Impacts of Rural Development on Puma Ecology
in California’s Sierra Nevada

By

ANNE M. ORLANDO
B.S. University of Montana 1996

DISSERTATION
Submitted in partial satisfaction of the requiretsdor the degree of
DOCTOR OF PHILOSOPHY
in
Ecology
in the
OFFICE OF GRADUATE STUDIES

of the

UNIVERSITY OF CALIFORNIA

DAVIS

Approved:

Committee in Charge
2008






To Reba, Ellie, Missy, Cleo, Pearl and Cotton,

your incredible effort and unflagging enthusiasns\aaconstant inspiration.

and

To the pumas,

knowing you was a rare and wonderful opportunity.



Table of contents

Table Of CONTENTS ... e e et e e e e e e \Y
LISt Of TADIES ... Vi
LISt OF fIQUIES .ot e e e e e e e e e e e e e e e e e viii
Y 013 1= od ST PP PRPPR PP iX
ACKNOWIEAGEMENES ... s n e e nrnrnene Xi
T 0o (8o (o] o IR PP PPPR SRR Xiii
LItErature CIIEO ......ueeiiiieiee ittt e e e e e e e e e eeeeae s XV
Chapter 1: Assessing puma depredation risk faato€alifornia’s Sierra Nevada........... 1
y Y 0L - T PP PUUTPPPPPPUPPPPPPIN 2
T geTe [UTox1To] o TR PP TP 3
Y LU0 Y= L= VRPN 5
MEENOAS. . ...t e bbb ennnnne s 7
RESUIES ...ttt ettt ettt ettt e et ettt s e e e e e e e aeaaaaaaaaaaaaaaaeaas 11
DISCUSSION ...ttt ettt ettt ettt ettt ettt ettt et ettt e et s eeeeeeaaaaaaaaaaaaaaaaaes 15
Management IMPHCALIONS. ..........coiiiiiiiiiiieeee e, 17
ACKNOWIEAGMENTS. ... anannnes 18
LItErature CIIEO ......ueeiiieii ettt e e e e e e e e e e e e eeas 19
Tables anNd FIQUIES .......oviiiiiiiiiiiiiiiit ettt e e e re e s e e e e e aeeeee s 22
Chapter 2: Effects of rural development on pumathBbse................ccccevvvveiinnnnnen. 0.3
Y 0] 1 = To! oo P PSPPI TPPPPPPPPPPPRPN 31
1o o (8o (o] o P PP PPPP R TPTPPP 32



Y11 o0 K F OO P PP PP SPPPPPPPPRPPPP 35
RESUILS ...ttt ettt e e e et e e e e 43
DISCUSSION ...ttt erme e et e e e e e e et ettt et et e e e et n e e e e e e e e e e e e nnne 49
Management iMpPlICAtIONS ...........cvviiiiiiiiiiieeee e 54

ACKNOWIEAGEMENTS ... e enene 54

LILErature Cited ..........uuieiiiiie e iirreeei e e e e e e e s 55
I Lo (=2 SRr= T Lo I T T L= PPPPPPP 58

Chapter 3: Does rural development fragment pumadi&D.................ccccvevveviiininnnnnnnns 65

Y 0L - T PP PPTTPPUPPPPPPPP 66
T geTo [UTox1 o] o TR PP 67
SHUAY BIBA....eiiiiiiiiiiiiee ettt e e e e e e e e nnne 68
MEENOAS. ...t e e anennne 70
RESUIES ...ttt ettt ettt ettt e et ettt s e e e e e e e aeaaaaaaaaaaaaaaaeaas 79
DISCUSSION ...ttt ettt ettt ettt ettt ettt ettt et ettt e et s eeeeeeaaaaaaaaaaaaaaaaaes 86
Management IMPHCALIONS...........ooiiiiiiiiiiee e 92

ACKNOWIEAGEMENTS ... e 93

LItErature Citea ..........uuieiiiiie e e i reeeee et e e e e e e e e e as 94
I Lo (=2 SRr= T Lo I T T T =S PPPPPPPP 98



List of tables

Table 1-1. Number of properties sampled with anithevit puma depredation by parcel
size class irCalifornia’s Western Sierra Nevada, 2000-2005.

Table 1-2 Features evaluated and methods used to assessippneaation risk for
properties with and without puma depredations ihf@aia’s Western Sierra Nevada, 2000-
2005.

Table 1-3. Central tendency values and mean cosgreifor features of properties with
and without puma depredations in California’s Westierra Nevada, 2000-2005. Mean
values shown with 95% confidence limits.

Table 1-4. Comparison of geographic, domestic ahiamal animal management features
for properties with and without puma depredation€alifornia’s Western Sierra
Nevada, 2000-2005.

Table 2-1. GPS collar and puma home range parasietecollared pumas in
California’s Western Sierra Nevada, 2002-2006. PiUn& = sub-adult, A = adult, J =
juvenile; M = male, F = female. Collar type: TA ®ldnics Argos, TP = Televilt PosRec.

Table 2-2. Comparison of number of days and mootlygar GPS collars were worn
between puma groups in California’s Western Silegada, 2002-2006. No. of days
comparison: two-sample independent Student’s tHtestlifferences at = 0.05. Months
of year comparison: grouped into wet and dry seaBearson’s chi-square test, no
differences att = 0.05.

Table 2-3. Home range area and shape comparisposlfared pumas in California’s
Western Sierra Nevada, 2002-2006, by developmerd,z=®Xx, and age. Home ranges use
95% kernel density estimator method, represerttiit®ymonths of puma locations.

Table 2-4. Comparisons of mean movement paramatees at 6-hour location intervals,
for GPS-collared pumas by group in California’s ées Sierra Nevada, 2002-2006.

Table 2-5. Comparison of habitat attributes assediwith travel (T) vs. rest/feeding
(R/F) for collared puma groups in California’s Wast Sierra Nevada, 2002-2006.

Table 2-6. Observed vs. expected geographic attrimiues of habitats used by GPS-
collared pumas in California’s Western Sierra Ney&002-2006, by puma zone, sex,
and age group. Values presented as observed/edp@tiserved: mean attribute values
at locations from puma GPS collars. Expected: natibbute values at 400 random
locations in each puma’s home range area.

Vi



List of tables (continued)

Table 3-1. Collar performance, time monitored bjazpand puma fates, by
development zone for GPS-collared pumas in CaliésWestern Sierra Nevada, 2002-
2007. TA = Telonics Argos collar. TP = Televilt Resc Collar. Puma ID: S = Subadult,
A = Adult, J = Juvenile; M = Male, F = Female.

Table 3-2. Mortality of GPS-collared pumas by graluping time of monitoring and
during first 12 months of monitoring, in CaliforfsaVestern Sierra Nevada, 2002-2006.

Table 3-3. Dispersal parameters for GPS-collaréddult pumas in California’s Western
Sierra Nevada, 2002-2006. Puma ID: S = subadutt,vble, F = female. Zone: U =
undeveloped, D = Developed. NA = Not applicablenpudid not disperse.

Table 3-4. Percent puma paths crossing potentgtholes in California’s Western Sierra
Nevada; projected from GPS collar data 2002-200&&ID: S = subadult, A = adult, J
= juvenile, M = male, F = female. Expected crossioglculated as the percentage of
1000 points randomly generated using each puma&ement parameter distribution,
situated across the potential obstacle from amaaptuma location point within a
highway, river, or residential area buffer zone.

Table 3-5. Actual vs. expected percent use of ptgparcel size classes by GPS-
collared pumas in developed rural zone of Calif@miNVestern Sierra Nevada, 2002-
2006. Values presented as actual/expected usealActa: percent puma collar location
points in parcel size class. Expected use: petaadtcoverage of each parcel size class
in puma’s home range area.

Table 3-6. Percent day vs. night use of propertggdaize classes by GPS-collared
pumas in developed rural zone of California’s Westgierra Nevada, 2002-2006.
Values presented as day/night use. Day use: pgpoemd collar locations in parcel size
class during 09:00 hrs-17:00 hrs. Night use: perpama collar locations in parcel size
class during 21:00 hrs-05:00 hrs.

vii



List of figures

Figure 1-1. Numbers of puma depredation permitsedsaand numbers of pumas killed
for depredation in California during 1972-2006.

Figure 1-2. Influence of property features on ddpten risk for properties with and
without puma depredations in California’s Westeieri@ Nevada, 2000-2005, using
hierarchical partitioning analysis.

Figure 1-3. Classification tree displaying contingeontributions of property features to
puma depredation risk in California’s Western SGiddevada, measured from properties
with (n = 43) and without depredation(n = 42), 20D5. Parentheses contain no. of
properties containing feature/no. properties ovanaach category.

Figure 2-1. Approximate urban-wildland interfaceiding developed and undeveloped
zones of puma study area in California’s Westeanr&iNevada, 2002-2006. Housing
densities are from California Dept. of Forestry &m@ Protection dataset
CENOOBLMO03_1. Kernel density home ranges of 13aceli pumas are shown.

Figure 3-1. Approximate urban-wildland interfaceiding developed and undeveloped
zones of puma study area in California’s Westeanr&iNevada, 2002-2006. Housing
densities are from California Dept. of Forestry &m@ Protection dataset
CENOOBLMO03_1. Kernel density home ranges of 13aceli pumas are shown.

Figure 3-2. Percent puma use by property parceldass vs. percent land coverage of
parcel size classes in puma home range areas (86%I khome range and 1 km buffer),
for GPS collared pumas in developed rural zonealif@nia’s Western Sierra Nevada,

2002-2006.

Figure 3-3. Percent use by property parcel sizesclday vs. night, for GPS collared
pumas in rural developed zone of California’s Wigstierra Nevada, 2002-2006.

viii



Abstract

In Western North America, many rural areas aregeonverted to ranchette style
residential development (2- to tBa plots), potentially degrading habitat for large
carnivores including puma®@ma concoloy, and impacting ecosystem integrity. In a
rapidly developing rural region of California’s Wesn Sierra Nevada, | studied the
impacts of low-density development on puma habitidity, behavioral ecology,

mortality, and viability. | characterized propestiexperiencing puma depredation, a
major cause of puma mortality in the study reganmg compared attributes of properties
that had, and had not, experienced depredationt démsedations (67%) occurred on
ranchette-sized parcels and hobby farms assoaciatiedural development, while 3
professional ranches (2.9% of properties expengnpuma depredations) accounted for
a disproportionately large share (17%) of depredatand pumas killed (23%). Numbers
and densities of goats and sheep most stronglygbeeldouma depredation on a property,
followed by geographic features including high gl@gmd elevation, brushy cover, and
proximity to rivers and national forests. | thenestigated whether rural development
reduced puma habitat utility by examining habits¢ and movement parameters from
GPS-collared pumas in undeveloped and developeatlatgas of the same ecosystem.
Development appeared to limit habitat utility, wigthmas in the developed zone
occupying smaller, less round home ranges thanwehajged zone animals. Unlike
undeveloped zone pumas, developed zone animaldea/odads and appeared to use
riparian areas as movement corridors, and steegtsidnyons bordering residential areas

for rest and feeding cover. Finally, | examined thiee rural development functionally



fragmented habitat for pumas at the populatiorgdaape, and individual scales.
Dispersal and survival parameters, including a lig¥eloped zone mortality rate
(42.9%), suggested a “source-sink”, or “source-geesink” population structure.
Pumas crossed highways 7.9 times less and housugaphments 3.7 times less than
expected, and these obstacles to movements theetteidisrupt landscape connectivity.
Within their home ranges, pumas avoided more dpeel@reas<20-acre parcels) and
preferentially used less developed areas (>40aneels), especially during the day.
Low-density rural development exacerbated pumasdigtion leading to puma mortality,
constrained habitat utility, and fragmented halitapumas. Conserving pumas and
associated wildlife communities will require effoto reduce human-caused mortality,
protect corridors, retain open spaces, preservesq@opulations, and limit

anthropogenic obstacles to landscape connectivity.
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Introduction

Pumas Puma concolorare large carnivores that impact predator-preyadyics,
ecological energy flow, and stability of mammal@arnivore and herbivore communities
(Terbough et al. 1999, Logan and Sweanor 2001).aBwucur at low densities, require
extensive habitats and healthy prey populatiomsntain viable and, thus, present a
useful focal species for conservation planning effiakts to avert landscape-level habitat
fragmentation (Noss et al. 1996, Crooks 2002). [getnas are relatively resilient and
behaviorally plastic (Weaver et al. 1996, Couganitgement Guidelines 2005). The
species occupies the broadest geographic diswiiofi any terrestrial mammal in the
western hemisphere besides humans, and a wide odegeironments, including
human-dominated rural areas (Logan and Sweanor) 2B@%idential development,
particularly ranchette style subdivision of opeasgs into 2- to I6ha (5- to 40-acre)
plots, is rapidly expanding in rural western NoMmmerica (Theobald 2005), encroaching
upon available habitats for large mammals. Pumatisigs and depredations on pets and
livestock indicate pumas use developed rural €BR$G 2006), but the habitat value of
these areas to puma populations is questionableoiigerve pumas and associated
biodiversity, we must understand how to identifgthguality habitat, and how pumas

respond to habitat alteration at the individual pogulation levels.

In a rapidly developing rural region of Califorrsa&Vestern Sierra Nevada, | investigated
the factors influencing puma depredation, individigmtial and behavioral responses of

pumas to rural development, and whether rural dgweent fragmented puma habitat at

Xiii



the individual, population, and landscape scaleS€Hapter 1, | sought to understand the
dynamics of and potential for minimizing puma dejattoons, an important source of
human-caused puma mortality in the study areaalatterized the size of properties
experiencing depredation and the types of propehasting a disproportionate share of
the incidents. | then measured and compared askof properties that had, and had
not, experienced puma depredation, and identiBatlifes most related to risk at the

property and landscape levels.

In Chapter 2, | investigated puma responses t¢ dengelopment at the individual level
to identify constraints on movement patterns ortaaltility. | compared home range
size and shape; within-home range movement parasnéizbitat attributes associated
with travel and rest or feeding bouts; and withore range habitat selection, between
GPS-collared pumas living in undeveloped versugldged rural zones of the same
ecosystem. In the third chapter, | examined whdtwedensity rural development
functionally fragmented habitat for pumas. At tlepplation level, | analyzed whether
mortality and dispersal parameters of GPS-collgradas indicated a “source-sink”
condition (Pulliam 1988) between the undevelopatideveloped zones of the study
area. | tested whether anthropogenic and naturaebmimpeded puma movements and
thus connectivity within landscapes. Within pumiasme range areas, | determined
whether the animals preferentially used or avoidieunishing size classes of residential
property parcels, and whether use of parcels leydiffered between day and night. |

offer recommendations for conserving pumas in #oe of rural development.
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Assessing puma depredation risk factors in Califoria’s Sierra Nevada

Abstract:

California has experienced consistently high lew¢élpuma depredation on pets and
livestock, and potential for depredation rises adiférnians increasingly reside in puma
habitat. We characterized properties experiencingnp depredations in a rapidly
developing rural region, and then visited geogragally similar properties that had, and
had not, experienced puma depredations. Logisticassion and classification tree
analysis were used to identify geographic, domestimal, and animal management
features predictive of puma depredation risk atghaperty and landscape levels. Most
depredations (67%) occurred on ranchette-sized-{®&.@ ha) parcels and hobby farms,
while 3 professional ranches (2.9% of propertiegeziencing depredations) accounted
for a disproportionately large share (17%) of degadions and pumas killed (23%).
High numbers and densities of goats and sheep strosigly predicted depredation on a
property. Geographic features including high slepel elevation, brushy cover, and

proximity to rivers and national forest lands, calbiited to depredation risk.

