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ABSTRACT

Analyzing the Influence dhterstate 90 on
Elk Home Range Establishment and Resource Selection

Hailey Starr

Negative effects from roads are evident throughout many natural systems.
Habitat fragmentation is among the most severe of these effects, with some wildlife
species experiencing consequences on ptipalviability. High volumeinterstates are
among the most detrimental to wildlifiaterstate90 (I-90) transects the North Bend
area, as the primary Eagtest trafic corridorin Washington Statgesulting in
significant habitat fragmentation eftsend a high number of eliehicle collisions. A
partnership between The Upper Snoqualmie Valley EIk Management Group (USVEMG)
and the Washington State Department of Transportation (WSDGMowaedto study
elk movement tinform management decisions of htaweduce elwehicle collisions
while ensuring connectivity acros90 for elk.l used locations from 1Global
Positioning SystenfiGPS)collaredfemale elkduring the years 2012012 Home range
and resarce selection analyses weneecutedising he Brownian Bridges Movement
Model andsecond aller resource selection analygisunderstand how elk are influenced
by 1-90. A majority ofelk home rangewerelocated bordering-90 with slight overlap
only two home ranges largely overlapde®0 and only oe individual had core use ae
located on both side$hissuggess thatsome individuals approaeti|-90, butthatfew
crossed and spent abundant timehtmoppaite sideof the interstatel. addition, elk were
found to avoid medium (385 mph) and hilg intensity (>Bmph)roads When space use
was evaluated at different distances fre@®] dk were found taavoid areast distances
less than 50 meter§herefore, it would appear that for many elk in fhigulation, 190
is apartialbarrierto their nrovementldentifying areas of potential connectivity across
this partial barriewhere bridges exist in accordance with riparian habaatnform
areas where connectivigkists anghould beananaged for if barrier fencing is
implemented in order to premut collisions.
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Chapter 1: Literature Review
Introduction
Roads and Wildlife
The extent to which North Americaéds | andsca
human demands has wide ranging impaRtads have been a major form of
development, transecting the continent in linear patterns, linking people and commerce.
Road development and construction increased dramatically in theeBturyin the
United States to megtowing demands of automobieivers(Forman et al. 2002 he
human population has now become dependent on roads and vehicles for dailgsctiviti
resulting in a particularly expansive road system in America, with 4 million miles of
public roadgForman et al2002) The Federal Interstate Highway System carries 22.8%
of all traffic in the US, despite only represe
length (Fed. Hwy Adm. 2002, Forman et al. 2002). Betwee?0®5 of the US land area
is ecologically afécted by this highway system (Fed. Hwy Adm. 2002). Washington
State haaccumulated,046 miles of state and federal highways receiving 31.6 billion
miles of vehicle travel annually, which has doubled since 1960 (Washington State

Department of Transportati 2005).

Losses of wildlife due to wildlife vehicle collisions are among the most
noticeable ecological effects of roads. Wildhfehicle collisions across the United States
are estimated to be 300,000 each yestimated to have grown from 200,000 &®®00
during the 1992004 time frame (Huijser et al. 2008). Reasons for this increase could
include growing deer populations in many regions of the, bi$.could also be due to
increased traffic (Huijser et al. 2008). On Washington State highwaydevebltisions
involved at minimum, 14,969 deer and 415 elk over the five yearp2€062004

(Myers et al. 2008 These minimum values were based on carcass removals. Actual



numbers of collisions with deer and elk in Washington State are unknown stradk no
collisions with deer and elk result in instant mortality, with some animals not being
accounted for when death occurs at some distance from the roadway. Additionally, data
are only availale for state maintained roadechl road departments rarebcord carcass

removals.

Wildlife -vehiclecollisions have safety consequences. Large ungukatel as
elk can cause serious injury to drivers and substantial property dérhzgger et al.
2008). Large ungulates are highly mobile and are more likedptier roadways than less
mobile species, increasing the chance of collig¢@ibbs and Shriver 2002, Formainad
2002) Driver safety is a primary goal for many transportation agencies and reducing or
eliminating collisions with large ungulates is a common problem for DOT management.
Thereforgtransportation departments have invested in studies of wildiificle
collisions with the goal of reducing impacts on both humans and wildlife. Studies
completed to date underscore the complexity of factors that contribute to these accidents.
Wildlife -vehicle collisions are influenced by many factors including roacackeristics

and human behavigBashore et al. b, Jaeger et al. 2005, Parris and Schneider 2008)

Commonly studied road characteristics include road geometry, dimensions,
spatial distribution, density, traffic volume, speed limit, and placement on the landscape.
Jaeger and colleagues (2005) fourat tload width and speed limit negatively impact
wildlife, but not as significantly as traffic volume. This suggests that wider roads and a
higher traffic speed result in greater wildlifehicle impactgForman and Alexander
1998, Jaeger et al. 200%) addition, Gagnon and colleagues (2007) found that as traffic
volume increasg wildlife mortality and collisions increase. Highways with high traffic
volume have higher wildlifezehicle collision rates and wildlife mortality, which

negatively affect wildlife population&unther et al. 1998; Gunson et al. 2005)



The placenent of roads on the landscape in relation to topography also
influences wildlifevehicle collisions. The majority of roads in the US were constructed
in locations where transportation agencies could minimize difficulty of construction. For
example, sevetaoads built in mountainous landscapes were placed in valley bottoms
where terrain was least resistéikaszynski 200Q)Unfortunately, for montane wildlife,
preferred road locations often coincide with chosen travel corridors and wintering
grounds in these milder valley ar¢d%oen 1976) Consequently, any highways built in
valley floors of montane regions are faced with high wileliéhicle collisions and

wildlife mortality ratesbecause of this confli¢Gagnon et al. 2007)

In addition to road characteristics, behavior of humans and wildliferdlsence
wildlife -vehicle colisions and road mortality. Studies that have temporally quantified
wildlife -vehicle collision data have discovered that collision rates are higher at night than
during the dayBashore et al. 198%unson et al. 20057t night, drivers have reduced
visibility and decreased reaction time, subsequently incrgasiver and wildlife
vulnerabilty to vehicle collisions (Rost and Bailey 19R8astro et al. 2008 Some
species of wildlife are most active at dawn, dusk and night, contributing to increased
collisions at nightJaarsma et al. 200dh additionmostmot or i st s donét acti vel
attention to wildlife; instead, they usually look for other vehicles, which are usually the
most dangrous objects encountered on roadw@@mar 1990)Many different collision
trends can be attributed to these variables but it is suggested that driwgobistea
major influence (Rumar 1990). Unfortunately, few studies have quantified human
behavior as a factor influencing wildl#eshicle collisions; therefore, further research is

necessary.

Traffic disturbance can have negative impacts to wildlifethear e n 6t as noti c e

as mortality. Traffic disturbances include road noise and traffic vothatecan interfere



with normal wildlife behaviors, communication and reproductsuchas the functions

of bird songgGagnon et al. 2007, van der Ree et al. 208a&ine species of birds have
been reportetb change their pitch and frequency to pate with road noise (Parris and
Schneider 2008). Subsequently, hampered detection of songs by other birds can lead to
difficulty in establishing and maintaining territories, attracting mates, and maintaining
pair bonds (Parris and Schneider 2008). Sutdrfierences could lead to reduced

breeding suaess in noisy roadside habitats as found by Halfwerk and colleagues (2011)
wheretraffic noise caused females to lay smaller clutches in noisier areas. The variation
in thetraffic noisefrequency band overlapd most of the lower frequency part of the
great tit Parus majoy song(Halfwerk et al. 2011)Unfortunately, this study isne of

only afew that hagesearched road noistects on breeding success of avian species. In
general, little research has been done on analyzing the effects of road noise on the

breeding success of wildlife.

Less obvioughan wildlife-vehicle collisionshut likely more important impacts
of roads occuat a lamiscape level, whelgabitat fragmentatiois a result Effects from
habitat fragmentation influence habitat loss and reduced connectivity at both fine and
broad scales. Such changes at a landscape level can indirectly influence behavior,
survival,growth and reproductive success of individual animratsulting in cumulative

effects at the populatidevel (Harrison and Bruna 1998rooks and Sanjayan 2006).

Habitat loss and fragmentation occur when new roads are built by destroying
habitat, reducig patch size, and increasing the distance between péteitien 1994)
Roads fragment the environment by transecting the landscape with depsdoom
surfaces and high volume traffic which may reduce wildlife accesssentiatesources
(Van der Ree et al. 201MVhen patch size is reduced and distance between patches

increases, the result is often isolatiofeefs; this can negatively impact population



viability (Andrén 1994Fahrig 1997) Population viability can become compromised
when species cannot access resoystes) as food, mas, and breeding sité¥ackson
and Fahrig 2011)naccessibility to thesessentiafesources can lead to lower
reproductive and survival rates, whichymaduce overall population persistence

(Thomas and Hanski 2004)

Behavioral changes in wildlife as a response to roads and traffic are also known
effects of fragmentatiofUaeger et al. 2005Examples of behavioral maodification
include home range shifts, altered movement pateind reproductive success
(Trombulack and Frissell 2000). When behavioral modification ocsuch as in road
avoidance, populations can become isolatedn individuals are unable to move
between population@rombulak and Frissell 20000 Roads can alter an anim
range selection, often as a road avoidance response, which has consequences when
important resources are located near roads (Trombulak and Frissell 2000). For example,
elk (Cerws elaphukin Montana prefer feeding sites far from their visibility of roads
reducing availability of resource located near rq&t®ver and Thompson 1986)
Several species, including frogs and snakes, have been found te@ssilg roads
(Row et al. 2007Bouchard et al. 2001). In these cases, roads are considered barriers to
movement, which can have negative effects at a population(Beekmann et al. 2010)
When movement of animals between populations is inhibited, gene flow is reduced and
may cause sigrifant genetic differentiation among populatig@sooks and Sanjayan
2006) In Germany, Reh and Seitz (1990) observed genetic drift caused by roads in the
common frog Rana temporaria)When connectivity between populations is reduced and
populations are subdivided, they inevitably become smaller anel valnerable. With
reduced connectivity a population becomes less likely to receive immigrants from other

habitats and, as a resolay suffer fran lack of genetic input anslibsequently exhibit



inbreeding effect§laeger et al. 2005, Crooks and Sanjayan 2Q@&k of genetic input
and the resultant inbreeding contrib to genetic defects which may lower the probability
of population persistend&ahrig 1997,Jackson and Fahrig 201Btochastic events can
further exacerbate isolation effects by inaiag risk of extinction through random
demographic, genetic or environmental evéBi®oks and Sanjayan 200@herefore,
chances of recolonization aftiercal extinction are reduced in a fragmented landscape

(Hanski 1999)

Species life history traits may predispose populations to effects of roads caused
by habitat fragmentation and reduced connectivity. Species that occur infeitiede
have low reproductive rates and long generation times have increased risk of population
level effects caused by road mortality and barriBeckmann et al. 2010For example,
many carnivore species have low reproductive rates, suggesting low turn over time to
compensate for higmortality rates caused by roads, theredading to population
declines. Many reptile species are inherently attracted to roads for thermoregulation
benefits, most notably snakes, are attracted to road suriaeeklition,somereptileslay
their eggsn gravel roads ormroad shoulders (Sullivan 1984resc02005,Steen et al.
2006). Some research has shdhatt various animals do not behaviorally avoid roads,
including somerogs and snakes, which incrediseir risk of road mortality (Row et al.
2007). Therefore, these species are more likely to enter road surfaces and experience
higher mortality rates, ultimately affecting population persistence. Highly mobile species
are also vulnerable to romsbvement Species with large movement ranges encouiiter
types of landscape features more frequently than species with small movement ranges,
which increases their likelihood of crossing a major road{@lybs and Shriver 2002)
For example, deer and elk are highly mobile species; males increase their mobility during

certain gasons of the year to find mates and seek release from hunting p(ssselter



2010, Cleveland et al. 201Rpad mortality rates of these species aghdst during
individual dispersal in the fa{Rost and Bailey 1979V nfortunately, few studies

elucidate the effects roads have on population viability. Most of the knowledge about
such effects has been acquired through monitoring animal abundance in relation to
roadwaysConversely, more research is needed to determine how life history traits lend
themselves to species specific vulnerabilities to roads. Testing theoretical knowledge of
what life history traits influences species vulnerability will inform road management a

mitigation to reduce impacts to wildlife.

