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CHAPTER 1. INTRODUCTION

The bobcat (Lynx rufus), one of North America’s few spotted wild felines, can be found
in nearly every terrestrial habitat in California. Bobcats have long been respected by
Native American tribes for their hunting skills, were feared by some European settlers for
their perceived supernatural powers, and sought after by many for their high quality,
uniquely patterned pelts (Young 1958, Hanson 2007). Bobcat conservation and
management and public attitudes toward bobcats in California have changed over
time. These changes prompted the need for a statewide assessment of bobcat
populations and the development of a bobcat conservation and management plan.

Throughout its history of bobcat management, the California Department of Fish and
Wildlife (CDFW) has compiled information from Hunter Game Take Questionnaires,
produced yearly bobcat harvest assessments, and completed three movement studies
among four bobcat populations (Lembeck 1978, Gould 1980, Zezulak 1980, Zezulak and
Schwab 1980), on which statewide population estimates, and hunting regulations were
based. Over the last 40+ years, many other studies on bobcat ecology and population
dynamics have been conducted in California (Table 1).

During the same period, laws and regulations related to bobcat management have
changed based on shiffing needs and views of California’s citizens and their leaders. In
October 2019, the California Legislature passed California Assembly Bill 1254 (AB 1254),
titled “Bobcats: take prohibition: hunting season: management plan.” This bill became
effective January 1, 2020, and made it unlawful for a person to hunt, trap, or otherwise
take a bobcat in California. AB 1254 added Section 4158 to the Fish and Game Code
(FGC § 4158) which directed CDFW to develop a bobcat conservation and
management plan to inform California’s management decisions about bobcat
populations using credible science! and an ecosystem-based approach?. The law
specified that the management plan includes:

(1) A current statewide bobcat population estimate based on the best available
sciencel.

(2) An assessment of the overall health3 of the statewide bobcat population.

(3) A comprehensive strategy to manage bobcat populations and their habitat
throughout the state.

(4) An investigation of nonlethal solutions to prevent bobcat predation on livestock.

(5) Recommendations for regulatory or statutory changes necessary to implement
the bobcat management plan.

I'"Credible science” means the best available scientific information that is not overly
prescriptive due to the dynamic nature of science, and includes the evaluation
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principles of relevance, inclusiveness, objectivity, transparency, timeliness,
verification, validation, and peer review of information as appropriate. Credible
science also recognizes the need for adaptive management, as scientific
knowledge evolves (FGC § 33).

2 The ecosystem approach takes into consideration that all components of the
ecosystem, including its processes, structure, and conditions, are interrelated, and
should be maintained and enhanced to conserve ecological integrity and
biological diversity (CDFW SWAP 2025).

3 We defined the overall health of California’s bobcat populations through data
collection on key indicators such as population size and dynamics, survival,
movement, disease monitoring, genetics, habitat availability and use, and factors
affecting survival.

The Legislature provided funding to CDFW to implement a statewide bobcat population
monitoring project (California Bobcat Project) and to develop California’s first bobcat
conservation and management plan. The methods, analysis, and results of the
California Bobcat Project are presented here, alongside the existing information about
bobcats in California (Table 1). The work outlined in this report addresses the project
objectives below, has provided the critical information for the development of the
Bobcat Conservation and Management Plan (the Plan), and is meant as a support
document for the Plan.

N \ '

Photo by the CDFW Bobcat Project
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Table 1. List of studies done on bobcat in California, the location of the study, and details of what information are reported
in those studies.

c 8, -~ 2 g
= o= ~
2> 5 058 % 23T k¥ E9%
i o = S5%xx 2 T2 = oEs
Source Location (County) S o 0oV T 273 c E0 c
o < B = o o > 0] 5 8
i 6 =30 o = © =
T o
Alonso et al. 2015 Orange v
Brown 2021 Inyo & Mono v v
D tal. 2019 Los A I v v Y
unagan et al. os Angeles urbanization
v
v
Fraser et al. 2018 Los Angeles AR exposure
v
i i v v
Jennings 2013 San Diego & Orange urbanization
Lembeck 1978 San Diego v v v v
v
i v v v v
Moriarty 2007 Los Angeles & Ventura urbanization
Moriarty & Riley 2011 Los Angeles & Ventura v v v
Neale et al. 1998 Mendoci v v Y
eale et al. endocino oredation
Neale & Sacks 2001 Mendocino v v
v
Ng et al. 2004 Ventura roads
Ril t al. 2003 Los A I Vent v v v Y
iley et al. os Angeles & Ventura urbanization
Riley et al. 2004 Marin v
v
i v v
Riley et al. 2006a Los Angeles & Ventura roads

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 9




c 8, -~ 2 g
= o= ~
S> § 058 T 23T k¢ e
; o o S % T 2 T2 © =&
Location (County) S o  ©0Y T 273 - £ETC
o < B = o o > 0] 5 8
< 6 =506 2 =v o =
= t= oz
i i v v
Riley 2006b Marin roads
Riley et al. 2007 Los Angeles & Ventura v v v
v
i v v v v
Riley et al.2010 Ventura & Orange urbanization
Ruell et al. 2009 Los Angeles & Ventura
Schmidt et al. 2023 San Diego v v v
Los Angeles, Ventura,
Serieys et al. 2013 Orange, Contra Costa, & v
San Diego
v
i v v
Serieys et al. 2015 Los Angeles & Ventura urbanization
v
i v
Serieys et al. 2018 Los Angeles & Ventura urbanization
) Santa Clara, San Benito, & v
’ ’ v v v
Serieys et al. 2021 Monterey roads
Smith et al. 2018 San Mateo v
Los Angeles, Venturaq,
Orange, San Diego v
. . v
Smith et al. 2020 Cogn’rles, Goldeh Gate urbanization
National Recreation Area, &
San Jose
Zezulak & Schwab 1980 San Bernardino v v v

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 10



1.1 PROJECT GOALS AND OBJECTIVES

Consistent with FGC § 4158, CDFW established the following goals and objectives for
the California Bobcat Project:

GOAL 1: Determine statewide bobcat population density and abundance.

Objective 1.1: Design and implement a bobcat population survey, using fecal
DNA, remote camera surveys, and GPS-collar telemetry data, across numerous
California ecoregions to better understand bobcat populations statewide.

Objective 1.2: Use the survey data from Objective 1.1 to model how bobcat
density varies across different California ecoregions and habitats and better
understand interspecies interactions through multi-species occupancy and
abundance analysis.

Objective 1.3: Use the spatial density model to generate a robust statewide
population estimate as well as estimates for smaller regions of management
interest.

GOAL 2: Assess the overall health of the bobcat population in California.

Objective 2.1: Collect survey data using a design that can be periodically
replicated to allow assessment of long-term population trends.

Objective 2.2: Collect biological samples to assess disease prevalence, toxicant
exposure, and other health risks to bobcats.

Objective 2.3: Collect biological samples to evaluate genetic variation, genetic
population structure, and gene flow among bobcats.

GOAL 3: Develop an adaptive conservation and management framework to address
stressors on bobcat populations in California.

Objective 3.1: Use the statewide density model developed for Objective 1.2 and
ecoregionally specific population estimates, to identify stressors and potential
management actions as they pertain to factors such as climate change,
catastrophic wildfires, drought, and human-driven habitat loss or fragmentation.

