hotspotdor road kill need to be identified to insure the safety of both the public and

wildlife andto provide opportunities for policy enge to address these problem areas

1.2 Purpose Statement

The aim of this study is tdeterminehespatial patterns of road kill by using
geospatial analysis techniques @af@eographidnformation System (GIS) to analyze the
geography of road kill isouthern CaliforniaThe specific objectives are (1) to identify
areas witha high probability of road kilthrough ahotspotanalysis; (2to use spatial
statistics to measurelationshipetween road kill and landscape/raddracteristics
and (3)to establish what species are routinely affectéw results of this study wilielp
to identify the unique environmental factors at roadtltspotsn an effort to provide
information to planners that can be used to reduce thischazhoth wildlife ad

humans.

1.3 Research Questions and Hypothesis

Many studies have found that as the connectivity of road networks continues to

increase, natural populations of plants and animals are becoming increasingly isolated



and their habitats are decreas{@jinton, et al.2005) Therefore, the primary research
guestions for this study are: 1) where are the roadh&ipotan Southern California; 2)
what are the landscape patteadjacent to the hotspot areasd 3)which species are
most commonly impacted ihe identifiedhotspotareas

The results of thbotspotanalyss will help to identify wherevildlife crossings
that end in road kills cluster spatialbnd why thesécationsare uniqueThe expected
outcome of this study is find thatthe hotspotdor road kills areelated to patterns of
landscape composition (land cover matrix) and spatial arrangement (size, connectivity,
and intermixing of land cover type®y establishing the relationship between patterns
and processes in landscapes near kdbsites, recommendations can be made to
construct wildlife crossings, such as overgassid underpassgand to warn motorist

of wildlife crossing with wildlife signage, and a reduction of speed limits.

1.4 Significance of the Study

Roads can negaty influencewildlife in many waysVehicle-induced fatalities
are one of the most obvious impacts of road netwof&sthere is little understanding of
the patterns and rates of road mortality for mamrfi2dsthelmess and Brook2010)
Determining wheg wildlife movement and highway operation conflict is an essential first
step in making highways safer for motorists and animals, especiallyahivsalsof
conservation concerfiloyd and Casey2005) Hotspotanalyses for road kill data are a
cost effetive technique for identifying sensitive wildlife arg@®wery and
Grandmaison2009) So far, little research has been done regarding where the hotspot
areas are, eecially in Southern Californi&ystematic record keeping of wildlife road

mortality onU.S. roads is nonexistent for many spe¢kesman et al.2003) Therefore,
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this study will aid in the data collection concerning wildlife vehicle collisions in Southern
California The data acquired can aid agencies in future transportation projectasn a
where wildlife vehicle collisions are a major concémaddition, by studying road Kill

data using GIS, areas of concern will be identified allowing for recommendations in

transportation corridodesign angblanning.



Chapter 21 Study Area

2.1 Location

The initial study took place in Southern California, extending from Santa Barbara
to San Diegpand eastward to the Arizona bord€he counties in the generalized study
area were Santa Barbara, San Bernardino, Vantos Angeles, Orange, Riverside, San
Diego, and Imperial (Figure I)he regon through which these roagass is a complex
of mountains to low hills and valleyBlevation ranges from 10,068 ft. Mount San
Antonio in Los Angeles County down to below $eel in Imperial CountyHowever,
after thehotspotanalysis was completed in ArcGIS, tloeus was narrowed to San
Diego,Los Angeles,and Ventura Countie3 he study area included the road networks
through San Diego County whermetspot locationsverefound In addition, the road
networks for thénotspotof road kills identified in Los Angeles and Ventura Counties
were a focus as wellhe landscape of San Diego, Los Angeles, and Ventura Counties
incorporates a variety of fauna and flora, whigldlan mportant role in this study for
analyzing the environments around the road netwéilksa includes coastal beach and
dune habitats, coastal and interior sage scrub, chaparral, woodlands, grasslands, riparian
woodlands, and wetlands all contribute uniqagety of landscapes to Southern
California (Rundel and Gustafsa@007) For this study, all mammals, reptiles, and birds
impacted by vehicles within the study area were examined, along with the flora in the

landscapes adjacent teetdetermined clustendations.