Key words: cougar, depredation, hobby farm, livestock, mountain, ranchette, rural

development, wildlife-human conflict



Introduction
Throughout much of Western North America, puniasnta concolorare the only
remaining large predator occurring in healthy papiahs. Changes in land use,
landscapes, and management have brought humaipsianras into increasing contact,
resulting in threats to human safety and depredstom pets and livestock (Beier 1991,
Torres et al. 1996, Cougar Management Guidelineskig Group, 2005:7, 63-66).
Removal due to conflicts with humans is a majorsewf human-induced puma
mortality in California, where the species is nohted. When a puma kills or damages
pets or livestock (depredation), the affected paréyy contact California Department of
Fish and Game (CDFG) and request a permit for rammthe puma by his/herself or by

a wildlife control officer (Updike 2005).

In California, incidents of puma depredation insesfairly steadily during 1972-2000
(Figure 1-1). This increase was coincident withdeg including cessation of puma
hunting, recovery of puma population from supp@sshuman expansion, land use
changes, and fluctuations in mule deer num@@o®ocoileus hemionusphe pumas’ main
prey source. State policy from 1907-1963 aimedhtodase deer populations and
minimize depredation on livestock by suppressirgphma population through a bounty
(Mansfield 1986, Torrest al. 1996). By 1963, puma depredations were rare aed de
abundant or overpopulated, so bounties were erdadgfield 1986). Since 1972,
California’s pumas have been managed solely throegioval in response to human
safety threats or depredation on domestic aninuggslike 2005), a change from

preemptive to reactive management. Depredationectkilling has favored take of
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young male pumas (Torres al. 1996), producing less relative potential for papioin

suppression than the preceding bounty program whiatred female take.

The number of pumas killed due to depredation ilif@aia rose from 0 in 1972 to a
high of 146 in 2000, then fell to 70 pumas remowed006 (Figure 1-1). Cessation of the
policy of puma population suppression may havesrithe initial increase in
depredations (Torres et al. 1996). Human expanstorpuma habitat, fluctuations in
deer numbers, and changes in land use, includiranaition from larger scale ranching
to hobby farm subdivisions have all likely influexecdepredation levels through the
duration of the policy. Torrest al. (2004) provided data indicating that the mean nermb
of pumas removed annually in California decreast¥8between the final decade of
bounties (1951-1960, u = 153.5 removals/yr) anditeedecade of conflict-related
puma removal (1971-1980, u = 18.2 removals/yr)te8tae and regional censuses and
research projects indicated that puma numbersargerincreased from the 1960’s
through the 1980’s (Weaver 1976, Clark 1985, Maihdfi 986, Updike 2005), while the
population likely stabilized in recent years, fluating with deer population (Updike
2005). Torrest al.(1996) suggested that increases in depredatiortswere related to
increases in new home development and human gdtiviuma habitat, while increases
in livestock depredations were related to regiamadeases in puma distribution and

abundance.

Puma depredation is a topic of concern to manyalif@nia and elsewhere, as residents

lose their animals and pumas face mortality riles tould threaten population viability
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where development intensifies (Beier 1993). Becgagential for puma-human conflict

rises as people increasingly reside in and usealateas, we asked whether depredation

risk factors could be identified and potentiallytigated. We characterized the size of
properties that had experienced puma depredatimaisthe types of properties hosting a
disproportionate share of these incidents, in alhapeveloping rural region affected by
frequent depredation during 2000-2004. We thenedsproperties that had, and had not,
experienced puma depredation and measured geogrdphiestic animal, and animal
management attributes during site visits and usengpte geographical information
system (GIS) spatial analysis methods. We compatteétutes between properties that
had, and had not, encountered depredation, antfiddrieatures most related to risk at
the property and landscape levels. Several orgamigaoffer pamphlets containing
recommendations for minimizing puma depredatiok (@DFG 2006, Wildlife Health
Center 2006, Mountain Lion Foundation 2006), bistematic, region-specific study is
valuable for identifying the importance of risk faxs, and testing the effectiveness of

protective measures.

Study area
We conducted this study in Placer, El Dorado andadon counties in California’s
Western Sierra Nevada mountains and foothills. Timal region had experienced high
numbers of puma depredations in recent years. Hstann portion of these adjoining
rural counties borders the flat, agricultural Cahtfalley and the Sacramento
metropolitan area. Elevation ranges from sea levitle west to over 2500 m at the

Sierra Nevada crest. Most private and residerarad$ are in the western foothills,
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characterized by oalQercus sp.dominated woodlands and chaparral shrublands.

Eastward, vegetation transitions with rising elevato conifer forests. The eastern
portion of these counties is dominated by non-esdid! timberlands, networked by
logging roads. Depredations occurred almost egtirethe western study area. Most of
these counties’ areas provide puma habitat, exodudinly valley agricultural lands,

urban areas, and the high elevation zones of #reaSirest.

The area supports populations of mule d@efocoileus hemionushlack beafUrsus
americana)and puma, but represents a region of ecologicadem. Large foothill tracts
have been converted to ranchette style settleraenther uses such as vineyards and
orchards. The area is intersected north-south gy-tnaffic interstate highways US I-50
and US 1-80, which serve as corridors for developmneenanating from the Sacramento
metropolitan area. Placer County had the fastestigg human population in California,
with an estimated 27.6% increase from 2000 to 20 Census Bureau 2006). Human
population increased by 9.6% in Amador County a®d % in El Dorado County during
the same period. Over 60% of El Dorado County'sewetbped private land has been
zoned for residential (0.4-8 ha (1-20 acre)) orrban (8-16 ha (20-40 acre))
development (Stoms 2004). In Placer County, 93%hefoothills are privately owned,
of which over 50% have been zoned for rural redidkar urban land use (Stralberg &

Williams 2001).



Methods
We used the CDFG puma depredation database tofidstoidy area properties that had
experienced depredations (CDFG 2007). This datadrassupplemental files contained
all puma kill permits issued by the department flt®72 onward, provided the number
and species of domestic animals killed, addresgevtiepredation occurred, acreage, and
indicated whether the puma was killed. To charaz#dhe current problem we calculated
descriptive parameters for all properties experienpuma depredations in the study
area during 2000-2004, using JMP Hatistical software (SAS Institute, Cary, N.G\je
determined the mean, median, and standard deviatiparcel sizes, and the number and
proportion of puma depredations and removals otwat each address, to identify
properties with a disproportionate share of degreds or pumas killed. Local wildlife
damage control agents who had responded to pumadigon complaints helped us
characterize the animals raised and the statuge§sional vs. hobby) of properties of

interest.

During 2004-2005, we sampled sets of propertiesditiaer had or had not experienced
puma depredations in the preceding 5-year perio@dQ22004), to identify factors
predicting depredation risk. We inputted informatfcom all puma depredation permits
issued in the study area during 2000-2004 to aG#8E 9.x (ESRI, Redlands, CA,
USA) GIS. We plotted property locations for eachnpieusing county parcel GIS files
obtained from Amador, El Dorado, and Placer cosntéd GPS locations recorded on

site using handheld GarnfitGPS units. Hawth’s Tools v.3.26 (Beyer 2004) esi@m



for ArcGIS 9.X% was used to randomly select a set of these piepéhat had
experienced depredations (hereaftiepredation propertigdor attribute sampling.
Properties experiencing multiple depredations vee@uded from being chosen twice

but were more likely to be selected due to greagresentation in the permit files.

We then selected properties for sampling that ledéxperienced a depredation
(hereafternon-depredation propertigsas a control group. We created a residential
parcels file in ArcGI8 9.1 by selecting only properties containing resas from the
county parcel layers. To minimize geographic vasrabetween the comparison groups,
we built a 10 km buffer around depredation propsitand selected non-depredation
properties from residential parcels situated withien depredation properties’ buffer
zones. To avoid spatial bias toward either densaruareas or large parcels, we chose
non-depredation properties from 6 parcel size elassatched to the selected depredation
properties’ size classes (Table 1-1). We selectash@om set of these residential parcels
for sampling as non-depredation properties usingthfa Tools’ “generate random
selection”. Properties were included in the nonrddation sample only if interviews

with residents confirmed that: no puma depredatiaxh taken place within the previous
10 years; domestic animals lived on the land ane \kept primarily outdoors; and
neither the composition of animals nor animal mamagnt practices had changed

substantially in the previous two years.

We consulted with professionals who respond toetigtion incidents (primarily USDA

APHIS Wildlife Services) to generate a list of peoy characteristics potentially
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associated with puma depredation risk. This lisluded a range of geographic, domestic

animal, and animal management features that weurezhfr each sampled property
using onsite interviews, onsite measurements, 8rr@&thods (Table 1-2). All GIS layers
used were downloaded from the California Spatifdrimation Library website
(http://gis.ca.gov), except for property parcelesy which were obtained from the
counties. We visited the selected depredation ptiegeand conducted sampling if
occupied by the same residents that had experig¢heetdepredation. Only selected non-
depredation properties that had outdoor domestinas were included in sampling.
Residents of depredation properties were askeithfimmmation on property
characteristics at the time the depredation ocdurile residents of non-depredation
properties provided information on current conditoAdditionally, we asked residents
whether they had been aware that pumas posedificsighdepredation threat in their

area, before experiencing a depredation or beforeisit.

Using the listed site visit or GIS methods (Tabl2)1we recorded the following
geographic features from the central point of gacperty: distance to nearest public
land tract >100 ki(entirely national forest lands); distance to esamajor river;
distance to nearest riparian area, including lodeostreams; slope; aspect; elevation;
and primary vegetation type on property (not atreépoint). We measured thickness of
horizontal covein situ at the brushiest corner of the animal pasture rexpeng
depredation or the primary animal pasture (for depredation properties), by taking
readings of distance to cover at each @0arc with a laser rangefinder held 1 m above

the ground. Domestic animal features documenteeé g@ecies, numbers and density of
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domestic animals (#/pen size (ha)), and numbepafsy sheep, and goats and/or sheep.

We recorded animal management features: preseraeealr more dogs trained to guard
animals (hereafteguard dog¥ any type of outdoor dog; electric fence; detetrre
lighting, noisemakers, or other deterrents; fereight; availability of shelter for animals;

and whether animals were enclosed at night.

To characterize features potentially predictivelgpredation, we calculated the percent
occurrence, or the mean, median and standard @eviateach factor measured for the
depredation and non-depredation properties, usitiRy5°. We tested for differences
between means of each variable from the depreda@isus non-depredation properties
using 2-sample Studentigests for continuous variables, and contingenbietawith the
Pearson chi-square statistic for categorical véglwith confidence levels of = 0.10
due to the low proportion of some features in tragles. Several variables were

logarithmically transformed to approximate normgktiibutions.

We next tested the ability of the significant vates identified in univariate analyses to
predict puma depredation, using logistic regressiith binomial outcome onR
statistical software (R-project 2004). We exclugladables showing no relationship to
depredation occurrence in initial univariate anasyslhe importance of each variable to
predicting depredation occurrence on a propertyinfasred using hierarchical
partitioning statistical analysis (Mac Nally 20@002). Hierarchical partitioning
analyzed all possible models, determining the doution of each variable to explaining

variance in depredation occurrence independentlgraf jointly with the other
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explanatory variables. We conducted this analysiisguthe hier.part contributed package

in the F¥ statistical software (R-project 2004, Walsh anccMally 2005).

To rank the factors predicting depredation risk,rare a nonparametric multivariate
classification tree analysis (Breimanal. 1984) following the method outlined by
Maindonald and Braun (2007) using the rpart contgt in the R statistical software.
Classification trees represent a dichotomous ké, splits or branches chosen to
minimize model error. The tree displays the impaetalevels of subordinate depredation

risk factors given threshold values of primary tigktors.

Results
Examination of depredation permits issued durin@d22004 (n = 161) revealed that 3
properties accounted for 16.5% of all permits igsaled 23.3% of all pumas killed, while
representing only 2.9% of properties experienciegrddations. All 3 properties were
professional ranches over 40.5 ha (100 acresy@) grazing goats and sheep widely on
extensive pastures. Properties experiencing defioedaduring 2000-2004 ranged from
0.2 to 427.0 ha (0.5 to 1055.0 acres), with meafl b8 (48.7 acres), median 7.3 ha (18.0
acres) and standard deviation 64.6 ha (159.6 a@edy-seven percent of properties for
which depredation permits were issued were 2.0-48.¢5-40 acres) in area,

representing ranchette parcel sizes typical oftexustyle development.

We evaluated potential risk factors on 43 depredatroperties and 42 non-depredation

properties (Tables 1-3 and 1-4). Univariate anaysgealed that depredation properties
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were significantly closer to large public land semis (>100 krf), major rivers, and

riparian areas, than were non-depredation progeifiepredation properties had higher
mean slope, elevation, animal number, animal dgnsibre horizontal cover, and were
more likely to have goats or sheep and to be infeoforest than non-depredation
properties. More non-depredation properties ocdumairban or agricultural vegetation
types, had outdoor dogs of any type, and enclosedads at night. Four depredation
property residents stated that their animals werenally enclosed at night but had not
been enclosed on the date of the depredation. Dafioe properties were more often

south-facing and less often east-facing than ngmediation properties.

There was no difference in the presence of guagd detween depredation and non-
depredation properties£ 1.147,p = 0.257), but non-depredation properties also had
significantly fewer goats and sheep, animals foiclvlguard dogs are typically kept.
Guard dogs were present on 27.2% (3 of 11) of tmedepredation properties that
contained goats or sheep and 14.3% (6 of 42) ofdepmedation properties overall. Five
(12.8%) of the 39 depredation properties with goatsheep, and 14.0% of all
depredation properties had guard dogs. Althoughestattle occurred in the study area
and calves appeared infrequently in depredatioordsc2 records in 2000-2004), none
of the depredations investigated involved catti/eBal residents raising goats or sheep
stated that they had been encouraged by neighboes@urce managers to keep these
animals to reduce the relatively high risk of e their properties. Nearly all
interviewees expressed interest in recommendatayrreducing depredation risk for

their animals. Thirty-seven of the 85 interviewégk.5%) stated they been unaware of
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the significant threat of puma depredation in tlae@a prior to our interview or to

experiencing a depredation.

We determined the relative contributions of eacproperty attribute to depredation risk
by including significant variables identified inivariate analyses in our multivariate
analyses. We combined presence of goats and peesésheep in one category because
these animals comprised similar proportions of g3ekilled in our depredation sample
(46.5% goats, 48.8% sheep), often occurred togethdrwere managed similarly. Goats
and/or sheep were present on 90.7% of sampled e properties. We included only
southerly aspect, which displayed the only positelationship to depredation risk

among aspect classes.

Figure 1-2 displays results of multiple regressiotin hierarchical partitioning analyses,
depicting the ability of property features to padiepredation independently, jointly,
and total (independent and joint). Presence ofsgoiasheep on a property explained
more of the variance in depredation occurrence dmgrother factor (20.1% total).
Greater numbers of animals and density of aninrala property followed in importance
to predicting depredation (14.1% total and 9.4%ltatespectively). Subordinate factors
positively contributing to depredation occurrencaaviess distance to horizontal cover
(more cover in or near animal pens; 5.5% totaf)s ldistance to public land (5.0% total),
greater slope (3.9% total), and southerly aspe@®43otal). Presence of an outdoor dog

lowered depredation risk (3.8% total).
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When tested for their contribution to depredatiotheipendent of the other factors, the

variables of primary importance retained their omfamportance (goats/sheep present,
6.5%; animal number, 4.7%; animal density, 3.1%)ilevsecondary factors, distance to
public land (2.1%), presence of a dog (2.1%), amizbntal cover (2.1%), had similar
predictive value. Analysis of the contribution @l factor jointly with the other factors
also upheld the primary importance of goats/sheepent (18.6%), animal number
(13.0%), and animal density (8.6%). Among suborgifiactors, only southerly aspect

(3.6%) gained slightly in importance over preseoicany dog (2.6%), and slope (3.1%).