Objective 3.2: Use the results from Obijective 1.2 to identify factors affecting
survival for guidance of management actions as they pertain to statewide
bobcat populations.

Objective 3.3: Develop an adaptive bobcat conservation and management
plan, using an ecosystem-based approach, to inform future conservation and
management of bobcats, co-occurring species, and their habitats in California.
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GOAL 4: Understand the efficacy of nonlethal solutions to mitigate bobcat depredation
on domestic animails.

Objective 4.1: Analyze CDFW records of bobcat depredation and other conflict
incidents to find patterns and trends related to bobcat depredation.

Objective 4.2: Compile other data and literature to investigate the efficacy of
mitigation measures for reducing human-bobcat conflict and negative impacts
on domestic animails.

Objective 4.3: Provide guidance and recommendations for nonlethal
human-bobcat conflict mitigation solutions.

GOAL 5: Outline guiding principles, strategies, and adaptive management
recommendations for the long-term monitoring and conservation of bobcats in
Cadlifornia.

Photo by the CDFW Bobcat Project
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CHAPTER 2. DATA COLLECTION METHODS

2.1 STUDY AREA SELECTION

California is a large state with many unique vegetation types, ecological features, and
significant elevational and climatic diversity. To sample its geographic and ecological
diversity, we adopted the ecoregional approach used in California’s State Wildlife
Action Plan (SWAP; Gonzales et al. 2015). Within the SWAP, ecoregions are defined using
a combination of the U.S. Forest Service "Bailey's Ecoregions and Subregions”
classification (Bailey 2016) and the Watersheds Boundary Dataset used by U.S.
Geological Survey. This system divides California into 19 ecoregions based on terrestrial,
ecological, and terrain attributes (Figure 1).

Northwestern
Basin and
Range

CDFW
Terrestrial Regions

Region | Name
Northern
North Central
Bay Delta
Central

South Coast
Inland Deserts

o |sfw]r]=

%
-=

[JEcoregion Group*
= ==~ CDFW Terrestrial . r.. ,
!---+Regions , R o e ===~ -

*Colors are for
clarifying extent of
region only.

L

0 50 100 200 Miles ’NX

L 1 | 1 | 1 1 1 |
California Department of Fish and Wiidite. Wiidife Branch. D Mastali. 20250403

Figure 1. The 19 California ecoregions used to determine study area locations and the six CDFW
terrestrial regions.
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We selected 48 study areas in California, proportionally distributing them across the 19
ecoregions based on the calculated area of the state each ecoregion encompasses.
We formed six regional bobcat teams, comprised of three people, per each of the six
CDFW terrestrial administrative regions. Eight study areas were assigned to each
regional team to disperse the work evenly (Figure 2 & Table 2) while also distributing
study areas proportionally throughout the ecoregions. This number of study areas was
chosen to maximize our sample size while allowing time for travel between sites,
trapping, and unforeseen delays. Each study area was 40 km2 and was subdivided into
1 km2 grid cells. We selected the study area size based on the largest average bobcat
home range size from the literature which would allow for recapturing individual
bobcats during our capture-recapture surveys (Ruell et al. 2009, Morin et al. 2018, Young
et al. 2019, Lombardi et al. 2020, 2022; Bolze et al. 2021, Moreno-Sosa et al. 2022) while
also surveying the large amount of environmental variability throughout the state. These
48 study areas were the locations for remote camera stations and fecal DNA surveys.
Additionally, bobcat GPS-collar data was collected at 16 select study areas based on
where other concurrent study efforts were already ongoing, and feasibility.

To help standardize the process of study area selection, we used a Generalized Random
Tessellation Stratified (GRTS; Stevens and Olsen 2004) sample to select 480 cells from a
statewide grid, each cell matching the study area size of 40 km?2 (9,884 acres). This gave
10 options for each study area needed, providing some flexibility for regional staff while
maintaining some randomness in our procedure. Regional project staff, with local
knowledge of suitable land, worked closely with the two lead project coordinators
(Rachel Roberts and John Nettles) to choose study areas that were as close to one of
these randomly selected cells as possible while maximizing various measures of diversity
(elevation, vegetation communities, land ownership) between sites. We selected study
areas (Table 2) based on a variety of criteria. Land ownership, terrestrial land cover
classification (Figure 3), and survey access were three of the main selection criteria.
Vegetation type diversity within the study area was another important factor, with favor
given to sites that covered multiple vegetation types. Other factors included elevation,
topography, aspect, agricultural use, road and trail access, and human presence. Field
work was conducted year-round, although seasonal constraints and property access
limitations (e.g., snow, closed roads, etc.) influenced survey times for some study areas.

We conducted a pilot project in November 2020 to test study methods. Outcomes of
the pilot project included adjusting camera placement to maximize bobcat detections,
improving scat collection protocols, experimenting with photo identification methods,
and deciding best practices for data storage and processing. Field teams were
established in each CDFW terrestrial region, and by March 2021, at least one study area
in each region was being surveyed. Each of the six teams completed surveys in their
eight study areas within 15 months, and all the 48 surveys were completed by June 2022.
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Figure 2. CDFW Bobcat Population Monitoring Project Study Areas listed alphabetically along
with the abbreviated project code name.
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Table 2. CDFW Bobcat Population Monitoring Project Study Areas, grouped by ecoregion and listed from west to
east, for northern, central, and southern California.

Study Area Name

(Abbreviation)

Ecoregion

Elevation

Dates Studied

Land Ownership

Range (Feet)

Annadel State Park, Sugarloaf State Park,

Annadel - Sugarloaf - Northern California 344 - 2487 ft 09/20/2021 - Bothe State Park (California Department of
Bothe (ASB) Coast 11/10/2021 Parks and Recreation), and Mt. Hood
County Park
Jackson State Forest Northern California 08/02/2021 - .
(JF) Coast 509 - 1778 ft 09/16/2021 Jackson Demonstration State Forest
. Northern California 11/22/2021 - Point Reyes National Seashore
Point Reyes (PR) Coast 47-T1351 101212022 | (National Park Service
. . Prairie Creek State Park (California
Redwoods (RED) Northern California 256 - 1644 ft 03/10/2022 - Department of Parks and Recreation) and
Coast 04/23/2022 .
Green Diamond Resource Company
. 04/24/2022 - .
Happy Camp (HC) Klamath Mountains | 1883 - 4537 ft 06/08/2022 Klamath National Forest
. . 11/30/2021- Shasta-Trinity National Forest and Sierra
Trinity Lake (TL) Klamath Mountains | 2536 - 4472 ft 02/16/2022 Pacific Industries
South Mendocino Northern California 03/28/2022 - . .
(SMNF) Coast Ranges 2369 - 4367 ft 05/16/2022 Mendocino National Forest
Northern California i 03/28/2022 - Private (managed by North Coast
ST CEID (SE) Coast Ranges 1693 - 4072 1t 05/17/2022 Resource Management)
Northern California 02/12/2021 -
Cache Creek (CACK) Interior Coast 1155-2100 ft Bureau of Land Management
04/26/2021
Ranges
10/11/2021 - Latour Demonstration State Forest and
Latour (LDSF) Southern Cascades | 4590 - 6722 ft 11/24/2021 Lassen National Forest
06/21/2021 - . .
McCloud Flats (MCC) Southern Cascades | 3730 - 4062 ft 08/18/2021 Shasta-Trinity National Forests
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Study Area Name