Figurel: Southern California Study Area Boundary (red).

AT 7
2 .
Benite Fresno - 1 b
Monterey =, ,° Kings | Tulare # Inyo
%3
3 1
L

e B . -

T S &
»  SanLuis
? Obispo
{

San
Bernardino

Los
Angeles

Riverside

Imperial

40
Kilometers

2.2 Population

The Southern California population is increasing along with the demand for
development and more roads. Southern Califararssists of multiple metropolitan areas
as well as smaller cities and towns. According to the U.S. Census B8mahern
Californiads total popul ation as of 2000
while the state of California in 2010 was 37,258 (Table 1). In ten years, Southern
Californiads population has increased by
have a major impact on wildlife and their environment, as housing and road construction

will continue to invade these habitats.



Tablel: Southern California Population by County, 2000 and 2010

County 2000 2010
Los Angeles County 9,519,338 9,818,605
Orange County 2,846,289 3,010,232
San Diego County 2,813,835| 3,095,313
Riverside County 1,545,387 2,189,641
San Bernardino County | 1,709,434 2,035,210
Ventura County 753,197 | 823,318
Santa Barbara County | 399,347 | 423,895
Imperial County 142,361 | 174,528

2.3 Road Networks

Southern California is a maze of road networks wdHitional ones added each
year as populatianincreas@and development continude Southern California, there are
13 interstate highways, one U.S. Highway systen®.(l01), and 56 California state

route freeways (Figure 2n addition, there are thoasds of surface streets and rural



roads traversing through Southern California; consequently, all of these roads affect
wildlife . Many of them cut through critical habitat, which can be a threat to the survival
of wildlife in their environmentsThe constuction of freeways, highways, and roads, or
the altering of existing ones, will have an effect on animals navigating through their
surroundingsSince the focus for this study included the areas of San Diego, Los
Angeles, and Ventura Counties, the majodiscape studied was centered on the roads

within these counties.

Figure2: Major Roads Networks in Southern California.
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Chapter 37 Literature Review

3.1 Human Development of Road Networks

Humans haveonstructed vast networks roadstraversing lands all over the
world. These roashetworksar e a characteristic of al most
they are increasing in length and area at a rapid (facenan et al.2003) According to
a studyby Ree et al.(2011) there are an estimated 750 million vehiclesldwide
traveling on approximately 50 million kilometers of public road and the network and
traffic volumes are still increasinglmost all human communities are connected by road
networls (Lloyd and Case)y2005) Both roads and vehicles affect the mobility and
survival of wildlife across an environment, which has led to not only habitat destruction,

but also population fragmentati¢@rth and Riley2005)

3.2 Impact of Road Networks onlflife

Roads, especially large highways, have been found to have significant impacts on
wildlife movement and survivgdNg, et al.2004) There are many direct effects on
wildlife including death, habitat fragmentation, habitat loss, and reduced habitat
connectivity Road networks that have been studied are known to cause habitat
fragmentation by breaking large areas into small, isolated habitat pafchesn and
Alexander (1998)showed that the ecological effect of road barriers might emerge as the
greatest ecological impact of roads on wildli¥#éany people do not think of roads as
causinghabitat lossHowever, a study found that a single freeway with a typical width
equaling 50 meters, including median and shoulder, crossing diagonally acroskea 1

section of land results in the loss of 4.4% of habitat @eéger, et al.2008) Roads alter



an animal 6s habitat by | imiting.Eguallyess
there is a high rate of mortality incurred by individual animalsdttempt to cross roads

to move among remaining patches of halgithdyd and Casey2005) Species of varying
sizes are impacted by roads and highways cutting through their envirohtaeytstates

are experiencing infrastructure expansion that has led to greater safety concern and the
need to develop effective countermeasures to mitigate wildlife vehicle collisions
(Clevengeret al.2006) Many species, especially largexploratoryones such as