Classification tree analysis ranked property fesgucontributions to depredation risk,
contingent upon the other features’ values (Figu8}. Again, presence of goats or sheep
was the primary factor predicting depredation rika. property did not have goats or
sheep, number of animals > 12.5 predicted dep@uask, with no other significant
factors. Properties containing goats or sheep @cateéd above 346 m (1135 ft) elevation
faced increased risk of depredation. For propeviiés goats or sheep lower than 346 m
elevation, depredation was less likely unless ahifeasity exceeded 8.0/ha

(19.8/acrd). If animal density for these lower elevation pedjes with goats or sheep
exceeded 8.0/Rathen proximity to a river predicted risk of degagion. In this case,
properties closer than 7.2 km to a river faced eégtion risk. If these properties were

further from a river, depredation was less likely.
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Discussion

Patterns of puma depredation occurrence in the &ifeStierra Nevada reflected the
region’s mix of rural and suburban developmentes$ts and ranchlands. Three large
goat/sheep ranches experienced repeated depregjatir@hwere responsible for 23.3% of
puma removals and 16.5% of permits issued, whiteprsing only 2.9% of properties
with depredations overall. However, depredatiorsioed on a wide range of property
sizes (0.2 ha to 427 ha (0.5-1055 acres)), impattobby farmers, suburban residents,
and ranchers, with a substantial majority of degtieths (67%) taking place on
ranchette-sizedparcels of 2.0-16.2 ha (5-40 acRes)chettes were often used as horse
properties or hobby farms with traditional barnyanimals or exotic species.¢. emus,

peacocks, exotic goats and sheep, llama).

Other studies of large predator depredation, inolyt/nx (Lynx sp.) puma, and gray
wolves Canis lupu}, have examined ranching systems interspersedfarigisted areas
(Mech et al. 2000, Mazzolli et al. 2002, Stahl 200Rsiani et al. 2003, Polisar et al.
2003, Bradley and Pletscher 2005, Michalski e2@06), or free-range forest grazing
systems (Ciucci and Boitani 1998, Mazzolli et &02, Odden et al. 2002), but did not
focus on developing rural areas. These studiesdfaustombination of geographic and
animal management features related to increaseedtpon risk, including proximity to
or proportion of forested area, proximity to a deepr canyon or forested riparian
corridor, more vegetative cover, and greater lgsihumbers or densities (Ciucci and
Boitani 1998, Mazzolli et al. 2002, Stahl et al020Bradley and Pletscher 2005,

Michalski et al. 2006). Corralling and keeping aalscloser to residences, which
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sometimes kept dogs nearby, were found to sigmifigaeduce depredations (Ciucci and

Boitani 1998, Mech et al. 2000, Mazzolli et al. 208tahl et al. 2002, Bradley and
Pletscher 2005, Michalski et al. 2006). Consistimalings that animal management
factors affect depredation risk indicate that afilfigsmanagement methods may reduce

depredations and thus predator removals.

Similar to studies in ranching and open range systeve found proximity to public

lands (national forests), rivers and riparian argesater slope and vegetative cover, and
greater animal density, all increased depredatgkifor properties with goats or sheep,
while dogs had a protective influence. In effecudhy, sloped, high elevation sheep or
goat pastures with creeks or near river canyondanedts, faced higher puma
depredation risk. Landscape features positivelg@ated with depredation were related
to more rugged or natural environments, generalhsered good puma habitat for their
ability to provide stalking and security cover, amjulate prey (Cougar Management
Guidelines Working Group, 2005:3, 25). Large nurshEranimals on a property led to

high depredation risk for that property even withgoats or sheep.

Other depredation studies found significant loggegats and sheep to predators, with
fewer losses of cattle, comprised mostly of cal@scci and Boitani 1998, Mazzolli et
al. 2002, Odden et al. 2002, Musiani et al. 2008gse studies did not evaluate
developing environments or depredation on hobbsnals and pets. The strong influence
of geographic features and domestic animal chaiatibs on depredation risk may have

impeded our ability to detect significant effecisome animal management features,
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such as protective fencing, enclosure of animaksltar, and guard dogs, which were

present on relatively few sampled properties. Intiast, dogs of any type were present
on many properties and were found to reduce thleattof puma depredation, similar to
other studies where guard dogs reduced depredatisheep and goats (Smith et al.
2000, Andelt 2004). The fact that several depredagbroperties had typically enclosed
animals, but not on the date of depredation, sugdeonsistency of enclosing animals

could be important for avoiding depredation.

Ranchette-style development is common across well@ith America and puma
research and management must address this gromnimgoff [and use. Depredation risk
factors and effective prevention will differ betweleobby farms and professional
livestock producers, necessitating different mansaye strategies. Culling pumas is an
ineffective solution unless accompanied by othek reduction measures, given the wide
dispersion of development in puma range, pumaditybo travel long distances

(Weaver et al. 1996, Theobald 1997), and the imtdef repeated puma removals from
some properties. Long-term control of puma depredsatwill likely require both

ranchers and hobby farmers to adapt protective@mmnagement methods.

Management Implications
We believe that efforts to educate residents atbeptedation and prevention methods
could reduce the numbers of domestic animals anthpikilled, because many
interviewees expressed interest in recommendatoyrreducing risk, and because a

large proportion of residents had been unawarbeotiegree of depredation threat in their
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area. Residents who are encouraged to raise shdegoats to minimize fire danger in

brushy landscapes should also receive informatiohaw to reduce puma depredation
threat. On ranches with a disproportionately laigare of depredations, resource
managers should work with ranchers to implementegtive animal management
methods, which may include dogs and will likelydiie and operation specific. Hobby
farmers and suburban residents should be encoutadeep dogs and guard or enclose
goats, sheep, and other smallstock at night, ad&keeping these animals, especially in
rugged habitat near riparian areas that are likelyuented by pumas. Evaluation of the
effectiveness of puma depredation deterrent mesgocesed specifically on ranchette-
sized hobby farms with goats and sheep could yialdable insights for minimizing

puma depredations.
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Tables and Figures

Table 1-1. Number of properties sampled with anithevit puma depredation by parcel

size class irCalifornia’s Western Sierra Nevada, 2000-2005.

Size in Hectares 0.30-2 "2 4-8 g8-16 16-40 40-223

Size in Acres 0.75-5 510 10-20 20-40 40-100 100-550

Depredation 8 9 11 6 6 3
Properties
Non-depredation 8 9 10 6 6 3

properties




23

Table 1-2 Features evaluated and methods used to assessippmeaation risk for

properties with and without puma depredation infGadia’s Western Sierra Nevada,

2000-2005.

Feature Type

Feature

Description

Measurement

Geographic

Domestic
Animal

Animal

Management

Distance to Min. distance (km):

public land

Distance to
river

Distance to

riparian area

Slope

Aspect

Elevation

Vegetation
type

Horizontal
cover

Species

Number
Density

Guard
dog(s)
High fence
Electric
fence

property center to public
land >100 krf

Min. distance (km):
property center to river

Min. distance (km):
property center to riparian
area

Degree slope: property
center

Cardinal aspect: property
center; N, S, Eor W

Meters, at property center

Primary vegetation type

Min. distance (m) to

ArcGIS®, CDFG Public,
Conservation & Trust
Lands layer

ArcGIS®, USEPA River
Reach layer, CA
Hydrography

ArcGIS®, USDA Forest
Service Riparian layer

ArcGIS® Spatial Analyst
slope tool, USGS 1:24k
DEM

ArcGIS® Spatial Analyst
aspect tool, USGS 1:24k
DEM

ArcBI8SGS 1:24k
DEM
ArcGFfSCDF-FRAP

Multi-Source Land Cover
layer

Site visit; mean of 6 laser

horizontal cover 1 m aboverangefinder measurements

ground: brushiest edge of
pen or pasture

to nearest cover, taken each
60° from fixed position 1
m high

Presence of goat, sheep, Onsite interview

dog, or other animals;
analyzed individually

No. domestic animals keptOnsite interview

primarily outside

No. domestic animals/
primary pen size (ha)
>1 dog trained to guard
animals

Main pen fencel.8 m tall
Main pen fence with
electrified wires

Onsite interview

Onsite interview

Onsite measurement
Onsite interview
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Table 1-2 Continued.

Feature Type Feature Description Measurement
Animal Other Noisemakers, lighting,  Onsite interview
Management deterrent llamas, mules
Fence height  Main pen mean fence Onsite measurement
height (m)
Shelter Any roofed shelter Onsite interview
available available to all animals

Enclosed at Animals enclosed in 4- Onsite interview
night walled building nightly
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Table 1-3. Central tendency values and mean cosgueifor features of properties with

and without puma depredations in California’s Westierra Nevada, 2000-2005. Mean

values shown with 95% confidence limits.

Depredation Non-depredation

properties (n = 43)  properties (n = 42)

Mean Median Mean Median t- p-

statistic value

Dist. to public 7.29 £1.72 5.23 11.00 £2.00 9.99 3.12 0.003*
land (km}'
Dist. to river 5.32 £1.33 4.40 7.25+1.42 6.90 2.00 0.048*
(km)*
Dist. to riparian  0.46 £0.12 0.38 0.60£0.15 0.42 2.04 0.044*
area (kmj
Slope (deg) 10.1+14 9.2 7314 7.1 2.84 0.006*
Elevation (m) 558 +78 597 445 +79 364 2.11 0.038*
Dist. to horiz. 11.9+2.8 9.0 24.3 6.0 16.5 3.42 0.001*
cover (m§
Animal numbet  71.4 +69.7 20.0 8.4+2.9 6.0 5.54 <0.001*
Animal density  0.81 +0.24 0.40 0.19+0.25 0.05 3.53 0.001*
(no./knf)
Fence height (m) 1.40 +£0.111.22 1.34+0.11 1.22 0.81 0.422

*Difference in feature value between propertieshveind without depredation, two-sample independent
Student’s t-testy = 0.10.
®Natural log (In) transformation used in analysis.
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Table 1-4. Comparison of geographic, domestic ahiamal animal management features

for properties with and without puma depredation€alifornia’s Western Sierra

Nevada, 2000-2005.

Depredation Non-depredation
properties (n=43) properties (n=42)
% % NG p-value
Vegetation type
Urban/agriculture 2.3 16.7 5.125 0.024*
Grassland/open 27.9 40.5 1.493 0.222
woodland
Chaparral 11.6 4.8 1.325 0.250
Conifer forest 16.3 4.8 2.977 0.085*
Montane hardwood 39.5 31.0 0.685 0.408
Aspect
North 18.6 31.0 1.741 0.187
South 9.3 26.2 4.170 0.041*
East 44.2 16.7 7.579 0.006*
West 27.9 26.2 0.134 0.714
Goats present 46.5 19.0 7.255 0.007*
Sheep present 48.8 21.4 6.989 0.008*
Goats or sheep 90.7 26.2 36.50 <0.001*
Any dog 62.8 88.1 7.314 0.007*
Guard dog(s) 14.0 14.3 0.002 0.965
High fence 9.3 14.3 0.508 0.476
Electric fence 20.9 23.8 0.101 0.750
Any deterrent 58.1 57.1 0.009 0.926
Shelter available 65.1 76.2 1.255 0.262
Enclosed at night 30.2 47.6 2.704 0.100*

*Difference in feature value between propertieshveind without depredation, Pearson’s chi-squatedes
=0.10.
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Figure 1-1. Numbers of puma depredation permitseidsand numbers of pumas killed

for depredation in California during 1972-2006.
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Figure 1-2. Influence of property features on ddpten risk for properties with and

without puma depredations in California’s Westeieri@ Nevada, 2000-2005, using

hierarchical partitioning analysis.
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Figure 1-3. Classification tree displaying contingeontributions of property features to

puma depredation risk in California’s Western SGiddevada, measured from properties

with (n = 43) and without depredation (n = 42), @D05. Parentheses contain no. of

properties containing feature/no. properties ovanaach category.
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Effects of rural development on puma habitat use

Anne M. Orlandg Department of Plant Science, University of Califa Davis, 1 Shields
Avenue, Davis, CA 95616 USA, and California Departhof Fish and Game,
Region 2 Headquarters, 1701 Nimbus Road, Ranchddvar CA 95670 USA

Evan H. GirvetzDepartment of Environmental Science and Policy, lafckmation
Center for the Environment, University of Califariavis, 1 Shields Avenue,
Davis, CA 95616 USA

Emilio A. Laca,Department of Plant Science, University of CalifarDavis, 1 Shields
Avenue, Davis, CA 95616 USA

Walter M. Boyce Wildlife Health Center, University of California De, 1 Shields
Avenue, Davis, CA 95616 USA

Steve G. Torred)ildlife Investigations Laboratory, California Deggment of Fish and
Game, 1701 Nimbus Road, Rancho Cordova, CA 95620 US

Montague W. DemmenDepartment of Plant Science, University of CalifarBavis, 1

Shields Avenue, Davis, CA 95616 USA



31
Effects of rural development on puma habitat use

Abstract:

Rural residential development may reduce habitdityufor large carnivores, potentially
impacting population stability and ecosystem iniyghVe tested whether ranchette style
development constrained habitat use or altered meve: patterns of pumas in
California’s Western Sierra Nevada. GPS collars @vesed to track pumas in developing
rural areas and in undeveloped timberlands of #m@e ecosystem. We asked whether
development affected home range size or shape;ments within home ranges; habitats
used for travel or rest/feeding; and pumas’ setecof habitats in their home range
areas. We assessed the same relationships for sliha@tsus adult pumas, and males
versus females. Development appeared to limit Aabttlity. Developed area home
ranges were smaller and less round than thoseerutideveloped zone. Subadult male
home range sizes were similar to those of femaldéten located along the urban
interface. Developed zone pumas used lower slépesy elevations, and used riparian
areas more often, for travel than for rest or feediUndeveloped zone animals used only
low-traffic road zones more for travel than for res feeding. Selection of habitats

within home range areas was influenced by aspegtvagetation type for undeveloped
zone animals. In contrast, developed zone pumaded/ooads, and exhibited preference
for riparian areas, high slopes, low elevations daje parcel sizes within their home
range areas. Developed zone pumas appeared tdpesgan areas as movement
corridors, and steep-sided canyons bordering radidéareas for rest and feeding

cover. Movement parameters differed with sex butlaegelopment zone.
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Key words: cougar, rural development, GPS collars, habitat, dssbitat utility, home

range, mountain lion, movement, ranchette

Introduction
Pumas are relatively resilient large carnivoresaverally plastic in their ability to
occupy a range of habitats given adequate stattongr, and utilize various prey in
times of scarcity (Anderson 1983, Karr and Freeni®85, Weaver et al. 1996). In large
expanses of rural western North America, pumasgievhiere open spaces are being
converted to low-density, “ranchette” style develgmt, characterized by 2- to'16
hectare (5- to 4Bacre) residential subdivisions (Duane 1996). Rdeakelopment could
alter behavior and habitat value for wide-rangiaghovores, undermining resiliency
mechanisms and threatening persistence and ecalagiegrity (Noss et al. 1996,
Weaver et al. 1996). We investigated the impactsi@ residential development on

puma behavioral ecology at the individual level.

Rural development may increase large mammal miyriakluding by vehicle collisions,
legal or illegal killing, removal of animals threaing humans or property, disease
transmission, or accidental poisoning (Harris amtlagher 1989, Noss et al. 1996,
Forman and Alexander 1998, Sweanor et al. 2004g&oManagement Guidelines
Working Group 2005). Cumulative effects of highwafgncing, horticulture or
residential developments may limit the routes add for carnivores to search for food

and mates, and degrade interior habitat securdypaey population stability or
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abundance (Theobald et al. 1997). Obstacles amtkrees can limit home range

placement and size, or cause large carnivoresigermore widely for adequate resource
access (Van Dyke et al. 1986, Weaver et al. 1996y Rt al. 2003). Habitats used for
travel could be limited, and poor habitats and atlss could force animals to travel
more or move greater distances (Tigas et al. 2D&son et al. 2005). Large carnivores
may avoid areas associated with roads or housinglal@ments, and alter selection of
habitats within their home ranges in response teldpment (Weaver et al. 1996,

Jalkotzy et al. 1997).