Ecoregion

Elevation

Dates Studied

Land Ownership

(Abbreviation)

Range (Feet)

i 08/23/2021- .
Devil's Garden (DG) Modoc Plateau 4908 - 5568 ft 10/07/2021 Modoc National Forest
Northwestern Basin 05/04/2021 -
Skedaddle (SKE) and Range 4459 - 5341 ft 06/17/2021 Bureau of Land Management
CDFW Chorro Ecological Reserve and SLO
. . Wildlife Areaq, EI Chorro Regional Park (SLO
Chorro Creek (CHO) Central California 118 - 2434 ft 11/22/2021 - County), California Polytechnic State
Cooast 02/24/2022 University, Los Padres National Forest, and
Camp San Luis Obispo (Cal Guard)
Peninsula Watershed Central California 03/10/2021 - . . - .
(PW) Coast 289 - 1542 ft 05/06/2021 San Francisco Public Utilities Commission
Sierra Azul (SA) ggg’;ol California 817 -3136 ft 8;;?2;383% i Mid-Peninsula Open Space Preserve
. . CDFW Canada de los Osos State
Canada - Coe (CDCO) ggg’rs;oég:gl;feosrmo 1043 - 2336 ft 82;?8;383} i Ecological Reserve and Henry W. Coe
State Park
Chimineas (CPER) gggfsrfég%fe‘zm'o 2182 - 2986 ft 82;82383} " | CDFW Chimineas Unifs of CPER
Panoche (PAN) gggzﬂég&;zmm 1027 - 2008 ft giﬁigggg i Center for Natural Lands Management
Spur Ranch (SPUR) gggzcég%fe‘zm'o 902- 1716 i 82%%833 " | Private
03/21/2022 - .
Fresno (FRES) Great Valley 262 - 387 ft 04/20/2022 County Parks, County Roads, Private
?S‘“Rcvﬁ”;emo River Great Valley 82- 151 ft égjggggl " | CDFW, USFWS, TNC, and private property
Upper Butte Basin 03/10/2021 - . -
(UBBW) Great Valley 59 - 951t 05/17/2021 CDFW Upper Butte Basin Wildlife Area
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Study Area Name

Ecoregion

Elevation

Dates Studied

Land Ownership

(Abbreviation)

Range (Feet)

06/14/2021 - -
Yolo Bypass (YBWA) Great Valley 3-16ft 07/29/2021 CDFW Yolo Bypass Wildlife Area
. . CDFW Donovan Hill Wildlife Area, Quail
Daugherty Hill - Sierra Nevada 276 - 1404t | QV/VII2021 =) ey Wildiife Area, and Spenceville
Spenceville (DHSV) Foothills 04/15/2021 o
Wildlife Area
. Sierra Nevada 05/05/2021 -
Tehachapi (TNC) Foothils 1693 - 3996 ft 06/23/2021 The Nature Conservancy
Sierra Nevada 03/10/2021 - CDFW Tehama Wildlife Area and Lassen
Vehemel [IEA) Foothills 1716 - 3097t 04/29/2021 National Forest
. i 06/28/2021 - CDFW Hope Valley Wildlife Area and
el 4 Lt Sica Nevada 7100-93771 1 10/05/2021 | Humboldt-Tolyabe National Forest
Sagehen (SHRS) Sierra Nevada 6263 - 7674 ft 10/11/2021 - Tahoe National Forest
9 12/02/2021
. . 06/29/2021 - Sequoia National Forest and Golden Trout
Sequoia (SEQ) Sierra Nevada 7769 - 8999 ft 08/12/2021 Wilderness Areq
Calaveras Big Trees State Park (California
. 10/06/2021 - Department of Parks and Recreation),
leeimie L) Sierra Nevada 4567 - 5922 1t 11/18/2021 Sierra Pacific Industries, and Stanislaus
National Forest
. . 03/28/2021 - Bureau of Land Management and Inyo
Tungsten Hills (TUN) Sierra Nevada 4649 - 6401 ft 05/13/2021 National Forest
. . 08/17/2021 - . .
Wishon (WIS) Sierra Nevada 6699 - 8094 ft 09/29/2021 Sierra National Forest
. 10/27/2021 - Bureau of Land Management and
Bodie Hills (OD) Mono 6834-89631 | 15/12/2021 | Humboldt-Toiyabe National Forest
. 7139 - 10636 | 05/17/2021 - .
Bristlecone Forest (BCF) | Mono f 07/01/2021 Inyo National Forest
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Study Area Name

Ecoregion

Elevation

Dates Studied

Land Ownership

(Abbreviation)

Range (Feet)

Hallelujah Junction 04/21/2021 - . . -
(HJWA) Mono 4938 - 5994 ft 06/16/2021 CDFW Hallelujah Junction Wildlife Area
07/06/2021 - .
Mammoth (MAM) Mono 7559 - 8530 ft 08/20/2021 Inyo National Forest
Camp Pendleton Southern California 08/10/2021 - . .
(CMP) Coast 23 - 472 ft 09/29/2021 United States Marine Base
Southern California 06/08/2021 -
Dangermond (JLD) Coast 233 - 1148 ft 07/28/2021 The Nature Conservancy
Southern California 10/11/2021 -
Angeles (ANF) Mountains and 5194 - 7477 ft Angeles National Forest
11/19/2021
Valleys
Southern California . . . .
Valleys (M262B) P
southern California 01/13/2021 - | CDFW Oak Grove Unit of the San Felipe
Oak Grove (OG) Mountains and 2733 - 4652 ft 03/24/2021 Valley Wildlife Areq P
Valleys (M262B) Y
Southern California
San Bernardino (SBNF) Mountains and 6188 - 7953 ft 04/26/2022 - San Bernardino National Forest
06/14/2022
Valleys
Southeastern Great 08/23/2021 -
Cerro Gordo (CGO) Basin 4921 - 9088 ft 10/19/2021 Bureau of Land Management
. . 11/30/2021 - .
Fort Irwin (FIAB) Mojave Desert 2379 - 3960 ft 02/02/2022 United States Army Base
. 12/28/2021 - Joshua Tree National Park
Joshua Tree (JOTR) Mojave Desert 4147 - 5049 ft 02/17/2022 (National Park Service)
. . 04/18/2022 - Mojave National Preserve
M M M D t 4754 - 5420 ft
ojave (MOJ) cjave Leser 754 - 5420 06/02/2022 (National Park Service)
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Elevation
Range (Feet)

Study Area Name

(Abbreviation) Dates Studied Land Ownership

Ecoregion

02/23/2022 -
Chuckwalla (CKW) Sonoran Desert 1339 - 2182 ft 04/13/2022 Bureau of Land Management

04/06/2021 - Anza-Borrego Desert State Park (California
ATTEC] BISTIEET®) (foiel) Colorado Desert 230- 696t 06/03/2021 Department of Parks and Recreation)

® Shrub/Scrub
® Evergreen Forest A
® Herbaceous /
AN Cultivated Crops L e ; \
B ® Barren Land 0
. T Cropg m Developed, Open Space 3
S m Developed, Medium Intensity
Sampled Sites o e Eorast Statewide
® Developed, Low Intensity
B Emergent Herbaceous Wetlands
m Hay/Pasture
® Woody Wetlands
m Developed, High Intensity

® Deciduous Forest

® Perennial Snow/Ice

Figure 3. Proportions of terrestrial land cover classes at the statewide and sample wide levels based on the 2019 National Land
Cover Database.
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2.2 CAMERA SURVEYS

Within each study area, we deployed two paired RECONYX HyperFire2 Professional
Series cameras (Reconyx Inc., Holmen, WI) within each of the 40 grid cells (80 cameras
per study area). We programmed cameras to take a burst of three rapidfire photos
when triggered, with no delay between bursts, and set camera sensitivity to the highest
level appropriate for the target feature.