mountain lions, coyotes, and bobcats, will travel miles crossing roads and highways in
search of food, mates, and she(téalifornia Biodiversity 1997) Alternatively, some

wildlife choose to avoid roads altogether, which have resultdeeisolation of their
populationsSmaller wildlife species may view roads as barriers rather than something to
cross, resulting in confinement in their habitats and ultimately seclusititionally,

roads have been found to p@siitional wildlife habitathreats such aacreased

ambient noise levelsnd vibrations that could interfere witte ability of reptiles, birds,

and mammals to communicate, detect prey, or avoid pred8mies, et al.2008) As

habitats become more fragmented with human devedopand road networks are
continually added to the landscape, wildlife populaiil continue to decrease.
Thereforedetermining wher¢éhe most vulnerable habitat areas is vital to the future

of many species.

3.3 Wildlife Vehicle Collisions Roadkill

Road kill locations along roadways act as reliable indicators of wildlife crossing
areagLowery and Grandmais@2009) A study done in northwestern Oregon found that

hotspotggenerally were associated with topographic features that directed sinimal

10
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towards highways, the presence of habitat adjacent to highways, or food resources that
attracted animal@_loyd and Case)2005) Estimates of road kills throughout the world
show the impacts on wildlife from road networks; 159,000 mammals and 653¢880 bi

in The Netherlands; seven million birds in Bulgaria; five million frogs and reptiles in
Australia, and an estimated one million vertebrates per day are killed on roads in the
United StategForman and Alexandet998) Direct road kill affects most species and

the impacts on wideanging predators such as the cougar in southern California, the
Florida panther, the ocelot, the wolf, and the Iberian lynx havewekaocumented

(Beier, et al.2008) In a study conducteidh Canton, New York focusing on road kill rates
for local mammal specie was discovered that at least 50% of the mammals in the
study area were impacted by road mortality, representing 21 species from 5 mammalian
orders The outcome of the study alslosved that carnivores were found les®n than
mediumsized mammals. @average, 3.8 mammals were killed per 100 km of road
(Barthelmess and Brook8010) Anyone who has watched an animal try to cross a busy
road, or seen the remains of one that didhmake it, can imagine the diverse effects of
road kill (Forman et al.2003) Consequentlyas many road segmeraee improved to
accommodate greater traffic volume, the chances of wildlife crossing these roads

successfully decline#\s the volume of traft increases so does the amount of road Kill.

3.4 Wildlife Crossing Structures

It is evident that the best way to protect wildlife frdangerous road crossings
to notconstruct roads in the first pladéowever, where there are overriding reasons to
build or expand roads, wildliferossing structures can facilitate wildlife movement

(Beier, et al.2008) Though no single crossing structure will accommodate all wildlife,
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many can benefit from these structufdamerous structures already exist that il
thegrowing concern for wildlife crossing roattsat run througltheir environment. Many
of these structures were noitially intended for wildlife movemenbut have become de
facto road cross corridorsych as drain culverts and tunnélke resits of a study done

in Bow River Valley along the TrarSanada transportation corridor found that for many
small and medium sized mammalsainage culverts mitigadehe potentially harmful
effects of busy transportation corriddiClevengeret al.2001) For larger animals,

wildlife overpasseg¢Figure 3) alsoimprovethe chance®f safelycrossing busy

highways Approximatelyfifty overpasses have been built in the world, with cityof

these occurringn North America (Formaret al.2003)

Figure3: Wildlife overpass crossing (Bissonette and Cramer, 200¢

\

Wildlife underpasses on many roads and highways such as viaducts, bridges, culverts,
and pipes already exist for medium to smaller anirfizdser, et al.2008) A study
conducted along three major highways located on the eastern edge of Ventura County,

California, just west of the San Fernando Valley and adjacent to the Los Angeles

12



metropolitan area demonstrated regular use of underpasses and drainatge eumeath
highways by wildlife (Ng et al.2004) Numerous methods exist that will allow wildlife
to cross highways safely, ranging from relatively inexpensive efforts to modify the

behavior of motorists to building more complicated structures for ¥aldtirridors

(Lloyd, et al.2005)

