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Abstract

Throughout the past several decades, coy@asi§ latran$ have become
common inhabitants of urban areas indbetheastertunited States. Because their
southward expansion is recent, there is a lack of information on moveohenb&n
coyotesin the Southeast examined seasonedriation in size ohome range, activity
patterns, and habitaelectionalong an urbamural gradient in eastentral Alabama
during20072009.1 created an urbarural gradiehbased on percemgeof urban &nd
cover incoyotehome ranged?ercerdigeof urbanizatiorin home rangewas2-45%.

Both composite and breedisgason home rangdscreased gsercentage of
urbanizatiorwithin the home range increasewkve, models indicate that there was
no difference in homeangesizealong the gradient during pupearing andlispersal
seasonsMixed logisticregression models indicatéhat coyotes alonthe gradient were
active at similar times during all@sons. Along the gradienpyotesavoidedareas of
high-, medium, and lowintensity urbanizationAs the percenage ofurbanizatiorwithin
a home range increased, coyaekecedfor hardwoodsandfor habitats neasources of
water, while they selected against natural pine foréafsrmationpresented ihis study
will allow biologists and resource managers to gain an understanding of moserhent
coyotesn urban areaand will be helpful in predicting and mitigating potential human

coyote interactions in thBoutheast
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CHAPTER |: INTRODUCTION

Mostecosystemare dominated by humans (Mcintyre et al. 2000). As global
expansion of urban areas increases, interestotogy ofwildlife in urban areas
expanding rapidlyDeStefano and DeGraaf 2003he earliestiteratureconcerning
wildlife in urban areawas published in the early 1900s, bwtnumber ofstudies
increagd substantialla f t er publ i c &Gamedamagententib 8983 ol d 0 s
(DeStefano and DeGrh2a003).As metropolitan areas grow worldwideis becoming
more important to study ipactsof the urbarrural gradienon the changing ecology of
landscapes (McDonnell and Pickett 199&tudying ecological changekag the urban
rural gradient helps us understand how urbanization is changing ecological patterns
and processes (McDonnell and Pickett 1998)landscapes urbanize, many species are
able to adapt to the changes; synurbanization (Andrzejewski et al. 1978, Babi@diaa
et at. 1979L.uniak 2004) is derm coined to describe the ability of animals to exist in
urban areas in their wild state.

The coyotg(Canis latran$ is able to exist and thrive in urban areas (Gehrt 2004).
The coyotehas expanded its rangaturally as well as with assistance from humans
(Young and Jackson 1951, Bekoff 1977, Hill et al. 198RAg past 200 years have
brought &rgescale changes to the North American landscape and coyotes are now
present in every state in the continental U.S., throughout all but the northernmost parts of
Canada, and even in some isolated asaah asCape Cod and Prince Edward Island
(Gompper 2002)Researchers hypothesize thath decline of the red wol rufus) and
clearing of forests for timber and agricukuiGibson 1974) supported expansidrhe

geographic range of coyotekhe Southeastvasamongthe last places for natural and



artificial expansion of theange. In 1924, hunters, trying to replace the depleted stock of
foxes(Urocyon cinereoargenteu¥ulpes vulpeg released coyote pups in Barbour
County, AlabamaBy 1929, there were reports of damégyecoyotesn surrounding

areas (Young and Jackson 1993 pulations are likely to continue expand due to
concentratedourcesf food (Gipson and Sealander 1972, Gipson 1934 well as
changes in use ddnd.

The coyote is adaptive. Throughout recorded history, coyotes have been
persecuted; the only immunity was from the
who considered theogote to be a deity (Young and Jackson 193013t a few years after
American explorers first saw the coyatehe earlyl80s, a bounty was placed on the
species (Young and Jackson 19%2)e of the most intensive campaigns to daiy
wolves C. lupug and coyotes for their pelts occurred during 28885 when hundreds
of thousands of coyotes were killedthe western United StatéSrinnell 1914, Young
and Jackson 1951Although coyotesverepersecutd similar tothat of grayand red C.
rufus) wolves, they survived and flourished whpepulations othe gray wolf vere
decimated and the red wolf wasarlyextirpated (Riley and McBride 1972, Peterson et
al. 1998).In most states, there is still an open season that allows fergw@aa hunting
of coyotes.Finkel (1999)estimateghat 400,000 coyotes are killed every year throughout
the United States; yet populations continue to th®tanley Young (1951:1rovideda
hypothesis:

é filt is my feeling that the great and constant pressure
exerted upotthe coyote by man has been a real factor in its

spread through the centuri&en among the human races



may be found cases where persecution has encouraged the
constant seeking of newer and greener pastures in the
attempt at survivalThe sumtotal of thecauses behind this
urge to spread on the part of the coyotes is a field yet to be
thoroughly explored for final answerfBhey are one of the

few animals that have been able to extend its range within
historic times. 0O

Habituation of coyotes is ngbmething newthere are rany historical accounts
of coyotesand their adaptabilityOne account from the bodkhe Clever CoyoteYoung
and Jacksof951), tells how coyotes associated campfires as signs of food in the 1880s.
In 1947, Yellowstone Nation&ark reported that coyoteause many traffic jamsafter
joining bears inooking for food from visitorgYoung and Jackson 1951).

Becaus coyotes are top predatorsnmosturban areas they inhabit, they have
become extremely controversial in these laages (Gehrt 2007). Recentitacksby
coyoteshavereceivedattentionfrom thepublic. In urban areas, coyotes have infuaad
killeddomesticcats, small dogs, (Grubbs and Krausman 2088) occasionallypeople
(Timm et al. 2004)During 1960-2006,142 attack®n humansvere reported from 4
Canadian provinces and 14 states; 70% of these were either on, or immediately adjacent
to the victimds r esi dlthoughadhedstatestics may causelthewh i t e
coyote to sund like a threatening@datorin comparison, froni9731996more than

300 people were killed from dog bitelated incidences (Sacks et al. 2000).



In the 19" and 20" centuriesmany top predatonsere removed from the United
StatesShifts in the carnivore community cagsult in trophic cascade$drborgh et al.
200)). Becaus coyotes dispersed across the landscape, they may now be playing an
important role as apex predators by controlling populations of raccBomsypn loto)
andVirginia opossumsDidelphis virginiara), which are two species that als®@
prevalent in urban areas (Kamler and Gipson 2004). Cogtstemaybe helpful in
controlling populations of feral ca¢&rubbs and Krausman 2009)hite-taileddeer
(Odocaoileus virginianusHowze et al. 2009, VangGiér et al. 2009 andCanada gese
(Branta canadensjBrown 2007. An increase in migized predators can have an effect
on populations osongbirds waterfow| andothergame birds (Crooks and Soulé 1999)
Areas with coyotes have increasegroductive success wofaterfowl and grounahesting
birds because coyotesduce populations dbxes (Sovada et al. 1995; Rogers and Caro
1998).

Recentstudies havenvestigatedehaviorof coyotes in cities across the United
States (Quini997,Grindea and Krausman 200Riley et al. 2003Way et al. 208,

Gehrt et al. 2009 but no studyhas beenconducedin urban areas dhe southeastern

United StatesStudies have been conducted on behavior (Sumner et al. 1984, Holzman et
al. 1992 Chamberlain antleopold2000, Constible et al. 2006, Sebengost et al. 2009)
andexpansiorof geographic range the Southeas{Hill et al. 1987) butnone

investigatedhe influence of urban environments on behavior
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CHAPTERII: HOME RANGE,ACTIVITY PATTERNS, AND HABITAT
SELECTION BYTHE COYOTE CANISLATRAN$ALONG AN URBAN-RURAL

GRADIENT IN EAST-CENTRAL ALABAMA

ABSTRACT

As populatiors of humangn thesouthernUnited States continut grow,distinct
urban rural gradients are forminaroughout the landscap#@/ildlife in these areamay
havedifferent bénavioral patterns due to interactions with ifereasingpopulatiors of
humansand eveichanging habital examinedcomposite size of home range of the
coyote Canis latran3, seasonatize ofhome rangeactivity patternsand selection of
habitatalongan urbarrural gadient in eastentralAlabamaduring20072009.1 created
an urbarrural gradient based on aomd of urban langtoverin individualhome range
Percerigeof urbanizationn individual home rangesas2-45% and populatiodensity
was 4780humanstm?. Both composite and breeding season home ratemreased as
percentage of urbanization within the home range increased. However, models indicate
that there was no difference in home range size along the gradient duringgog and
dispersal seasonblixed logisticregression models indicatéhat coyotes alonie
gradient were active at similar times during allsens. Along the gradienpyotes
avoided areas dfigh-, medium, and lowintensity urbanizatiorAs the perentage of
urbanization within a home range increased, coysgtesced for hardwoodandfor

habitats near sources of water, while they selected against natural pine forests.
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Informationpresented irthis study will allow biologists and resource managegain
an understanding of movemsrdf coyotes in urban areasd will be helpful in

predicting and mitigating potential humaayote interactions in thSoutheast.