Camera stations were placed as close to the center of each grid cell as possible to
keep an equidistant spacing throughout the grid (Figure 4). The best location for camera
stations was on a smaller unimproved road (< 5 meters across, e.g., logging roads, fire
roads, off-highway vehicle [OHV] roads, etc.) or a trail (e.g., hiking, multiuse trail, or
game trails, etc.). If a grid center point did not fall on a road or trail, we set up the
camera station at a suitable point within 250-meters of the center point (e.g., a road,
trail, rocky outcropping, or water source).

CDFW Bobcat Population Monitoring Project
Tehama Wildlife Area (TEHA) Study Site

0 500 1,000 2,000
[ _____==mm s Camera Stations

Scat Transects

Meters

Map Created By: ¥
CDFW Bobcat Population Monitoring Project 2025 — Study Area Grid

Figure 4. Map of Tehama Wildlife study site, presented here as an example camera grid, camera
stations, and fransects types used for scat collection.
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The paired cameras were set in a perpendicular orientation and on opposite sides of
the target feature, (e.g., roads and trails) with the intention of capturing pictures of both
sides of a passing bobcat. We staged cameras 3 to 4.5 m (10 to 15 feet) across from
each other on either side of the road or trail, with an offset distance of 0.5to 1 m (2 to
3 feet)to prevent over-exposing photos from the infrared flash of the opposing
camera. We mounted cameras 0.2-0.6 m (0.6 to 2 feet) above the ground using an
existing structure,such as a tree or fence post, or a t-post. We secured cameras with
straps and cable locks, and in areas with black bears cameras were placed inside
a protective metal case. We measured and recorded all camera staging details in
the field and took a series of test photos to ensure proper camera placement,

At approximately 22% (n=433) of stations, a suitable location for cameras could not be
found due to inaccessible terrain, property ownership or land use, or the lack of roads,
trails, or a significant land feature within the 250-meter buffer. For these camera stations,
we used a scent lure (Caven's Gusto or O'Gorman’s Cat Passion, Minnesota Trapline
Products, Pennock, MN) to attract wildlife to the site. We applied the lure to a rock or
stick between the cameras to keep the lure elevated and off the ground, thus
encouraging the animals to stand in front of the camera instead of crouching or rolling
on the ground.

Cameras were active within each study area for six weeks and were checked by project
staff at least once within that six-week period, as close to the three-week midpoint as
possible. The six-week camera deployment period was determined to be long enough
to collect the data that we needed per site while also allowing enough time to
complete all study areas within the two-year data collection period. During camera
checks, we replaced batteries and memory cards as needed, ensured proper camera
placement and sensitivity, removed any newly grown vegetation from the camera
view, and reapplied lure when applicable.

2.3 SCAT COLLECTION

Within each 40 km?2 study area, we identified 40 km (24.8 mi) of scat survey transects
(Figure 4) to attain an approximate sampling effort of 1 km of fransects per 1 km?2 of area
surveyed. Scat transects were initially identified as roads or hiking trails spaced
throughout the study area, then as field staff grew more familiar with study areas
features other transects such as game trails where added. Each transect was walked
three times during a six-week period (concurrent with the camera survey). To support
independence between visits, we completed each visit in as few days as possible and
separated visits by approximately two weeks. Scat transects followed dirt roads, hiking
trails, game trails, desert washes, or any other feature that wildlife were likely to use to
travel through the area. To the extent workable, transects were spatially distributed
throughout the study area, with the intent of capturing the variability of available
habitat and land uses. However, in some cases, access and terrain limited their
distribution. The length of individual fransects and total number of transects varied
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among sites, but each site held a consistent total length of 40 km. When possible, we
selected scat fransects near camera stations so scat surveys and camera visits could be
completed simultaneously. Scats were also collected opportunistically as project staff
traveled throughout the study area. Scats collected off transect or outside of sampling
times were not included in capture histories for our density model but were used to
determine sampling effectiveness.

Surveyors were given written and visual guidelines and field training on the typical size
and characteristics of the scats from native local carnivores. Surveyors investigated
each scat they found along the transect and collected a one-inch section of those
scats thought to have originated from either a bobcat, coyote, or whose ID was unclear.
Scats that were not collected or where only a part was collected were marked with a
rock, stick, or toothpick so they would be ignored on the subsequent visit(s). Only new
scats were collected on later visits. Transect routes were digitally logged onto a
handheld Garmin unit and all scats collected on that fransect were marked with a GPS
location, assigned a unique ID, and photographed.

Dry scats collected in dry environments were preserved in paper bags, further dried
using a food dehydrator, and then stored in plastic bags with silica desiccant beads.
Wet scats and all scats collected in moist environments were preserved in sample tube
containing molecular biology grade absolute (200 proof) ethanol. DNA extraction and
analysis for all samples was conducted by the Wildlife Genetics Research Unit of the
CDFW Wildlife Health Laboratory and the Mammalian Ecology and Conservation Unit
of the Veterinary Genetics Laboratory at the University of California, Davis (Ahrens et al.
2024).

2.4 BOBCAT CAPTURES AND GPS COLLAR DEPLOYMENT

Between one and eight bobcats were captured and up to six GPS collars were
deployed in 16 study areas (Figure 5). A higher number of collars per study area would
have been ideal, but limited resources and project timing dictated these results. Study
areas in which collars were deployed were selected based on data needs (i.e., areas
of the state with no or limited prior bobcat telemetry data) and logistical considerations
(i.e., accessible for trapping and monitoring).

In the project planning phase, 60 GPS collars were bought for the whole state, allowing
for ten collars to be given to each of the regional bobcat teams. It was planned that
more collars would be purchased as needed, although this need did not arise due to
the project’s focus on camera and fecal DNA data collection. We decided that a
maximum of six GPS collars deployed in each study area would produce enough
information on the movement and home range, while allowing us to have enough
resources to be spread across the state.
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Figure 5. Study area locations where bobcats were captured, and the code name
associated with each bobcat collared in that area, between March 2021 and December
2023 as part of the statewide bobcat population monitoring project.