3.5 Landscape Ecology

Some wildlife requires specific vegetation in their habitat for survival. However,
if critical habitat is intersected by roads, then the composition and spatial properties of
vegetation patches rreiads will influence wildlife, as such, the pattern of the
landscape, for many species influences its ability to persist in particular locations.
Landscape ecology is a discipline that focuses on the shared interactions between spatial
pattern and ecolacpl processeélurner, 2005) It is a field that has grown rapidly in the
past fifteen yearand continues to be employednh@ke contributionto understanding
wildlife -landscape interactionsandscape ecology studies the spatial patterns of
landscapesncluding the distribution of species and habitat on local to regional scales
(MacDonald 2003).A landscapés an area of land containing a mosaic of patches or
environmentaklementghat is notdefined by its sizéensteadit is defined by an
interacting variety of patches relevant to the phenomenon under consideration
(McGarigal et al.2002) The structural characteristics of a landscape, such as patch size,
edge length, and configuration are the framework for landscperms however over
time these complex spatial designs tend to chéaganklin and Formarii987).Until
recently,it was not possible to study the spatial pattern of ecological resources and

human environments at a variety of scales. However, advancemputer technology
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and development of new databades/e madé possible to analyze spatial patteat
scales ranging from communities to the entire gi@ieA, 2012)

Within the last century, significant changes in larsg practicecombined with
increasing levels of habitat fragmentation have made the landscape an important and
relevant scale for studies of wildlife ecology and managefrRodewald 2003) The
expansion of road networks the Mojave and Sonoran Desdrts reduced connectivity
among populations of flora and fauftgpps et al.2005) Roads can alter the landscape
and have harmful effects on the environment resulting in obstacles that may prevent
landscape connectivity and can eventually affect wilgidpulationgBennetf 1991)
Another study found that for some species, habitat type infhgbwbere carcasses were
located. Specificallycarnivoresverefound predominantly in rural habitats, while other
species, such as Virginia opossums, domestic aatkrats, carcasses were located in
both rural and suburban landscaf@arq et al.2000) Landscape ecology provides a
strong conceptual and theoretical foundation for understanding landscape structure,
function, and chang@erry, et al2011) It is fundamental for the survival fonany

wildlife to relatelandscape patterns, human development, and ecological processes

14



Chapter 417 Methodology

4.1 Data Collection

Road kill occurs when vehicles collide withr run overwildlife resulting in
millions of animals killed each week on roads in the (8 ldlife and Roads2011)
The prevalence of road kill and lack of available data led to creation of a website that
allows the public taeport road kill(California Road KI Observation System (CROS)
This websiterecord observations from reporters out in the fithdt come across
identifiable roadilled wildlife. The system then displays a summary of this information
for different animal groups across the st&&0S, P12) Road kill location data were
provided from the CROS websifier this study(Shilling, 2012).However, there are
limitations with this datsuch as many of the road kill incidents that were repantedn
well-traveled aregsoprejudiceshave to beonsidered with this datAdditionally, the
data are from observations omabsite, whicrallows anyone to report a road Kill;
however, the majority of the reporters are scientists from many accredited affiliations.
Road kill data were provided in ESBhapefile format and included information on road
kill eventsfrom 1994 to present (February 201Phe shapefile consisted of 1637 road
kill points. Road kill attribute data includethme of species, species category, observer,
zip code, date, latitude driongitude, street and road tyd@dis data was used ArcGIS
to performthe hotspot analysiFabular surmary of habitat characteristics, and the
Spear man 06 s.To study the paterns 81 the landscdped coverdata from the
U.S. Geological 8rvey (USGS) Seamless server was downloaélechdditional
shapefile consisting of the South Coast Missing Linkages Networks was downloaded and

overlayed on top of the results of the hotspot analysis.
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4.2 HotspotAnalysis Using GIS