Landscape Level Road Planning for Increased Connectivity

It was not until thenid-1990s that road ecologists increased their efforts to
examine the effects of habitat fragmentation and reduced connectivityldauseads.
Scientists increasingly explored the dynamics at work over larger landscape scales. With
the development of toglsuch as remote sensin@global Information System&lS), and
genetic techniques, scientists and road ecologists can now dddicesse change and
ecological impacts simultaneously across multiple spatial and temporal scales. The field
of landscape ecology has advanced by incorporating studies from road ecology. Road
ecology studies broadened to combine ideas from the fieldddiffevimmanagement and
conservation biology. This transdisciplinary approach to understanding how roads
influence the environment fostered the growth of a discipline known as road ecology.
Road ecology derives its theories from many different disciplingstsugrowth and

maturation have increased research and planning at a landscape level.

By addressing wildlife interactions at a landscape scale, mitigation targeting
wildlife habitat connectivity began to gain importance in North America, with Parks

Canaa leading the wagForman et al. 2002)The TransCanada highway twinning



process was pl ann es@anddadecidechietaké altartage @ tis ; Par k
highway improvement opportunity, recognizing reduced costs for mitigation during a
highway upgrade in comparison to retrofitting effgferman et al. 2002)Vhile

planning for the twinning of the Trai@anada highway in Banff National Park in

Alberta, Canada, the Department of Transportation understood the affects that,the ne
larger divided highway would have on the wildlife. Therefore, research on large mammal
movement and highway crossings vimplementedo inform the DOT of where and

whattype of mitigation was necessary to reduce negative impacts of a larger highway
Mitigation included installatioof wildlife crossing bridges and culverts. After

completingthe first stage of construction in 1996, Anthony Clevenger and colleagues
began monitoring 11 large mammal species, including bears, elk and cougars. They have
docunented these species using crossing structures more than 200,000Pankss

Canada Agency 2012fror some individuals the use of crossing structures has been
incorporated into daily movements. For exden a grizzly bear traveled 1,600 kilometers
during the summer of 2012, using crossing structeéesmes (Highway Wilding012).

This demonstrates the succe$srossing structures facilitate the movement afildlife

across the landscape. This pmjeasresulted inbeing a seminal mitigation project,
demonstratinghe importance of reducing road effects and the benefits of increasing
connectivity. Several projects in the United States have ensued since, recognizing the

importance of this type of itigation.

Since Banffdéds seminal mi tigation project, n
minimize negativeecological effects of roads have increased in the UB/dshington
State several actions have been taken to minimize the effects of roads on witdlife. T
Washington Habitat Connectivity Working Group

and analyses that identify opportunities and priorities to provide habitat connectivity in



Washington and surrounding habitats ( WHCWG A20 A8 pect otentt hi s
is to minimize the effects of roads by mitigating for areas of most concenrern®work

with WSDOT has ld to ranking sections of state highways bamedpecifichabitat
connectivity concernto prioritize mitigation efforts (Kelly McAllister, pemnal

communication February2013. In 2011 highway construction to reduce road effects and
increase connectivity acros®0, east of Snoqualmie Pass was launched, culminating

over a decade of negotiations and environmental permitting. Mitigation ptdaderfish

barrier corrections, installment of bridges, box and round culverts for terrestrial wildlife,
barrier fencing and two wildlifeve@rpasses (Long et al. 201Zhese are typical methods

used to mitigatéor road effects.

Crossing Structures

Cross$ng structures are commonly used to increase connectivity and safe
crossinggHardy et al. 2003)Overpass structures, sometimes referred to as wildlife
bridgesor wildlife overpassesare an effective mitigation measure implemented for
aidingmost wildlife to safely crosads(Clevenge and Waltho 2003)Ungulate species
like deer, elk and antelope have been found to putiezing these wide open structures
because of their prey behavidgtintsch and Cramer 2011¢arnivores prefer a more
intimate structuresuch as a culvert, where they have more cover which they require for
stalking and hidingKintsch and Cramer 201Many recent structure designs have not
been tested for their attractiveness to rplétspecies, thus increasing the necessity for
ongoing collaboration between engineers and biologists. Overpasses arglwerdipre
not commonly implemented as a mitigation measure. Perhaps the most challenging aspect
of crossing structure design iading a structure that addresses the entire community of
wildlife that require rescue from the barrier effects caused by roads. Often, a particular

design is deficienn aiding all wildlife because it only functions well for select

group



taxonomic groups. Deftp the challenges for meeting the needs a diverse wildlife
community, crossing structures are an effective measure for lessening barrier effects of

roads for some taxonomic groups (Kinstch and Cramer 2011).

Fencing and Signs

Fencing and warning system®additional methods used to mitigate wildlife
vehicle collisions. Fencing prevents wildlife from becoming casualties and guides them
to safe crossing opportunities, preventing wildlishicle collisions and ensuring safe
crossinggForman et al. 2002By directing wildlife toward safe crossing opportunities,
ecological effects caused by roads are red@@geCollister and Van Manen 2010)

Warning systemssuch as wildlife crossing signs are another commonly used and cost
effective way to mitigate for wildliferehicle collisiongdBeckmann et al. 2010By

warning drivers that they are entering a wildlifehicle cdlision prone area, these

systems attempt to alter driver behavior, increasing awareness and potentially mitigating
for mortality caused by driver inattentiveness. Collision records are usually an indicator

of where to deploy signs.

Evaluation of Effectieness

Much of the literature in road ecgp is composed of evaluations the
effectiveness of various mitigation techniques. Trail cameras are amaomgshe
frequently used methddr evaluation. Camera traps are a noninvasgiggto observe
wildlife utilizing crossingstructuregHardy et al. 2003)Scientists analyze crossing rates
as a way to quantify use of crossing structures. By counting the number of times an
ani mal approaches and uses a structure, scient
effectiveness. If wildlife a crossing and crossing at high volume, more than

approaching and retreating, structures are deemed a success. Unfortunately, much of the

10



surrounding species community composition is not accounted for when analyzing
wildlife use of structures. Thereforegroera traps are not an accurate method to use when
analyzing responses of the total community to crossing structures or potential gene flow.
They can only observe those animals choosing to approach the crossing structure.
Therefore, this is an insufficiemay to understand which animals choose to avoid roads.
There are more effective methods used to quantify wildlife movement in relation to

highways and crossing structures.

Wildlife Movement, Advancement in Technology and Methodlogyi A novel
approachto understanding landscape level effects

Commonly used technologies like Global Positioning Systems (GPS) and Very
High Frequency (VHF) collars are put on wildlife as a way to monitor their movements
when constant observation is impossible. GPS coltarseghnologically more advanced
than VHF collars, as they store more location data derived from satellite communications,
and, as a result, they are used more frequently despite being exfg€usil@mbe et al.
2006) In conjunction with Geographic Information Systems (GIS), the movements of
collared wildlife can now be observed and analyzed at larger scales, mapping movements
in relation to roads to indicate behavioredponsetike road avoidance behavi@Dodd
et al. 2007) These methods asdremendous advancement over older methods for
guantifying road effects which entailed the collection of wildliéicle collision and
carcass removal data. GPS telemetry and GIS can ultimately be used to pinpoint where
wildlife are avoiding roads and where they are crossing ridadsifying potential
mitigation sitefDodd et & 2007, Lewis et al. 201Maughan et al. @.2). Identifying
key habitat variables, land use characteristics, and road characteristics in GIS is an
effective way ¢ understand what variablegluence wildlife movement in relation to

roadways.

11



Home range analyses identify areas used by trackewhb) including both size
of area used and intensity (Buftl943sWortqhnout i | i zati o
1989) Home range analysis using GIS allows scientists to quantify home ranges
spatially. These are commonly used methods for understanddifeamovements in
the field of wildlife management. When applied to studieoad effects oWwildlife,
transportation agencies can better understand wildlife behaviors and barriers to their
movements. Commonly used wildhfeshicle collision and carea removal records
provide limited information describing where wildlife are being hit, while analyzing
wildlife movements can show where they avoid crossing and suggest reasons for
choosing to cross where they are crossing (Lewis et al. 2011). Knowingildlife
move in relation to roads provides critical information to resource managers and
transportation planners, as they can identify areas where wildlife are likely to cross roads
and cause wildliferehicle collisions (Vaughan et al. 2012). Subseduygtitey can also
identify where wildlife arendét crossing roads
applicability of such methods is needed. With advancement in technology and methods
for analyzing wildlife movement in conjunction with multiagency collaborgthew
insights can be gained amdprovedmitigation of road effects on wildlife care
developed There are multiple ways to estimate home ranges or UDs of wildlife
including the convex polygon, kernel density estimation and Brownian bridge movement

model.

The convex polygon method is one of the oldest methods used to estimate home
ranges; it is a relatively simple approach to
method, a polygon circumscribes all of the known locations of the animal. This @slicat
to the researcher that all of the animal 6s act

Unfortunately, this method does not describe where animals spend a lot of time or chosen

12



movement paths. Therefore, this method does not lend itself well to analyzing w

animals choose to cross a roadway. The commonly used fixed kernel density method
describes an animal 6s activities with nested
proportions of the locations gathered for the animal (Fieberg 2007). This approach

summarzes home ranges and highlights where animals spend most of their time;

additionally, it describes the outer bounds of area the animal inhabits. Many authors have

chosen to use this approach over the convex polygon method because it does not assume

that sarple points lie on the home range boundary. Instead, it generates coffitours o

relative density (Worton 198jeberg et al. 2010).