To identify possible constraints to puma habitdityiposed by rural development, we
compared habitat use patterns between GPS-coltareds in adjacent undeveloped
forests fiereafter, undevelopembne) and rural developed arehsrgafter, developed
zong, as well as between puma sexes and age classessR&d whether puma home
range sizes or shapes differed between these grdigtested whether development
zone, age, or sex related to differences in sleon+-tistances moved by pumas, turn
angles along estimated movement paths, or ovexgoptions of time spent traveling
versus resting or feeding. We identified differenoehabitats associated with travel
bouts versus rest/feeding bouts for each puma gkioplly, we asked whether pumas’
third-order selection of habitat elements (Aebisateal. 1993) differed from the
availability of those elements in individuals’ homaage areas, for each sex, age class,
and development zone. Results indicate alterabbpsima spatial and behavioral

ecology at the individual level associated with {d@nsity rural development.
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Study area

We conducted this study in Sierra, Nevada, Pldgidborado and Amador counties, in
California’s Western Sierra Nevada mountains armdhids. The western portion of these
adjoining rural counties borders the flat, agrictdt Central Valley and the Sacramento
metropolitan area. Elevation ranges from sea levtle west to over 2500 m at the
Sierra Nevada crest. River canyons running roughbt-west separate mountain ridges
in the higher elevations. Most private and residtdands are in the western foothills,
characterized by oalkQUercus sp.dominated woodlands and chaparral shrublands.
Eastward, vegetation transitions with rising elevato conifer forests. The eastern
portion of these counties is dominated by non-egsidl timberlands, networked by
logging roads. An urban/wildland interface corresgiag to housing density on private
versus public lands, typically national forestansected our study area and was used to
define the “developed zone” versus the “undevelgmee” (Figure 2-1). Most of the
counties’ areas provided puma habitat, excluding ealley agricultural lands, urban
areas, and the high elevation zones of the Sieest.dast monitoring by California
Department of Fish and Game (CDFG) found the Wes&rra puma population
distinct from pumas in the Eastern Sierra (persimaoJeff Finn, Eric Loft, CDFG), and

our study did not include that region.

The area supports populations of mule d@efocoileus hemionushlack beafUrsus
americana)and puma, but represents a region of ecologicadem. Large foothill tracts
have been converted to ranchette style settleraenther uses such as vineyards and

orchards. The area is intersected north-south diy-tnaffic highways US Route-50 and
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I-80, which serve as corridors for development eatiag from the Sacramento

metropolitan area. Placer County had the fastestigg human population in California,
with a projected 27.6% increase from 2000 to 2005 Census Bureau 2006).
Population increased by 9.6%, 13.1%, and 6.9% imdon, El Dorado, and Nevada
Counties respectively, during the same periodNdmada County, the amount of
undeveloped land zoned for residential or commedaaelopment was 3.5 times the
county’s developed land area (Walker et al. 2008r 60% of EI Dorado County’s
undeveloped private land has been zoned for retsdi€d.4-8-ha (1-20-acre)) or exurban
(8-16-ha (20-40-acre)) development (Stoms 2004Rl&acer County, 93% of the foothills
are privately owned, of which over 50% have beareddor rural residential or urban

land use (Stralberg & Williams 2001).

Methods
GPS collars
During January 2002 to May 2005, we deployed GRI&rsoon 19 pumas. Eight Televilt
PosRec C600 collars (TVP Positioning AB, Swedertih @PS fix intervals of either 1 or
2 hours were fitted on pumas. We deployed 2 Tel®dsRec C300 collars with 12-hour
fix intervals on juveniles. After the first year stiudy, we used Telonics (Mesa, AZ) GPS
collars with ARGOS (Advanced Research and Globaddlations Satellite) uplink, and
3-hour fix intervals. Nine Telonics ARGOS collarsne deployed on pumas. These
collars were programmed to transmit the 6 mostnigstored locations once every 2
weeks for internet download, allowing tracking ofhpas in lieu of aerial telemetry as

needed. All collars were equipped with VHF transenibeacons, mortality sensors, and
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automatic drop-off mechanisms, and detached apymgrammed dates. Upon collar

retrieval, we downloaded all stored GPS locatianddtabase files. We worked to deploy
collars on male and female pumas, adults and sitsadad pumas living in the
undeveloped forested zone and the developed zosaionaf foothill ranches, ranchettes,
and housing developments. We considered male parB8snonths old and females >
24 months old adults, due to potential for reprdishecactivity (Logan et al. 1996), and

pumas younger to be subadults.

To capture pumas, teams of houndsmen and biolagisducted extensive track surveys
on unpaved roads in national forests, private tihabbels, recreation areas, state, federal
and private reserves, and on private ranches. Wendented the GPS locations of all
puma scratches and tracks observed, as well &sage; width of front and rear heel
pad, and notes on the suspected individual. Whediseovered fresh puma sign, trained
hound dogs were set on the track. Pumas were aredhemically immobilized with
Capture-All 5 (5 parts ketamine hydrochloride tpatt xylazine hydrochloride) or
Telazol (tiletamine and zolazepam (100 mg/mL sohjti Fort Dodge Animal Health,
Fort Dodge, lowa) at dosages in accordance wittCIDEG Wildlife Restraint Handbook
(2000). Drug was delivered using Pneu-Dart gunsdamts (Pneu-Dart Inc.,
Williamsport, PA). We took blood and hair samplesdy measurements, notes on
condition, determined age from tooth wear and guentecession, and fitted pumas with

ear tags and collars, following CDFG animal welfaretocols (CDFG 2000).



37
Pumas were then tracked using ground-based VHm&ttg and monthly or semi-

monthly telemetry flights. Pumas wearing ARGOS-dedlzollars were also monitored
using satellite transmitted GPS fixes. When mdstalignals were transmitted, we

located the collar and investigated the cause wfgodeath or collar detachment.

We estimated the precision of GPS collar locatines before collar deployment. We
activated the collars and left them for periods@feral days in fixed locations,
occasionally agitating collars to avoid GPS shiit\dfe documented highly accurate
stationary collar locations using a Trimble GeoXP%system (Trimble Navigation,
Sunnyvale, CA). We considered fixes “high qualitytocation points for stationary
collars were within 30 m of each other in more tB&f6 of cases, and locational error
more than 100 m occurred less than 1% of the fithe.“2D” and “3D” locations from
all Telonics collars were considered high qualitg &doth types were used in analyses.

Only the “3D” data from Televilt collars met thesgteria and were analyzed.

Home range

We constructed 95% kernel home ranges (Worton 1fe88ach puma from which a
GPS collar download was obtained, and recordedre of each home range in square
kilometers using Hawth’s Tools v.3.26 extensiony@e2004) for ArcGIS 9% (ESRI,
Redlands, CA). We included the entire period of @Bl&ar locations collected for each
puma in home range calculations, up to 12 consexutonths. For subadults that

dispersed, we used only post-dispersal locatioresugéd the ArcGIS 9¥ameasurement



38
tool to measure mean length (km) and width (kmgaxth home range, and calculated the

ratio of length/width to compare home range shapes.

We tested whether home range sizes and shapeshmaltturately compared between
puma zone, age, and sex groups, using JRiftdistical software (SAS Institute, Cary,
N.C.). Two sample Studentigests were used to determine whether pumas ingracip
to be compared wore collars for comparable numbkedslys. We used Pearson’s chi-
square tests to assess whether puma groups wtaesahlring the same seasons,
tabulating each month of the year that a collalectéd data, with locations from
November through April considered “wet season” tmees, and those from May through

October categorized as “dry-season” locations.

We tested for differences in home range area aapleshetween zones, sexes, ages, and
between divisions of groups that initial analyseggested as important. Juvenile male
JM150 was included in zone comparisons but nobsege class comparisons, because

his home range likely represented that of his nothat an independent subadult male.

Movement behavior

We used all high quality GPS collar locations ttrekte movement behavior parameters
and travel or rest/feeding habitat associationgémwh puma. To resolve differences in fix
intervals (1, 2, or 3 hours for different collaag)d fix success rates among collars, we
standardized data to include only locations reabates-hour intervals. We excluded

subadult female, SF901, from this analysis duelXa-aour fix interval. For subadults
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that had gained independence and dispersed frahraages, we analyzed only data

collected after the animal had established an iedéent home range, i.e. moved
repeatedly within the same area and ceased lot@adis (> 1 home range area) linear
movements. Dependent juvenile male JM150 was egdlifiim sex and age group

comparisons.

For each puma’s 6-hour interval locations, we @@atoint and path shapefiles in
ArcGIS 9.2. We used Hawth’s Tools to calculate the Euclidgdiatances moved
between consecutive location pairs, and turn arfglesach set of three consecutive
locations. We calculated mean 6-hour distance maweldmean turn angle for each puma
using JMP 8. We created new data files for each puma, comtgionly locations
representing periods when the puma was travelmdjpoaly locations when the animal
was resting or feeding. The first location of asecutive pair was labeled a “travel
location” if the points were separated by 1500 rmore, indicating the animal had
moved a minimum of 1500 m during that 6-hour peribais distance was roughly 50%
greater than the mean 6-hour movement distancalfpumas. Initial fixes in
consecutive pairs of locations separated by lems H#00 m from each other were
classified as “rest/feeding locations”, represenperiods when the puma moved
approximately 50% less than the mean 6-hour movedistances for all pumas

sampled.

For each animal, we calculated percent travel asdtio of the individual’s travel

locations to total locations. Percent rest/feeduag calculated as the ratio of rest/feeding



40
locations to all locations for each animal. We uSaatlent's-tests in JMP &to

determine whether percent travel locations, penasitfeeding locations, mean distance
moved, or mean turn angle differed for pumas byzsex, age, males by age class,
males by zone, or females by zone. Sample sizesalidllow for comparisons of other

subgroups.

We then examined habitat attributes associatedputha travel or rest/feeding. To
compare the proportions of travel and rest/feethogtions associated with roads, we
separated USGS Digital Line Graph county road ym&o high-traffic roads (state and
interstate highways) and low-traffic roads (rem@agnioads, paved and unpaved) in
ArcGIS 9.%. We constructed 100 m buffer zones on each si@# oads, creating
“high-traffic road zones” and “low-traffic road zes’. Hawth'’s Tools”s “intersect point
tool” was used to create separate data columns\aéltand rest/feeding locations that

intersected high-traffic or low-traffic road zonés; each puma.

We used the “intersect point tool” to document sl¢gpegrees), elevation (m), property
parcel size (ha), and presence of riparian zoneadt travel and rest/feeding location for
all pumas, and calculated mean values of thesbwtis for each animal. USGS National
Hydrography Dataset CA SWRGes were used to identify, and construct 50 mfdauf
zones around, all waterways, indicating “riparianes”. We obtained elevation
measurements from USGS 1:24000 DEM raster files banlt slope and aspect layers
from these files using ArcGIS & Spatial Analyst extension. We used digital county

parcel maps from Amador, El Dorado, Placer and Nawunties to document property
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parcel size at each puma location point. We didohtdiin a parcel map for Sierra County

and did not include juvenile male JM150 in paréeé £omparisons.

Pairedt-tests were conducted to determine whether mege sébevation, parcel size,
and presence of high-traffic roads, low-trafficdear riparian zones differed between
travel and rest/feeding locations for all pumas. Mdfeeated these comparisons for pumas

by zone, sex and age class.

Habitat use

We compared geographic attributes at documenteé poration points versus at large
numbers of random points in the animals’ home raargas, to characterize and compare
habitat use patterns by puma group. We constri@§ée kernel home ranges for each
individual, using all high quality GPS locations tbe duration of each animal's GPS
collar dataset. We then constructed a “home rarege’ for each puma, by creating a 1
km buffer surrounding each animal’s kernel homeyeaand merging this area to the
home range, in ArcGIS 9°2The buffer was added to include areas that wetengially
accessible to pumas, but may have contained festio@é pumas avoided, which we

wished to identify.

For each point in a puma GPS location file, we doented the associated elevation,
slope, parcel size, and intersections with higffiraoad zone, low-traffic road zone, and
riparian zone, using Hawth’s Tools”s “intersectidool” and the GIS map layers for

each attribute. We used “intersect point tool” twuiment the aspect and vegetation type
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at each point. We created a GIS aspect layer wsengSGS 1:24000 DEM raster file

and the ArcGIS 9®Spatial Analyst extension aspect tool. The 2000 CIAEVEG
(Fveg2.02) GIS map layer was used to identify vatimt types. We classified aspect
values as North, South, East, or West, and vegetétpes as montane
hardwood/montane hardwood-conifer (montane hardyy@hual grassland or open oak
woodland (grassland/oak woodland), conifer foresthaparral. Points rarely occurred

in other vegetation types and those were not iredud analysis. We calculated the mean
of each geographic attribute value associated puitha locations for each animal. For
vegetation type and aspect, we calculated the p&ge of points intersecting each of the
4 vegetation types and the 4 aspect classes. goittaffic road, low-traffic road, and
riparian zones, we calculated the percentage df aaitnal’s locations occurring within

those zones.

To compare puma habitat use with the general bigtan of geographic attributes within
each animal’'s home range area, we created a 480afandom points in each home
range area using Hawth’s Tools. We documented sdtreslope, elevation, aspect,
parcel size, vegetation type, and presence of tigffie road zone, low-traffic road zone,
and riparian zone, for each random point in purhagie range areas. We calculated the
mean values or percent occurrences of each geagraiibute for each home range

area’s random point dataset.

Pairedt-tests were conducted to identify within group eliéfinces between attribute mean

values and percent occurrences at actual pumadasatersus in the animals’ general
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home range areas. We conducted these comparigoal$ paomas pooled, and for each

zone, sex, and age class. Slope, elevation, awelmze values, were logarithmically

(In) transformed to approximate normal distribusion

Results
GPS collars
We deployed 22 GPS collars on 19 pumas during 2008, and tracked animals by
collar during 2002-2006. Fourteen collars yieldesvdloads, representing all GPS fix
data collected by collars on 13 pumas. Table Zspldys the zone, age class, sex, collar
type, number of fixes collected, fix interval, atothl data period for each collared puma
from which downloads were obtained. Three of thermoaded collars were worn by
adult males, 6 by adult females (one female waarmeal twice), 1 by a subadult female,
3 by subadult males, and 1 by a dependent juverale. Seven of the pumas from which
downloads were obtained had occupied the developee, while 6 undeveloped zone
pumas provided collar downloads. All collared subledlived in the developed zone.
The subadult female was collared in her developee natal range, while 2 of 3
subadult males were collared pre-dispersal in titeveloped zone and subsequently

moved to establish developed zone home ranges.

One developed zone puma resided in an area of tiamas and residential development
bordering a busy highway. The other developed paumeas occupied foothill and
mountainous areas characterized by a mix of ratelsgtle subdivisions, ranches, and

occasional residential developments. The undevdlapae pumas all lived within
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extensive areas of forest with few or no resideeeslight human activity, mainly

forestry and recreation.

By 2007, 5 of 7 pumas collared in the developedZoom which downloads were
obtained were known to have died, including 3 stiBadults. Three pumas were killed
in response to depredation on sheep or goatsyelgle collision, and 1 by another
puma. One undeveloped zone adult male was knowwawe died, possibly hurt by

another puma.