A GIS approach based spatial autocorrelation analysis of road kill data for the
identification of criticalhotspotsvas usedn this study Spatial autocorrelation the
relationship of a variable within its surroundings or space. If that variablntwaderly
pattern then it is spatially autocorrelated. Likewise, if the variable exhibits random
patterns then there is no spatial autocorrelafgatial analysis tools, such as a
Geographic Information System (Glfovides tools that allow for the analysisspétial
information to describe wildlife movement through the landseaykidentifyspatial
patterns and correlatioiBram, 2005) These tools can be an effective way for
determining road kilhotspotswhich are identified athe spatiatlustering of rad kills.
Simple plotting of animaVehicle collisions can be done in a variety of &8nats. r
example ArcView or ArcGIS currentlyarebeingused by many transportation agencies
(Clevengeret al.2001) A cluster analysis is a way of indentifyingusters of features
with values in similar magnitud@ne of the most popular approaches for the detection of
hotspotss the cluster analysis, which can be an effective method for determining areas
exhibiting elevated concentrations of road kiBubesion.d.) An example of how GIS
was used to protect wildlife is documented in a 2003 BeAdter-Controkimpact
(BACI) study: This study took place in San Diego Couraty part of a roatidening
project,andused mobile GIS, statistical analyses, and AegW¥io collect and analyze
wildlife data Theresults of thestudydetermined that thergerenotablehotspots ofoad
kill andthattheroadwideningproject would furthemfluencewildlife, leadingto the
installation of undercrossings for wildlife movemanthe project plarfOrth and Riley

2005) Another study used GIS to perform a hotspot analysis usirgass data from

16



wildlife killed on roads to investigate sevehaltspotidentification tebniques within a
GIS framework that can be used inaiety of landscape3hedatafrom this study
aidedtrarsportation managers increasingnmotorist safetyandhabitat connectivity for
wildlife by providing safe passagacross busyadwayqBissonete and Crameg008)

Thisthesis projectised GIS tadentify road killhotspots First,a point pattern
analysiswas createthat involves the ability to describe patterns of locations of point
events This analysi€mployed the Average Nearest Neighbor Analysis. fbiok tool
calculatedhe observed mean distance between each road kill &lenAverage
Nearest Neighbor tool measures the distance between the center of each feature and the
center ofits nearest nghboring featurelt then averages all these nearest neighbor
distances

After calculating the nearest neighlzbstancesthegreatestlensities of points
were determinetbr theroad kill dataFor this analysighe Point Density Toolas
utilized. This tool calculates a magnitude per unit area from point features that fall within
a neighborhood around each dgiixel) (ESRI 2012. For this studythe neighborhood
was set to circlehe radius was set tocgll units,and the area units used was squar
kilometers.Thistoolhasfi popul ati on fieldodo to weigh eacl
observation, such as number of deaths at a specific lockibevever for this studyeach
pointwastreatedas an individual death instead of multiple deaths atsdaeTherefore,
thepopulation fieldwassetto none and each point was only counted ombe result
was raster datiayerthat illustrated the greatest density of road Kill poiRi&ster

datasets represent geographic features by dividing the warldistdrete square or
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rectangular cells laid out in a grid. Each cell has a value that is used to represent some
characteristic of that location

A shapefilefrom theSouth Coast Missing Linkages Projaas then added to the
identified hotspotanalysis tadetermine whethadentified road killhotspotsverewithin
thecritical wildland networks The shapefiledelineatedhe outesboundaries of 12
critical landscape linkages identified by the South Coast Missing Linkages PTdject
South Coast Missinginkagesproject was established identify and conserve the
highestpriority linkages in the South Codstoregion The project designed landscape
linkages thaencompasset9,435,105cres 94% of which arealready protectethnds.
Thelinkagesstitchedtogether over 18 million acres of already protected |andh as
national forestsstate and national parkshe Linkage Design addresses the potential
movement needs for several focal speciée project gathers the most current biological
data for eale linkage design to ensure the viability of the full complement of species

native to the regiofSouth Coast Wildland2008.