We captured bobcats, either using cage traps (Mercer Lawing, Camtrip Cages) or
specially tfrained hounds. Details of capture methods and procedures can be found in
the bobcat capture plan, Appendix A. Cage-trapped bobcats were chemically
immobilized by hand injection with Tiletamine/Zolazepam at a dose of 10 mg/kg
estimated bodyweight. Hound-captured bobcats were immobilized using a
combination of Ketamine (5-7 mg/kg) and Medetomidine (0.08-0.10 mg/kg)
administered by pole syringe, blow gun, dart gun, blowpipe, or hand syringe.
Atipamezole (0.1 — 0.3 mg/kg) was used to reverse the effects of Medetomidine and
speed anesthetic recovery.
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Immobilized bobcats were examined for injuries, body condition, ectoparasites,
reproductive status, and outward signs of disease. Several biological samples and body
measurements were collected from each animal (Appendix A). The samples and body
measurements were used to assess bobcat health, disease prevalence, toxicant
exposure, and genetic variation. Numbered ear tags were placed in the ear pinna, and
photos of the body, the abdomen, and insides of the legs were captured along with
photos of any special individual markings, wounds, scars, or capture injuries. The
approximate age class of the bobcat was estimated based on overall dentition, tooth
size, wear, and gum recession (Section 3.1).

The GPS collars used were Vectronic Aerospace VERTEX Lite Iridium V 1.5 (Vectronics
Aerospace GmbH, Berlin, Germany) and Telonics TGW-4270-4 Iridium (Telonics Inc.,
Mesa, AZ). Vectronic collars weighed between 355 and 360 grams and Telonics collars
weighed between 265 and 270 grams. All collars included very high-frequency (VHF)
beacon transmitters. We programmed collars to collect a GPS location every three
hours. This programming allowed the collars to record data for a minimum of 12 months.
Collars included a mortality function that would send a nofification if the collar had not
moved for 18 hours and they included a drop-off mechanism that could be remotely
triggered or activated automatically before the end of the battery life. Initially, bobcats
weighing = 6 kg and estimated to be >1 year old were fitted with a GPS collar. Later in
the study we increased the bobcat weight threshold to = 7 kg to ensure collar weight
did not exceed a maximum of 5% of body weight (Appendix A.).

2.5 DATA MANAGEMENT AND WILDLIFE INSIGHTS

Field data, including information about camera deployment, camera checks and
retrieval, scat collection, and trap sets and checks, were captured using the ArcGIS
Online (AGOL) platform, Survey123 (v 3.11; Environmental Systems Research Institute
(ESRI) 2011b). Statewide project staff used electronic forms to document their work.
Location information was collected for each field record through the GPS function on
Survey 123, and on mapping applications such as CalTopo, or on a handheld Garmin
GPS unit.

Camera images were uploaded to Wildlife Insights (hitp://wildlifeinsights.org), an online
platform for storing, organizing, and processing images via machine learning (ML) tools.
Wildlife Insights provisionally identified each image as either a particular animal or as a
blank photo or misfire (e.g., waving grass). Project staff and volunteers then reviewed
and tagged each image correctly by either accepting or revising the automated
identification.

2.6 STATEWIDE BOBCAT HEALTH SURVEILLANCE

Bobcat Carcass Submissions. To gain a better understanding of disease, rodenticide
exposure, and causes of mortality for bobcats, the California Bobcat Project and the
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CDFW Wildlife Health Laboratory (WHL) sent a request to wildlife managers, university
affiliates, wildlife rehabilitation centers, zoos, private biological consultants, partner
agencies (state and federal agencies, and animal control), and CDFW regional
biologists to submit bobcat carcasses for assessment. The timeframe for carcass
submission was January 2020 through June 2023. Submitters were asked to complete a
submission form, providing any details about how and where the carcass was found. For
example, if the animal was found on the side of the road with evidence that it had been
hit by a car, those details would have been relayed to the WHL along with the animal’s
remains.

Postmortem Examination. Postmortem examinations (necropsies) of bobcat carcasses
were performed at the WHL or at the California Animal Health and Food Safety
Laboratory, University of California Davis (CAHFS) under a contract with the WHL. If
carcasses could not be necropsied within 48-hours of collection, they were stored in a -
20°C freezer until a necropsy could be performed. Sex, age class, reproductive
condition, and body condition (based on assessment of internal fat reserves and muscle
condition) were determined. Age class was determined by weight. tooth replacement,
dental coloring, and attrition, and defined by the following categories: kitten (< 1 year),
yearling or juvenile (1-2 years), and adult (>2 years). Body condition, by the WHL, was
assessed on a 1-5 scoring system (body condition score, BCS): 1 (emaciated), 2 (thin), 3
(average/normal), 4 (heavy), and 5 (obese). A detailed systematic external and internal
examination of all organs was performed to document any abnormalities (e.g., broken
bones, foreign bodies such as bullet fragments, hemorrhage (bleeding), tissue
deviations from normal anatomical appearance) that may have caused or contributed
to death. The presence of any endoparasites and ectoparasites, along with parasite
burden, were noted. When present, the stomach contents were noted and described.
If skin and coat changes consistently with mange were observed (e.g., hair thinning and
loss, skin coloration change, thickening and crusting), skin scrapings were performed in
affected areas to confirm the presence of mites and morphologically identified mite
species. All animals were given a mange class score from 0 to 4: 0 (no mange), 1 (up to
25% body infested), 2 (25 to 50% body infested), 3 (more than 50% of body infested),
and 4 (recovered due to treatment).
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CHAPTER 3. DATA ANALYSIS METHODS
3.1 GENERAL METHODS FOR ANALYSES

This section describes general methods that were used for all analyses unless otherwise
noted.

Bobcat age classes were defined as: kitten (< 1 year old), yearling (1-2 years old), and
adult (> 2 years old; Anderson and Lovallo 2003).

We defined season as three ecologically relevant categories based on female annual
reproductive cycle (Moriarty 2007, Brown 2021): Kitten/Denning-spring, when most
bobcats are denning and birthing kittens (March-May); Dry-summer (June-November)
also known as late kitten seasons when kittens emerge from the den and eventually
learn to hunt on their own; and Wet-winter/Mating (December-February) when bobcats
are mating and kittens, or *young of the year” are independent.

All analyses were conducted in R (v. 4.2.0, R Core Team 2021) unless otherwise noted
and p<0.05 was considered significant. Continuous covariates were standardized to a
mean of 0 and a standard deviation of 1 using the scale() function within the raster
package (v3.6-21; Hijmans 2023). No covariates with a correlation coefficient greater
than | 0.7 | were included in the same candidate model.