INTRODUCTION

The populatiorof the worldis >6.8 billion people, with the United Statats
almost 310 million (U.S. Census Bureau 201 exponential growtlin populations of
humangs causing rapid development ofdeveloped areaand further deslopment of
alreadydevelopedareas As cities become more densely populated, residenta@rig
away from the centers and into suburban, exurban, and rural areas. This movement causes
gradients in urbanization (Marzluff et al. 2001) that become more compieseadiand
changes and outlying areas become more urbanized (Alberti et al. 2BB@ugh most
of the world is undergoing urbanization, little is known about wildlife in urban areas
because scientists often foauspristine environments (Cairns 1988). Synurbanization
(Andrzejewski et al. 1978, Babifisklerka et al. 1979, Luniak 200#) a term used to
describe ability of animals to exist in urban areas in their wild state in response to global
expansion of urban areas (Luniak 2004). Adaptation to these areas requires species
specific behavioral changes (Luniak 2004), and as a meseagkinown to inhabit
urban areas (Gehrt 2004), behaviofsoyotes (Canis latran$ in these areas deserves
investigation.

Despite persecution in the early 20th century, both alterafibabitatand
reduction of apex predators have allowed the coyoégpand its rang colonize

nearly all ofNorth America (Moore and Parker 1992ennis 2010Fig. 2.1).Harvesting
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timber for revenue and agricultural practices along with decseas® eliminations of
populationsof gray (Canis rufug andred (C. lupug wolveshave allowed coyoteto
occupynew habités with little competition or harassmef@ipson 1974)The Southeast

was one of the last places for natural and humeaced expansioaf the geographic

rangeto occur (Bekoff 1977, Hill et al. 1987, Moore and Parker 1992), as populations
were not reported east thfe Mississippi River until the 1920s (Young and Jackson

1951). Most recently, coyotes have become common inhabitants of many urban areas in
the Unied States and Canadiacludingthe southeastern United States (Gehrt 2004,
2007).Coyotes are able to exist in the most developed landscapesatilly avoiding
interactions with humans (Gehrt et al. 200d)e unyielding adaptability of coyotes, as

well as their transition from undeveloped land to developed agricultural and human
dominated areas, is a good indication that populations will continue to expand throughout
the SoutheastHolzman et al. 1992).

Attacks on humanisy coyotesalthough onceare, have increasetiiringthe past
decade (Timm et al. 2004). Coyotesy not feaentry intosuburban areas because of
nearby wildlands andctivities byhumars that serve as sources of food (Timm et al.
2004). Similar tgoarts ofCalifornia, the AuburrOpelikametropolitan statistical area
(MSA) is a growingmetropolitan areavith manyattractive landscapes fpotentialprey.
As humanrcoyote interactions increase, there is a greater need for information on
behavioral adaptations of coyet®appropria¢ management placsanbe developed
(McClennen et al. 2001).

Althoughresearcthas been conducted onpacts of urbanization on behaviir

coyotesn other parts of the countrg.Qg.,Quinn 1997, Grinder and Krausman 2001,

12



Riley et al. 2003, Way et &004, Gehrt et al. 2009here has been much variability in
guantification of thairbangradient (Theobald 2004, Gehrt 200Bgcause results have
varied geographally (Andelt and Mahan 1980, Atkinson and Shakleton 1991, Grinder
and Krausman 2001, Quiri®91, Way et al. 2004) and there ispublished information
available on spatial and temporal effects of urbanization on coyoties Southeasthis
study is vital to our understanding ajyotes inthe southeasterdnited States

Size ofhome rangesiinfluencedby the individual,sex,biologicalseason,
efficacy of movement, distrution of resourcesiensityof populatiors, habitas, and
otherfactors (Schoener 1971, Laundré and Keller 1984, Gese et al. 1988, Shargo 1988).
These factors causéze d home ranges to varyot only in different regions of North
America, but also among individuals in a population (Holzman et al. 1888)ll home
ranges can be indicators of large populatigasdelt 1985, Fedriani et al. 2001yhich
mayincrease likelhood of diseas aggression between coygtasad humaistoyote
encounters (Atwood et al. 2004jowever, small home ranges can also be indicators of
abundant, evenly dispersed resources (CluBick and Harvey 1978pata compiled
from previous studiedemonstratéhatsize ofhome range varies with amount of
urbanization inside of the home range (Gehrt 20@[fhoughdatafrom across the
countryindicate thabhome rangesf coyotesare smaller in urban areas, this is not always
true Studies in Chicag(Gehrt et al. 2009) and Los Angeles (Riley et al. 208@aled
thatsize ofhome range increases with increasing fragmentatidabitaf however, size
of home rangalsocan vary with proximity of resources and activittehumangGehrt

2009).
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Beaus movementsf coyotesvary amonglocalities,knowledgeof general
patternsof movementss vital to understanding needs and responses of esyot
urbanized area&rinder and Krausman 200Brevious researatemonstratethat
coyotes that wersubjected to little or ndhuning pressurgtencedto be more active
during diurnal and crepusculaours Gipson and Sealander 197Ahdelt 1985 than
those that were hunted intensively (Andelt and Gipson 1979). Daytime and crepuscular
activity directly correlatesvith hourswhenthevisual system functionsiost efficiently
(Kavanau and Ramos 197%).urban areasesearchers haveportel that nocturnal
activity increases with amount of development or activithumangGrinder and
Krausman 201, McClennen et al. 2001, Tigas et al. 2002, Riley et al. 2003, Morey
2004) This increase in activitgf coyotesmay bedue to decrease wrehiculartraffic and
lowered likelihood of humawoyote interactions during the night (Gehrt 20B8caus
activity patternsof coyotesare consistent in urban arestadiedacross the United States,
an unetrstanding of activity patterns in the Southeastild serveas a predictor of
habituation and help improve management techniquesitecethe risk of humastoyae
conflict (Way et al. 2004).

Managing and conserving animals requiresiaderstanding dfabitas that they
use(Levin 1992). Studying preferencks habitatsattempts to quantify inherent needs of
animals in the environmemnthere they livgJohnson 1980). Urban areas present a new
challenge for studiesf use of habitatsThe process of urbanization changes a habitat
from one thatvas unfragmented dyardy fragmented, to a highly fragmented or patchy
areaFragments, or patches, make upai landscapes with the largest amounts of

natural vegetation typicallgresenin parks and reserves (Quinn 1997). Although
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urbanized areas usually are disjunct, availability of subsidized resdrgselumans
and elimination of apex predators have ledigh densities ofoyotes in urban areas
(Crooks and Soulé 1999, Grinder and Krausman 2001).

Although other studies have examirebitats selected loyotes along urban
rural gradients (Atwood et al. 2004, Randa and Yunger 2006), these stedsmt
performed in thé&outheast. It is unknown how coyotes use urban areas in the
southeastern United States because expansgeographical range intbis areavas
recent. Inferences from the western United States dbeatologyof coyotesare not
relevant to theSoutheastlue to variability in spatial patterns (Holzman et al. 1992,
Schrecengost et al. 20080d habitat typesdiolzman et al. (1992) suggested tbayotes
had adapted and ould continue to thrive in th8outheast

| examinedeffect ofurbanizedand onsize ofhome rangeactivity patternsand
habitas occupiedalong an urbamural gradientThe djectives ofmy study were tol)
guantify arepeatable urbarural gradientvithin Lee County Alabama 2) determine the
effect d varyinglevels of urbanizatioon composite andeasonasize of home range; 3)
determine how seasonal and dietivity patternsare affected pvarying levels of
urbanization; and) determine hovselection of habitat iaffected byarying levels of
urbanizatia. | predicted that asrbanizatiorincreasd, size ofhome ranges would be
smalkerand less variable throughobiologicalseasond. expected coyoteis areaswith
greatemercentage of urbanizatiorio be more active duringocturnal hoursthereby
avading interactiorwith humanswhereasoyotesn areaswith lessempercentage of
urbanizationwould be most active during dawn and dugik.edicted that agrbanization

increased, caytes would be more likely to selaatbanized patcheand lesdikely to
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selectnatural landcapesinformation from thistudy will allow biologists, planners, and
managers to gain an understanding of behafiopyotesn southeastern urban, exurban,
and rural areas, and will be helpful in determining how the coyotadegsed to urban

areas.

MATERIALS AND METHODS
Study Area

Lee County is in eastentral Alabama and includes the Aub@pelika
Metropolitan Statistical Area (MSA); MSAs are defined by the U.S. Census Bureau as
urbanized areas witBs0,000 inhabitantsThe population of the Aubur@pelika MSA
has increased 18.1@éuring2000-2009, from 115,094 to 135,88@&ople(U.S. Census
Bureau 2010)Lee Countyhasextensive biotic diversitgnd apronounced urbarural
gradientwith almost equahmounts otirban and ral areasOf the 2,966 census blocks
in the county, 56% are rural and 44% are urban. (E2).