Home range

Home range areas for each puma, covering a maxiofdr2 months or the duration of
data collection if less than 12 months, are digday Table 2-1. The mean number of
days and the months of year that pumas wore caldrsot differ significantly between
any of the zone, sex or age groups for which wéedso compare home range sizes and
shapes (Table 2-2). Results of home range sizslzeqge comparisons by puma group
are presented in Table 2-3. Mead2-month home range area for adult male pumas (n =
3) was 402.6 ki This area was 229% larger than mean adult fehwiee range size (n

= 4), 176.04 krfy and 346% larger than the meat2-month home range size for
subadult males (n = 3), 116.5 krvilean<12-month home range size for adult males that
were tracked more than 6 months was 539.6 (kn¥ 2). This area was 272% larger than
the mean home range size of adult female pumaseldor more than 6 months (n = 4),

198.6 k.
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Developed zone home ranges were smaller than etap@d zone home ranges=(

2.831, df =11, p = 0.016), but home range sizesdtdliffer significantly for males and
females overallt(= 0.920, df = 10, p = 0.379) or for adult maled adult femalest(=
1.816, df = 6, p = 0.119), possibly due to smathgke size and migratory movements by
2 females. Two undeveloped zone adult females apgea migrate, using separate
ranges during the wet and dry seasons, resultipgritncularly large and oblong home
range areas. Developed zone home range area rehsanatler than undeveloped zone
home range area when migrating animals in the widped zone were excluded from
analysis{= 2.602, df = 9, p = 0.029). Home range areaeéndeveloped zone also
remained smaller than undeveloped zone home raegendnen the 2 undeveloped zone
adult males with the largest home ranges in ouptamere excluded € 3.390, df = 9,

p = 0.008). Small sample sizes (3 to 5 animalsptrgory) and uneven distribution of
age classes by zone may have inhibited identiGoatf potential differences between

more exclusive subgroups.

Home range shape (length/width km) was less ronnlde developed zone than the
undeveloped zone when migratory animals were eedyd= 2.285, df =9, p = 0.048).
Shape did not differ between any other groups. $wmadult males had particularly long,
narrow home ranges (23.6 km x 4.6 km, and 18.1 kKh¥>m) stretched along busy
highways in the developed zone. Two developed adié female home ranges
bordered on residential developments and highwagisappeared irregularly shaped.

Although some undeveloped zone puma home rangesheedered or intersected by a
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highway or major river, these home ranges appeage broadly round, with

length/width ratios of 1.1 km to 3.0 km.

Movement behavior

Table 2-4 displays the mean percent travel locatiorean percent rest/feeding locations,
6-hour movement distances, and turn angles fgnetias pooled and for each sex, age
class, and zone. Results of group comparisonmdieated. Percentage of travel
locations was greater for male pumas than femake2 306, df =9, p = 0.047), while
females had a greater percentage of rest/feedoagiéms than males$ € 3.653, df =9, p

= 0.005). Males moved greater mean distances #raalés per 6-hour intervdl=£

2.262, df =9, p = 0.050), while turn angles wereager for females than male pumés (
3.713, df = 9, p = 0.005). Subadult males movedtshaean distances than adult males

(t=3.129, df = 4, p = 0.035).

Table 2-5 displays mean parcel size, slope, el@vasind percent of locations
intersecting riparian, high-traffic road, and lomaffic road zones for puma travel versus
rest/feeding locations. Values are presented famaals, and for zone, sex, and age
groups, with differences between travel and restlffey habitat attributes indicated for
each group. For all pumas pooled, travel locatmswirred on lower mean slopes than
rest/feeding locationg € 3.380, df = 12, p = 0.006). Both high-trafficdalow-traffic
roads were more often associated with travel teatifeeding locationg € 2.608, df =

12, p = 0.023t = 3.654, df = 12, p = 0.003).
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Travel locations for developed zone pumas occuatédwer slopest(= 7.290, df = 6, p

=0.001) and elevations £ 3.237, df = 6, p = 0.018), and were more likelypccur

along high-traffic roads, than rest/feeding locasi¢ = 2.579, df = 6, p = 0.042).
Developed zone puma travel locations also occuneck often in riparian zones than
rest/feeding locationg € 2.981, df = 6, p = 0.025). Pumas in the undgyeadiczone
displayed none of these relationships, but had rimavel locations along low-traffic
roads than rest/feeding locations(6.199, df = 5, p = 0.002). Tracking indicatedtth
pumas often walked along low-traffic roads for digtes up to 5 km, between dusk and

dawn.

Male travel locations occurred on lower mean sldpes3.537, df =5, p =0.017) and
more often along low-traffic roads than male restfing locationst = 2.665, df =5, p =
0.045). Female puma travel locations occurredvaetanean elevations than female
rest/feeding locationg € 5.187, df = 5, p = 0.004), with no other diffieces identified.
Subadult pumas, which were sampled only in the ldpeel zone, used significantly
lower slopest(= 13.501, df = 3, p < 0.001) and elevations favét than rest/feeding €
5.865, df = 3, p = 0.010). Subadult puma travehtmns were more often along high-
traffic roads than rest/feeding locations: (5.095, df = 3, p = 0.015). Adult puma travel
locations occurred more often along low-trafficdedhan adult rest/feeding locations (

= 2.667, df = 7, p = 0.032).
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Habitat Use

Table 2-6 displays geographic attribute valuessguificant differences at actual puma
locations (observed values), versus in puma homgerareas (expected values), for all
pumas and each group. For all pumas pooled, aobllal locations were more often in
montane hardwood € 4.276, df = 12, p = 0.001) and chaparral vegatatypes (=

3.116, df = 12, p = 0.009), and less often in camibrest {= 3.689, df = 12, p = 0.003)
than the occurrence of those types in puma hongerareas. All animals pooled used
lower elevationst(= 3.279, df = 12, p = 0.003), and used high-teaff= 4.010, df =12, p
= 0.001) and low-traffic road zonesH2.246, df = 12, p = 0.022) less than expected by
non-selective use of home range areas. All pumed nsrtherly aspects less{3.918,

df = 12, p = 0.002) and southerly aspects morendfte 3.793, df = 12, p = 0.003) than

expected.

Pumas in both development zones used montane haddwore frequently than
expected by non-selective use of home range area3.764, df = 6, p = 0.009=

2.859, df =5, p = 0.035). Developed zone pumad lesger parcels & 2.594, df = 6, p

= 0.021), greater slopes< 3.061, df = 6, p = 0.011), and lower elevatifirs 2.843, df
=6, p = 0.015) than expected. Developed zone patsasused riparian zones mote (
3.281, df = 6, p = 0.008), and low-traffic and highffic road zones less$ £ 3.624, df =

6, p = 0.0061 = 4.787, df = 6, p = 0.002) than expected by neleedive home range area
use. Undeveloped zone animals used northerly asfect.610, df =5, p = 0.001) and
conifer forests lesg € 4.287, df = 5, p = 0.008), and southerly aspdcts3.627, df = 5,

p = 0.015) and chaparral more often than expet¢te@® (731, df =5, p = 0.041).
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Male pumas used chaparrak(2.666; df = 5; p = 0.045) and southerly aspécts3.568,
df =5, p = 0.008) more, and high-traffic road zeKte= 2.879, df =5, p = 0.017) and
northerly aspectd € 2.893, df =5, p = 0.034) less than expectetdimlinot show
selection for other attributes. Female pumas usaatane hardwood € 3.498, df =5, p
= 0.009) more, and both high-traffic road=(2.910, df =5, p = 0.017) and low-traffic
road zones less € 2.839, df =5, p = 0.018) than expected by reletive use of their

home range areas.

Our sample included 4 subadult pumas, all in theeldgped zone. Subadults used high-
traffic road zonest(= 15.597, df =3, p < 0.001) less often than exgukdtike all pumas
pooled, the 8 adults sampled used montane hard{eod.130, df = 7, p = 0.004),
chaparralt(= 2.860, df = 7, p = 0.024), and southerly aspese (= 4.111,df =7, p =
0.005), and conifer forests£ 2.713, df = 7, p = 0.015), northerly aspetts 4.000, df =

7, p = 0.005) and low-traffic road zones less 2.466, df = 7, p = 0.043) than expected.

Discussion
Pumas responded to the presence of rural develdpyedjusting spatial patterns of
habitat use, including home range patterns, selgctf habitats used for travel and
resting or feeding, and selection of habitats withieir home range areas. Sex, and not
development presence, affected movement paramettuging short-term movement

distances, turn angles, and proportions of timatspaveling and resting/feeding.
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Pumas in the developed zone occupied smaller hanges than those in the

undeveloped zone, even when adult males or migrat@mals in the undeveloped zone
were excluded from analysis. Smaller home rangakidwave resulted from various
factors, such as puma avoidance of obstacles orhaimtat, or conversely, greater
abundance of prey in developed areas. Male pumasleen found to occupy home
ranges 1.5 to 5 times as large as those of feriratee same populations (Logan and
Sweanor 2001), and subadult males commonly usdesrhaime ranges than adult males
(Hemker 1984, Beier 1995, Logan and Sweanor 2@@tderns supported by our
findings. When migratory females were excluded fiermalysis, subadult male home
range sizes(= 120 krﬁ) were similar to those of femalgs € 116 krﬁ). Home range
sizes of independent subadult males likely refbeteergetic demands, as is typical of
female large carnivores (Lindstedt et al. 19863 aot the mate-searching behavior
practiced by adult males. Subadult male pumas eaxpected to attempt establishment
of larger home range areas in prime habitats asrtta#ure and become better able to

compete with adult males.

Developed zone home ranges were more irreguladyeshthan those in the undeveloped
zone when migratory animals were excluded. Homgeamape did not differ for any
other groups. Puma occupation, especially by subadles, of urban interface borders
may have caused irregular developed zone home shragees. Beier (1995) found that
subadult male pumas in a developing area disp¢osthe urban-wildland edge and
established small, temporary home ranges stretgloag that interface. Similarly, all 3

subadult males we sampled resided in developed,aagd established smaller, more
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irregularly shaped home ranges than those of adhiis, 2 of which were stretched

along major highways. Female developed zone hongesabordered highways and

residential areas, likely related to the irregllame range shapes observed.

All movement parameters differed with sex, whileelepment zone and age were not
related to any movement parameter differences égsidult males moving greater
distances than subadult males. Female pumas’ simoeement distances and greater
turn angles than males suggested more intensivefisealler home ranges than adult
male pumas that are driven to range widely seagdoinmates in addition to prey.
Subadult male movement distances also likely reftba focus on prey searching rather
than mate searching. Koehler & Maletzke (2005) &mweanor (1990) found male pumas
covered greater daily distances within larger hoamges than females, while female
pumas used smaller home ranges, turned at greagiasaor moved less linearly.
Dependent young may limit female movement distaaoesincrease the time females
must spend hunting. Care for young kittens may ltavdributed to female’s relatively

high proportion of rest/feeding bouts.

Developed zone pumas displayed greater selectityabitats for travel versus rest or
feeding than any other group. Undeveloped zone ariosed only low-traffic road
zones, typically lightly used logging roads, mofewo for travel than for rest/feeding. A
mean 44% of undeveloped zone puma travel locati@ne in low-traffic road zones.
Developed zone animals did not appear to selectiaffic roads for travel, but instead

used lower slopes and elevations, and high-tredfc zones and riparian zones more for
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travel than for rest/feeding. In developing aréas;traffic roads were likely less secure

for puma travel, coinciding with human activitiesdaresidences. Locations in high-
traffic road zones were minimal (0.8% of traveldtions), and could have reflected
associated topographic features that were condueitravel. Travel versus rest/feeding
habitat selection displayed by subadults reflethed of all developed zone animals,

while few differences were identified within othgnoups.

Puma selectivity of habitats within their home rarageas also corresponded more
strongly to zone than to sex or age class. Devdlapae pumas’ avoidance of low- and
high-traffic road zones in their home range araad, selection for riparian areas and
large property parcels, suggest the animals avgdézhes of residential development or
greater human activity. The developed zone wasackenized by a mosaic of ranches,
ranchettes and dispersed housing developments, lodtelering steep river canyons, and
transected by creek drainages with riparian veigetaDeveloped zone animals’
selection for riparian areas, and greater slopddamer elevations than in their home
range areas suggests the pumas relied upon rimgoiea and riparian drainages that ran

through developed areas.

Developed zone pumas likely used canyons and aipahiainages for stalking cover,
gentle travel terrain, and secure rest or feedawgic Dickson and Beier (2006) found
pumas to use canyon bottoms particularly for traaetl speculated these areas offered
low energetic cost travel paths and abundant [&kson et al. (2005) found pumas

used travel paths with lower slopes than alteregtiaths. Developed zone animals may
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have selected rugged, sloped habitats such assa&ind canyon walls for rest, hunting

or feeding cover, while preferring canyon bottomd bw slopes for travel. Studies
relying on diurnal puma locations that found purttaselect steep habitats at higher
elevations than surrounding areas (Logan and I®Bb, Laing 1988), may have
described puma rest/feeding habitats. The findim@rtando et al. (2008a) that properties
in this study area with steep slopes, higher bresiver, and near rivers or creeks faced
heightened puma depredation risk, likely resultedhfthe apparent third-order selection

of developed zone pumas for river canyons andigpareas.

Puma habitat use in the undeveloped zone was feated by anthropogenic and
topographic features like developed zone habit@t aithough the zones were
geographically similar. Undeveloped zone pumasithtibse related only to vegetation
types and aspect. GPS collars have sometimes égeable to record locations in steep,
rugged terrain, and at north or east aspects witis&l closed canopy vegetation (Friar
1994, D'Eon et al. 2002, Graves and Waller 2006¢s€ effects could have influenced
our results, although undeveloped zone pumas mag dlao preferred south-facing
slopes and more open vegetation types. Southgrbceshad experienced extensive
burning in a large portion of the study area, amy tmave been well used by deer. GPS
fix biases would have inhibited detection of pumase of the low elevations, high
slopes, and riparian areas within canyons. Howeverfound all pumas pooled and
developed zone pumas to use lower mean elevatodsjeveloped zone animals to

select higher slopes and use riparian areas mtae thfan expected.
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Although pumas were able to live in areas of rioat-density development, behaviors

relating to habitat use were altered. Developmppeared to constrain home range size
and shape, and cause increased selectivity ofdtalidr specific activities and within
animals’ home range areas, suggesting degraddtioveaall habitat utility at the level of

individual home ranges.

Management implications
Pumas can and do use areas of rural developméritabitat use is apparently
constrained and these areas may not constitutéygbabitats. Riparian areas such as
creek drainages and river canyons likely functisimnaportant corridors and cover, aiding
persistence of pumas in developing regions. Lowsitigmesidential development of rural
landscapes adjoining wild areas can be expecteddatively impact large carnivores, by
decreasing habitat utility for individuals, and @uatially increasing mortality rates
through conflicts with humans, legal and illegdlikg, and vehicle collisions. These
effects could destabilize existing ecological comitias. Conservation of contiguous
riparian zones, landscape networks of refugia (§al988) consisting of undeveloped
high quality habitats, and efforts to minimize hum@arnivore conflicts are likely

necessary to sustain large carnivores in rurakarea
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Tables and Figures

Table 2-1. GPS collar and puma home range parasnetecollared pumas in
California’s Western Sierra Nevada, 2002-2006. PUn& = sub-adult, A = adult, J =

juvenile; M = male, F = female. Collar type: TA =ldnics Argos, TP = Televilt PosRec.

Puma ID, Collar No. 2D Fix Total Home
Zone Type & 3D interval data  range area
fixes (hrs) period <12 mos
(days) (km?)
Developed
Zone
SM119 TA 1197 3 211 1573
SM130 TA 2055 3 478 119°1
AM852a TP 1240 1 69 128.6
SM852b TP 1131 2 180 73.2
AF200 TA 1114 3 454 112.6
AF797 TP 445 2 224 85.8
SF901 TP 146 12 270 128.1
Undeveloped
Zone
JM150 TA 484 3 95 176.0
AM160 TA 1521 3 287 417.3
AM190 TA 2285 3 492 661.9
AF180 TA 3014 3 463 136.5
AF819 TP 830 2 230 283.1
AF868 TP 1047 1 105 2622
AF82Y TP 1549 2 250 2622

'Collars AF868 & AF829 were worn successively by shene puma.
“Home range area calculated for post-dispersalitmesbnly: 8 mo. period.
*Home range area calculated for post-dispersalitmesbnly: 6 mo. period.
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Table 2-2. Comparison of number of days and mootlygar GPS collars were worn

between puma groups in California’s Western Sislegada, 2002-2006. No. of days
comparison: two-sample independent Student’s f+estlifferences at = 0.05. Months
of year comparison: grouped into wet and dry seaBearson’s chi-square test, no

differences att = 0.05.