3.2 GENOTYPING AND FECAL DNA

Scat samples from the 48 study areas were analyzed using single nucleotide
polymorphism (SNP) markers for individual identification (Ahrens et al. 2024). Scat
processing was performed in a dedicated trace DNA workspace, where 15-20 mg of
scat was aliquoted in a 2 ml tube. DNA extraction was then performed using the Qiagen
QIAmMp Fast DNA Stool Mini Kit (Valencia, CA). Negative conftrols were included in
extractions to detect potential cross-contamination. We genotyped extracts, using a
panel of 926 SNPs designed to identify individual bobcats, determine sex, and
differentiate bobcats from common non-target species such as coyote and mountain
lion. Extracts were genotyped two times to ensure the validity of the genotype. The SNP
panel was designed for the Fluidigm platform and follows the protocol for SNP Type
assays with the 96.96 Dynamic Array integrated fluidic circuits (IFC; Standard BioTools,
South San Francisco, CA). We used the Fluidigm Juno or Biomark HD for thermocycling
and the Biomark HD for fluorescence detection. Negative conftrols, positive controls of
known individuals, and no template controls were included on each IFC. We followed
modifications for degraded samples developed to enhance the pre-amplification PCR,
similar to those outlined in von Thaden et al. (2020). Genotypes were analyzed using the
Fluidigm SNP Genotyping Analysis Software.
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Samples with greater than 20% missing loci were removed from the dataset to minimize
genotyping error (primarily allelic dropout) associated with low-quality samples (von
Thaden et al. 2020). To identify individuals (i.e., matching genotypes), a matrix of
pairwise genotype comparisons (specifically, proportions of identical alleles) was
calculated and visualized as a frequency distribution. The frequency distributions
revealed two modes, the lower of which (e.g., approx. 70% matching alleles)
corresponded to distinct individuals and the larger of which (100%) corresponded to
genotypes of the same individual. Due to low levels of genotyping error (i.e., false
homozygotes), a cutoff of >95% was used to identify two samples as from the same
individual. Most comparisons (>99%) were unambiguous, meaning that either <85% of
alleles matched, implying distinct (but possibly related) individuals, or >90% of alleles
matched, implying same individual (Ahrens et al. 2024). Borderline cases were
considered failed.

3.3 CAMERA SURVEYS AND PELAGE ID ANALYSIS

The patterns of spots and stripes on each bobcat are unique to that individual and
cameras can thus be used to identify individuals (pelage ID) within a given area
(Heilbrun, 2003). A capture history for each bobcat can be created from its detections
within a study area and used in a spatial capture-recapture (SCR) model to create an
estimate of bobcat density within the study area (Heilbrun 2003, Alonso et al. 2015,
Thornton and Pekins, 2015).

Artificial Intelligence (Al) programs, such as Wildlife Insights, use machine learning tools
that can identify different animals (Bolger et al. 2012, Crall et al. 2013, Berger-Wolf et al.
2017, Tuia et al. 2022). However, because machine learning to identify the specific spot
pattern of bobcats had not yet been well tested when we began our pelage
identification analysis, we used manual classification methods (Heilbrun, 2003) for this
project.

All bobcat photos taken from a given camera station were grouped into 5 minute
“bursts”. Bobcat photos within each burst that were of a high enough quality, with a
clear image of the bobcat’s pelage patterns were then reviewed by the project lead,
who was experienced in the pelage identification methods. If a bobcat’s identification
within a photo burst was unclear to the project lead reviewer, a second researcher
would study the photos and make a final determination of the individual’s identification
(Heilbrun 2003, Negroes et al. 2010, Jacques et al., 2019). Once a bobcat was identified,
it was assigned an identification number. Later bursts were either labeled with a
previously identified bobcat identification number or, for individuals not seen previously,
a new identification number. In most study areas, each individual bobcat was
represented in multiple photo bursts, allowing us to identify that individual from photos
of both sides of its body. However, if an individual was only identified based on one side
of its body, we marked its folder as such and removed those individuals from future
analysis, indicating that they could not be identified due to a lack of detections. The
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number of unidentifiable one-sided individuals was not large enough for us to consider
analyzing them separately.

We considered one bobcat to be different from another only if three distinct natural
characteristics were present (Heilbrun 2003; Figure 6). We used both fime-stable and
time-variable characteristics when identifying individuals. As described by Negrdes et
al. (2010), time-stable identification characteristics are those features on the body that
do not change over time, whereas time-variable characteristics may change over time.
Examples of time-stable characteristics that we used for pelage ID include the shape or
placement of spots or stripes on the body, legs, tail, or face, a rarely seen extremely
short tail, or a kinked tail. Time-variable characteristics included obvious physical
abnormalities or scars such as a unique piece of the ear pinna that was missing, a lump
on the eye, or the presence and severity of notoedric mange.

Figure 6. How to tell the difference between two bobcats based on pelage ID. The inside of the
front right leg, the outside of the front left leg and the inside of the right hind leg are good areas
of the bobcat in which to spot different pelage patterns. These two cats were seen in the same
5-minute burst of photos; the photo on the left was taken 12 seconds before the one on the
right.

While the growing bodies and changing pelts of kittens represented time-variable
characteristics (Heilbrun 2003), we used those characteristics to identify individuals due
to the short duration of our camera surveys (i.e., those characteristics would have
changed little during our six-week camera survey). We considered a bobcat to be a
kitten if it was less than a year old, as determined by body size, or because it was viewed
in photos with another cat assumed to be the mother (Figure 7). When applicable, we
also used project-driven markers such as the presence of a GPS-collar or an ear tag to
identify individuals (Heilbrun 2003).
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Figure 7. Series of photos taken of two smaller bobcats in the background assumed to be kittens
and a larger bobcat in the foreground assumed to be the mother cat. Photos taken in Siskiyou
County, August 2021; kittens are estimated to be 5 to 6 months old.

Once dall bobcats detected within photo bursts from a given study area had been
assigned an ID number or marked as unknown, we added each identifiable detection,
including the camera number, study area, sampling occasion, and individual ID, to a
compiled pelage ID text file. We defined each day as a separate sampling occasion,
so in the spatial capture-recapture modeling framework, a capture event was any
identified bobcat detected at a given camera station within a 24-hour period. A
capture was considered a recapture if the same cat was detected at multiple stations
(regardless of occasion) or at the same station on a different sampling occasion. As a
result, if an individual cat lingered at a camera station or revisited a camera station
within the same 24-hour period, we considered it a single capture event. However, if
more than one cat with different ID numbers were detected at the same camera within
a 24-hour period, those were considered separate capture events.

3.4 DENSITY MODELING

We developed two spatial capture-recapture (SCR) models (Borchers and Efford 2008,
Royle et al. 2013), one for scat using fecal DNA results and one for camera surveys with
pelage identification (hereafter “photo”) results. To prepare the camera data for
density estimation, we created a text file for each study site with the coordinates of
each camera station along with the detection covariates of season (see General
Methods Section 2.7), lure use, feature type (e.g., game frail, dirt road, recreation trail,
etc.), and percent natural habitat (the portion of the study area and surrounding 5km
buffer made up of large natural habitat blocks). The resulting text files were combined
with the compiled pelage identification results text file (with study area, camera
number, individual ID, and sampling occasion), and we used the secr package (v4.6.1;
Efford 2023) to create site-specific capture histories. The photo model also included two
covariates created through the secr package; a learned response (b) and a site-
specific learned response (bk) that allowed the probability of a bobcat being detected
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at a camera station to change depending on whether the bobcat had previously
visited that station. This allows the model to account for individuals potentially returning
to camera stations to reinvestigate those stations where scent lure was used (Efford
2023). Lure was used at 22% (n=433) of the camera stations.

To model the fecal DNA results, we mapped the survey features (e.g., game trail, dirt
road, recreation trail, etc.) and loaded the GPS tracks for each transect intfo ArcMap
(v10.8.2, ESRI 2011a). If a single tfransect had multiple feature types, we split each type
into its own transect. We then converted the transects into discrete traps with 500-meter
segments adjacent to one another to simplify the SCR analyses using the ‘discretize’
function in the secr package. In addition to feature type, we assigned season (dry, wet,
and kitten; Section 3.1), percent natural habitat, and the temporal interval between
sampling visits as potential detection covariates (Table 3).