Eastcentral Alabama has a subtropical climate with an averagadmgberature
of 32°C in July and an average low of 1°C in January; average precipitatiB884smim.
Lee County contains 1,595 Krof land 18 kn? of surfacewater (U. S. Census Bureau
2000) and is in the southeastern Mixed Forest Province (Bailey 1986je is an
abundance of biotic variatian Lee Countybecause its at a physiographic fall line, the
southerronehalfis in the East Gulf Coastal&n and the northeranehalfis in the
southerrPiedmont Upland region. Foresionsist of a variety of broadledéciduous

trees mixed with pies and bottomland hardwoods (Appendix 1)
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The AuburnOpelika MSA is composed afrban and suburban features within a
patchwork of natural areas. The populated core of the county is comprsgtbofs
singlefamily homes, condominiums, apartments, shopping centgpsyatingand
abandoned factories, and recreational a@atskirts of the MSA are both exurban and
rural landscapes and contain natural aragscultuil lands, fallow fields, clear cuts,
managed hunting areas, pastures, pine plantations, recreationasiagtasamily

homes, schoolsscattered small businessaad roadside markets.

Live Captures

Fieldwork was conducteduringJuly 2007July 2009 in Lee County, Alabama
(Fig. 2.2) during all biological seasons as defined by Holzman et al. (19@2ding (1
January 30 April), puprearing (1 May31 August), and dispersal (1 Septenil3dr
Decembex. To maximize trapping success and ensurevem samplacrosshe study
area, | place® motionsensing camera®y -5, Leaf River Outdoor Products,
Taylorsville, Mississippi) in areas of suspected activity throughout the cdurityg
JuneSeptembeR007. Cameas were placed at 10 sites, batiiversityand private lans
for O ights.| useddirt-hole setsn conjunction with a longange canid lurCar me n 0 s
Canine CallRuss Carmen, New Milford, Pennsylvania) and a roesaivore bait
(Cavenods Hi agMimanesbtaTrapled Aroeucts, Meck, Minnesota) to attract
coyotes to camera siteSites wherecoyotes were photographeglereusedfor traging.

| usednumber 3 Victor SofCatch foothold traps (Woodstream Corgtion
Lititz, Pennsylvanigmodified with crunckproof swivels (Minnesta Traplire Products,

Pennock, Minnosota) to capture coyoleset trapsiuring September 206Kay 2008
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and NovembebDecember 2008l rapping vasdiscontinued during pupearing (1 May

31 August) due to high temperatures and to minimize risk of cagtactating females

or pups.l placed traps in areas thaerepart of the camera study, as well as in areas with
reported activityTraps were set at forks in roads in fields and for@sggametrails, and

in other areasasily accessible by coyotdglid not set traps close to waterfariting

trees to reducaccidental capture of nearget species.

Cavents Hiawatha Valley (Minnesota Trap
and Kozy Kitten cat food (Promark International, Boise, Idaho) were alterastesits,
and Carmends Canine Call (Russ Ofcoyotesn, New
and urineof red foxegVulpes vulpe}were alternated as lurdsdeployed traps in mid
afternoon and checked them after sunrise and before sNieseargetcaptures were
releasedmmediatelyand traps wereemowedfrom the areal photographed and
describedeachcaptured coyoteCoyotes were pinned to the ground with a snare, pole
their muzzlesand legsvere bounawith electrical tapgand eacltoyotewas weghed
usinga hanging spring sde Sex approximateage(by tooth wea), and reproductive
stausweredeterminedMeasurements (cm) included total lendgmgth of bodylength
of right hind foot, and lengtbf ear All injuries were recorded/HF collars(160 g)with
mortality sensors (Advanced Telemetry Systems, Isanti, Minnesotapitacéed to
coyotesweighing(8.2 kg asdescribed byVhite and Garrot1990) | released coyotes at
the point of capture.

Capture and handling follod guidelinesof the American Society of

Mammalogists (Animal Care and Use Committee 198Bis research was approved by
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Auburn University Institutional Animal Care and Use Committee (protd@01-1244

and bythe Alabama Department of Conservation and Natural Reso(peesit 431).

Radidelemetry

After initial capture, | waite@ weeks before trackingp allow timefor coyoteso
adjust toradiocollars(White and Garrott 1990 oyotes werdocatedinitially by using
an Omni antenna fixed to a moving vehié®ce a signal wa®ceived | used a
portable handheld 3-element Yagi antenna (Wildlife Materials, Carbondale, Illinois)
and a R2000 Scientific Receiver (Advanced Telemetry Systems, Isanti, Minnesota) to
triangulate locationsSequential locationgere taken a minimum of 2 timeseekduring
breeding (1 Januairg0 April), puprearing (1 May31 August), and dispersal (1
Septembédr31 Decemberyeasonsl tracked coyotes duringt®ur intervals, randomly
across the 2four day. Each coyote was located@imes during a sessiofihree
bearings were takemithin C20 minutes and0.5 km apartas suggested bArjo and
Pletschef2004) with an intersecting angt20and<160° (Gese et al. 1988jor each
coyote O Dearings were taken; more were taken ifdigmal was weak. | waite@ 2
hours between locations to avoid temporal autocorrelafioata. | used a Garmin Ique
3600 with a Garmin GPS antenna kit (Garmin International, Inc., Olathe, Kansas), to
input bearings and GPS locations into the program LOEAI (Nams 2006) while in
the field.Error was measured by tegj radiccollars in a blind studfollowing
techniques o¥White and Garrot(1990).For each of the two testapproximatelyi00

locations were takerPrecision was 7.5° and was entered intcate 111 (Nams 2006) to
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estimate locations with maximutikelihood estimation. Locations with an er©rkm?

were not used in calculation$ size ofhome range.

Estimation of Size diome Range

| estimated overall (compositahd seasonal (breedimmp-rearing, dispersal)
size ofhome ranges (95% contours) and core areas (50% contours) with the adaptive
densitykernel method (ADK; Worton 1989) in the program Home Range Tools for
ArcGIS 9.3.1 (Rodgers et al. 2009he ADK method was chosen becausactturately
represented the fragmented home ranges of urban coyotes (Grinder and Krausman 2001,
Atwood et al. 2004)Bandwidth was estimated by leagjuares crosgalidation.l used a

linear modelto determineoverallseasonal variation in home rarsige.

Estimation ofActivity Patterrs

| gathered datan activityby using signahttenuation techniques during all hours
of the dayand during all seasorisllowing recommendations d¢fatterson et a(1999
andRiley et al.(2003).I held the antennaaionary and animals were recorded as active
or inactive depending on changes in attenuation overse8nd periodbllowing
Patterson et a(1999).To determine variation in diel activity, | divided data into
nocturnal (19320430houn), crepuscula(0431-0730and16311930hours), and diurnal
(0731:1630houn based oraverageyearlylength ofdayusing the technique described by
McClennen et ali2001).Percersige ofactivity was number of active signals divided by
total amount of active and inactigegynals for each individual.used a logistic regression

model to determine differences in activity patterns for all coyotes during all seasons and
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diel periodsAlthough the signaimodulation methothas been criticizefWhite and
Garrott 1990), other searchers consider it legitimate for determining times of activity

(Patterson et al. 1999, Riley et al. 2003, Way et al. 2004).

Urban-Rural Gradient

Urban gradients ardifficult to quantify; each place may haveariety of factors
affecting the gradig. Via Mcintyre et al. (2000), ¢reatel a working definition ofurban
onethat describethe AuburnOpeika MSA with the leastedundancys suggested by
Hahs and McDonne({R006).l used ArcMap (Version 9.3.1 nzironmental Systems
Research InstituigRedlands, California) with TIGER/Line edge and census block data
(U.S. Census Bureau 2007), and a digital map from the Alabama Gap Analysis Project
(AL-GAP; Silvanoet al. 2A0) to quantify the urban gradiessociatedables of
attributes for county cesus blocks (U.S. Census Bureau 2000) were joined to the eensus
block layer.Maps were projectesh North American Datum 83 (NAD 83). | reclassified
the AL-GAP digital mapto redue land-use types from 23 to Ifbllowing Riley et al.
(2003 andWay et al.(2004; Table 2.1). also reclassifie@dge files intdhreecategories
for roads as specified bgtwood et al.(2004; Table 2.2).

| estimated density gdopulatiors of humangn each home range by determining
average number ¢fumanstm?in each censuslock, then calculating amount of each
census block in individual home rangdgscoyotesl used the same technique to
determine typg ofroads in each home rangBecausg Lee County has grown markedly
in the past 10 years, anadgsrequirednore recentlata orland-cover than wreavailable

from AL-GAP. To correcthis problem I used the Geospatial Modeling Environment
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(GME) in ArcMap to generate 200 random>»380-m blocks (AL-GAP imagery pixel
size) in each home range and compared the#GWNP-land-cover classifications to 2006
digital-orthophotequarter quadrangles (DOQQ) produced by the Alabama State Water
Program. Using the same classification criteria as th&AP, | updated all points so the
land-cover classification was consistent with the DOQ®is method was less laborious
than reclassifying the entire study areasedground truthing to validatareas where the
classification had changed.

| calculated landuse associatiorsahe percentage of the gthsse®f landin
each home randellowing Riley et al.(2003; Appendix 2)Employingdata on use of
land | summed amounts of low, mediyand high urbanization in each homaga to
create amrbanizatiorvariable Atwood et al. 2004)Urbanizationvas measured by the
percenageof each hae range consisting of urbanized land (Riley et al. 2003).

| examinedrelationships between amountwbanizatiorandsize ofhome

range using linearegression model®llowing Gehrt et al(2009). | tested for non
linearities indata using polynomial regressidgrbanizationrmodels were generated
usingfive independent variablepercentagerban area in each home rapgeportion
of low-intensity roads in each home range fkmroportion of mediurintensity roads in
each homeange (km), proportion of highintensity roads in each home range fkrand
population density diumans ireach home range (Table 2.Bgcausehere were five
variablesof urbanization| usedprincipalcomponers analysis (PCA) in the statistical
package R (R Development Core Team, R Foundation for Statistical Compi&nga,

Austrig) to uncover potentidrends in the data.