The Brownian bridge movement model (BBMM) is a recent advance in
methodology for analyzing wildlife movement that is thoughmore accurately portray
paths and responses to roads. BBMM uses coordinate data that contains information on
the date and time of each point, calculates the average movement rates of individuals and
incorporates time intervals between GPS points tdksiiacontour probabilities of an
animal being in an area (Bullard 1991, Horne et al. 2007). This method incorporates
location errors commonly associated with coordinate data into the equation, reducing bias
of results. Minimum convex polygon and fixed kerdensity do not aount for location
errors.BBMM can accommodate more detailed animal tracks provided by modern GPS,

providing a more realistic depiction of animal paths (Kie et al. 2010). By providing a

more realistic depiction of paths, scientisdst t hen esti mate attributes

preferred path. Therefore, the BBMM provides
its surroundings, which transportation agencies can then use to better understand how

wildlife move in response to roads. Thigthod can be used by DOTs to identify areas

where willife are likely to cross roadpredicting locations based on the identification of

preferred attributes through resource selection analyses. In addition, this method can be
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used to identify areas wheehabitat connectivitylmectives call for improvements,

identifying barriers to wildlife movement.

Conclusions

Roads are a prevalent linear featifmindthrouglout developed landscapes in
North America. Their negative effectee@videntamongmany ratural systems, with
habitat fragmentation effecéanong the most severe, affecting population viability of
some wildlife species. Trapertation agencies are inherentiyested in securing the
safety of drivers including prevention of wildli#eshicle cdlisions. Mitigation for
fragmentation effects by roads is growing among transportation agencies as the
importance of connected landscapes becomigsly recognized by road planneaad
biologists alike Wildlife-vehicle collision and carcass removal datane cannot be used
to understand the large landscape level effects of roads. Therefore, other pwitiods
monitoring wildlife movements in relation to roadways are good alternatives to choose
whentrying to understantiow roads fragment wildlife papations. With the
advancement in technologies and methods, DOTs and road ecalegisbre equipped
then ever tdully understand the ecological costs associated rwals. Unfortunately,
technologies used to analyze wildlife movements remotelgx@esive, andvhen
coupled with budget cutbacks, agencies are limited in the analysesatiehoose from.
Therefore, multiagency collaboration could be an alternative to counteract costs involved
with these technologies, increasing the attainability ofliféldnovement data. We know
that landscape level effects are the most costly of road effects and, therefore, it is of great
importance for DOTSs to account for such affects when planning for mitigation. A way to
better uiderstand those landscape leviées is through monitoring wildlife movements

in relation to roadways. By analyzing wildlife movements road planners and road
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ecologists can more fully understand the effects of roads including many effects not

apparent when using wildlifeehicle collisionand carcass removal data alone.

Benefits of Multiagency Collaboration and Future Research

With advanced technology and techniques come costs. GPS collar tracking of
individual animals is an expensive approach and, therefore, it is not commonly used by
DOTs when planning for mitigation. In addition, many agencies are in a time of budget
cut backs, reducing the likelihood of using such methods. DOTs can benefit from
collaborating with wildlife agencies and other entities through sharing wildlife movement
data to better understand how roads they manage are affecting wildlife species of interest,
thus cutting costs of performing theiwn field research. Consequentlyildiife agencies
arethenbetter able to achieve their wildlife protection goals when ti@maion agencies
increase thir consideration of wildlife duringlanning and design of highway
improvemers. The BBMM is available to DOTand can lend itself to more accurately
understanding where wildlife are moving and what resources they are usitafion to
roadways. By understanding how wildlife are moving and what resources they are
selecting for in relation to roads, appropriate mitigation at a landscape level can occur. In
the long term, DOT agencies will be saving money and time, whileasicig the

efficiency of mitigation for fragmentation effects.

The Upper Snoqualmie Valley Elk Management Group (USVEMG), the
Washington State DepartmesftTransportation (WSDOT) and mysed#f graduate
student at The Evergreen State College (TESC2 heamed up to better manage for elk
in the Snoqualmie Valley around North Bend Washington. The community of North
Bend has a relatively new problem with elk that have become habituated to humans in a

heterogeneous landscape near a large, high volumstateerinterstaté0 (1-90)
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transects the North Bend area, as the primary®ast traffic corridor in Washington
State, resulting in significant habitat fragmentation effects and high wildifiecle
collisions. Thedragmentation effects, includgk behavior changes caused by Interstate

90 are poorly understood. As mentioned earlier, Forman and Alexander (1998) suggest
that behavioral avoidance of roads may have the nessagpive effects. Gagnon and
colleagueg2007) found that elk may avoid roads ¢hg periods of high traffic volume.

If elk behavioral changes are positively correlated with traffic volumes, such affects
could be magnified in light of future population growth and traffic volume increases on |
90. Therefore, | will be studying GPS cao#d individuals from this herd to understand
their current home range distribution and resource use in relatiedOtorhis will give
insight into how large human habituated ungulates respond to hifitkire interstates

Most research on how roadsexdt elk and large ungulates have taken place in remote

areagRost and Bailey 1979, Grover and Thompson 1986, Cole et al. 1997)

Few studies have looked at human habituatedLel& and Miller 2003,
Cleveland et al. 2012¥ith none analyzing how habituated elk resptmtarge
interstates. In light of future human population growth and ever increasingiruéeh
interfaces, understanding how human habitualledespond to heavy traffinterstates
necessitates furthemvestigation. In addition, the grayoli (Canis bpug an apex
predator of elk has been absent from thidagioal system since the 1930s (Becker et al.
2013. Itsrecent return to Washingtatate, continual population growth apotential
return to forests nedtorth Bend, has the potential to chatige dynanics of the herd.
To manage for the resiliency of thisrd for the future, all large ecologically influential
factors need to be understodde currently lack a complete understanding of the
behavioral response of these hurmatituated elk to higtraffic interstates and the

potential damaging fragmentation effects of roads on their persisteawestudies have



guantified fragmentation effects through the approach of analyzing movement patterns

remotely(Dodd et al. 2007, Gagnon et al. 2007, St. Clair and Forrest 26d9)one

using the BBMM nethod.As presented in Chapter 2, | address these unknown aspects of

road effects of I nterstate 90, by analyzing th

selection using BBMM and ArcGIS 10.
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Chapter 27 Analysis of EIk Home Ranges andResource Selection

Introduction 7 Road Impacts on Wildlife

Roads are a main form of development transe
surface, often negatively affecting ecosystems and associated wWidlifean et al.
2002, Coffin 2007)Effects of roads include increased wildlife mortality rates; with
vehicle collisions among the most noticeable and in some cases primary causes of
mortality for large vertebrate$iuijser et al. 2007, Coffin 200.7The less obvious but
also influential impact of roads on ecosystems is habitat fragmentation. Road networks
fragment landscapes@ populations by impeding wildlife movement through physical
barriers and behavioral avoidance, impacting population viability and resilience to
changing environmental conditio(Beckmann et al. 2010Restriction of movements
can reduce migration, dispersal and opportunities for gdgading to population
subdivision and genetic differentiatigAndrén 1994, Fahrig 1997Maintaining
connectivity between subdivided populations of large ungulates in Epelsfragmented
by road networks can be challenging, however efforts to mitigate road effects are

necessar{Gibbs and Shriver 2002)

Human conflicts witHarge ungulates can be seriouisen the animals attempt to
cross roads, resulting in collisions. Large ungulates aagecsubstantial property
damage and human injury when wildi¥ehicle collisions occuiNielsen et al. 2003)t
is therefore ofnterest to transportation agencies to manage for driver safety in high
wildlife -vehicle collision prone areas. Mitigating for large ungulate connectivity and
driver safety by transportation departments has historically been a product of analyzing
wildlif e-vehicle collisiongHuijser et al. 2007)Unfortunately, this approach undermn
barrier and behavioral effects of roads, which are better observed by analyzing wildlife

movement. By analyzing wildlife movements and resource selection in relation to roads,
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a more insightful representation of behavioral response to roads can Inedlatd

inform mitigation decisions made by transportation planners and wildlife managers.

Near the community of North Bend in western Washington State, a high
incidence of elkvehicle collisions has become a relatively new problem. Elk have
become habitated to humans in a heterogeneous landscape near a large, high volume
interstate. Habituation to humans can be a result of high elk density, maximization of
reproductive fithess, and reduced lethatiattions with humans, and whiemman
activitiesareconsistent and predictab{€hompsam and Henderson 199@/alter et al.

2010, Cleveland et al. 2012hterstate90 (I-90) transects the North Bend area, as the
primary EastWest traffic corridor in Washington State, resulting in significant habitat
fragmentation effects and a high number of wildiishicle collisions. A partnership
between The Upper Snoqualmie Valley Management Group (USVEMG) and the
Washington State Department of Transportation (WSDOT) was formed to study elk
movement and minimize elkehicle collisions. USVEMG was initially created as an

effort to gain information to help minimize property damage autalic safety risks
associated with human habituated elk in North Bend. One outgrowth of this partnership
involved equipping local elk with GPS collars to monitor their movements. USVEMG
has accumul ated several vyear dthishaltvateth of coor di
herd that has not been analyzed. Therefore, it is currently unknown how these elk
behaviorally respond to roads and utilize resources in the highly human modified area of
North Bend. To manage this herd and mitigate for collisions, utasheling elk

movement and space use in relation-8® lis important.

This research addressed movement patterns and resource seegtembers of
this elk herd in North Bend, WASpatial locations of elkome ranges in relation te9D

wereexamined to understand whethé&dd influenced elk movement. | asked whether elk

19



would establisthome ranges and core use areas away @ A comprehensive

review of ungulatdrighway interactions found that high volume interstates @ |

interrpt el k behayviefofre cotr zZzhoande Ga Wipr otacd 425 meter s (C
Therefore, it was expected that elk would avoid areas at distances less than 425 meters
from 1-90. A resource selection approach was used to gain insight intceekk spe at a

fine scale. | also hypothesized that elk used resources disproportionately to what is
available in the study area, wielk displaying preferenaa avoidance for specific

resources. By undstandingthe location ohome ranges and whigesources were

selected for, transportation planners can improve mitigation efforts for ungulate species
by ensuring safe crossing areas and prevention of crossing at unsafe sites where selected
resources are located; thus both ensuring connectivityealuting wildlifevehicle

collisions.

Materials and Methods

Study Area

The study area was centered around North Bend, WA (UTM 10T 591432,
5260765) within a small southern section of game management unit (GMU) 460, located
50km east of Seattle in thedthills of the Cascade mountain range. The study area
encompassed 363 krim the upper Snoqualmie Valley (Figure 1). Elevation ranged from
130m to 4,167m, from the valley bottom to the tajaige line with Mount Sithe tallest
topographic feature withithe study area. The project area was a matrix of different land
use and habitat types. Within the valley, land uses included housing, subdivisions, private
agriculture lands, commercial buildings, and main county and state arterial roadways.