In formatting our models, we treated each study site as a separate session within the
same model so that a bobcat at one site can’t be detected at any other site. This
allowed us to incorporate independence between study sites while still producing a
single statewide model that incorporated variation across the state. For the camera
model, we considered each day a new sampling occasion and marked a camera
station inactive for the day only if both cameras at the station were not functioning. For
the scat model, we also considered each transect visit as a distinct sampling occasion.
We formatted all detectors as ‘count’ detectors since each could detect multiple
uniquely identified individuals during the same occasion and a single individual could
also be identified at multiple detectors during the same occasion.

We created a point-based habitat mask, which distinguishes habitat from non-habitat
in the modeling space, following the recommendations of Efford (2025) with spacing of
800 meters and buffers around cameras of 2800 meters. We clipped these masks to the
California border and removed any major lakes, reservoirs, and highly developed
(defined as impervious surfaces account for 80% to 100% of total cover) urban land
cover areas (Table 3). We later confirmed the appropriateness of this buffer using the
esa.plot() function within the secr package. We considered several continuous habitat
covariates supplied to the habitat mask as drivers of bobcat density to capture the high
level of habitat diversity present throughout the state.

To find the most appropriate detection function, we fit two null models and compared
values of Akaike's Information Criterion corrected for small sample sizes (AICc; Burnham
and Anderson 1998, Stanley and Burham 1998). Based on the secr package
documentation (Efford 2023) we chose to use detection functions parameterized in
terms of cumulative hazard, as is common for ‘count’ detectors. The first model used a
hazard half normal detection function and the second used a hazard exponential
function (Efford 2023).
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We did consider sex-specific differences in detection parameters, but it did not have a
significant effect or improve the model fit and so did not include it in our models. We
believe this was unlikely to bias the results, as we saw a roughly 50/50 split between male
and female genotypes, which resembles sex ratios observed in previous studies from
across the United States (e.g., Allen et al. 2020, Crowe 1975a, Fox 1990, Landry 2017).
We fit several a priori candidate models focused either only on detection parameters
or on density parameters. Given the considerable number of covariates included in the
density models, we conducted a two-stage selection approach. Specifically, we first
grouped the habitat covariates thematically into precipitation, anthropogenic
disturbance, vegetation, and topographic variables. We then separately tested
combinations of variables in each group using AICc and arrived at three separate top
models in stage one. In stage two, we tested combinations of the variables from the
separate top models, dropping variables when it improved AICc, to find the most
supported overall model (Bidder et al. 2023).

For extrapolation statewide and to provide a confidence interval for our estimate, we
used a bootstrapping procedure with our fecal DNA model to predict density in
unsampled areas while accounting for associated uncertainties and the covariance
structure of the model coefficients. Specifically, we selected an additional 48
extrapolation sites from our statewide habitat mask (to match the 48 sites where we
collected the data that was used to fit the model). We then drew random samples from
the covariate coefficient values using a multivariate normal distribution to account for
their covariance and calculated the predicted density at each from those values. We
repeated this process (starting with selecting 48 extrapolation sites) 10,000 times to
create a distribution of predicted density statewide from which to derive our mean and
90% confidence intervals for the statewide population size.

Through our modeling process we determined that the SCR results of the density model
based on the photo data had some complications and produced different results from
the fecal DNA based density model. Photo SCR results seemed to indicate that there
were fewer bobcats in most of the study areas than the fecal DNA SCR results
suggested. The photo SCR results also indicated that bobcats were traveling farther
distances across their home ranges then were detected with the scat SCR and they
were being detected at camera stations that were widely spaced out. Due to the
somewhat subjective, and difficult, nature of the pelage ID process compared to the
more definitive identification based on DNA, we believe the fecal DNA model to be
stronger than the photo model. All of this indicated possible flaws with the photo
methodology and results, such as misidentifying individuals, and the resulting model for
this source of data was put on hold until refinements could be made to the pelage ID
or modeling process (see Discussion Section 5.3).

Lastly, we calculated the average bobcat density of each ecoregion and study area
by cropping the density map from our fecal DNA SCR model and using the zonal
statistics function in ArcGIS (v10.8.2, ESRI 2011a). We then multiplied the average density
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by the area of each ecoregion and study area to estimate population size for these
respective portions of the state.

Table 3. List of covariates used for SCR= Spatial capture recapture model, Occu= occupancy

model, RSF= resource selection function, Temporal= temporal analysis, description and source.

Covariate Use Model(S) Description Source
b Detection | SCR Learned response Secr package
bk Detection | SCR Site-specific learned response Secr package
Detection, Game trail, recreation trail, dirt .
Feature Type lambda SCR road, wash, or other Project staff
Interval Detection, SCR A\{eroge ’nme' between ’rrqnsec’r Project staff
lambda visits at a particular study site
Detection,
sigma and | SCR The biological season the data
lambda, collection took place. Wet: Dec- .
Seeen RSF Feb, Kitten: Mar-Mayy, Dry: June- Project Staff
Covariate Nov
Temporal
Cat D Grouping RSF Unique ID given to each collared Project Staff
Factor bobcat.
Sex Covariate | RSF Sex [male or female) of each Project Staff
collared bobcat.
SCR . e USDA Ecoregions
Ecoregion Covariate Ecoregion clossm'cohon (§ECTION (CDFW GIS
Temporal | NAME) atf the point location. Library)
SCR Measured on a 30-m grid.
Elevation Covariate | Occu Included both linear and CDFW GiIS Library
RSF quadratic effects.
30-year normal for average
SCR annual precipitation on an 800m PRISM Climat
Precipitation | Covariate | Occu grid for SCR and RSF. Grom) mate
RSF Daily value averaged over 1
week for occu.
30-year normal for average
Maximum SCR annual maximum temperature on )
Daily Covariate | Oceu an 800m grid for SCR and RSF. PGR'SM Climate
rou
Temperature RSF Daily value averaged over 1 P
week for Occu.