Group No. Days Months of year

Means t daf P- X2 df P-value
value

Developed/ 269.4/320.3 0.617 11 0.550 0.6821  0.409

undeveloped zone

Male/female 286.2/332.7 0.567 10 0583 1.658 0.198

Adult/subadult 321.8/284.8 0.422 10 0.682 0.528 0.469

Developed/ 269.4/285.8 0.172 9 0.867 0500 1 0.480

undeveloped zone

w/o adult males

Developed/ 269.4/334.3 0644 9 0536 0331 1 0.565
undeveloped

zone nonmigratory

Developed zone 316.0/349.3 0343 4 0.749 0306 1 0.580
female/undeveloped

zone female

Adult male/adult 282.7/345.2 0554 6 0600 0392 1 0.531
female

Adult male/subadult 282.7/289.7 0.045 4 0.996 0.277 1 0.599
male

Subadult male/ non- 234.5/352.8 1.111 6 0309 259 1 0.107
migratory female
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Table 2-3. Home range area and shape comparisposlfared pumas in California’s

Western Sierra Nevada, 2002-2006, by developmerd, zex, and age. Home ranges use

95% kernel density estimator method, represertif®ymonths of puma locations.

Puma group n <12-month Length/
home range width
area (k)  (km?

Developed zone 7 115.0* 2.74
Undeveloped zone 6 322.8* 1.73
Male 6 259.6 2.70
Female 6 168.1 2.06
Adult 8 261.0* 1.96
Sub-adult 4 119.4* 3.23
Developed zone 7 115.0* 2.74
Undeveloped zone w/o 4 214.5* 1.87
adult males

Developed zone 7 115.0* 2.74*
Undeveloped zone non- 4 347.9* 1.26*
migratory

Developed zone female 3 108.8 1.97
Undeveloped zone 3 227.3 2.14
female

Adult male 3 402.6 1.73
Adult female 5 176.0 2.09
Adult male 3 402.6 1.73
Sub-adult male 3 116.5 3.67
Subadult male 4 119.6 3.33
Non-migratory female 4 115.8 1.75

*Difference between puma groupsocat 0.05 using two-sample independent Student’stt-te



61
Table 2-4. Comparisons of mean movement paramatees at 6-hour location intervals,

for GPS-collared pumas by group in California’s ées Sierra Nevada, 2002-2006.

Pumagroup % travel % rest/ Movement Turn N
locations  feeding distance angle
locations (m)

All 21.8 34.3 943.7 113 12
Developed 20.4 33.6 886.3 115 6
zone

Undeveloped 23.1 35.0 1012.6 111 6
zone

Male 24.7* 32.1* 1072.3* 104* 5
Female 18.5* 36.2* 789.4* 123* 6
Adult 21.6 34.5 957.1 1140 8
Subadult 22.9 32.1 908.0 109.2 3
Adult: male 26.6 32.1 1236.7* 99.2 3
Subadult: male 22.9 32.1 908.0* 109.2 3
Developed: 21.9 32.6 939.3 1084 4
male

Undeveloped: 30.4 33.3 1098.3 1024 2
male

Developed: 17.8 35.6 780.5 1284 3
female

Undeveloped: 19.0 36.6 795.3 1194 2
female

*Difference between puma groupsocat 0.05 using two-sample independent Student’stt-te
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Figure 2-1. Approximate urban-wildland interface dividing developed and undeveloped
zones of puma sudy area in Califorma’s Westem Sierra Mevada, 2002-2006. Housing
densities are from Cabiformia Dept. of Forestry and Fire Protection dataset

CENOOBLMO3 1. Eemel density home ranges of 13 collared pumas are shown.
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CHAPTER 3

Does rural development fragment puma habitat?
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Does rural development fragment puma habitat?

Abstract:

We examined whether exurban development fragmpnted habitat at three ecological
scales. We investigated whether rural developmetdyzed a “source-sink” population
structure by analyzing puma survival and dispemsalndeveloped and developed zones
of a rapidly exurbanizing region. We tested whetr@hropogenic or natural barriers
degraded landscape connectivity by impeding puma&ments. In individual home
ranges, we investigated whether rural developmesdted preferred and non-preferred
habitat patches by testing whether pumas prefealiytised or avoided diminishing size
classes of residential property parcels. Dispeesad survival parameters including
frequent dispersal and establishment of home ramgt® developed zone, and
particularly high 12-month mortality in that zor#2(9%), suggested a source-sink, or
source-pseudo-sink, rather than a habitat-limitediofragmented population structure.
Pumas crossed highways 7.9 times less, housindpgevents 3.7 times less, and major
rivers 4.3 times less than expected, indicatingetstructures impeded puma movements
and could threaten landscape connectivity. Withgirthome range areas, pumas used
smaller <20 acres) property parcels less than expected ame wiften at night, and
larger (>40-acres) parcels more than expected, amate often during the day. To
sustain puma populations in the face of rural depeient, we recommend protection of
source populations from development, maintenanoeoyement corridors and 4@cre

parcel sizes, and efforts to reduce puma-humaricomf developed rural areas.
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Introduction
In Western North America, human population has beereasing and many rural areas
rapidly urbanizing (Theobald 2005, U.S. Census Bur2006), encroaching upon
available habitats for large mammals. Highwaysicaiural, and suburban development
threaten to fragment quality habitat and underrttieeviability of wildlife populations
(Andren 1994, Noss et al. 1996, Crooks 2002). Mangl areas have been transformed
by low-density “exurban” development, characteribgd®- to 16-ha (5- to 40-acre)
residential subdivisions (Duane 1996, Theobald 20@8ma Puma concoloysightings
and depredations on pets and livestock indicateagumse developed rural areas (CDFG

2006), but the habitat value of these areas istigumable.

Habitat fragmentation may occur at different hiehézal scales, potentially creating
patches of low quality habitat within individualsdme ranges (Andren 1994), producing
a “source-sink” condition at the population leval disrupting landscape-level
connectivity, which is essential for sustaininggfreented subpopulations (Hansson
1991). In a source-sink system, excess offsprindgyced in quality, “source” areas
disperse into “sink” areas of mixed or low qualigbitat associated with high mortality
or inadequate resources, which are unable to imaigpely support populations (Pulliam
1988). Areas of coastal southern California haaehed a critical point of fragmentation

in which remaining high quality source areas acedimall to sustain viable puma
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populations, and have become separated by denstogdment and highway systems

(Hunter et al. 2003, Riley et al. 2005, Beier e28l06).

We initiated a study in a rapidly developing ruegion to examine whether low-density
rural development functionally fragmented puma tebiWe asked whether rural
development was likely to create demographic siikanalyzing puma survival and
dispersal in undeveloped timberlantiereafter, undeveloped zonearsus exurbanizing
rural areashereafter, developed zonaf)the same region. We tested whether
anthropogenic and natural barriers impeded pumaments and thus connectivity
within landscapes. Finally, we examined whetheretieped zone pumas preferentially
used or avoided diminishing size classes of resialgoroperty parcels within animals’
home range areas. We asked whether pumas’ usecelpby size differed between day
and night, suggesting responses to human actaxgld. We focused on this wide
ranging species to identify threats to habitat emtinity likely to impact local wildlife
communities (Terborgh et al. 1999, Noss et al. 1.9896d to facilitate regional

conservation planning.

Study area
We conducted this study in Sierra, Nevada, Pldgidborado and Amador counties, in
California’s Western Sierra Nevada mountains armdhids. The western portion of these
adjoining rural counties borders the agriculturah@al Valley and the Sacramento
metropolitan area. Elevation ranges from sea levtile west to over 2500 m at the

Sierra Nevada crest. River canyons running roughbt-west separate mountain ridges
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in the higher elevations. The western foothills @raracterized by oak{ercus sp.

dominated woodlands and chaparral. Eastward, végetaansitions with rising

elevation to conifer forests. This area is prinyanbn-residential timberlands, networked
by logging roads. An urban/wildland interface cspending to housing density on
private versus public lands, typically nationaldsis, transected our study area and was
used to define the “developed zone” versus the éuatbped zone” (Figure 3-1). Most of
the counties’ areas provide puma habitat, excludimyg valley agricultural lands, urban

areas, and the high elevation zones of the Sieest.c

The area supports populations of mule d@sfocoileus hemionushlack beafUrsus
americana)and puma, but represents a region of ecologicaterm. Large, contiguous
regions at high elevations are protected from lzomversion as national forests,
wilderness and other public land designations, evbiher areas are privately managed
timberlands. In contrast, the western foothillslargely privately owned and
increasingly residential. Traditional grazing laadeing converted to ranchette style
settlement, or other uses such as vineyards ahdmix. The area is intersected north-
south by high-traffic highways US Route-50 and J-8@ich serve as corridors for

development emanating from the Sacramento mettapairea.

Placer County had the fastest growing human popul@t California, with a projected
27.6% increase from 2000 to 2005 (US Census Buzé@d). Population increased by
9.6%, 13.1%, and 6.9% in Amador, El Dorado, andddevCounties respectively, during

the same period. In Nevada County, the amounhdéwveloped land zoned for
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residential or commercial development was 3.5 tithescounty’s developed land area

(Walker et al. 2003). Over 60% of El Dorado Coustyhdeveloped private land was
zoned for residential (0.4- to 8-ha (1- to 20-acoe)exurban (8- to 16-ha (20- to 40-
acre)) development (Stoms 2004). In Placer Col@#% of the foothills were privately
owned, of which over 50% were zoned for rural restél or urban land use (Stralberg

& Williams 2001).

Methods
GPS collars and capture
During 2002- 2005, we deployed GPS collars on I8gsi Eight Televilt PosRec C600
collars (TVP Positioning AB, Sweden) with 1- or 8un GPS fix intervals were fitted on
pumas, and 2 PosRec C300 collars with 12-hountervals were placed on juveniles.
After the first year of study, we used Telonics @deAZ) GPS collars with ARGOS
(Advanced Research and Global Observations Sejdlitlink, and 3-hour fix intervals.
Nine Telonics ARGOS collars were deployed on pumésch transmitted their 6 most
recently stored locations a maximum of once evemegks for internet download,
allowing limited tracking in lieu of aerial telenmgt All collars were equipped with VHF
beacons, mortality sensors, and automatic dropaeffhanisms, and detached at pre-
programmed dates. We downloaded all stored GP3dosarom retrieved collars to

database files.

To capture pumas, we conducted extensive traclegsiron unpaved roads on public and

private lands. We recorded GPS locations of all@sign, track age, width of front and
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rear heel pad, and notes on the suspected individlumas were treed by trained hounds

and chemically immobilized with Capture-All 5 (5rfgaketamine hydrochloride to 1 part
xylazine hydrochloride) or Telazol (tiletamine armlazepam (100 mg/mL solution); Fort
Dodge Animal Health, Fort Dodge, lowa) at dosagesccordance with the CDFG
Wildlife Restraint Handbook (2000). Drug was defae using Pneu-Dart guns and darts
(Pneu-Dart Inc., Williamsport, PA). We took blooadshair samples, body
measurements, notes on condition, determined agetsoth wear and gumline
recession, and fitted pumas with ear tags andrspli@llowing CDFG animal welfare
protocols (CDFG 2000). We considered male pumaB8 m@nths old, and females > 24
months old to be adults, due to potential for rdpative activity (Logan et al. 1996), and
younger pumas to be subadults. Collared pumas tnaareed using ground-based VHF
telemetry and monthly or semi-monthly telemetrgtilis. Pumas wearing ARGOS-

enabled collars were also monitored using satetbtesmitted GPS fixes.

We estimated the precision of GPS collar locatined before deployment. We left
activated collars in fixed locations for 3-4 dagscasionally agitating collars to avoid
GPS system shut-off. We documented highly accwtat@nary collar locations using a
Trimble GeoXT GPS system (Trimble Navigation, Suralg, CA). We considered fixes
“high quality” if fixes for stationary collars wesgithin 30 m of each other in more than
95% of cases, and error exceeded 100 m less thasf &% time. The “2D” and “3D”
location fixes from all Telonics collars were cafesied high quality and both types were
used in analyses. Only the “3D” data from Telesmdtiars met these criteria and were

analyzed.
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Survival

We asked whether puma mortality differed betweendigveloped and undeveloped
zones. We documented survival or mortality of gaetma during the period of
monitoring, beginning at capture and ending with pama’s last documented location.
When collars transmitted mortality signals, we tedahe collar and investigated the
cause of puma death or collar detachment. We @tmlibercent mortality during the
study for all collared pumas as well as for pumpagdne, sex, and age class. We
conducted two-sample independent Studersts in JIMP & statistical software (SAS
Institute, Cary, N.C.) to determine whether pumnasach zone, sex, and age class were

monitored for similar periods of time, allowing ihtomparisons of mortality rates.

We used Pearson’s chi-square tests to determinghertthe proportion of pumas known
to have died to pumas alive at the end of monitpdiffered between zone, sex, or age
classes. We recorded mortality and cause of deatbuimas after collar drop-off through
spring 2007, in the case that ear tag numbers @masses were reported to CDFG. We
did not include puma deaths occurring after theeetgal date of collar retrieval in
analyses, because developed zone pumas oftenuhked depredation. These deaths
were more likely to become known to us post-caliap-off than were undeveloped
zone puma mortalities, which were less likely tsutefrom depredation. To facilitate
comparison of survival with other studies, we aatrulated mortality rates within 1 year
of collaring (12-month mortality rates), includiogly pumas that were monitored for at

least one year, or died within in less than 12 meiwf monitoring.



73

Dispersal

We analyzed subadult dispersal patterns in combmatith survival, to determine
whether the population conformed to a habitat-Bahistructure, a source-sink structure,
or an unfragmented population structure. We expltiat a large proportion of
subadults in a habitat-limited environment, suckhas of the Florida panther (Maehr
2002), would disperse long summed distances ottidnsacompared to other
populations, potentially at young ages, but fagstablish independent home ranges. We
expected relatively short Euclidean dispersal dista for those animals successfully
establishing home ranges, indicating a lack oflaisé habitat elsewhere. This pattern
could be represented by “frustrated dispersal”ifikdr 1975), in which animals disperse
long total distances, fail to find suitable habftata home range, and frequently return to
their natal regions. In a source-sink populationctre, we expected a large proportion
of subadults to disperse and establish indeperiaene ranges, but to experience high
mortality or low chance of reproductive succestheir new home ranges (Pulliam

1988). In an unfragmented structure, we expectggedsal frequency, establishment of
independent home ranges, and survival rates tavbkasto other puma populations in

relatively undisturbed areas that were not hedwiyted.

We documented dispersal parameters for collareddsuts that gained independence
from their mothers during the study period. We uS&S collar locations from
downloaded collars, as well as capture and moytaldations taken with handheld

Garmir (Garmin Ltd.) GPS units. If we did not obtain a%ébllar download from a



74
puma, we calculated dispersal parameters usingdosarom collars’ ARGOS uplink

systems, aerial and ground VHF telemetry, or puapdwze and recapture. We created
databases and map layers containing locationsafdr puma in an ArcGIS $ZESRI

Institute, Redlands, CA) Geographic Informationt8ys

We documented puma age at capture (£1 month) ated mdhether the animal was still
traveling with its mother as indicated by capturing mother or by analyzing tracks in
the area. We determined age at independence (#&wieelusive) as the age when a
puma stopped traveling with its mother as docuntkebyetrack surveys or location data
from collared mother and offspring. Age at dispke¢sh month) was determined from
collar location data and indicated by movementsitegpand not re-entering a subadult

puma’s natal home range.