Roadways coristed of residential, main city arterials and major state highways and
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interstates (Hwy 202 andd0). 90, the largest interstate located in the project area is
located in the middle of the valley as the main West/East inter$taféc volumes
average28,000 vehicles per day and are increasing by ~ 2.1% perW&DQT 2008.

The North Fork Snoqualmie River flows through the middle of the valley #lwbthe

South Fork Snoqualmie River follows the [-90 corridor, providing abundant riparian

habitat. Upland from the valley, forests are dominated by DouglaP$udotsuga
menzies)i, Western HemlockT{suga heterophyllaand Pacific Silver FirAbies

amabilig. Weather is characterized by maritime conditions with average annual
precipitation approximately 1,500 mm (NOAA 2012). The average summer temperature

was 1l6deg. C. and the average winter temperature was 4 deg. C.

During the mid to late 1800s, human encroachment and over hunting led to local
extinction of the Snoqualmie Valley herd. Rocky Mountain elk were then shipped by
railcar from Montana to reestablistherd within the valley during the early"l€entury
(Couch 1935)The nomamigratory behavior of this herd, in conjunction with human
development and human habituation has led to considerable fwitdife conflicts.
Common humawildlife conflicts found in wildlaneurban interfaces like North Bend
include damage to agriculture and private prop@itglter et al. 2010)Columbian
Black-tailed deer @docoilais hemionus columbianuysnothemative ungulateywas
presemin the study area. Predators inclddee occasional presence of cougBufa
concolol), black bear rsus americanysand humans. Sona# the study area allowed
limited hunting with special daage tags. Additionally, elk encourgdfatal interactions
with motorists on roadways, witHI0 being the main contributor. Between the years
2009 and 2011 a total of 62 elk carcasse®wemoved from-B0 andHwy 202 within

the project areaySDOT 2011){Table 1).
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Elk Capture and Telemetry

The Upper Snoqualmie Valley EIk Management Group captured 9 adult female
elk from 20162012. An additional female elk that entered the study area during this time
period was monitored and included in this stultyis 10" elk was originally captured
and collared by the Muckleshoot Indian Tribe and fitted with a Vectronics GPS Plus
collar (Vectronics, Starkville, Mississippi). The other 9 elk were fitted with global
positioning system (GBSelemetry collars, LOEK 4400S and 4400NLotek Wireless,
Newmarket, Ontao, Canada). Seven LOTEK 44008llars were refurbished collars
suppled by WSDOT and two LOTEK 4400Mbllars were purchased new. Elk were
captured using clover traps (Thompson et al. 1988¢ collarecklk died during the
years 2012012, thiscollar was then reusetbtaing ten females collaredf necessary,
immobilization was accomplished using telazol/xylazine HCL with Yohimbine as the
reversal drug. Handling procedures were under the direct cofistdte or Muckleshoot
Tribal biologists or a veterinariaaxperienced at handling eld&VEMG 2010). Due to
the random nate of elk capturegollars were deployed at varying dates with a vardét
collar schedules (Tableahd Appendix B. Downloaded GPS locations were converted
to North America Datum (NAD) of 1983, Universal Transverse Mercator (UTM) Zone
10 using ArcGIS 10 Convert Coordinate Notation (ESRI 2013). Global positioning
systemcollar fix-rates varied greatly between collars (1996.15%) and location error
was marginal (error = 24 m). Location error was obtained by testing one LOTEK 4400S
collar for position accuracy with a handheld Trimble GPS GEOXT explorer 6000 series
unit. Dueto the variability in collar fixrates and location error, habitat could bias the
location datdFrair et al. 2010) Dense canopy cover and steep terrain found in the

project area could have decreaseeréites and increased location error.
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Home Ranges and Utilization DistributicrBBMM

To delineate home ranges andizdition distributions (UDs) for each animal, the
Brownian bridge movement model was ugddrne et al. 2007)Calculated home ranges
were used to explore the spatial relationship of elk space use-9@tiad determine if-I
90 influenes elk movement. UDs were used to define use contours, described in detail
later. The Brownian bridge movement model is a contintiomoes stochastic movement
model in which the probability of an animal being in an area is calculated. BBMM
requires (1) timespecific location data, (2) the estimated error associated with location
data, (3) the distance and time between successive locations (4) the animals average
movement rate and (5) the giell size for the output (Horne et al. 2007). The BBMM is
based orthe properties of a conditional random walk between successive pairs of
locations, dependent on the time between locations, the distance between locations, and
the Brownian motion variance that is related to the animal's mogildayne ¢ al. 2007)

The BBMM estimates the probability of various animal paths between sequential

locations irrespective of the density of locations where the width of the Brownian bridge

is conditioned on time duration between beginning and ending GPS locatid &P S

location error. Unlike other kernel density methods, BBMM is able to predict animal

movement paths. A program developed in the R language for statistical computing (R

Development Core Team 2007); (Appendix A) was used to create home ranges. Since

coll ar types and schedules differed among diff
location error, inputs were unique to individual collar schedules. Aogiicsize of 30 X

30 meter was used to provide higésolution mapping, while maintaining a reasdaab

processing time.

Cel | val ues f or each el-dcabedwitbibeirwer e summed a

cumulative cell values summing to 1, such that the home ranges of each elk was
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represented by one UD. As the accumulated cell values reach 1, use is considered to
low. Core use areas were defined by 50% contour lines and home ranges boundary by
95% contour lines. Normal activity of an individual is commonly accepted at 95% of the
locations of an animal within the entire home range area (White and Garrott C6g®).

use areas are areas within the home range that are usefitegosatly than any other
area(Samuel et al. 1985They usually contain home sites and areas of most dependable
resources (Kaufmann 1962). Both home ranges and core use areas were used to explore
spaceuse in relation to-90. It is important to examine both since activity patterns differ

between the two.

In order to explore space use by elk in relation20,ldigitized polylines
between core use areas artiDlbuffer (pixel size 9m) were created irc&IS 10 as a
measure of the average distance between core use areaé@landsual observations of
core use areas and home range locations were explored in ArcGIS 10 to understand
compass locationf home range and core use anea®lation to 190 (nath, east, south,
west), if home ranges overlappefld and to what extent. Visual observation of core use
areas and home ranges in relation-8 Ican give insight into behavioral avoidance, with
elk spending a majority dheir time far from 190 or vie versa. Previous research shows
that the higher the traffic volume of a road is, the less wildlife cross and the greater the
distance is that wildlife spend from the rq&hgnon et al. 2007bjverage land use

composition within eachome range was also calculated

Estimating Resource Selection

GPS locations of 10 female elk were analyzed to describe second order resource
selection(Manly et al. 2002)Resource selectn for each elk was determined by

overlaying coordinate points contained by the calculated 95% home range contour on
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resource category layers and then summed in ArcGIS 10. Proportions of use for each
variable in each category were calculated to defineReeastimating proportions of
available resources, each resource category was censused for thefekieptaject

area in ArcGIS 10The project area was defined by mapping all the coordinate points
found within the 95% contour line for each homegeaand using the minimum bound
geometry tool in ArcGIS 1@ draw a minimum convex polygon around all pqints

defining the project area boundary.

The term resource will be used here when referring to 27 variables in five broad
iresour ce 0 efivactaegpres inckided 1) didtance-&0| 2) distance to-90
and use of riparian habitat, 3) road intensity, 4) land use and 5) topographic position
index. Distance barsdwere created using ArcGIS bQffer tool, to understand space use
in relation to1-90 atdifferent distances (<5@, 50250m, 2560450m, 45G1,000m and
>1,000m) (Appendix E) Distances were based on distances used by Dodd and
colleagues (2007) with adjustments to accommodate for the smaller size of our study area
(Gagnon et al. 2007bfPrevious research found that large mammals like elk, exhibit a
behavioral response to highway disturbance up to 4@5agnon et al. 2007al)se of
riparian habitat was also evaluated at different distances f@fimusing the same
distance bands as noted ab@¥ppendix F) Riparian habitat was chosen because of its
use by elk as a corridor for mement(Arizona Game and Fish Department 2014)
road layer obtained from ESRI was classified into 8edént variables defining road
intensities based on speed limit, with roads greater than 55mph classified as high
intensity, 3545mph classified as medium intensity, and less than 25mph were classified
as low intensity (Table 8nd Appendix . Speed limitvas used to define intensity level
because research has shown that roads with higher speed limits are found to impact

wildlife more than roads with lower designated speed lifdagger et al. 2005)and use
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variables were digitized spatially using ArcGIS editor tool and a 2011 NAIP image at a
1:24,®M0 scale (USDA 2012). Variables included development intensity (high and low),
developed open space, open/forage, wetland, riparian, forest and open water éhable 3
Appendix Q. Variables were chosen based off of similar land classifications used in the
REGAP analysis done by the Washington Wildlife Habitat Connectivity Working Group
(WHCWG 2010). The Topographic Position Index (TPI) was used to calculate the
influence of slope and topographic features on elk movement. This information was used
as oppose to other topographic information due to the accuracy at which TPI defined
slope position (Weiss 2006). TPI can distinguish between valley floors and ridge lines
that resemble the same percent slope. Variables included ridge, upper slope, middle
slope, fht slope, lower slope and valley. The TPI layer was developed from a 30 x 30
meter pixel USGS Digital Elevation Model (DEM) data using TPI v. 2.3a (Jenness

2006)Appendix G)

Statistical Analysis/Resource Selection

Once the proportions of used and avd#@alesources were known, selection was
assessed by estimating Hbkelihood chisquare test statistics and selection ratios (ratio
of the proportion of resource used and available) for different resource va(idbldy
et al. 2002) This is a widely used method to test $etection of resources by wildlife

(Neu et al. 1974). The laiikelihood chisquare test was calculated.as
¢B 1 1'Gc— ,whereO Y is the expected value 8f , to test the null hypothesis
that resource selection is proportional to availability or that resource selection is random

(4.27 Manly et al. 2002)/hen the... statistic was significantly larger than the-chi

square distribution, with(l-1) d fthere was evidence of nwandom selection by at least

some of the elk, suggesting resource selection occurred.
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Selection ratios were used to tdw hull hypothesis that elk do not display
preference or avoidance of resources. Selection ratioswere calculated for each
resource variable@ =Y ¥ , where'Y is the proportion of used units in variable i by

all elk, and‘ is the proportion of available resource units in variable i (4.31 Manly et al.
2002). Standard errors for selection ratios were calculated.a ) ¥ 0 p

O T7Y*“ wherel isthe used resource unitsvariable i ,”Y is the total number of
used units sampled afidis the proportion of available resource units in variable i (4.14
Manly et al. 2002). Since multiple tests were computed across variables within a category
simultaneous Bonferronidgusted confidence intervals were calculatedaspm | b

for each variable in order to locate significant selections. The Bonferroni correction is
considered the simplest and most conservative method to control for type 1 errors.
Adjusted confidence inteals were calculated as @y | Q  wherelis the

number of resource variables in the category (4.33 Manly et al. 2002). Significant
selection was considered to occur whenthe confidence intervaignificant avoidace
occurred when th& > confidence interval, neither selectinor avoidance occurred

when 1 was found inside the confidence interval (Manly et al. 2002).