4.3Land covettypes

To determine what type ddnd covelis most associated with road Kibtspotsa
tabular summary dfiabitat characteristiasas performedThe Extract \alues to Points
tool was usealong with theSummarize tabular functiado perform this analysighe
Extract Values to Points tool extracts the cell values of a raster based on a set of point
features ad records the values in tladtribute table of an output feature clabise
Summarize functioealculates summary statistjiéscluding mean, maximum, and
minimum valuesfor numericfields within a table The input data used for thésalysis
werethe raser vegetation layer and the road kifints shapefile In addition, thdand
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coverraster was used to generate tables to show the value of cells used to represent the

characteristics dandcoverfor a given location.

4.4 Landscape Metrics

Landscape ntecs are used in landscape ecology to measure, analyze, and
interpret spatial patterr{3urner, 2005) These metrics have been used for analyttieg
historical range of variabilitin the landscapemonitoring change, and comparing
landscapegNonaka andpies 2005) Landscape metridsclude indices developed for
categorical map patterns, which are algorithms that quantify specific spatial
characteristics of patches, classes of patches, or entire landscape (Wsa@msgal et
al. 2002) Landscape matswereusedin this studyto quantify the characteristicé
landscapgatternsvherehigh-densityroad kill occurredFRAGSTATS a pattern
analysis software programwas usedd measure landscape patteimghe identified
hotspotsFRAGSTATS isdesigred to compute a wide variety of landscape metrics for
categorical map patterns by quantifying the areal extent and spatial configuration of
patches within a landscageRAGSTATS computes three groups of metriggpatch
level metrics which look at each fgh in the mosai@) class levemetrics whichlook at
each patch type in the mosaic, é)dandscape level metrigghich look atthe landscape
mosaic as a whole.

To analyze the landscapatternatboththe classand landscapkevels at road kill
hotspot locationgthis study focusednthe land cover witim eachidentified hotspot
This was achieved by clipping thend covelayer to theboundarie®f the hotspots-or
theseanalysesthe following variablesveremeasuredl) at the class leveClass Area

(CA), Largest Patch Indet_PI), Percent of andscap€PLAND), Number of Rtches
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(NP), Patch Density (PD)nterspersiorand Juxtapositiomdex(1J1), andCohesionand
2) the landscape leveNumber of Rtches, Btch Density (Mean Patchz®),
Interspersiorand Juxtapositiomidex Patch kchnesYf PR) , and Si mpsonéds |
Index(SIEI).

Using the results from the landscape metrics analybis SpearmaRank
CorrelationCoefficient was employed tevaluate the relationship between density o
road kill and each mosai€pearman Rank Correlation Coefficient (sshonparametric;
it uses ranks to calculate correlation. It assesses the correlation between two variables
with resultirg correlations ranging in valdeom -1 to +1.1f rs = 1.0then there is a
perfect positive correlation, howeverla0 means there is a perfect negative correlation.
When no association exists between variables, rs “MEGiew, et al.2000).A perfect
positive correlation means that the two variables tend toaserer decrease together.
While a perfect negative correlation means one variable increases as the other decreases.
This study uses neparametric analysis because the observations are not normally
distributed, meaning the road kill points do not havestirae variances. Instead, the road
kill points are independent.

The following information for each metric description was obtained from the
UMass Landscape Ecology Lab webgheGarigal et al.2000. Thefirst is the Class
Area (CA) The CA equals theum of the areas @nof all patches of the corresponding
patch typeThis metric is a measure of landscape composition; specifically, how much of
the landscape is comprised of a particular patch ®pAND equals the percentagé
the landscape comprisefithe corresponding patch typkhis metric quantifies the

proportional abundance of each patch type in the landsi&pequals the number of
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patches of the corresponding patch type (cla38$ metric counts the number of patches
for every class typd_Pl metric quantifies the percentage of total landscape area
comprised by the largest pat@s such, it is a simple measure of dominarde fifth