We used high quality GPS collar locations to cargt®5% kernel home ranges (Worton
1989) for each puma’s pre-dispersal locations (iete range) and post-dispersal
locations (post-dispersal home range) with Hawilgels extension (Beyer 2004) in
ArcGIS 9.2. Hawth'’s Tools was used to create linear “disdgraths” between
consecutive locations for each puma. We considgisggbrsal to begin with the first
location exiting and not returning to the natal lrorange, and to end when long-range
(5" km) directional movements ceased and pumas begawisit territory, indicating
home range establishment. We measured linear dapistance as the Euclidean
distance (km) between the center of a puma’s mataje and the center of the animal’s

post-dispersal home range, using the Ar¢Gt@asurement tool.
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Because pumas sometimes changed dispersal dirgoveralso estimated the distance
traveled during dispersal (summed dispersal diglamMfe measured and summed the
minimum Euclidean distances between location pdaksn 2 weeks apart for the
duration of dispersal movements. We recorded thatidu of dispersal (days),
predominant direction of movements including majoection changes for each animal,
and whether dispersal began from and terminatéteimndeveloped or developed zone.
We also documented whether each dispersal-aged giechar lived to the end of the

monitoring period, and cause of death.

Obstacles to movement

We tested whether pumas avoided crossing riveghways or residential housing
developments in their home range areas to detewtie¢her these features posed
obstacles to puma movements, and to compare tleeityeaf obstacle presented by
natural versus anthropogenic features. We usddgillquality locations from puma GPS
collars that yielded data downloads to construés %&rnel home ranges for each puma
using Hawth’s Tools in ArcGIS 9°2 We merged a 1 km buffer zone around each kernel
home range to create the “home range area” for pacta. The 1 km buffer, a small area
relative to puma movement distances, allowed uisvestigate potential obstacles

forming puma home range borders.

Using ArcGIS 9.2, we created polyline shapefiles for major highwigsn USGS DLG

digital road map layers, and for major rivers frol8GS National Hydrography Dataset
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digital map layers. We created a “residential hogsievelopment” polygon shapefile

containing only areas of adjoining residential pissmaller than 2.0 acres (0.8 ha), and
extending >1 km in any direction. Because highwayajor rivers, and residential areas

sometimes occurred in association, we removeddh@ps of these layers that occurred
within 300 m of each other, and only analyzed pidépnbstacles in areas where they did

not coincide with the other 2 features.

Puma data files were filtered to include only lomas that occurred at a 6-hour interval
from the next location. We did not include subadebale 901 in these analyses due to
lack of location points. We used a query to créiége of locations for each puma that
occurred within 300 m of highways, rivers, and desitial developments. We included
only locations on the side of the potential ob&tadntaining most of the puma’s ranging

area, to determine whether pumas were crossingrésafrom one side to the other.

We used the Hawth'’s Tools to construct unique pa#ds between each set of
consecutive 6-hour interval locations occurringwitpotential obstacles’ buffer zones.
For each puma we recorded the number of estimatexh paths that crossed rivers,
highways, and residential developments. We theerdetbed the expected frequency of
potential obstacle crossings for each animal, basdtie individual’s movement data.
Hawth'’s Tools was used to generate a list of di#ar{steplength) and turn angles
between all successive 6-hour interval locationsach puma’s GPS collar dataset. We
filtered non-successive location points from thiaddes. We calculated the likelihood of

feature crossings within 6 hours for each pumatioosgoint that occurred in the
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highway, river or residential development buffam,the side of most of the animal’'s

home range area. For each puma, we used Hawthls’ Toonditional point sampling
tool”, to generate 1000 points around each cotleation occurring in a potential
obstacle 300 m buffer zone, based on the steplengtiturnangle distributions recorded
for the given puma. We thus created predictionth@fppuma’s expected next movement

based on its own movement data.

We created a large (5000 m) buffer to display acggmsite the potential obstacle from
the puma location points analyzed. The “intersemttool” was used to generate a
count of the number of newly generated points fislatvithin this zone, indicating an
expected crossing of the obstacle feature. We leséslithe percentage of all generated
points that lay across potential obstacles to deter the expected probability of each
puma crossing each feature. Paired Student'ss-¥este used in JMP°5to compare the
percent of expected crossings to the percent afrebd crossings of each highway, river,
and residential development for all pumas, to aeite whether pumas avoided crossing
these features. We used a query to calculate ticeqage of observed puma paths
crossing highways, that occurred within 300 m ofeek or river that passed beneath the
roadway, to investigate whether pumas may use padses. We also noted whether we

saw puma sign in these riparian underpasses dudoking.

Parcel size use
For developed zone pumas, we asked whether thealnpreferentially used or avoided

property parcel size classes in their home rangasarepresentative of various types of
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rural development including ranches, ranchetted saburban style housing

development. For each developed zone puma’s atdlaiset, we used Hawth'’s “intersect
point tool” in ArcGIS 9.2 to generate a data field displaying the areas $horfeall

property parcels containing a puma location pdetcause smaller parcel size classes
tended to be located in groups of like-sized pardbke small spatial error associated with
GPS collar locations was not expected to causadarastimate of puma use of small
parcel size classes. We calculated the percenfaggeb puma’s locations occurring in
each of 6 parcel size classes, chosen for relevardevelopment planning designations:
0.10 to 5.00 acres (0.04 to 2.02 ha), 5.01 to 18dd6s (2.03 to 4.05 ha), 10.01 to 20.00
acres (4.05 to 8.09 ha), 20.01 to 40.00 acres (@&10 16.19 ha), 40.01 to 100.00 acres

(16.19 to 40.47 ha), and 10&cres (40.47ha).

We next estimated the spatial coverage of eaclepsiae class within each puma’s
home range area. We used Hawth’'s Tools to creatitora points within each puma’s
home range area, equal to the number of high guatations collected for each puma.
We used “home range areas” to include areas boaglaome ranges that pumas might
avoid, which we wished to identify. For each horaege area, we documented the
property parcel sizes associated with each randgergrated point using the “intersect
point tool”, and calculated the percentages of oam@oints falling within each parcel
size class. Paired Student’s t-tests were usedlih5f to test for differences between
use of each parcel size class by pumas (obsereddnd the spatial coverage of those

parcel classes in home range areas (expected use).
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We then asked whether puma use of parcel claseredibetween day and nighttime.

We designated all location points occurring betw@@10 hrs and 17:00 hrs PST as
daytime locations, and all points occurring betw2&rd0 hrs and 05:00 hrs PST as
nighttime locations. Day and night location fileer& created for each puma, including
the parcel sizes associated with each locationtpéia calculated the percentage of
locations in each of the 6 parcel size classethiday and nighttime locations of each
puma. Paired Student’s t-tests were used in J¥® Kentify diel differences in puma

use of the parcel size classes.

Results
GPS collars and capture
We deployed GPS collars on 19 pumas during 2005,20@h one animal collared
twice. Pumas were tracked by collar during 200262@@urteen of these collars yielded
successful downloads, representing all data celteby GPS collars on 13 individuals.
Table 3-1 displays age class; sex; development zmtiar type; number of location
fixes used in analyses; fix interval; duration afalfor each puma; and mortality
occurrence and cause of death. We used only higlitgtixes in analyses for pumas
from which collar downloads were obtained. PumassehGPS collars failed were only
included in survival and dispersal analyses, us8iR&OS transmitted GPS collar
locations, aerial and ground VHF locations, andwagpand carcass locations, as noted

(Table 3-1).
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We collared 4 adult male pumas, 4 subadult malgss/ehile male (dependent), 7 adult

females, and 3 subadult females. Nine collared guwoaupied the developed zone while
10 of the animals lived in the undeveloped zondadult pumas collared in the
undeveloped zone that moved to developing rurasaadéter independence were
classified as developed zone pumas. Developedmamas lived in a mosaic of ranches,
ranchettes, public lands and residential developsnegtworked by highways.
Undeveloped zone pumas occupied a mix of natiavakt and private timberlands with

few or no residential properties.

Survival

Table 3-1 displays the number of days that eachepuas monitored from first
observation (typically, capture date) through theral’s last documented location.
Survival or mortality at the end of each animal'smtoring period is noted, as well as

cause of death.

Six of 9 pumas (66.7%) collared in the developetkezoere known to have died between
10 weeks and 26 months after capture, while 1 giurfias (10%) died in the developed
zone, 10 months post-capture. Because the deatibafiult female 901 was documented
long after collar retrieval (26 months post-capfuvee included in analyses only the 10-
month period during which this female was trackgdadllar, in order to compare

survival between groups monitored for comparableogs. Pumas were monitored for a
mean 296 days with standard deviation of 164 daw®-sample independent Student’s

t-tests found the number of days pumas were mautdid not differ between sexes (t =
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1.300, df =17, p = 0.212), ages (t = 0.078, di7=d= 0.939), development zone (t =

0.088, df =17, p = 0.931) or for animals documérnitehave survived versus those that
died (t = 0.273, df = 17, p = 0.788). Thus, we wadoke to compare puma mortality
proportions between groups using fates documenittkdihvthe periods that animals were

monitored.

Table 3-2 displays the mean percent mortality &mhepuma group within the time of
monitoring, excluding the death of SF901, 26 mopibst-capture. Developed zone
pumas were more likely to die (55.6%) than undgwetbzone pumas (109%; = 4.550, p
= 0.033). Mortality rates did not differ betweenlesaand femalegt = 1.310, p =

0.252) or between subadult and adult pumas 0.224, p = 0.636).

We also calculated 12-month puma mortality ratexb(@ 3-2) including only pumas that
were tracked for a year or more, or died withinfiret 12 months of being monitored.
Overall, 30.8% of pumas (4 of 13) died within aryebcollaring. Adult mortality was
25.0% (2 of 8), while 40.0% (2 of 5) of subadulisdd All pumas killed within their first
12 months of being monitored were male, and 3adcupied the developed zone. The
developed zone 12-month mortality rate was 42.9%f (3 and the undeveloped zone

rate was 16.7% (1 of 6).

Adult male AM160 was the only undeveloped zone ptimadied while tracked by
collar. The body was intact but cause was unkn@Wws collar data indicated AM160

and adult male AM190 were proximate to each otbeséveral hours 14 days before
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AM160’s death, after which AM160’s movements shoe but no recent external

wounds were apparent.

In the developed zone, tracks and wounds indicatbddult male SM119 was killed by
an adult male puma, 7 months after collaring. SM&&8 in thin, poor condition when
killed. Subadult male 852b was killed on a busytiHahe highway, 6 months post-
capture. AM852a, a 4-year old adult male, was #itlee to depredation on sheep 10
weeks after capture. Adult female AF200 was killédmonths after capture due to
depredation on goats newly introduced to a largehraDeveloped zone subadult females
SM901 and SM889 were collared as dependent juxerated both were killed post-
independence for depredation on Barbados sheegnchette properties. Subadult

female SF889 was in thin, poor condition at timeledth.

Dispersal

Five subadults were collared as dependent juverates an additional subadult was
collared while already dispersing, atAB months old. Dispersal parameter values are
displayed in Table 3-3, including number of dispéfscation fixes; minimum age of
independence; age of dispersal; duration of disphensvements; linear distance
dispersed; summed distance traveled, direction diavetal zone; zone where dispersal
was completed; and puma fate. The collar of subhdeulale SF889 failed prior to
independence from its collared mother, with onlscaas location indicating dispersal,

and age of independence and dispersal unknown.
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All pumas gained independence between 11 and 13hwohage, with a mean of 12

months (n = 5; margin of error, 1.5 months). Fi¥® cndependence-aged animals
dispersed, including all 3 males and 2 of 3 femdlExumented dispersal age for 4
subadults ranged from 13 to 14 months with a médi3.& months (margin of error, 1
month). Dispersal movements were documented taeprbtor 56 to 147 days, although
the male that moved for 147 days was still dispersihen its collar signal was lost.
Collar locations indicated that sibling males SMAM SM130 associated during

dispersal for 427 days.

All' 5 pumas that dispersed were collared in undgyall zone natal ranges, and all but
one female dispersed into the developed zone. filygpoma that remained philopatric
with its mother was female SF901, the only indiabcollared in a developed zone natal
range. The 3 dispersing males all initially movedtewest, toward lower elevations and
developed areas, and 2 eventually changed directidre female that remained in the
undeveloped zone dispersed south-southeast. F&R&R9, from which only pre- and
post-dispersal locations are known, moved westatMeom the undeveloped zone to the

developed zone.

Collar location data indicated that all dispersamgmals crossed the home ranges of other
collared pumas, and dispersal paths traversedagirrsectors of the study area. All
dispersing males crossed major highways, riversrarad residential areas, and traveled
from 86.3 km to 194.0 km, measured as the summeéli distances traveled every two

weeks during dispersal. Males dispersed Euclidéstarttes 23.2 km to 141.1 km#
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67.6 km) away from their natal ranges. Female sulb&#881 traveled 31.5 km summed

distance, and dispersed 27.2 km Euclidean distizogeits natal range, while female

SF889 dispersed 16.2 km Euclidean distance fromaitsl range.

Male SM170 moved more than 80 km into the Aubuty lainits, then across more than
one hundred kilometers of rugged, mountainousitebr@fore collar signal cessation.
Male SM119 briefly occupied a commercial area efcty of Placerville, before moving
north to establish a long, narrow home range sliragidhulti-lane highway 1-80, and
being killed by another puma. Additionally, indegent subadult male SM852b had
already occupied a long, narrow home range strdtalang highway I-50, at the time of
collaring. SM852b was killed by a vehicle on thghway. Overall, 57.1% of the
subadult animals (4 of 7) were known to have diedngd) our study, all in the developed

zone. Two of these were in thin, poor conditiotirat of death.

Obstacles to movement

Table 3-4 displays the expected and observed prges of puma that crossed
highways, rivers, and dense residential developsnétighways occurred in the home
range areas of all 6 developed zone pumas and® 4fleveloped zone pumas, for which
collar downloads were obtained. Three develope@ pama home range areas and all
undeveloped zone home range areas contained megms.Dense residential
developments occurred in the home range areasle¥&oped zone pumas and 1

undeveloped zone puma.
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Pumas crossed potential obstacle features faofess than predicted from paths

generated using that animal’s movement data. Paiests indicated that pumas crossed
highways (t = 50.661, df =9, p < 0.001), rivers ¢1.873, df =7, p < 0.001), and
residential developments (t = 7.612 df = 5, p OQ)&ignificantly less than expected.
Paths derived from puma movement patterns predibtgcpumas would cross highways
785% more often, rivers 430% more often, and dessidential developments 373%
more often, than was documented. A majority (67.8%9uma paths that crossed
highways were within 300 m of creeks or rivers asdociated highway bridges, and we

occasionally noted puma tracks passing beneatk tirédges.