Results

Home Ranges

Ten female elk were fitted with GPS collars between the years of 2010 aad 201
Location data for all ten individuals were used to estimate home ranges. The number of
locations from the 10 individuals ranged from 149 to 14,119 (Table 2). For this
population of elk, the average home range (95% contour) wa$ @dmge = 4 to 23
km? (Table 3. Eight individuals excluding elk 1326 and 601_2 had hamges
bordering 190 (Figure 2. Six out of these 8 overlapped slightly witB0 (Figure 2).

Two elk, 351 and 324 had home ranges that overlapp@dubstantially, displaying
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abundanspace use on the Nordimd South side 0f90 (Figure 2. Every home range

was found to overlap with at least one other forming 4 distinct groups, group 1 (601_2
and 1326), group 2 (351 and 324), group 3 (3870 and 1550) and group 4 (341, 601 1,
337, and 39) (Figure 3). Average composition of land use within home ranges was
primarily forest (53.39%), open/forage (18.37%) and develépad9.54%) (Table 4,

Figure 4).
Core Use Areas

For this population of elk, the average core use area (50% contour)kwés 2
(range =0.41km’to 4 knf) (Table 2. Eight individuals (all elk 1326 and 601_2) had
their core use areas bordering 0, wi t h el k dsbght dverlappiogr e use ar e
(Figure 5. Elk 324 was the only elk that displayed core use areas on theadwadr South
side of F90 (Figure 9. Average distance between elk core use areas@davhs 1,647
meters (range = 38 to 2,759 m). When elk 3870 was excluded distance decreased to
1,400 meters. Elk 324 had the smallest average distance betweenecareauand90
with 384 meters (range = 14&to 894 m). Average composition of land use within core
use areas differed from composition within home ranges, with forest at 48.73%,

open/forage 23.22%nd developetbw 8.08% (Table 4Figure 4).
Resource Section

Only coordinate data that resided within 95% contours from all ten female elk
were used to analyze resource selection. Since
of the total dataset, a subsample of 1,176 random points were sampled using excel
avoid resource selection bias by the individual. A total of 10,297 points were used to
assess second order resource selection. For all five resource categories the null hypothesis

that selection is proportional to availability was rejected at signifipavalue of 0.001
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(Table 5). This result suggested that selection of resources by elk was not random.
Further investigation of resource selection using selection ratios and confidence intervals,
revealed selection of variables within categories diffeigdificantly, displaying

preference for some variables and avoidance of other variables (Table 6). Therefore, the

null hypothesis that all resource variables are selected equally was rejected.

Within the land use category elk selection differed betwéésrent land use
variables, with significant differentiation of selection between developed and
open/brage from the rest (Figure 6 and Appendix@3velopedow and riparian were
similarly selected for while wetland and open water were similalctsl against, with
all other variables showing unique selection or avoidance (Figure 6). EIk showed
preference for developed high, developed low, developed open, open/forage and riparian
habitat, avoiding forest, wetland and open water variables (Talho@ever, the

selection for developed high and selection against forest was slight.

Within the road intensity category elk avoided medium and high intensity roads,
while slightly selecting for low intensity roads within the road intensity category€Tabl

6). Selection against medium and high intensity roads was similar (Figure 7).

Elk displayed differential selection for different distances freé®0, selecting for
distance bands of 5860m, 253450m and 4561,000m (50-1,000m range), while
avoidingdistance bands close t®0 at <50m and distance bands far fro0 at >1000
m (Table 6). Selection for distances ofZ0m and 25@50 were similarly selected
while distances 25@50m and 4561,000m were similarly selected against, showing that

sekection of 50250m and 4561,000 m differed (figure 8).

Riparian habitat selection differedivarying distance from-90. Elk selected for

riparian habitafar fromI-90 at distanceof >450 meterswhile avoiding distances of
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<50 meters, 5@50 m and 268-450 m(Table 6). Selection ainst distances of 5250
and 256450 mwere similar, while all other selections displayed unique selection (Figure

9).

Lastly, elk displayed a strong selection for flat slopes, avoiding all other
topographic positions (Tabl6). Topographic positions ridge, lower slope and valley

were similarly selected against, while elk significantly selected for flat slopes (Figure 10).

Discussion

Home Ranges

The results show that most elk home ranges are located bord@fngwith
same slightly overlapping-90; only two home ranges largely overlapp€D] These
results suggest some individuals approa@h,lbut few crossed and spent abundant time
on opposite sides of the interstate. Only two individuals, 351 and 324, displayeidatun
time spent on both the north and south sidesoé¥ lsuggesting that they crosse@l
multiple times to access resources while others did not. These results contradict
expectations that elk would avoi®0 at great distances. Previous researchesigd
that large mammals like elk are negatively influenced by large interstates simi0,to |
displaying strong behavioral avoidar&wost and Bailey 1979, Dodd et al. 2007, Gagnon
et al. 2007a)However these studies evaluated space use diuman habituated elk
which behave differently than habituated elk. Human habituated elk are less disturbed
and display anore mild behavioral response to constant human presence in contrast to
their more wild counterpafStankowich 2008Walter et al. 2010)Reasons for
habituation include the need for elk to maximize reproductive fitness, and due to learned

behavioral responses to nl@thal interactions with humargghompson and Henderson
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1998) Therefore, human habituated elk may respond to high volume interstates and roads

in general differently than remotepmhabituated elk populations.

It is important to note that home ranges were calculated using the highly accurate
Brownian bridge movement model, however poor fix rates and high lag time between
fixes could influence the precision of the contours, incngasontour width, possibly
accounting for the slight overlap of home ranges-88.ITherefore, the results could
show an overly conservative home range size, creating larger home ranges than what
actually occurred. Future research with standardized caledules and reduced lag
time between fixes could provide a more refined home range and better depiction of
behavioral response teBD by the elk. Nonetheless, these results suggest that the human
habituated elk in the North Bend area are spatiallyémited by-BO, with some
displaying behavioral avoidance. Therefor80Icould be considered a partial barrier to
elk in the North Bend area but not a completely impassible structure, due to the riparian

underpasss or bridgepresent, as will be discuess below.

Average annual home range size (95% contour) of Q(fange = &«m?to 23
km?) falls within the lower range for what is commonly found in the literagrelerson
et al. 2005) Annual home range size of elk can be as small as’3udchas larg as 245
km?, depending upon many different factors (Peek 2003, Anderson et al. 2005). A study
on two nonmmigratory female groups located in a mesic California redwood forest,
reported annual home ranges of FKRranklin et al. 1979). Some individualsthin
North Bend displayed similar home range sizes as to what was found by Franklin and
colleagues, with half displaying annual home range size of less thah & lemportant
to note that these individuals were found intsilg different groups (Tdle 2 Figure 3.
However, noamigratory home ranges of elk found by Moeller, south of this study area,

located south of Mount Rainier had average annual home ranges of G2rkging
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between 5.@ km? and 102 krh(Moeller 2010). This area is fairly unddeped in
comparison to North Bend, potentially influencing the difference found in home range

size between the two herds. In addition, they had a longer telemetry monitoring period.

Many factors can influence small home range size. For example, elk cuegre
travel distance in order to balance the needs of minimizing predation risk and energy
demands, while meeting forage uptake, minimizing thermal stress and maintaining social
contactgAnderson et al. 2005Home range size must meet the energy andiontl
demands of wildlife, when such demands are not met, wildlife increase distances traveled
to access additional resources. Therefore, when forage is scare or patchily distributed,
wildlife range over large areas (Ford 1983, Relyea et al. 2000). Qoerdty, the small
home range size of the elk in this population suggests that energy and nutritional
demands are being met. Highality forage such as lawns, gardens, golf courses,
pastures, and hay meadows found in this urban setting could be pateason for
their small home range sizes, in addition to human habitu@ftoompson and
Henderson 1998)If North Bend increases development concurrent with elk population
growth, resources for elk could become scarcer, forcing elk to increase home range size
to access and compete for resources, thus increasing interactions with huma®g and |
Therefore, it is important to identify potential safe crossing opportunities so that elk can

access additional resources that may be located on the other sii& of |

Substantial space use overlap was found among several individuals. Groups
appeared tatilize similar spaces in relation teBD, with some groups staying away from
1-90, as seen with group 1 and some staying close, as seen with groups 2, 3 and 4. Group
2 displayed space use on both North and South side30ofhowever only 324 had core
use areas on both sides. This could indicate that these individuals belong to similar family

groups. Therefor e, these individual sé6 home r an
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displaying similar resource selection, reducing the effective sample sizeerResting

for autocorrelation should be executed.

Core Use Areas

Most core use areas bordere@l] but at a great distance fron®0 on average >
1,500m, suggesting elk spend considerable time away fréth Dnly one elk displayed
core use areas loeat on both sides 0f90. These results suggest that this elk crossed |
90 multiple times to access resources, while most individuals did not. Therefore, these
findings imply that 190 has a spatial influence on core use location. In addition, evidence
tha few individuals displayed core use areas on opposite sideg0odéspite bordering
1-90, also supports the conclusions that most elk could be behaviorally avei@ing |

implying that }90 is a partial barrier to their movement.

Resource Selection

Theresults confirm that elk select for resources in their home range (95%
contour) disproportionately to what is available in the study area, displaying preference
and avoidance of specific resources. As such, the null hypothesis that resources are
selected mportionately to availability was not supported. It is important to note that
these results were treated with conservativdiladihood chisquare test andddferroni
adjusted confidence intervals and were found to be significant. However, habitatdbias

collar schedules could potentially affect the results of selection.