metric is the Interspersion and Juxtaposition Index (Jl)s measuredsa percentage

and is the obseedbetween patch typesterspersion over the maximum possible
interspersion for the given number of patch tydéss metric measures the extent to
which patch types are interspersébe sixth metricCohesion measures how connected
patches are to oranotherPDis calculated aghe number of patches in the landscape,
divided by total landscape area?j, multiplied by 10,000 and 100 (to convert to 100
hectares)PD has the same basic utility Bi§ as an index, except that it expresses
number of patcheon a per unit area basis that facilitates comparisons among landscapes
of varying sizeTheeighthmetic is Patch RchnessPR equals the number of different
patd types present within the lasthpe boundary dived by total landscape area?,
multiplied by 10,000 and 10@o convert to 100 hectareg)hefinal metricisSi mps on 6 s
Evennessridex (SIEI).SIEI is equal to zeravhen the landscape contains only 1 patch

(no diversity) and approach8sas the distribution of area among the differeaitip types
becomes increasinglyneven (dominated by 1 type)E$ equals onevhenthe

distribution of area among patch typeperfectly even (proportional abundances are the
same).These metrics were chosen for this study to determine the landscapegbart

road kill in theidentifiedhotspot locations. In addition, these metrics determined how the
landscape patterns were arrangethe eight hotspotsuch adeingadjacento like

patches, the connectivity of like patchiesyd cover types scatterevenly or poorlyand

the number of pat@sfor each land cover type
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Chapter 57 Results

5.1 Average Nearest Neighbor Summary

TheAverage Nearest Neighbor Summainalysis evaluated, quantifiezhd
compare the spatial distribution aad Kill siteswithin a fixed study arean this case
Southern CaliforniaThe results from this analysase the calculateshean distance The
observed mean distance is the actual average distance between each point and the closest
neighboring poin{Table 3. The dda used to create the Nearest Nemhtalculation
was the road kill shapefil&uclidean distanceas used fothemethod andhe study
area is a rectangle that encompassedf étle road kill pointsn each countyTable 3)
The observed meatistancegor each of the counties arg) Los Angeles County
2038.54 in an area of 13289052573.15 meters, 2) San Diego County 416.46 in an area

12127969499.2/eters, and 3) Ventura County 1450.74 in an ar€é®©1836508.93

Table 2: Average Nearest Neighl®ummary.

Observed Mean Distance

Los Angeles County 2038.5
San Diego County 416.%6
Ventura County 1450.74

Table 3:Size of each county in meters

Study Areain meters

Los Angeles County 132890525733
San Diego County 121279694992
Ventura County 2901836508.93
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5.2 Point Density

A map of San Diego, Los Angeles, and Ventura Coumteescreatedisplaying
road Kill pointsprior tothe Point Density analys{§igure 4) The map clearlyllustrates
high cancentratios of road killin San Diego County, Los Angeleand southern Ventura
County. Toconfirm thisobservationthe Point Density Analysis was performé&te
rasterbased surface resuf the analysis displag confirmation ofvhere point features
areclusteredandwhere thalensity of road kilis greatest in the study aréi@igure 5. In
specific, eight significant hotspots were detected. A ninth hotspot near the eastern borde
of San Diego County was not included as the mgjofithe cluster stretched into areas
with largely private federal lanagd rural roads, therefore outside the study area for this
project. Of noteSan Diego Countgxhibitedthe greatest densitf clusteringacross the
study aredFigure §. Themostconcentrated areas San DiegdCountyinvolved three
major Interstate Highway@nterstats 15, 8, and } threeCalifornia State Highway&CA
67,163,and94), in addition b numerous minor road networkor this study, th@otspot
in western San Diego Counties werdected for the subsequent land cover analyhis
results for Los Angeles and Ventura Counshewa high concentration of road kill
pointsnearthe 14 freeway, State Highwdyand126and US. Highway 101(Figure 7.
The hotspts range in area siZg able 4) from the moderate, as in central San Diego
County near Interstate 5 (HotspotZ56.68 km2Yo the very large, as with the hotspot in
south central San Diego County (Hotspot®67.672 km). Additional hgpot sizes
include, Hotspot hear Highway 126 at06.48 kmzHotspot 2 near the 101 freeway at

346.13 km2poth in Ventura Countyslotspot 3 near Highway 14 369.07 km and
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Hotspot 4 aR81.18 km?2bothin Los Angeles County, and Hotspoa&376.69 kmzand

Hotspot 7 aB05.68 km3in San Diego County.