22



| used inearregression models, in theasistical package R determine effects
of urbanizatioron seasonaize ofhome rangeDependent variables were seasonal size
of home rangeandindependent variables were percentage urban area in each home
range proportion of lowintensity roads in each home range tkmproportion of
mediumintensity roads in each home rar(gen’), proportion of highintensity roads in
each home range (Knand population density éfumans ireach home range

A mixed-effects logistic-regression modglme4 library in R R Development
Core Team, R Foundation for Statistical ComputMignrma, Austrig was used to
describe effects of diel period, season, arxhnizatioron activity patterns. | used
mixed-effectslogistic regression because data on activitg wmebinary form and each

coyote was considereh individual Active was coded asdnd inactive as 0.

Estimation oHabitat Selection

Fol | owi n @OOR)gpe lll gesign, | assessed availability of habitat and
habitat selection by coyotes along an urbamal gradient. To determine seletteabitat,
| used all locations for each coyofe determineavailable habitat, | used the GME to
obtain 200 randorsamping points in each home range. | usedpsfrom AL-GAP
(Silvanoet al. 2@.0) to determine classificatiord landand updated each piusing
2006 D pr@@Qaedby the Alabama State Water Program. Using the same
classification criteria as the AGAP, | updated all points so the landver classification
was casistent with the DOQQ.usedground truthing to validate my wneclassificaions.
For eaclpoint that wasisedor available, | used the GM#6 determinedistance to

nearestoad and distance twearesbody ofwaterfrom each pointDistance to road and
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distance tdody ofwater were used with the |larothassification variables toreate the
modelfor habitats occupied

To determine overall habitat selection, | used a logistic regression model to create
aResource Selection Function (RSF) based on andavailability following Manly et
al. (2002). To determine habitat selection along the gradieised a mixegkffects
logistic-regression model in R (Ime4; R Development Core Team, R Foundation for
Statistical ComputingVienna, Austriato create &SF.Individuals were used as a
random inércept to prevent correlation between coyotes. Based orsrestite RSF
model, | created a glob&gistic-regressiormodel for all coyotes using all variables
habitat(Table 2.1)as well as distansdo roads and water.generatedRSF models for
each coyotaeluringeach season, each diel period, and for the entire year.
| used coefficient estimates from individual logistic regressions to form simple-
regression models for each habitat along the urbeal gradientDue to the low sample

size | was not able to model seasonal or diel habitat selection along the gradient.

RESULTS

| captured and radiocollared 20 coyotes (3 males, 17 females).@bthel4 (2
males, 12 females) survived long enough to be includadatyses ohome range ah
activity. During May 2008- August 2009, | acquired 2,382 ktwmns onl4 collared
coyotes throughout Lee County, Alaba(@ppendces3 and 4) As of 8 May 2011, 9 of
the orginal 20 coyotes had diedf @e 9mortalities, 4 females and 1 male dispersed
prior to their death. Dispersal distances ranged from@®knf from the trap site.

Survivaland dispersal information is located in Appendix 5.
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Overall Size of Home Ranges

Meansize ofcomposite home rangerfall coyotes was 10.61 Kritn = 14;range
= 3.7218.82 knf). Meansizes ofseasonal home ranges were 9.15 km+ 13; range =
6.67-12.50 km?) during breeding, 9.41 Knfn = 13;range = 2.623.0 km? during pup
rearing, and 7.43 kf(n = 13;range = 0.8-23.0 km? during dispersal. detected no

differencedn seasonal sizes of home rar{d@able 2.4).

Urban-Rural Gradientand Composite ldmeRanges

Percentage of urbanization in individual home ranges2wso. Results of a
PCA, including allfive variables of urbanization (Table 2.5), revedleat the first
principal componentensity of thgopulationof humansexplained 99.9% of variation
amongvariablesof urbanizationIn the first regression modérlable 2.6)density of the
populationof humansdid not have aeffect onsize ofhome rangeH; 1= 3.31,P =
0.09); however, the coefficiesstimate indicatethat home ranges in the mgsipulated
areas wer@.9 knf (-1.5515.50km?) smaller than those in the legmipulated areas (Fig.
24). In the secondnodel, percentage of urbanizatithin a home range klaanegative
effect onsize ofhome rangeH; 1,= 8.8Q P = 0.01), with the mostirbanized home
range9.6 knf (2.60-16.70 knf) smaller than home ranges with the laasanization
(Fig. 25). In the fourthmodel, mediurintensity roads were andicator ofsize ofhome
range(F112=5.94,P = 0.03); home ranges with the most mediunmensity roads were
9.2 knf (1.1417.00km?) smaller than home ranges with the lowest density of medium
intensity roadgFig. 2.6) Proportions of lowand highintensity roads did not affect sizes

of home range along the gradient.
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SeasonalSize oHome RangeAlong the UrbarRural Gradient

During the breeding seasdmme rangedecreaseth sizeas urbaization
increasegdhoweverhome range size did not diffduring the pugrearing and dispersal
seasongbreedingF; 1:= 6.56 P = 0.03;puprearing F; 1,= 1.5Q P = 0.24;dispersal
F111=4.20 P=0.07;Table 2.7. During the breeding season, coyateareaswith the
most urbanization hatome ranges that webe52km? (0.80-10.30km?) smaller than
thosein areaswith the least urbanization (Fig. 2.&lthough the coefficient estimates
show that size of home rge decreases with increasing urbanization during the pup
rearing and dispersal seasons, the results of the regression were not sigrifisadt9

& 2.10).

Overall Activity Patterns

When all coyotes wergrouped together, 381 (53%)cationsin the breeding
season, 207 (39%) thedispersal seaspand 404 (47%in thepup-rearing season were
classified as active (Fig. 2L | classified 317 (65%) of crepuscular locations, 364 (36%)
of diurnal locationsand 390 (63%) of nocturnal locations as\ae{jFig 2.12). Coyotes
were leastctive during dispesd seasoifz =-2.8;P < 0.01) and mosactive during
breeding season (z = 2B< 0.01;Table 2.8) Coyotes were most active during
nocturnal hour¢z = 0.60;P < 0.01) and least active during diurnal hours (052;P <

0.0%; Table 2.9)
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Activity Patternsalongthe Urban-Rural Gradient
Coyotes along the gradiehad similar levels of activity during all biological

seasons and diel periods (Table 2.10).

Overall Habitat Selection

Overall, coyotesvoidedopen developed areas€-5.54 P < 0.01),low-
intensitydevelopmen{z =-4.07, P < 0.01), mediumintensitydevelopmen{z =-4.43 P
< 0.0)), high-intensitydevelopmen{z =-5.61;, P < 0.01) and mixedorests £ =-2.75;P

=0.0]). No aher habitat type was selected for or agajihable 2.11).

Habitat Selection along the UrbaRural Gradient

As the percentage of urbanization within a home ramgeased, coyotassed
habitats near water greaterhtheir availability within the home rang€i(;,= 15.10,P
=0.002; Table 2.12For each 10% increaseunbanizationthe odds ratio for effect of
distance to water increased by 0.64r the coyoteén the areavith the lowespercentage
of urbanizatia, the regression equation preéitthat for each km increase in distance
to water, a coyotevas 25% more likely t@electa habitat while the coyoia the area
with the highest percentage wfbanizationwas 68% less likely teelect a habitat @
0.56; Fig. 2.14

Coyotesn areaswith greater percentages of urbanizatiegrejust as likely as
coyotes with lessarercentagesf urbanization tselect folow-intensitydevelopment
(F18=0.01,P =0.90, mediumintensitydevelopmen{F; 3= 0.60,P = 0.48), and high

intensity developmer(fF; .= 0.31,P = 0.60, Table 2.12)However, a the percentage of
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urbanization within a home rangecreasedcoyotes selected agaimgierrdeveloped
lands(F1 12= 5.40,P = 0.04) such as parks and golf courses.