Within the land use layer elk were found to select for devekpeddeveloped
open, and open/forage. Selection of these variables was as expected since North Bend
offers highquality forage and security. Human habituated elk have been found to prefer
forage offered by lawns, ornamental plants, golf courses and pasture due to the

accessibility and quality in an urban sett{iitnompson and Henderson 1998)
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addition, some land owners enjoy viewing fetikm the comfort of their homes, providing
artificial feed. Nonlethal ineractions with humans teach elk that security correspond

with urban settingsSubsequently, elk seek the refuge of urban areas to increase their
reproductive fitheséThompson and Henderson 1998herefore, the selection for
developedow, developeebpen and open/forage is evidence of habituation. In addition,
the avoidance of the forest resaur@riable could also be an indication of securitthis

study areadisplayingreduced need to seek refuge from natural and human predators in a

forest environmenflLee and Miller 2003, Anderson et al. 2005, Cleveland et al. 2012)

1-90 and highway 202 structures were expected to beedan all categories.
Out of all roads, highways and interstates are ddorhave the most influentiaffects on
wildlife speciegForman et al. 2002, Gagnon et al. 2007a, Fahrig and Rytwinski.2009)
Roadeffect zones increase as traffiolume and size of road increases (Forman et al.
2002, Dodd et al. 2007, Gagnon et al. 2007b, 2007a). Results found in the road intensity
category supported previous research results efigthway interactionsshowing
avoidance of medium My 202) and hlgh (I-90) intensity roads. Contrarily, within the
land use category elk selected for develepigth, which included-B0 and Hghway 202
structures. Reasons for such selection could be because this classification included many
different land use types witiccould have influenced the selection of the variable as a

whole.

Few previous studies have addressed road interactions with human habituated
elk, therefore it is not fully understood how habituated elk respond to (Radsand
Bailey 1979, Gagnon et al. 2007apw intensity roads have reduceffiects on elk than
medium and high intensity roads. Most research is done ena&tkinteractions in areas
with low intensity roads, and these studies hawsvslsmaller roaéffect zones of 200

meters than what is found with high intensity roads like highW@sgsgnon et al. 2007a)
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In contrast, this study found that elk in North Bend select for low intensity roads. The
difference inthisresult is perhaps explained by the fact that most studies onadk
interactions are with nehuman habituated elk. The more habituated elk in this study
area may have become familiar to low intensity roads due to the overall abeioflanc
such roads in the project area and likelihood of intera¢fibompson and Henderson
1998, Walter et al. 2010).ow intensity roads were found to intersect every home range
in this study. The selection for low intensity coblelan indication of human habituation
and reduced wariness near such road types or an artifact of the corezs@bativeen

elk home rangeand the valley bottom where roads are more numerous that they are

througlout the peripheral higher elevations of the patjarea.

The evaluation of space use in relation-89lat different distance bands found
that elk prefer distances between 50 meters @iDImeters, avoiding distances less
than 50 meters and greater tha@0D metersSelection against distancesddban 50
meters was as expected however; selection for distances less than 450 meters was not as
expected. A literature review of ungulate interactions with roads by Gagion a
colleagues found that elk weaéfected by highways at distances up to 425%nget
therefore it was expected thalk would select against distances less than 425 meters
(Gagnon et al. 2007aJhisaffected di st ance | sffetcar med etohe Threao &d or
the roadeffect zone of 50n for these human habituated elk is far less than what is found
in the literature. Therefore, these habituated elk may be less affected by highways than
their norhuman habituated counterpaitloreover, available open areas and other
preferred habitats providmportant resources at distances relatively close9tih the
valley floor. Thus the juxtaposition of where transportation planners constre@fedhe
development of North Bend near the Interstate, and the muwadjtaphy likely

influencedselecton of elk usebetween 50 meters angdd00 meters, avoiding distances
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greater than , 000 meters, wher@pographic relief increaseBherefore, elk movement

could be confined by these steep slopes due to their preference for flat slopes. In addition,
elk were found to select for flat slopes within the topographic position index category,
avoiding all other positions. Exclusive selection of only one topographic position was not
as expected, since elk are capable of utilizing a variety of slope positionsvétotines

could be an indication of habitat quality and security located on flat slopes that
correspond with much of the urban and residential valley bottom. Therefore, selection for
flat slopes could also be an artifact of their moigratory and human bétuated

behavior. Migratory elk usually cross a variety of topographic positions during their
seasonal movementdnderson et al. 2005 nfortunately, many high intensity roads are
built on flat slopes, as such fe®0 and Hwy 202 in the project aredhieh could be an
explanation for the high collision rates in this area. Therefore, if these elk choose to cross

1-90 it may be in topographically flat areas.

Riparian habitat at distancgeeater than 45Meters from490 was selected by
elk, avoiding thé covertype at distances less thdB0Ometers. This was not as expected
since riparian habitat is known to be utilized as corridors for movefAeéabna Game
and Fish Department 2011) was expected that riparian habitat would be selected for at
all distancesTwo forks of the Snoqualmie River flow through the study area, one
following right along 190 ard another residing at greater distances, elk may be choosing
to utilize the riparian corridor farther away from0. Their preferential use of riparian
habitatat distances greater than 450 metensldindicate that they like to utilize such
corridors ad cover away from-D0. Thereforeelk avoidance oboth available and
knownpreferred habitat type adjacent t80, demonstratesd 0 6 s i nf l uence on el k

resource use
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However, wo individuals, elk 351 and 324 were found to move alblegSouth
Fork Snogialmie Rivercorridornear 90, crossing under90 to utilize resources located
on the southern side. These two elk were the only individuals that both cré&&add
spen abundant time on both sidesle§0. Evidence obtained from game cameras
deployed by WSDOT for habitat connectivity research at bridges al®@giat cross
riparian habitat, haveapturedelk utilizing these structures to pass safely unegr |
(Figure 11). One of the90 bridges along the South Fork Snoqualmie River is also
locaed al ong el k 3246s and 3516s movement paths.
could be using this structure to pass safely un@ér(Figure 11 A. and B). EIk 324 was
the only elk that had core use areas on both side8@f\Within the project area;90
crossed th&outh ForkSnoqualmie River several times, creating several opportunities for
safe passages at bridge structures. Previous literature shows that bridges are preferred
crossing structures used by ungulates like letkveverin this studyonly two individuals
utilized these structuréforman et al. 2002, Beckmann et al. 20IW)s analysis oélk
351 and 24 home rangs, as well as, game camera images obtahbddge locations
alongthe South Fork Snoqualmie River, provigl®of thd elk utilize riparian habitat and
bridge structures to cros90 safely if they chose to move close enough30,lhoweve

most elk did notlespite available structures and habitat

Conclusions

Roads can significantly impact wildlife through a variety of mechanisms. Prior to
this study, home ranges and road interactions of elk located around North Bend was
generally undoamented. This research informed where elk establish home ranges in
relation to 90 and how elk utilize resources in the North Bend area. Since this herd is
human habituated, results from this study offer insight into previously wiegearched

aspects ofthe behavior of human habituated elk and their road interactions. Most
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previous research on efighway interactions were conducted with Aaman

habituated elk which behave differently than their habituated counterpastgtd<eom

this study supportgrevious research showihgbituated ungulate tendencfes why

certain resources were chosen or avoided. Interactions-@tlwiere different than what

is commonly found in the literature, with elk utilizisgacetairly close to 190, butat
distancegreaterthan 50 meterdHowever, few elk chose to cross the interstate to utilize
resources located on tbppositeside riparian habitat was generally avoided at distances
close to 190 and high intensity roads were avoidsalggesting-B0 may be a pal

barrier to elk movement. Thosék that crossed followed a riparian corridor, most likely

utilizing a bridge strature to pass safely unde®0.

Despite the conservative measures taken to analyze home ranges and resource
selection, it must be notedaththere were soe limitations with the data. The variety in
collar schedules between elk and the limited number of fixes per day for some individuals
gave a less than complete view of daily movements. Low fix rates of some collars could
have been a produof local s#ellite blocked by topographi features or vegetation,
potentially biasing the analysis of selection. These data were accrued during the early
stages of collaboration, when funds and staffing were limited. Collars were scheduled to
maximizebattery life and deployment time by limiting the number of transmissions each
day. Currently, more elk are being collared, new collars have been pureinaseollar
schedules aremproving. Therefore, the quality of data gathered for future analyidis
likely improve the accuracy to detect fine scale movements of these elk. Regardless of
limitations with the coordinate data, this study is one of only aleihasesearched
human habituated elk interactions with high traffic interstates. Iniadditis a great

example of interagency collaboration.
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Suggestions for future research would include temporally analyzing home ranges
and space use for trends, which could be used to predict if seasonality influences elk
movement in relation to90. Scondly, increasing the sample size (collaring more elk)
and standardizing collar schedules would improve the accuracy of analyses on elk
crossings of-B0. Lastly, research should be implementedhow selections of rescces
are correlated. A more-ideph resource selection function using utilization distributions

could give a more detailed depiction of elk spaces use.

In conclusion, this research brings insight into how human habituated elk
respond to-B0. By understanding how elk respond to higfffic interstates like-B0 and
utilize resources and space adjacent to this-highme interstate, transportation planners
and wildlife managers gain invaluable information to better manage for connectivity and
to reduce wildlifevehicle collisions. lappears that for many elk in the populaticB0lis
a barrier to elkmovementhowevertwo individuals followed a riparian corridor and
crossed-90 safely, mostly at a bridge structudnderstanding habitat selection
combined with existing knowledge dparian habitat corridors used by wildlife can
pinpoint linkages and opportunities for safe crossings where bridges are (@aateda
Game and Fish Department 201%gveral authors stress the need to idelitikages
across barrierand maintaining connectivity between preferred resources when placing
crossing structures (White andnist 2004, Singleton et al. 2004dindall and van Manen
2007). In addition, studies have found that road mortality sites and road crossings by
wildlife occur near preferred resources (Cain et al. 2003). By ensuring connectivity
between existing bridges wher80 crosses riparian are@ssts associated with
implementation of crossing structures can be avoided while ensuring connectivity.
Construction of barrier fencing is a measure that can be taken to preventrelk fro

crossing over the surface Ie90 and function to direct them to saf®ssing
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opportunities, preventing wildlifgehicle collisions and ensuring connectivity. As North
Bend becomes more developed, resources for elk may become scarce and fragmented. If
such effects occur, elk may be forced to increase the size of theirapges, and thus

an increase in elk/human interactions is expected. Therefore, human wildlife conflicts
may increase in the area of North Bend. Further reséarebommended to ascertain

where permeability for elk in landscapes adjacent to-triffic interstates exist, in order

to provide safe movement of animals between resources and to mitigate for associated

negative road effects.
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Chapter 37 Conclusions and Management Implications

Negative effects from roads are evident througtmany natural systems.
Habitat fragmentation is among the most severe of these effects, with some wildlife
species experiencing consequences on population viability. Transportation agencies must
confront complex issues of how roads affect natural systehike simultaneously
creating safe transportation corridors for humans. Mitigation for fragmentation effects is
a growing priority among transportation agencies as the importance of maintaining
connected landscapes becomes recognized by road planmglisomally, road planners
used data from wildlifesehicle collisions and carcass removals as the basis for mitigation
decisions. However, this data cannot be used alone to understand the larger landscape
level effects of roads. With the advancement irdlifé tracking technologies and
methods, transportation agencies and examogists are more equippedniever to fully
understand ecological impacts of roads. By analyzing wildlife movements, road planners
and road ecologists can comprehensively undedsthe effects of roads which are not

apparent when using wildlifeehicle collision and carcass removal data alone.