Parcel size use

For developed zone animals, Table 3-5 and Figutal@play the percentage of puma
locations in each property parcel size class, &etisel percent land coverage of those
parcel classes in the animals’ home range areasdRaests indicated that pumas used
the smaller parcel size classes of 0.10 to 5.08s8€x.04 to 2.02 ha), 5.01 to 10.00 acres
(2.03 to 4.05 ha), and 10.01 to 20.00 acres (@019 ha), less than the land coverage
of those parcel classes in the pumas’ home raregs 4t = 3.688, df =5, p = 0.014; t =
4.466, df =5, p=0.006; t = 2.612, df = 5, p 848). Puma use of the 20.01- to 40.00-
acre (8.10- to 16.19-ha) parcel class did not dfffem the spatial coverage of this class
in the animals’ home range areas (t = 1.216, df =50.278). The larger parcel size
classes, 40.01 to 100.00 acres (16.19 to 40.4@rth)]100.00acres (40.47ha),

contained a greater percentage of puma locati@rsttie representation of these parcels

in puma home range areas (t = 2.603, df =5, P48).t = 2.766, df = 5, p = 0.040).
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Table 3-6 and Figure 3-3 display the percentagmuiafa locations in each parcel size
class for daytime versus nighttime locations. RaBaident’s t-tests indicated that
nighttime puma locations (21:00 hrs to 05:00 hr$)R&curred more often in the smaller
parcel size classes, 0 to 5.00 acres, 5.01 to Ha@3, and 10.01 to 20.00 acres, than did
daytime locations (09:00 hrs to 17:00 hrs PST)Zt657, df =5, p = 0.045; t = 3.719, df
=5,p=0.014;t=4.604, df =5, p = 0.006). Ntghe locations occurred less often in

the 2 largest parcel size classes, 40.01 to 1Q&@& and 100.0Gcres, than did

daytime puma locations (t = 6.482, df = 5, p = @;a0= 4.795, df = 5, p = 0.005). Puma
use of 20.01-acre to 40.00-acre parcels did nérdietween day and night (t = 1.387, df

=5, p = 0.224).

Discussion
We found evidence that low-density rural developmetth associated highways and
dense housing developments, fragmented puma haBiiatresults were consistent with
attributes of a source-sink population structuresugpted connectivity of landscapes for
pumas, and the creation of habitat patches thaapw@awoided in their developed zone

home range areas.

Survival and dispersal parameters were obtained &@mall sample, but were
consistent with a source-sink population and diffiefrom our expectations for a habitat-
limited, or an unfragmented population structuree T2-month mortality rate for all

pumas in our sample, 31%, was greater than annordlity rates from unhunted
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populations in other western states of 12% to 2B%¥dgey et al. 1988, Anderson et al.

1992, Beier and Barrett 1993, Logan and Sweanot 200ortality for the Western
Sierra pumas was comparable to the higher mortadityes from hunted puma
populations, reported as 27%, 0% to 27%, and 328hiffan et al. 1983, Robinette et al.
1997). Our subadult puma 12-month mortality ra@p4was also considerably greater
than the 24% annual mortality rate reported fronexgmanding population in New
Mexico (Sweanor et al. 2000), and the 26% rate fadmabitat-limited population in

Florida (Maehr et al. 2002).

However, 12-month mortality in the undeveloped zdre7%, was among the lowest
reported in the literature, while the 42.9% motyalate in the developed zone exceeded
even mortality from a heavily exploited puma popiolain Arizona, in which pumas
were culled for depredation control (Cunningharale2001). Cunningham et al. (2001)
contended that their study population, with a 38&6tality rate, represented a
demographic sink. Jalkotzy et al. (1992) projed¢ted a puma population could sustain
an overall mortality rate of about 15%, of which B#uld be from natural causes.
Further, 3 of 4 collared females in the developaakezdied within 26 months of collar
deployment, all at breeding age. High levels oftaldy among breeding-aged females
can significantly impact large carnivore populatisability (Lindzey et al. 1992,

Gittleman 1993).

If the puma population were habitat-limited, we ested frequent failure of dispersing

subadults to establish independent home rangeg;skemmed dispersal distances and
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durations compared to other populations, but deodidean dispersal distances for

animals that eventually established home rangebkpatentially, young ages of
independence and dispersal. In contrast, all dsgpgsubadults successfully established
home ranges, except SM170 whose outcome was natrkfge of independence of
juvenile pumasy( = 12+1.5 months) was low compared to mean ranges frtwer ot

studies (13.%1.6 months, Sweanor et al. 2000; 15320 months, Ross and Jalkotzy
1992). Mean dispersal age, 13bmonths, was less than the means of £%.8 months,
16.0 months, 17.24 months, 18.@2.8 months, and 16-19 months, reported from pumas
in other North American populations (Sweanor e2@D0, Ross and Jalkotzy 1992,

Maehr et al. 1991, Beier 1995, Hemker et al. 1984).

The sample of puma dispersal distances suggestttahitats containing adequate food
resources, or at least, that were free of compet&dult males, were sometimes available
to pumas in developed areas near the undeveloped Eaclidean dispersal distances
(23-142 km for males and 16-27 km for females) appeaneilasi to or less than
dispersal distances documented in other populafewsanor et al. 2000: 67-176 km,
males, 2-96 km, females; Anderson et al. 1992:£BKn, males, 9-140 km, females;
Ross and Jalkotzy 1992: 30-155 km, all pumas). Maalidean dispersal distance for
habitat-limited Florida panthers eventually esstihg home ranges was only 37 km for
males, and 11 km for females (Maehr 2002). The sehdispersal distances (86.3-194.0
km males, 31.5 km female) of our sampled subadvéte not particularly long

compared to Euclidean distances, in contrast tasirated dispersal model (Lidicker
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1975). Duration of dispersal (1.9-4 Sonths) was far less than for Florida panthel® (7.

months for females, 9.6 months for males, Maeh2p00

In an unfragmented population structure, we exgkoteurrence of dispersal,
establishment of independent home ranges, andvaliraites to be similar to puma
populations in relatively undisturbed areas thatewet heavily hunted. Survival rates,
notably in the developed zone, appeared considelalker than in other puma
populations, including hunted populations. Likeiifragmented populations, all
subadult males dispersed and most or all estallisitependent home ranges
(Seidensticker et al. 1973, Hemker et al. 1974,6ks0h et al. 1992, Ross and Jalkotzy
1992). Two of 3 subadult females dispersed, incgdioth those collared in the
undeveloped zone, although female dispersal tygieglpears rare (Laing and Lindzey
1993, Sweanor 2000). Logan and Sweanor (2001) latstithat female puma dispersal,
unlike male dispersal, is partly density dependemntis driven by a shortage of per capita

food resources in a puma’s natal region.

Consistent with expectations for a source-sink petpn structure, most subadults
dispersed and established home ranges, but expeddmngh mortality in their new home
ranges (Pulliam 1988). Notably, 4 of 5 disperseosed from undeveloped zone natal
ranges, ostensibly a demographic source areathatdeveloped zone, potentially a sink
area. The only subadult failing to disperse wasotiilg animal with a natal range in the
developed zone. Instead of constituting a true, sokne or all of the developed zone

could have functioned as a “pseudo-sink” (Watkinand Sutherland 1995), an area able
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to independently sustain a small population butre/liiegh immigration raises the

number of individuals beyond that which the areasapport.

The developed zone may have offered habitat avkiyatbue to sufficient resources
coupled with a high turnover of pumas driven byhhigortality. However, 2 of 4
developed zone subadults died in poor, thin camulitYoung pumas trying to obtain
food and gain adequate hunting skills while avaidimteractions with adult males, often
the main cause of puma mortality in unhunted pdpmra (Logan and Sweanor 2001),
may effectively have been pushed into marginalmihterface habitats. For example,
two subadult males established long, narrow homgesalong major highways before
their deaths. The male portion of this populaticayraonform to Pulliam and
Danielson’s (1991) “ideal preemptive distributioni,which young, subordinate animals
move from a high quality source area into a lowliggaink until they are ready to
challenge older males occupying source areas.ftrasi, young pumas in particular
could have been attracted to these interface asetiee presence of roadkill, suburban

deer, or domestic animals, which may have beetivelg easy to obtain.

Highway and housing construction threatened tonfiigf puma habitat by disrupting
landscape connectivity for pumas. Animals crossghviiays in their home range areas
7.9 times less than expected if movements werémmdded. Puma home ranges tended
to border rather than include highways. Pumas ecbds to 8-lane highways rarely,
likely by passing under bridges along riparian syead one puma was killed crossing a
highway. Highways 6 lanes have been documented to seriously fragpuena

populations and cause significant mortality (B4i@®5, Beier and Barrett 1993, Logan
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and Sweanor 2001). Increasing traffic or furthghlaay expansion could increase

mortality and disconnect puma habitats in our negitousing developments (parcel?
acres (0.8 ha)) disrupted puma movements similtra@ffects of major rivers, with
pumas crossing both features about four timesthessexpected. Dense housing
developments not only threaten to increase humasetbpuma mortality, but may
degrade landscape connectivity. Noss et al. (200@jended that for large carnivores,
connectivity mainly involves circumventing barriensch as highways and developed

areas, and minimizing human causes of mortality.

Subdivision of property parcels to 20 acres or tesgeased pumas’ use of these parcels
within their home range areas, and created patha®ferred £40-acre (16.2-ha)
parcels) and non-preferred habiw2@-acre (8.1-ha) parcels). Patterns of habitat
avoidance and preference by parcel size were sifoilall developed zone pumas
sampled, with each animal using thé-#0 40-acre size class in a neutral manner. Yet
these mid-sized parcels also presented heightepedlity risks from human-caused
sources such as vehicle collisions or depredatiopets and livestock. Orlando et al.
(2008a) found depredations, the primary cause ofgpdeath in our study, to occur on a
mean property parcel size of 48.7 acres (18.9ama) median parcel size of 18.0 acres
(7.3 ha) in the Western Sierra study area. All papraferred40-acre parcels more
strongly during the day, and avoide®0-acre parcels more strongly during the day.
Pumas may have been avoiding use of human domieaténments during times of

high human activity, but still relying partly ongbe areas for hunting.
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Rural development created preferred and non-pesférigh-risk habitat patches at the

individual level (third-order selection (Aebiscledral. 1993); disrupted functional
connectivity at the landscape level; and createduace-sink or source-pseudo-sink
condition at the population level for pumas. Sotsitk population structures are not
necessarily unsustainable or uncommon among wialgifrg large carnivores (Howe et
al. 1991, Dias 1999, Noss et al. 1996, Pulliam }1988we et al. (1991) found that a
large but finite proportion of a metapopulation exist in non-sustaining
subpopulations, and these demographic sinks mayecbsource populations, aiding
overall viability. In a source-sink or -pseudo-sodndition, protection of large
demographic source areas, interconnectedness lresoaeces, and protection of buffer
areas supporting sink populations is vital to mramtong-term viability (Hansson 1991,
Howe et al. 1991, Roberts 1998). The status of ladipn subunits must be carefully

monitored.

Management Implications
Conservation of the pumas in developing rural aneasdates concern regarding housing
and highway expansion as a threat to source arggectvity, and residential
development as a threat to puma habitat utilifyuffer and source areas. Most
undeveloped foothill land in our study region ieeady slated for residential
development in parcel sizes of 40 acres or lesal{berg and Williams 1991, Stoms
2004, Walker et al. 2003). Although the higher atean undeveloped zone of the
Western Sierra may continue to support pumasztimg spanned only about 1.4 times

the average home range width of an adult male poroar study population (Orlando et
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al. 2008b). We expect further foothill developmentonstrict remaining source areas,

threaten connectivity, degrade marginal area hiabita pumas, and result in an overall

decline in numbers of pumas.

To conserve pumas and associated biodiversitycea@reas, in our case the undeveloped
national forests and timberlands of the Westerr&ishould be managed for minimum
puma mortality risk from conflict with humans anelstock, and for healthy populations
of ungulate prey. Rural developed areas in pumédtabven those representing
population sinks, should be managed as buffer zandgor connectivity between source
areas. State and county planning should aim ta habitat fragmentation from major

road development or expansion, and maintain habiteiges and property parcel sizes
greater than 40 acres. Measures to limit humanechomrtality are essential, including
educating residents on depredation threats aneéptiewn, and providing wildlife-friendly

highway crossings along movement corridors.
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Tables and Figures

Table 3-1. Collar performance, time monitored bjazpand puma fates, by
development zone for GPS-collared pumas in Calif¢sWestern Sierra Nevada, 2002-
2007. TA = Telonics Argos collar. TP = Televilt Res Collar. Puma ID: S = Subadult,

A = Adult, J = Juvenile; M = Male, F = Female.

Puma ID Collar No. Fix Days Mortality — Cause of
type High interval  monitored death
quality (hrs) by collar
fixes
Developed
zone
SM119 TA 1197 3 211 Y puma
SM130 TA 2055 3 478 N
SM170 TA 72 NA 236 N
AF200 TA 1114 3 454 Y depredation
AF797 TP 445 2 224 N
AM852a TP 1240 1 68 Y depredation
SM852b TP 1131 2 171 Y vehicle
SF889 TP 22 NA 521 Y depredation
SF901 TP 146 12 270 Y depredation
Undeveloped
zone
AM110 TA 7 NA 172 N
JM150 TA 484 3 95 N
AM160 TA 1521 3 286 Y unknown
AF180 TA 3014 3 677 N
AM190 TA 2285 3 492 N
AF809 TP 163 2 317 N
AF819 TP 830 2 230 N
AF838 TP 12 NA 82 N
AF868/82§ TP 2596 2,1 355 N
SF881 TP 34 NA 288 N

Argos uplink, aerial, and ground locations only;®BS collar download.
2pAerial and ground locations only; no GPS collar dmad.

Adult female collared twice consecutively.

*Puma killed 16 mos. after collar detachment, mibytabt used in analyses.
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Table 3-2. Mortality of GPS-collared pumas by graluping time of monitoring and

during first 12 months of monitoring, in CaliforfsaVestern Sierra Nevada, 2002-2006.

Puma Group Total mortality 12-month mortality
n % n %

All 19 31.6 13 30.8

Developed Zone 9 55.6* 7 42.9

Undeveloped Zone 10 10.0* 6 16.7

Male 9 44 .4 7 57.1

Female 10 20.0 6 0.0

Adult 11 27.3 8 25.0

Subadult 8 37.5 5 40.0

*Pearson’s chi-square test indicates mortalityetdhce between groupms= 0.05.
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Table 3-6. Percent day vs. night use of propertggdaize classes by GPS-collared

pumas in developed rural zone of California’s Wigstierra Nevada, 2002-2006.
Values presented as percent day/percent nighDageuse: percent puma collar
locations in parcel size class during 09:00 hr®QTirs. Night use: percent puma collar

locations in parcel size class during 21:00 hr90%rrs.

Puma  0.10-5 5.01-10 10.01-20 20.01-40 40.01-100 100.01+
ID acres  acres acres acres acres acres

SM119 6.9/20.8 5.3/9.0 10.9/13.2 13.0/10.1 23.3/16.40.5/29.7
SM130 0.0/0.0 0.0/0.0 4.4/8.9 9.7/12.9 34.8/30.7 .18¥.6
AF200 0.5/3.3 29/7.1 6.4/9.7 15.7/15.1  25.7/20.98.8414.0
AF797  2.2/7.1 3.0/7.8 10.0/11.2 15.4/16.8 23.9/16.85.2/40.1
AM852a 0.2/3.1 1.0/22 3.1/7.8 15.7/20.3 37.1/26.8 43.@/39
SFO01 2.8/9.8 4.4/7.4 9.1/104 18.5/23.0 26.2/15.88.8/33.5
Mean 2.1/7.4* 2.8/5.6* 7.3/10.2* 14.7/16.4 28.58*1. 44.6/39.1*

*Difference between mean daytime and mean nighttiseof parcel size class, paired Studetdst,a =
0.05.
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Figure 3-1. Approximate urban-wildland mterface dividing developed and undeveloped
zones of puma study area in Califorma’s Westemn Sierra Nevada, 2002-2006. Housmg
densities are from Califormia Dept. of Foresiry and Fire Protection dataset

CENOOBLMO03 1. Kemel density home ranges of 13 collared pumas are shown.
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Figure 3-2. Percent puma use by property parceldass vs. percent land coverage of

parcel size classes in puma home range areas (86%I|khome range and 1 km buffer),

for GPS collared pumas in developed rural zonealif@nia’s Western Sierra Nevada,

2002-2006.
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Figure 3-3. Percent use by property parcel sizesclday vs. night, for GPS collared

pumas in rural developed zone of California’s Wigstierra Nevada, 2002-2006.
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