As the percentage of urbanization within a home ramgeasedcoyote selection
for hardwood habitats was greater than availability within a home r&ige=5.40,P =
0.04; Table 2.12)For each 10% increaseunbanizatiorwithin the home rangehé odds
ratio that a coyote auld selecthardwood versus successabareasncreased 1.4 times
For example, the coyote the areavith thelowest percentage ofrbanizatiorwas 24%
less likely toselecta hardwood habitat, while the coyatethe areavith the highest
percentage of urbanizatioves 238% more likely tselect hardwood habitat {R 0.34;

Fig. 2.19.

Overall, coyotesn areas with greater percentagesidfanization within their
home range were as likely esyotesin areas with lessgrercentage® select forpine
plantationgF1 11= 1.80,P = 0.20). Howevergoyotesn areas with greater percentages of
urbanization within their home range were more likely tbayotesn areas with lesser
percentage® select fomatural pine forest(F; 3= 10.40,P = 0.05; Table 2.12¥or each
10% increase in urbanization within the home range, the odds ratio that a coyote would
selectnatural pindorestversus successiahareaslecreased 0.5 timeSor example, the
coyotein the areavith the bwestpercentage afirbanizationwas 2.2% more likely to
selectnatural pine forest than successibareaswhile the coyoten the areavith the
greaestpercentage of urbanizatiovas 73% less likely teelectnatural pindorest than

successional areB?= 0.78; Fig. 2.22
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Coyotesn areaswith greater percentages of urbanizateerejust as likely as
coyotes with lessayercentagesf urbanization tselect forpasture and agricultural lands

(F1,11: 060,P = 050)

DISCUSSION
Home Ranges and Activity Patterns along the Gradient

Composite home ranges in Lee County, Alabama, were similar to those in rural
areas of soutkentral Georgia (10 kinHolzman et al. 1992), but smaller than those in
Florida (25 kni; Thornton et al. 204) and westentral South Carolina (30 Km
Schrecengost et al. 200@ompared to composite home ranges in other urban areas,
home ranges were similar to those in Tucgich6km?; Grinder and Krausman 2001)
and Chicagd8 kn; Gehrt 2007).

| foundthathome ranges in easentral Aldbama did not vary bgeasonOther
urbanstudiesthatestimated seasonal variationsize ofhome rangeetectecho
variationamongseasons (Grinder and Krausman 2001, Atwood et al. 2004, Gehrt et al.
2009).Becauseavailability of food, cover, and watdrasan influence omse ofspace,
coyotesn eastcentral Alabama may have their needs met-yeand The lack of
seasonal variability in home range size may also be danxaitability of space in the
study area. Iflte population density of coyotes is high, there may be a lack of available
habitat in the area, causing coyotes to maintain similar home ranges throughout the year.
Out of the 5 coyotes that dispersed during my study, 4 were trapped near the center of the

city. The male dispersed 64 kmwhile the 3 females dispersed-402 knf. This high
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urban dispersal rate may be another indication that population densities in the area are
high.

Although dispersal home ranges are usually largest, | was not able tormon
coyotes after they had dispersed. All home ranges in this study consist of resident
coyotes, whiclaffects the size of home rangesidpersal occigduringautumn a time
whennaturalfood sources, like persimmofBiospyros virginiang, are abundanthese,
along withanthropogenic foodsnayhaveallowedcoyotes to live in smaller areas. A
studyof food habits in western Alabama and central Mississippermired that coyotes
were dependent on persimmons and seasonal fruits dawringin(Wooding 1984). In
addition,becaus manyyearlingcoyotes disper® during this timethe population e&nsity
may have been greatdranusual causinghesizes of individual home ranges to decrease
(Andelt 1985). These smaller home rasigey havebeensufficient becaus females
wereno longer lactatingnd there were no pups to feed.

Resuls of the PCA suggested thagnsity ofpopulatiors of humansest
described variation in variablésr urbanizationhowever, he regression model
suggested thatizeof home rage did not varyith density ofpopulatiors of humans
(Fig. 24). Because data for densitymdpulatiors of humans were outdatéfifom the
2000 census) and becaubke population in Lee Counhadincreased 18.1% (U.S.
Census Bureau 2010)rémovel that variablel was able to update larmbver data by
using randomized points and ground truthing. This combination of factors led me to use
land-cover data as the urbaaral gradient. Othestudiesof urban coyotshave used
similar methods to definerbanizationRiley et al. 2003, Atwood et al. 2004); however,

variation in urbarzationgradients, in both definition and perspective, has brought about
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the need for researchers to define the gradient as a quantifeggidatable measurement.
The gradient created fony studywas a simple, regatablemeasurement thauantified
theurbanizatiorgradientwithout upto-date GIS data.

Although composite and breeding home range size decreasedavghsing
urbanizationthere was no difference in home range size during@apng and dispersal
seasons along the gradieResults froma study ofcoyotesalong a suburbarural
gradientin westcentral Indiana (Atwood et al. 200dls0 show that composite home
rangegdeceased aarbanizatiorwithin the home range increasdwwever, seasonal
results were not presentd®erhaps breeding season home ranges were smaller in urban
areas due to an increassmyotedensity. An increase in the coyote population would
allow coyote to maintain normal home ranges without having to travel far tafind
suitable mateln addition use ofanthropogenicesources during this seasoay play a
role. Breeding season is in the middle of winter, a time when coyote populations typically
expeience the highest mortality rat@4/indberg et al. 1985%ince coyotes living in
areas with greater amounts of urbanization are able to maintain smaller home ranges
during the most resourdemited time of the year, this may be an indicator of behavioral
change.

In Chicago, Gehrt et al. (20089portal that urban coyotes had smaller annual
home ranges thahosein rural lllinois (Gosselink et al. 2003), bdétectedan increase
in size ofhome range as urbanizatioctreasedThis differencemayhavebesndue to
geograpital locations of studies, contrasting levelsudbanizationin study areas,
guantification of the gradienand low sample sizek is possible that coyotes are able to

subsist efficiently irsmallurbanfragmentsuntil an upper limti of urbanizatioror
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fragmentation is reached, at which posize ofhome rangewill increase Coyotesalso
maybe using urban areassourcef food, but may be less likely toavedersin these
areasgausing their home ranges tolagger as theyravel across fragmented habitats
(Gehrt et al. 20095ince home range sizes along the gradient are similar during pup
rearing and dispersal seasons, it magiédication that the coyotatong the gradient
are living similarly.As the AuburrOpelika aea becomesiore populateavith both
humans and coyotethe same phenomenon eventuatigty be presenhere.
Activity patterns are difficult to compare among studiRassearchers study activiby
coyotesn a variety of ways, including successive locations, modulati@gnals and
activity sensors omadiocollars (McClennen et al. 200T)hese varying techniques, along
with inherent differenceamongpopulations, limit comparisons (McClennen et al. P00
However, in suburban and urban areas, activity patterns provide important intight
how much coyotes in the area have become habittmtadmans

Coyotes had the highest percentage of active locadionsg nocturnal hours in
breeding (70% of pats active) and pupearing (64% of points active) seasons and the
lowest percentage of activity in diurnal hours during dispersal (29% of points active) and
pup-rearing (32% of points actiy€ig. 2.11). Activity was lowest indiurnal hoursduring
dispersal andgreatestn diurnal hourduring breeding seasofthis variation may be due
to weatherBreeding seasooccurs duringhe coldest season of the year and coyotes may
be more energetically capable of handling aeeatheratherthan tot weather Laurdré
and Keller (1984) suggested that coyotesameparts of the courny may be nocturnal
due toheatin daylight hoursandstress associatedth thermoregulation and

osmoregulationhowever Shargo (1988believel that disturbancby humansnay be a
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more important factor influencing activity. Shargo (1988)ortel that two coyotes in
Los Angeles, one of which demonstrated no fear tosvaudhans, foraged primarily
during diurnal hoursAll other coyotes in his studyere most active at niglhand they
demonstrated fear and avoidance toward huntémslsodetectel no seasonal variation
in activity. If this was caused by physiological reasons alone, there should have been
some seasonal change in activiymilarly, a study by Kitchen et al. (2000) sugtgsl
that coyotes subjected to persecutigrhumansvere more active at night and less active
during diurnal timesWhen persecution ended, 8 years later, coyotes increased diurnal
activity (Kitchen et al. 2000).

Along theurbanrural gradientin Lee Caunty, Alabamathere were no differences
in coyote activity Coyotes werenostly nocturnain other urban areqTigas et al. 2002,
Riley et al. 2003, Atwood et al. @8, Morey 2004, Way et al. 2004ut they werenore
active inrural areas duringidrnal hours(Andelt 1985, Patterson et al. 1999, Kitchen et
al. 2000).Nocturnal activity is beneficial to urban coyotes, as they are able to avoid
people and cross roads at times whehiculartraffic is least (Gehrt 2007)Coyotes were
least active during drnal hoursThis mayhavebesndue to an increase wrehicular
traffic atthese times; however,atso mayhavebeendue to availability of preyTo
increase foraging efficiency, activity patterns likahgdependent on activity patterns of
prey (Laundé and Keller 1984, Morton 1988, Shargo 1988, Patterson et al. 1999,
McClennen et al. 2001).