Knowledge of how human habituated elk respond30 in the North Bend, WA
area wasargelyundocumented prior to this study. Overatipkvledge of human
habituated elk is lacking in the greater badyiterature, let alone interactions with and
response to high volume interstates. Elk herds habituated to Flongnated
environments respond to human infrastructure, especially developetlises like roads
anddeveloped spaces differently than their ndwabituated counterparts. In light of
continued human population growth and development in many regions, it is important to
understand how habituated elk respond to high volume inteystateleveloped areaf

ensure appropriate management.
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This research studied how human habituated elk respondé&dtby analyzing
home range establishment and resource selection in a developed area. A majority of the
home ranges were established away fte#f with few individuals crossing90 to
access resources on the other side, suggestingdfanhy be a partial barrier to their
movement. Based on the spatial location of home ranges in relati®® tonle can infer
that F90 does in fact influencelk movement and behavior up to at least 50 meters.
However, to fully understand the relationship betwe8d6s i nf |l uence and
allocation, further multivariate tests are recommen@eaainera evidencghowed that
utilization of riparian corridorsinder bridge structures by elrovided safe passage
under 190 and informs effort$o reduce elkvehicle collisions while ensuring
connectivity. Several authors stress the need to identify linkages across barriers and
between preferred resourcesemhapplying mitigation techniques (White anth& 2004,
Singleton et al. 20QKindall and van Manen 2007). By using existing bridges where |
90 crosses riparian ared@iansportation plannecan reduceosts associated withe
implementation of creatgcrossing structures while ensuring connectivitgiditionally,
constructingbarrier fencingn strategic locationt prevent elk from crossingd0 can
direct them to these safe crossing opportunities. Although road ecologists and planners
have gainedubstantial knowledge about mitigation actions, further research to
understand what constitutesncectivity between resourcesngcessaryas well as site
specific information on how to providafe crossing opportunitiesross high-volume

interstates.

Recaonmendations for further research include the following:

1. Continuedmonitoring of elk movement with these suggested changes:

1 Increase Sample Sizes by Collaring Additional Elk
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1 Improve Collar Schedulds Obtain More Frequent Locations

1 Analyze Elk CrossingSpatially and Temporally

As we had access to data on only 10 elk for this study, a larger sample size would
improve future analyses. With a larger sample size a more accurate depiction eédtow |
affects elk at a population level can be done. With mikreadlared and collar schedules
improved, road ecologists can improve their understanding of crossing behavior.
Currently, this dataset does not provide encaggounts of elk crossirtg conduct a
detailed analysis. With additional data on elk crossirags] ecologists can understand
both temporal and spatial patterns of when and where elk e@sollar schedules
will need to be improved if such analyses are to be conducted. Currently, collar schedules
receive fixes too infrequently to get precisgalof when crossings actually occurred.
However, schedules are being improved so that they receive fixes at higher frequency and

at standardized schedules.

2. Analysis of bridge structures:

1 Improve Accessibility To and Connectivity Betweendges.

1 ImplementPassage Assessment System (PAS)

Elk are selective when utilizing structures to pass safely under roadvaays.
passage, open span bridges are prefebneidhere are things that can prevent the elk
from utilizing them. The surrounding environment ebplevent the utilization of bridges
if conditions conducive to connectivity dot exist. Further spatial analysis could
evaluate the surrounding environment for potential barriers that migvemirthe elk
from utilizing otherwise availablstructure. In addition, connectivity between structures
should be evaluated if mitigation measures such as fencing are to be implemented. If
structures are inaccessible or connectivity between structures is highly fragmented,
fencing could potentially increasiee barier effects associated witkoD by inhibiting
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crossings at gradéVicCollister and Manen 20)0Lastly, implementing PAS, a
AfPassage Assessment Systemo devel oped to
for terrestrial wildlife by Julia Kintscand Patricia CramgR011), can be used to

determindf existing bridges in the North Bdrarea are attractive to and accessible to

elk. Rating eaclstructure can inforrmrmprovement actionsecessary to make the

structure more suitable for elk.

3. Improved Resource Selection Analysis

1 Conduct AdditionaMultivariate Analysis Using Utilization Distributions (UDs)

The resource selection analysis implemented in this study wasdaaightforward
analyzing resources for selection at an individual levefoRaing a full resource
selection function can bring insight into how resources influence the selection of certain
resources. A full resource selection function can pin point what combination of resources

are most preferred by elk.

4. Ensure good managemteof riparian corridors near and adjacent to bridges:

Riparian habitats are knovaorridors for wildlife movement, howeveiithin this
study elkdisproportionally selectefbr habitat away from-B0. However game cameras
havecaught images of elk utilimg bridge structures along riparian habitat to cross safely
under +90. Thereforethese areas should be managed approprimtehsurethat
excellent habitat qualitgxistsaround bridgesow and intahe future providing

connectivity for elkand other wildFe.

Interdisciplinary Effort

Society is increasingly faced with complex environmental issues that require

dynamic and thoughtful solutions. Many environmental problems today arédantged
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between balancing our need to protect the environment witirélndng human demands

on natural systems. Humans are no longer able to perceive ourselves and our activities
separate from the environment; we are now experiencing feedback from our past actions.
Many of our roads were built long before we knew theiiremmental impact; therefore

a lot of our current management decisions are to rectify that damage. As scientists and
transportation managers seek to understand ways to mitigate current or past damage and
reduce future impacts of roadshas become critad thatthe fieldof road ecology
figuanti fies the ecological effects of roads, w
and compensating for their negative impacts on individuals, popuatommunities,

and e c o &ander Reenet al. 2011) 0Tmeet these objectives it takes an
interdisciplinary effort with many professionals from a variety of backgrounds. The
collaboration between biologists, road planners and structural engineers is essential in
planning for mitigation measurde minimize tle negative effects of roads. Without this
collaborative approach between multiple disciplines mitigation would fail to meet all
objectives. Within ainterdisciplinary framework, mitigation cameure that wildlife, the

environment and human structures r@slient to future change.

In Washington State, the problem with-e#hicle collisions in the North Bend
area requires a dynamic solution where driver safety is increased while ensuring
connectivity of elk populations living nea®D. To address thigroblem, we took a
dynamic approach to this applied research question, combining the disciplines of road
ecology, road planning, and landscape ecology with methods commonly in wildlife
managemenfl his research involved a collaborative effort betw®8DOT and the
USVEMG to tackle a complex, multidimensional problem. In an era of budget cutbacks
and eveigrowing natural resource management issues, collaboration betvererniesg

non-governmental groups, acaderaiad local citizen science groups is @ggary. It took
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the collaborative effort between WSDOT and USVEMG to research elk movement since
neither group alone had the resources to conduct this research. It is these collaborative
efforts that should continue and be enriched in other regions fsianiigr budget

shortfalls and decreased funding. Wildlife movement research used to analyze-wildlife

highway interactions is costly, but fortunately collaboration is a solution.
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Figure 1. Map of Washington State and defined project area aroutidBénd, WA
(area=363kr).
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Table 1. Number of elk carcasses removed and number-géki&le collisions along-|
90 and Hwy 202 within the pject area. Data Sourdére Washington State Traffic Data

base.

Year Elk Carcasses Remeed Elk-Vehicle Collision
2007 7 NA

2008 10 NA

2009 36* 18*

2010 10* 9*

2011 16* 9*

*Note the difference between elk carcasses removed aneli&le collisions. Collision
records are recorded when an officer is present at the accident and requiim@am of

$750 in property damage or a human injury. Collision records are fewer because not all
collisions with elk are reported. Elkehicle collisions were not tracked separate from
other wildlife-vehicle collisions until 2009.



Table 2. Home range (95% contour, in%k@nd core use area (50% contour, irfkfor
elk in the vicinity of North Bend, WA.

Elk Total Number of
Number | 50% | 95% | Fixes Per Day Fixes Start Date | End Date
601 2 [ 1.28 | 7.23 5 267 12/10/2011| 4/25/2012
324 0.74 | 5.02 6 742 8/15/2010 | 3/30/2011
341 1.39 | 5.47 6 1933 2/14/2011 | 4/11/2012
351 0.41 | 4.60 6 1050 2/18/2012 | 9/18/2012
339 3.13 | 10.14 6 1300 3/11/2011 | 4/12/2012
1326 0.79 | 4.13 7 1176 4/12/2012 | 8/22/2012
337 0.98 | 4.73 7 149 4/9/2010 6/28/20L0
601 1 [ 1.19 | 7.23 7 1445 4/7/10 2/4/2011
1550 3.35 [ 14.03 12 1261 3/11/2011 | 4/18/2012
3870 3.81 | 22.53 29 14119, 1176* 3/27/2011 8/3/2012

*Subsample for resource selection analysis.
"Reference Appendix B for collar schedule.
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Table 3. Definitions of resource variables found in the project area, North Bend, WA.

Category [ Variable Definition
Land Use | DevelopedHigh [ High traffic roads]-90, highway 202, North Bend
Way, commercial development, quarries, mines, a
gravel pts.
DevelopedLow [ Residential roads, subdivisions, rural houses
DevelopedOpen [ City parks and recreational fields.
Forest North pacific Dougladir, western hemlock, spruce,
and silver fir forest.
Open/Forage Pasture, lawns, and successionabfel
Riparian North pacific lowland riparian forest and shrubland
Wetland North pacific bog, shrub swamp, and hardwood
conifer swamp.
Open Water Lakes, ponds, and open bodies of water.
Road Low < 25 mph
Intensity
Medium 35- 45 mph
High > 55 mph

50



Figure 2. Elk home ranges (95% contour, irfkaf ten elk in North Bend, WA
determined from a Brownian Bridge Movement Model.
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Figure 3. Overlapping elk home ranges (95% contour, f) &frten elk
identified as four groups in North Bend, WA éeahined from a Brownian
Bridge Movement Model.
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Table 4. Land use composition for the study area and elk home ranges. Core use area

50% contour and home range 95% contour.

Home Ranges

Class Study Area 50% 95%
DevelopedHigh 2.49% 3.51% 3.68%
Develogd-Low 3.14% 8.08% 9.54%
DevelopedOpen 0.82% 10.93% 8.92%
Forest 87.22% 48.73% 53.39%
Open/Forage 1.22% 23.22% 18.37%
Riparian 2.03% 5.04% 5.70%
Wetland 2.72% 0.46% 0.36%
Open Water 0.38% 0.03% 0.04%
Total 100.00% 100.00% 100.00%
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Figure 4. Composition of Land Use within the project area, North Bend, WA.



Figure 5. Elk home ranges (50% contour, irfkaf ten elk in NortlBend, WA
determined from a Brownian Bridge Movement Model.
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Table 5. Estimated resme selection lodikelihood chisquare test statistics for elk in

North Bend, WA.