Table 4 Hotspot area size comparisons.

ID Description Area Size
(km?
1 Western Ventura County 406.48
2 Southern Ventura County 346.13
3 Northern Los Angeles County 369.07
4 Southern LosAngeles County 281.18
5 Northern San Diego County 376.69
6 Central San Diego County 256.68
7 South Central San Diego County | 967.76
8 Southern San Diego County 805.68
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Figure 4: Road kill points in Southern California.
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Figure 5: Results from the Point Density tool showing areas of high
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Figure 6: Point Density Results for San Diego County.
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5.3 Tabular summary of habitat characteristics

The resuk from The Extract values to Pointtisol is a point feature class that
containgthe values for each raster cathere a point is present coincidentally in space,
appended to the attribute taldle a land cover attribute fielBy summarizing this field,
the number of road kill in eadand covetypewasdeterminedTable 5. Theresults
show the land cover types in each of the eight hotspots and thentbdematount of
road Kill per land covetype.Thereare1,105 road kills in the eight hot spot locations
The highest concentration of road kilein the urban areas with 6761%)followed by
128(12%)incidentsin the agricultural locations and 1261%)in shrub. The rest of the
pointsaredistributedunevenlythroughout the other land couvgpes. The identified
hotspot in southern Ventura Coutigythe exception compared to the seven other
hotspots. Here the majority of the road kill occurred in the agriculture land cover type.
Hotspot7 also shows a high number of road kill events in agriculture arbasyeverthe

highesthumber ofincidentsin this locationoccurred in the urban areas.
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Table5: Thenumber of road killper land cover type

Agriculture Barren/ | Conifer Desert | Hardwood Hardwood Herbaceous | Shrub | Urban | Wetland | Water | Total
Other Forest Shrub Forest Woodland

Hotspot 1 X X X X X X 2 5 64 X X 71
Hotspot 2 2 X X X X 1 1 1 32 X 2 39
Hotspot 3 6 X X X X 2 12 18 202 1 X 241
Hotspot 4 92 X 1 X X 60 59 91 225 X 1 529
Hotspot 5 X X 6 21 X X X 3 48 X X 78
Hotspot 6 X X X X X X 1 2 40 X X 43
Hotspot 7 3 X X X 1 X X 3 44 X X 51
Hotspot 8 25 1 X X 2 1 X 3 X X X 32
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Using the information from (Table Sjraphs were created for each of the eight
hotspots to summarize results for road kill in specific land cover types. There are four
hotspots within San Diego County. The largest of these hotspots, Hotspot 8 in southern
San Diego County, contained 529 rdatincidents (Graph 1). The land cover with the
highest road kill events in Hotspot 8 was urban with 225 road kill incidents (43%),
followed by agriculture with 92 road kill (17%). The next hotspot , Hotspot 7, contained a
total number of road kill incients of 241 (Graph 2). Again, the highest concentration of
road Kills at this location were in urban landscapes and accounted for 202 road kill sites
(84%). Hotspot 6, also located on the coast in central San Diego County, had 39 road Kill
incidents (Grapl3). Like the other centrally located hotspot in San Diego County, urban
was the main land cover type in Hotspot 6, consistirgRdbtal incidents (82%). The
final hotspot, Hotspot 5, had 71 road kill incidents incorporating only three land cover
types Graph 4). Once more, like the other three hotspots in San Diego County, the
highest concentrations of road kill were predominately in the urban land cover type (64

total incidents, 90%).
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Graphl: Land cover composition &totspot 8

Graph2: Land cover composition at Hotspbt
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