The only difference | found isize of home rangalong the gradient was during
breeding seasgmctivity patterns were similar along the gradiguating all seasns and

diel periodsAlthough activity patterns along the gradient are not what | predicted, they
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showedthat coyotes with more urbanizatiaithin their home rangesre behaving
similarly to their rural counterparts. The highest activity levels occur during nocturnal
hours, which maglemonstrat¢éhat coyotes in this area are avoiding human activity. At
this point, results do not indicate thaban coyotes in Lee Coty, Alabama have
changed their behavido cope with increasing urbanizatiderhgs this is the outcome
of a small sample size, or maybe the are®tyet urbanized enough to necessitate a
behavioral change.

Further studiesvith larger samples over longer periods in other areas of the
Southeastre neededBaker and Timm (1998) poied out that coyotes are most
habituated in areas where they have been for several genertiti®igypothesized that
young coyotes learn new leviors from parents and pass these behaviors to hupse,
we need to continue to moaitthese areas to determuateof habituaton. Studies
investigatingthe effecturbanizatiorhas on activity of prey and the impaortz of
persimmons in the dietreimportantas well The urbanizatiorgradientshould be

standardizedo thatuse of habitat by coyotesn becompared amongreas.

Habitats Occupiedalong the Gradient

Data from he AL-GAP was from 200@nd since that time, the population
humangan Lee County has increased from 115,124 to 135,883 in 2008 (U.S. Census
Bureau 2010). Along with growtim population, the landover also has changed
dramatically Fortunately, | was able to update datdand-cover by groundruthing a
sampleof randomized points. Otheesearcherbave used similar methods to define

urbanization (Atwood et al. 2004; Riley et al. 2003); however, variation in urban
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gradients, in both definition and perspective, has brought about the need to define the
gradientas a quantifiable, repeatable measurement. The gradient created for this study
was a simple, replicable measurement the&intified theindex ofurbanizatiorin absence
of current data.

Coyotesin areaswith greaterpercentages afrbanizatiorselecedfor habitats
nearwaterand for hardwood forestBecause network of storm drains carries rainwater
in cities awaythe increase iarea ofimpervious surface decreases the volume of
standing water in dgsand may be causing coyotesurban areat se& other sources
of water.In addition many of the streams running through Lee County are located in
hardwood riparian areas. It is possible that coyotes in town are selecting for bottomland
hardwood forests and, as a result, are closer to sources of water. In rural acedls of
centralGeorgia, coyotes selected for bottomland hardwoods during daytime hours, most
likely due to increased cover in these areas (Holzman et al. T9#2congost et al.
(2009)reportal that coyotes in South Carolina selected areas with early successional
vegetdéion over hardwoodgheybelieved thathis was associated with use of softass
species (Schrecengost et al. 2008). Foraging for fruits may require less energy than
searching for prng(MacArthur and Pianka 1966%ince urban coyotes in eastntral
Alabama were consuming more vegetation than rural coy{@astana 2010perhaps
coyotes living witln Lee County are using successional areas at.night

As urbanization within a home range increased, coyotes were more likely to avoid
open developed habitatll coyotes avoidedreasof low-, medium, and highintensity
developmentAlthough | expectedoyotediving in areaswith greaterpercentages of

urbanizatiorto haveselected for these aredtsis reasonabléat they wouldalso avoid
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these areadn larger cities, other researcheeporteal that coyoteselectednostly

natural patches of land within the city (Quinn 19%9igas et al2002; Riley et al. 2003)

and that coyoteselectlessdeveloped sections of large metotitanareas (Rileyet al.

2003; Randa and Yunge&t006).Since Lee County is not a major metotitan area,

coyotes may have sufficiefdrested habitat on the outskirts of developed aeaset

their daily needs and s&ustain their populations. Coyote populations should continue to
be monitored as behavioral changesy occurasboth human and coyopopulations
increase.

Pine forests and plantations are important habitats to investigate bextalaby
pines Pinustaedg are themost commorspecief treein the southern United States
(Schultz 1997). Other studies in the Southeast Haterminedhat coyotes in rural areas
select pine habitats (Holzman et al. 198Bamberlain and LeopoRD0O, Schrecengost
et al.2009). h my studycoyotesin areas with a greater percentage of urbanization
avoided naturalpine habitats, wie those in areas with a lower percentagkecedfor
them. In rural areas, pine habitats most likely help coyotes meéidifery requirerants
(Chamberlain and LeopoRD00) and are probablynportant to coyotes living in
managed forests. Pine habitats also may provide importaningesites (Chamberlain et
al 2000). In urban areas, few pine habitats exist, and those that do exist agdlon sm
patches of land. It may not be energetically economical ¢oyatein anurban

environmento selectthese areas because of their small size and limited availatsility

prey.
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MANAGEMENT IMPLICATIONS

After assessintheresults oimy study, Ibelievethat a local effort to educate
citizens on the biology of coyateas well as to cultivate awareness of this urban resident,
may be the most effective plan of action for Lee County, Alabama. Atlwe
population in Lee Countincreass, citizers mustearnto take appropriate actions to
correct behavioof coyotes before feeding patterns are established or they become
habituated. Proper disposal of garbage, keeping pes foddors, and using scare
devices and lmng techniques should help peat coyote habituatiorCitizens should be
watchful around sourcex water(streams, lakes), as coyotes living within the urban
matrix are more likely to be near water. If a coyote becomes a problem in an urban area,
the problem individual should hemowed Trapped coyotes should not be relocated.
Relocation enables potential transmissdbdiseaseand usually is unsuccessful among
canids Mostrelocated coyotes are killed after release, by cars or huntats trying to

get back to their original moe range (Gehrt 2006).
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Table 2.1 Classificationsof habitats inLee County, Alabama.

Class Description

Water Open water, fresh

Primarily vegetation in the form of lawns;

Developed openpace impervious surfaces account 0% of total cover

Singlefamily housing units, parks, golf courses, a
Low- intensity c&evelopment  planted vegetation; impervious surfaces account
20-49% of total cover

Primarily singlefamily housing units; impervious

Medium intensity cevelopment surfaces account for 509% of the total cover

Apartment complexes, row houses and commerc
High- intensity development industrial areas; impervious surfaces account fer
100% of the total cover

Pine brest Longleaf pine woodlands

Mesic hardwood, dry oalkmall stream, floodplain

Hardwood brest >
and riparian forests

Longleaf, loblolly and shortleaf pine woodlands

Mixed forest intermixed with hardwoods

Successional Clear cuts, utility swaths, scrub, and herbaceot
Agriculture Pasture, hay, and row crops
Pine pantations Managed evergregulantations
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Table 2.2 Classifications ofoadsin Lee County, Alabama

Classification Description
High-intensity Primary roads, airport runways, highway ramps, parking lo
Mediumintensity Secondary roads

Neighborhoodstrees, ruralroads, vehicular trails, private

Low-intensity roads
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Table 2.3Variables used iprincipatcomponents analysand regression models to

determine theirbanrural gradienfor 14 coyotes in Lee County, Alabam20072009.

Variable

Description

Urbanization
High-intensity pads
Mediuntintensity pads

Low-intensity pads
Population density

Percentage afrban area in each home range
Proportion of higktraffic roads in each home range &m
Proportion of mediuntraffic roads in each home range @m

Proportion oflow-traffic roads in each home range @m
Population density of each home range
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Table 2.4Linear modeldetermining seasonal differences in home rangeferzi4

coyotes Canis latrang in Lee County, Alabam&0072009.

Coefficient Standard
Seasoh

; P-value
estimate  error

Dispersal  -0.11 0.22 0.64

Breeding 1.2 0.61 0.09

%Y variable is pugrearing season
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Table 2.5Relativecontributions of variables to principabmponentgnalysis used to

determiningheurbanrural gradient fol4 coyotegCanis latrang in Lee County,

Alabama, 20072009

Low- Percentage
. . Percentage
intensity of
L of .
roads, urbanization . Density of
. X urbanization .
Density of medium low- population
Component . . : . . low-
L population intensity intensity . . of humans
statistics intensity
of humans  roads, roads . percentage
: : roads high- S
high- medium . > urbanization
: . , : intensity
intensity intensity
roads
roads roads
Standard deviation 198.00 0.45 0.41 0.09 0.02
Proportion of 1.00 0.00 0.00 0.00 0.00
variance
Cumulative 1.00 1.00 1.00 1.00 1.00
proportion
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Table 2.6 Importance of regression variables in determirtivggurbarrural gradient for

14 coyoteg(Canis latran$ in Lee County, Alabama, 20€2009.