Category Fa Df p-value
Land Use 11226.90 70 0.001
Road Intensity 153.18 40 0.001
Distance to F90 28164.64 40 0.001
Distance to F90:

Riparian 642.41 40 0.001
Topographic Position

Index 14778.61 50 0.001
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Table6. Estimated resource selection indices for elk in North Bend, WA estimated
habitat selection ratié, Q ) = standard error of selection ratio, @ and1 6 are
Bonferroni-adjusted 95% lower and upper confidenderivals.

Bonferroni
Confidence | Interval

Category Variable Selection| ~ = | v ) S oom ~ 0

Land Use Developed | + 1.48 |0.07 1.28 1.68
Developed | + 3.04 |0.09 2.79 3.29
Developed
Open + 10.91 | 0.34 9.99 11.84
Forest - 0.61 |0.01 0.60 0.63
Open/Forage| + 15.11 ( 0.31 14.26 15.95
Riparian + 281 |0.11 2.51 3.12
Wetland - 0.13 |0.02 0.07 0.19
Open Water | - 0.10 | 0.05 0.00* 0.24

Road

Intensity Low + 1.09 |0.01 1.08 1.11
Medium - 0.44 ]0.12 0.15 0.73
High - 0.10 |0.04 0.01 0.19

1-90

Distances <50m - 0.22 ]0.05 0.08 0.35
50-250m + 2.10 [0.10 1.86 2.34
250-450m + 2.60 |0.11 2.34 2.87
4501000m | + 291 |0.06 2.76 3.06
>1000m - 0.67 |0.01 0.65 0.69

[-90

Distances:

Riparian <50 m - 0.04 |0.04 0.00* 0.13
50-250 m - 0.45 | 0.06 0.29 0.61
250-450m - 0.62 |0.11 0.35 0.88
4501000 m | + 2.06 |0.17 1.62 2.49
>1000 m + 1.30 | 0.03 1.22 1.37

Topographic

Position

Index Ridge - 0.31 |0.01 0.28 0.35
Upper Slope | - 0.74 |0.03 0.66 0.82
Middle Slope| - 0.53 | 0.01 0.49 0.56
Flat Slope + 3.25 |0.02 3.19 3.31
Lower Slope | - 0.35 |0.02 0.31 0.39
Valley - 0.28 | 0.01 0.25 0.32

+ Significant selection above what would be expected by chance.
- Significant selection against what would be expected by chance.
*A zero replaed a negative value, as a proportion cannot take a negative value.
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Figure 6. Bonferroni 95% confidence intervals (CI) for selection rétio3 of
land use variables by elk in the project area, North Bend, WA. When 1<CI
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selection occurred, 1>Cl avoidance occurred and when 1 is found within CI
neither selection or avoidanoecurred.
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Figure 11. Elk captured by Reconyx game cameras utilizing riparian habitat and bridge
structures to cross safely undedd near North Bend, WA
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Appendices

AppendixA. Example of the Brownian Bridge Movement Model R Script for elk 337.

##Set the working directory
##My working direcory
directory < "h:/Collars"

setwd(directory)

##Read a csv file into data frame. This is an example for elk collar 337
tele < read.csv("Collar337.csv", header = TRUE)

## variable for range id (elk) ##this one is best for trajectory example
range <"337"

## Get the current range from the data frame

tele.range <subset(tele, tele$AnimallD == toString(range)) ##l modified this,
tele$RangelD references a field in the dataset for subsetting, yours should be
tele@AnimallD

##Get only the coords
tele.range.xy <
data.frame("x"=tele.range$EastingUTM83,"y"=tele.range$NorthingUTM83)

##Need sp to make spatial objects
library(sp)

##Define projection of coords
proj4string < CRS("+proj=utm +zone=10 +datum=NAD83 +units=m +no_defs
+ellps=GRS80 +towgs84=0,0,0")

##Make SpatialPointsDataFrame
tele.range.spdf<SpatialPointsDataFrame(tele.range.xy, tele.range, proj4string =
proj4string , match.ID = TRUE)

plot(tele.range.spdf) ##Run this to see your data

##DF is used for a number of things including attachaujteonal attributes to the
trajectory (activity needed by BRB)

tele.range.df <
data.frame("x"=tele.range$EastingUTM83,"y"=tele.range$NorthingUTM83,
"ObsStepMin"=tele.range$ObsStepMin, "ObsDaText"=tele.range$ObsDaText)
##REmoved variables not needed
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##Se up for Elk data
#H#Home ranges

##First create a bounding box for a mask grid we will project home ranges to.

##Get the bounding box from subset data from exercise above(tele.range) which

##will be modified to make a region of interest grid for calcntatiomeranges.

##For home range calculations, some packages require evaluation points (KS) while
others require

##a grid as spatial pixels (adehabitat). In preperation | made several different versions.

##Set the expansion value for the grid and gebbox
expandValue <2500 #This value in meters is used in the calculation
boundingVals <tele.range.spdf@bbox

##Get the change in x and y and adjust using expansion value

deltaLong < as.integer(((boundingVals[1,2]\boundingVals[1,1])) + (2*
expandVale))

deltaLat < as.integer(((boundingVals[2,2]boundingVals[2,1])) + (2* expandValue))

##200 meter grid for testing, watch part in BBMM where cell size is set too
gridRes <30

gridSizeX < deltaLong / gridRes

gridSizeY < deltaLat / gridRes

##0ffsd the bounding coordinates

boundingVals[2,1] <boundingVals[2,1} expandValue
boundingVals[2,2] <boundingVals[2,2] + expandValue
boundingVals[1,1] <boundingVals[1,1} expandValue
boundingVals[1,2] <boundingVals[1,2] + expandValue

##load raster
library(raster)

##Grid Topology object is basis for sampling grid (offset, cellsize, dim)
gridTopo < GridTopology((boundingVals[,1]), c(gridRes,gridRes),
c(gridSizeX,gridSizeY))

##Define the projection of the coords
proj4string < CRS("+proj=utm +zone=1+datum=NAD83 +units=m +no_defs

+ellps=GRS80 +towgs84=0,0,0")

##Using the Grid Topology create a SpatialGridClass



sampGrid < SpatialGrid(gridTopo, proj4string = proj4string)

##Cast over to SP
sampSP <as(sampGrid, "SpatialPixels")

##convert the spitigrid class to a raster
sampRaster<raster(sampGrid)

#tset all the raster values to 1
sampRaster[] <1

##Get the center points of the mask raster with values set to 1
evalPoints <xyFromCell(sampRaster, 1:ncell(sampRaster))

##Here we can see hayid has a buffer around the locations
plot.new()

plot(sampRaster)

points(tele.range.spdf, pch=1, cex=0.5)

##BBMM home range

library(BBMM)

#Run the BBMM using the data frame

BBMM <- brownian.bridge(x=tele.range.df$x, y=tele.range.df$y,

time.lag=tele.rage.df$ObsStepMin, area.grid=evalPoints, time.step=10,
location.error=24, max.lag=300)

# Create a data from of x,y,z
BBMM.df <- data.frame("x"=BBMM$x,"y"=BBMM$y,"z"=BBMM$probability)

# Rescale the Probabilities to PDF
#BBMM.df$z < BBMM.df$z/sum(BBMM.df$)

##Make a raster from the x, y, z values, watch cell size parameter
tele.range.df.obmm.raster rasterFromXYZ(BBMM.df, res=c(30,30), digits=5)
plot(tele.range.df.bbmm.raster)

library(adehabitatHR)
tele.range.bbmm.px-<as(tele.range.df.obmm.rastegpatialPixelsDataFrame")

tele.range.bbmm.ud-wew("estUD", tele.range.bbmm.px)
tele.range.bbmm.ud@vol = FALSE
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tele.range.bbmm.ud@h$meth = "BBMM"

##Convert the UD values to volume
tele.range.bbmm.ud.vol getvolumeUD(tele.range.bbmm.ud, standardize=TRUE

##Create a raster object
tele.range.bbmm.ud.vol.rasterraster(tele.range.bbmm.ud.vol)

tele.range.bbmm.99vol-getverticeshr(tele.range.bbmm.ud, percent = 99, ida = NULL,
unin ="m", unout = "ha", standardize=TRUE)
tele.range.bbmm.95vol-getvertieshr(tele.range.bbmm.ud, percent = 95, ida = NULL,
unin ="m", unout = "ha", standardize=TRUE)
tele.range.bbmm.50vol-getverticeshr(tele.range.bbmm.ud, percent = 50, ida = NULL,
unin ="m", unout = "ha", standardize=TRUE)

##Put the HR, volume, volumemtours, trajectory, and points on a plot
plot.new()

breaks <c(0, 50, 95, 99)

plot(tele.range.bbmm.ud.vol.raster, col=heat.colors(3), breaks=breaks,
interpolate=TRUE, main="Brownian Bridge Movement Model", xlab="Coord X",
ylab="Coord Y", legend.shrink=80, legend.args=list(text="UD by Volume (%)",side=4,
font=2, line=2.5, cex=0.8))

plot(tele.range.bbmm.50vol, add=TRUE)

plot(tele.range.bbmm.95vol, add=TRUE)

plot(tele.range.bbmm.99vol, add=TRUE)

points(tele.range.spdf, pch=1, cex=0.5)

##Write out the BBNM raster for external GIS

writeRaster(tele.range.df.bbmm.raster , paste(directory, "/bbmm_", range, ".tif", sep=""),
overwrite=TRUE)

writeRaster(tele.range.bbmm.ud.vol.raster , paste(directory, "/bbmm_", range, "_vol.tif",
sep=""), overwrite=TRUE)

##Write out the

writeOGR(tele.range.bbmm.99vol, ".", paste("bbmm_vol99 ", range, sep=""),
driver="ESRI Shapefile",overwrite_layer=TRUE)
writeOGR(tele.range.bbmm.95vol, ".", paste("bbmm_vol95 ", range, sep=""),
driver="ESRI Shapefile",overwrite_layer=TRUE)
writeOGR(tele.range.bbmm.50vol, ".", paste("bbmm_vol50 ", range, sep=""),

driver="ESRI Shapefile",overwrite_layer=TRUE)



AppendixB. Schedules for collared elk in North Bend, WA.

Elk Fixes Per
Number Day Collar Schedule
601 2 5 Every 5 hrs
324 6 Every 1.5 Ins, 3 times after 12:00an
and 12:00pm
341 6 Every 1.5 hrs, 3 times after 12:00a]
and 12:00pm
351 6 Every 1.5 hrs, 3 times after 12:00a,
and 12:00pm
339 6 Every 2hrs from 4pm to 12:00am
then every hour from 12:01am to
2:00am
1326 7 Every 2.5 hrs
337 7 Every 2.5 hrs
601_1 7 Every 2.5 hrs
1550 12 Every 2 hrs
3870 29 Every 50 mins
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Appendix C.Land e layer created in ArcGIS 10.
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