Equatiort Variablé Coeffluent Standard P.yalue Adjugted
estimate error R

1 Populationkm? -0.01 0.01 0.09 0.15

2 Percentage -22.39 7.55 0.01 0.38
urbarization

3 Proportion oflow- -2.28 2.02 0.29 0.36
intensityroads
Proportion of

3 medium intensity -6.12 2.40 0.03 0.36

roads
3 Proportion ofhigh- 0.28 11.50 0.98 0.36

intensityroads

®Number of the urbanural gradient equation
®Variables used in the equation
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Table 2.7 Linear regressiodeterminingseasonal differences in size of home range along

the urbarmrural gradient for 14oyotegCanis latrang in Lee County, Alabama, 2007

20009.
Coefficient Standard P- Adjusted
Seasoh , >
estimate error value R
Breeding -12.84 5.02 0.03 0.32
Puprearing -18.37 14.78 0.24 0.04
Dispersal -39.45 19.29 0.07 0.21

®Breeding (1 Januaig0 April), puprearing (1 May31 August), and dispersal (1
Septembér31 December).
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Table 2.8 Seasonaldgisticregressioractivity model for 14 coyote@anis latran$ in

Lee County, Alabama, 20€2009.

Seasofi  Coefficient estimate Standard errol P-value
Breeding 0.26 0.10 0.01
Dispersal -0.32 0.11 <0.01

®Reference is pupearing season

PA positive estimate means coyotes in areas with more urbanization are more likely to be
active during a specific season than coyotes in areas with less urbanization, and a
negative estimate means that coyotes in areas with more urbanization are lets tikely
active during a specific season than are coyotes in areas with less urbanization.
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Table 2.9 Temporallogistic-regressioractivity model for 14 coyoteJanis latrang in

Lee County, Alabama, 20€2009.

Timée® Coefficient estimafe Standard error  P-value
Crepuscular -0.59 0.12 <0.01
Diurnal -1.11 0.11 <0.01

#Reference isocturnal hours

PA positive estimate means coyotes in areas with more urbanization are more likely to be
active during a specific time than coyotes in areas with less urbanization, and a negative
estimate means that coyotes in areas with more urbanization are less libeydive

during a specific time than are coyotes in areas with less urbanization
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Table 2.10Log odds of activity during all times and seasonslfbcoyote§Canis

latrans) in Lee County, Alabama, 2062009.

Seasoh  Diel period Odds ratio Standard ~ P- 95% CI°
error value
Diurnal 0.50 1.01 0.5 (0.07, 3.6
Breeding Crepuscular 0.27 1.90 0.5 (0.0, 11.4)
Nocturnal 0.62 1.39 0.7 (0.04 9.9
Diurnal 0.47 1.33 0.6 (0.04 6.3H
PUP  Crepuscular 0.21 169 04 (001, 5.8
rearing
Nocturnal 2.17 1.49 0.6 (0.12 40.03
Diurnal 0.00 1.69 0 (0.0, 0.12
Dispersal Crepuscular 0.90 1.51 0.9 (0.05 17.2
Nocturnal 1.36 1.46 0.8 (0.08 23.7

@Breeding (1 Januarg0 April), puprearing (1 May31 August), and dispersal (1
Septembédr31 December).

®Diurnal (073:1630h), crepuscular (0430730h, 163:1930h) and nocturnal (1931
0430h).

©95% Confidence interval on the odds ratio
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Table 2.111 ogisticregressiorhabitat model for 14 coyote€#énis latrang in Lee

County, Alabama, 20620009.

Habitat® Coefficient estimat® Standard errol P-value
Distance to roads 0.15 0.15 0.30
Distance to water 0.05 0.04 0.24
Hardwood forest -0.07 0.15 0.62

High-intensity development -1.20 0.21 <0.01
Low-intensity development -0.81 0.20 <0.01
Mediumintensitydevelopment -0.98 0.22 <0.01
Mixed forest -0.23 0.10 0.01
Natural pine forest -0.15 0.14 0.29
Opendeveloped area -0.86 0.16 <0.01
Pasture 0.08 0.11 0.45
Pine plantation -0.09 0.12 0.44

4 Reference is successional land

® A positive estimate means coyotes in areas with more urbanization are more likely to
select a specific habitat than coyotes in areas with less urbanization, and a negative
estimate means that coyotes in areas with more urbanization are less likelgtta sele
specific habitat than are coyotes in areas with less urbanization.
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Table 2.12Mixed-regressiorhabitat model for 14 coyote€énis latran$ along an

urbanrural gradient in Lee County, Alabama, 262009.

Habitat® Coefficient estimat® Standarcerror P-value
Distance to roads -1.18 4.18 0.78
Distance to water -3.22 0.83 0.01
Hardwood forest 3.49 1.50 0.04

High-intensity development 3.55 6.37 0.63
Low-intensity development -0.27 2.24 0.91
Mediumrintensity developmen -0.62 0.77 0.48
Mixed forest -2.66 1.38 0.08

Natural pine forest -6.66 2.07 0.05
Opendeveloped area -3.12 1.35 0.04
Pasture -1.35 1.77 0.46

Pine plantation -2.40 1.78 0.20

4 Reference is successional land

PA positive estimate means coyotes in areas with more urbanization are more likely to
select a specific habitat than coyoiresreaswith less urbanization, and a negative
estimate means that coyotes in areas with more urbanization are less likely ta select
specific habitat than are coyotesareaswith less urbanization.
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Figure 2.1 Theorizedhistoricalpattern of dispersalf coyotes (Canis latran$ outward

from their original geographical range) wesern, 2) northeasternand3) southeastern

(Dennis 2010adapted from Parker 1995).
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Figure 2.2Location of Lee County withidlabamaandurban and rural areas as defined

by theU.S. Census Bureg2000.
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Figure 2.31soplethsof home range (95% adaptivedensitykernelmethod, spatially referenced, fdr4 coyotesCanis

latrans) in Lee County, Alabamaluring 20072009. Dashed lines differentiad@erlappinghome ranges.
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Figure 2.4 Gradient of urbanizatiogenerated from regressing densifypopulationof
humanson compositeize ofhome range (95%daptivedensitykernelmethod of 14

coyotes Canis latran3 in Lee County, Alabama, 2@2009.

20

° R*=0.30

-
(6]
1

=

10 -

Size of home range (k™)

Natural log of the density of humans (km?)

63



Figure 2.5Gradient of urbanizatiogenerated from regressisge ofhome range (95%
adaptivedensitykernelmethod of 14 coyotegCanis latran$ on percerdage of

urbanization in Lee County, Alabama, 208009.
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Figure 2.6 Gradient of urbanizatiogenerated from regressing compositee ofhome
range (95%adaptivedensitykernelmethod of 14 coyotesCanis latran$ on proportion

of mediumintensity roads itee County, Alabama, 20€2009.
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Figure 2.7 Gradient of urbanizatiogenerated from regressing compositee ofhome
range (95%adaptivedensitykernelmethod of 14 coyotesCanis latran$ on proportion

of low-intensity roads il.ee County, Alabama, 2062009.
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Figure 2.8 Gradient of urbanizatiogenerated from regressisge ofhome range (95%
adaptivedensitykernelmethod of 14 coyotes@anis latran$ duringbreeding(1

January30 April) on percerdageof urbanization in Lee County, Alabama, 262009.
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Figure 2.9 Gradient of urbanizatiogenerated from regressisge ofhome range (95%
adaptivedensitykernel)of 12 coyotes Canis latran$ duringpup-rearing(1 May-31

August)on percerdage ofurbanization in Lee County, Alabama, 268009.
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Figure 2.10Gradient of urbanizatiogenerated from regressisge ofhome range size
(95%-adaptivedensitykernelmethod of 13 coyotes Canis latran$ duringdispersall

SeptembeB1 Decemberdn percerdge ofurbanization in Lee County, Alabama, 20607

2009.
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Figure 2.11Percentage of active locations figtcoyotegCanis latrang in Lee County,
Alabama,during breedig (1 JanuarB0 April), dispersal (1 Septembai December),

and puprearing (1 May31August) season20072009.
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Figure 2.12Percentage of active locations figt coyotegCanis latrang in Lee County,

Alabama,duringthe 24hour day 20072009.
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Figure 2.13Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for distanogatts(km) onpercenage of

urbanizatiorfor 13 coyotegCanis latrans)n Lee County, Alabama, 20€2Z009.
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Figure 2.14Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for distance to water (kpeycenage of

urbanizatiorfor 14 coyotes(Canis latrans)n Lee County, Alabama, 20€2Z009.
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Figure2.15 Selection of habitat along a gradient of urbanization generated from

regressing resource selection coefficients for open developed gpeacenage of

urbanzationfor 3 coyotegCanis latrans)n Lee County, Alabama, 2007

2009.

Coefficient estimate

05

0.4

03

0.2

0.1

0.0

R?=0.31

0.00

0.05 0.10 0.15 0.20 0.25

Percentage of urbanization

74

0.30

0.35



Figure 2.16Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for-lotgnsity development opercenageof

urbanizatiorfor 10 coyotegCanis latrans)n Lee County, Alabama, 20€2Z009.
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Figure 2.17 Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for medntensity development on
percenage ofurbanizatiorfor 5 coyotegCanis latransjn Lee County, Alabama, 2007

2009.
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Figure 2.18Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for fngénsity development gpercenage

of urbanizatiorfor 4 coyotegCanis latrans)n Lee County, Alabama, 20e2009.
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Figure 2.19Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for hardwood foregtsroenage of

urbanizatiorfor 12 coyotegCanis latrans)jn Lee County, Alabama, 20€2Z009.
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Figure 2.20. Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for mixed foregpemenage ofurbanization

for 14 coyotegCanis latrans)n Lee County, Alabama, 20€2009.
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Figure2.21 Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for pine plantatiopsreenage of
urbanizatiorfor 13 coyotegCanis latrans)n Lee County, Alabama, 2007

2009.
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Figure2.22 Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for natural pine foreperoenage of

urbanizatiorfor 5 coyoteg(Canis latrans)n Lee County, Alabama, 202009
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Figure 2.23Selection of habitat along a gradient of urbanization generated from
regressing resource selection coefficients for agricultural laqeeenage of

urbanizatiorfor 13 coyotegCanis latrans)n Lee County, Alabama, 20€2009.
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Appendix 1.Common speciesf treesin Lee County, Alabama.

Scientific mme

Common mame

Acer rubrum

Carya comentosa
Carya ovalis
Caryaovate

Carya texana
Diospyros virginiana
Fagus grandifolia
Liguidambar styraciflua
Liriodendron tulipifera
Magnolia grandiflora
Nyssa sylvatica

Pinus echinata

Pinus elliotii

Pinus palustris

Pinus taeda

Platanus occidentalis
Prunus serotina
Quercus alba
Quercudalcate

Quercus marilandica Miinchh

Quercus nigra
Sassafras albidum

Red maple
Mockernut hickory
Red hickory
Shagbark hickory
Black hickory
Persimmon
American beech
Sweetgum

Tulip poplar
Southernmagnolia
Black gum

Short leaf pine
Slash pine

Long leaf pine
Loblolly pine
Sycamore
Cherry

White oak
Southern red oak
Black jack oak
Water oak
Sasifras
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Appendix 2. Percentage of habitats in home ranges of coy@asis latran3 in Lee County, Alabama, 206Z009.

Medium-

. Devel Low-intensity . . High-intensit . . Pine Mixed Hardwood Pine
Animal - Water oser? :ppsge dgvelopmen)t/ Q«;\e/g%tgment deg\J/eIopmenty Succession Agriculture plantation forest forest forest
324-1-1 0 9 2.5 7.5 9.5 11 10.5 13.5 23 13.5 0
2052-1 15 25 11 13.5 20.5 2 2.5 6.5 12.5 5 0
22311 15 16.5 5 7.5 9.5 2 7 0.01 0 10.5 40.5
2051-1 0.5 8 15 6 3 18 55 18 34 55 0
164-1-1 0 4.5 1.5 4.5 0 8 1.5 26.5 44.5 9 0
2851-1 0.5 31 10 8 15 2 3.5 10.5 13 6.5 0
364-1-1 0 6 4.5 0.5 0 13.5 7 25.5 29 13 1
087-1-1 2 5 1 0.5 2.5 10 34.5 18.5 19.5 6.5 0
4041-1 15 3.5 1.5 0.5 0 4.5 41 0.5 0 12 35
18311 0.5 8.5 2 55 3.5 6.5 37.5 13 12.5 10.5 0
1451-1 0 11.5 2.5 1.5 0 15.5 9 9 10 17 24
105-2-2 0 13 1 1 0 11.5 8.5 12.5 9 15.5 28
0231-2 1 4 1 1 0 9.5 10.5 24 39 10 0
3461-1 1 9 4 0.5 0 7.5 20 55 6 4.5 42




Appendix 3.Data for cgtures and measuremesifor 21 coyoteg(Canis latrang in Lee

County, Alabama, 2062008.

Weiaht Length Length Length of Length
Animal Sex Datecaptured (K g) of body oftail righthind of ear
9 (cm) (cm)  foot(cm) (cm)
0231-2 M 25 April 2008 12 132 42 21 11
17 November
0461-1 F 2008 10 113 35 17 11
18 January
0661-1 F 2008 11 116 33 18 10
12 November
087-1-1 F 2007 10 121 41 19 9
1051-2 M 11 April 2008 16 134 38 20 13
6 November
12411 F 2008 12 118 37 19 11
14511 F 10 April 2008 15 135 41 19 11
1641-1 F 15 March2008 13 115 32 19 10
18311 F 4 April 2008 14 133 39 18 10
2051-1 F 16 March2008 10 135 35 22 10
18 November
2052-1 F 2008 12 128 37 17 10
18 November
2052-1 F 2008 12 128 37 17 10
2231-1 F 27 March2008 14 130 41 19 10
21 December
2451-1 F 2007 12 132 38 19 11
30 January
2641-2 M 2008 9 122 40 19 12
21 January
2851-1 F 2008 11 116 33 18 10
January 16
3241-1 F 2008 14 131 44 19 13
3461-1 F 12 March2008 14 127 33 18 12
3641-1 F 11 April 2008 14 130 41 19 10
12 November
3831-1 F 2007 12 130 43 20 10
4041-1 F 11 March2008 15 124 40 20 10
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Appendix 4.Monitoring information and seasorsre ofhome rangesalculated using
the 95%adaptivedensitykernelmethodand seasonalize ofcore areasletermined by
the50%adaptivedensitykernel methodor 14 coyotes Canis latran$ in Lee County,

Alabama, 20072009.

_ Monitoring Size of Size of
Animal Seasoh Sex . homerange corearea
period (krm?) (kim?)
0231-2  Breeding M ° '\3'3?;22%%22 12.46 1.98
Puprearing 9.77 0.74
Dispersal 23.08 5.56
0871-1  Breeding F 1;32%?;";22%)?5 12.05 1.35
Puprearing 8.54 1.37
Dispersal 5.81 0.94
10522  Breeding M ' '\f']fj‘?’yzzo(gg”’ 9.66 0.76
Puprearing 8.12 0.91
Dispersal 14.16 3.11
14511  Breeding F ' hgs?;lzztzggzs 9.50 0.85
Puprearing 11.33 1.11
Dispersal 18.06 3.01
. 24 April 2008
1641-1 Breeding F 3 JI?JIy 209 8.38 1.26
Puprearing 4.54 0.69
Dispersal 7.11 0.81
1831-1 Breeding F 6 l\‘/JIal);ZZ%gJSZZ 12.50 1.70
Puprearing 11.15 2.28
Dispersal 5.45 0.93
23 April 2008
2051-1 Breeding F 19 September N/A N/A
2009
Puprearing 8.47 0.88
Dispersal 4.64 0.87
1 December
2052-1 Breeding F 20085 March 4.40 0.61
2009
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2231-1

2851-1

324-1-1

346-1-1

364-1-1

404-1-1

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

Breeding

Puprearing
Dispersal

23 April 2008
July 22 2@9

6 May 200814
January 209

7 May 200824
June 209

23 April 2008
22 July 209

7 May 2008
23July 2@9

23 April 2008
22 May 2@9

N/A
N/A

4.67

5.65
1.05

10.49

7.81
1.88

4.69

2.58
0.48

10.80

22.98
1.80

10.12

13.25
9.86

9.22

7.22
0.64

N/A
N/A

0.51

0.73
0.16

231

1.18
0.37

0.85

0.23
0.08

1.16

3.21
0.14

2.17

3.12
1.56

1.53

0.74
0.09

4 Breeding (1 Januaf$0 April), pup-rearing (1 May31 August)dispersal

(1 SeptembeBl1 December).
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Appendix 5.Dispersal and mortality data for 2byotes Canis latran$ captured in Lee

County, Alabama, 2062008

Date of Distance
Animal Sex Trap date last Status  Dispersed? from trap
location site (km)
. 1
02312 M 252'8‘85” September  live
2009
17 20
04611 F November November dead Yes 402
2008 2008
18 January 22
06611 F September dead Yes 145
2008
2008
12 1
087-1-1 F November September live
2007 2009
. 1
1051-2 M 112'8‘&;” September  live
2009
6 November 29
1241-1 F 2008 December unknown
2008
. 1
14511 F 1%&;" September  live
2009
1
1641-1 F 152%/Igé0h September  live
2009
. 1
1831-1 F 42/gggl September  live
2009
16 March 19
2051-1 F 2008 September  dead No 0.8
2008
18 5 March
2052-1 F November 2009 dead Yes 241
2008
18 1
22311 F November September live
2008 2009
24511 F 272'(\)"38r0h Zzvopg” dead Yes 40
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264-1-2

2851-1

324-1-1

346-1-1

364-1-1

3831-1

404-1-1

21
December
2007

30 January
2008

21 January
2008

January 16
2008

12 March
2008

11 April
2008

12
November
2007

10
December
2010

14
January
2009
29
December
2008
1
Septembet
2009
1
Septembet
2009
23
November
2007

24 April
2009

dead Yes
unknown

dead No

live

live

dead No

dead No

64

0.8

0.8

0.8
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