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 33




Covariate Use Model(S) Description Source
.. Terrestrial
Connectivity | Covariate | SCR CVAESQ ggorjnmegz}/;g rank (1-5) Connectivity
‘ (BIOS ds2734)
Evaporative
Demand
Index of atmospheric thirst based Dro“ghf Indgx
. i (EDDI; Hobbins et
SCR on NOAA meteorological data;
. aggregated across 5 years al. 2016, McEvoy
Drought Covariate | Occu ) ! et al. 2016);
leading up to conclusion of data GridMET-4km-
RSF collection (July 2017-July 2022).
Pentad.
Measured at 4km scale. .
Accessed via
Climate Engine
(2023)
Normalized
Difference
Remote sensing measure of Vegetation
SCR vegetative health, averaged Index; Landsat
. . . 5/7/8/9 Surface
NDVI Covariate | Occu across 18-month sampling period. .
. Reflectance;
Included both linear and
RSF uvadratic effects courtesy of
9 ’ USGS. Accessed
via Climate
Engine (2023)
Remotely sensed raster of burn
severity across 2020 and 2021, the o
SCR 2 years preceding this project. Moniforing
Wildfire Covariate | Occu Hy= i i Trends in Burn
Severify= "Degree fo which asite | seyerity Program
RSF has been altered or disrupted by | (MT1BS 2021)
fire; loosely, a product of fire
intensity and residence time”
. SCR Shannon Diversity Index of WHR
\H/g?gﬁgn Covariate classification (LIFEFORM) within (Cf:\'j‘eL F;RE FRAP
Occu 800-m buffered area. 9
SCR Proportion of 30-m pixels within
Percent . 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
: Covariate | Occu - .
Conifer buffer area classified as conifer (fVeg)
Temporal | habitat.
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Covariate Use Model(S) Description Source
SCR Proportion of 30-m pixels within
Percent Covariate | Oceu 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
Hardwood buffer area classified as (fVeg)
Temporal | hardwood habitat.
SCR Proportion of 30-m pixels within
Percent Covariate | Oceu 800-m (SCR) or 500-m CAL FIRE FRAP
Shrub (Occu)buffer area classified as (fVeg)
Temporal | shrub habitat.
SCR Proportion of 30-m pixels within
Percent . 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
Covariate | Occu e
Herbaceous buffer area classified as (fVeg)
Temporal | herbaceous habitat.
SCR Proportion of 30-m pixels within
Percent C . 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
- ovariate | Occu e
Agriculture buffer area classified as (fVeg)
Temporal | agriculture land.
Proportion of 30-m pixels within
FEECHly Covariate | Occu 500-m buffer area classified as CAL FIRE FRAP
Urban (fVeg)
urban landscape.
Proportion of 30-m pixels within
800-m buffer area classified as
Percent Covariate SCR developed, high intensity USGS NLCD
Developed (category 24 —impervious
surfaces account for 80% to 100%
of total cover).
Proportion of the study area and | Conservation
surrounding 5 km buffer made up | Biology Institute.
of large natural habitat blocks. Accessed via
Percent Included linear effect for lambda | CDFW's
Natural Covariate | SCR (detection likely more difficult in Biogeographic
Habitat modified habitats), quadratic Information and
effect for sigma (movement likely | Observation
maximized at moderate levels of | System (Spencer
natural habitat). et al. 2017)
SCR Proportion of 30-m pixels within
Percent Covariate | Oceu 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
Desert buffer area classified as desert (fVeg)
Temporal | habitat.
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Covariate Use Model(S) Description Source
SCR Proportion of 30-m pixels within
Percent Covariate | Oceu 800-m (SCR) or 500-m (Occu) CAL FIRE FRAP
Barren/Other buffer area classified as bare (fVeg)
Temporal | ground.
Percent ‘ SCR Proportion of 30-m pixels within
Water Covariate o 800-m (SCR) or SQQ—m (Occu) LANDFIRE 2020
ccu buffer area classified as water.
USGS National
. . . Hydrography
R|yer Covariate | RSF DISTOI’]CG to the nearest major Dataset: Major
Distance river or creek .
Rivers and
Creeks
Road Covariate | RSF Distance to the nearest TIGER database
Distance secondary road from US Census
Distance to nearest patch of
Conifer Covariate | RSF conifer trees, based on WHR CAL FIRE FRAP
Distance habitat classifications. Measured | (fVeQ)
on 30-m scale
Distance to nearest patch of
Hardwood Covariate | RSF hardwood trees, based on WHR CAL FIRE FRAP
Distance habitat classifications. Measured | (fVeg)
on 30-m scale
Distance to nearest patch of
Shrub Covariate | RSF shrub, based on WHR habitat CAL FIRE FRAP
Distance classifications. Measured on 30-m | (fVeg)
scale
Distance to nearest patch of
Herbaceous Covariate | RSF herbaceous, based on WHR CAL FIRE FRAP
Distance habitat classifications. Measured | (fVeg)
on 30-m scale
Distance to nearest agricultural
Agriculture Covariate | RSF field, based on WHR habitat CAL FIRE FRAP
Distance classifications. Measured on 30-m | (fVeg)
scale
Distance to nearest urban areaq,
Urban Covariate | RSF based on WHR habitat CAL FIRE FRAP
Distance classifications. Measured on 30-m | (fVeg)
scale
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Covariate Use Model(S) Description Source
Distance to nearest patch of

Desert Covariate | RSF desert, based on WHR habitat CAL FIRE FRAP
Distance classifications. Measured on 30-m | (fVeg)

scale

Distance to nearest bare patch,
Barren/Other Covariate | RSF based on WHR habitat CAL FIRE FRAP
Distance classifications. Measured on 30-m | (fVeg)

scale

Measured on a 30 m grid, from

Aspect Covariate | RSF elevation layer. Included both CALFIRE FRAP

linear and quadratic effects. (fveg)
Terrain Percent difference in elevation
. between each pixel and all CAL FIRE FRAP
Ruggedness | Covariate | RSF ‘ahbor el ;
Index neighboring pixels (averaged (fVeg)
over 800m buffer)
3.5 OCCUPANCY ANALYSIS

We analyzed the occupancy of various wildlife species (Table 4) at the camera station
level. We considered one target wildlife photo at either camera, from a given station,
to be one detection. Because carnivores generally have low detection rates and
require longer capture occasions to avoid underestimating their occupancy (Lesmeister
et al. 2015), we used a one-week capture occasion, recording a single detection if the
target species was detected at least once within each seven-day period and a non-
detection otherwise. For each capture occasion we identified all species detected. To
understand how bobcats interacted with other species we focused our analysis on
bobcats, their potential competitors, disturbance species (species that tend to disturb
the area or the camera; human, domestic cattle, and wild pig), and their potential prey.
Table 4 lists these species and groups. To ensure all camera stations were comparable
we used exactly 6 weeks of data from each station, removing cameras with less than 6
weeks of data and truncating data from cameras with more than 6 weeks. This period
is short enough to allow for the necessary assumption of a closed population
(MacKenzie et al. 2002). Two study areas had less than 6 weeks of data resulting in 46 of
the 48 study areas being included in the occupancy analysis.

For each species group we ran a single season, single species occupancy model
(MacKenzie et al. 2002) in the unmarked package (v. 1.4.1; Fiske and Chandler 2011) to
determine which landscape variables affected their occupancy and which climate
variables affected their detection. We used a backwards stepwise approach to remove
the covariate with the highest p-value until only significant covariates remained. We
then carried those significant covariates forward to a single season, two species
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occupancy model (Rota et al. 2016) for bobcat and each of the competitor,
disturbance, and prey species. Our primary interest for this analysis was the interactions
between species, as we had already measured habitat selection in both the density
and resource selection analyses, so the landscape covariates were used only to
account for variation in the models. We did not add covariates for the interaction so as
to not overburden the model. We used these two species models to determine if and
how bobcat occupancy was potentially influenced by other species.

Table 4. Type of species, groupings, and the species that were included in those groups for

occupancy analysis.

Type Group Name What Species are included
Mountain Lion Puma concolor
Black Bear Ursus americanus
Competitor
Coyote Canis lafrans
Gray Fox Urocyon cinereoargenteus
Domestic Cattle | Bos taurus
Disturbance Human Homo sapiens, not in vehicle, on horse, or researchers
Species
Wild Pig Sus scrofa
Skunk Mephitidae
Small Mustelid Mustelidae, not badgers or ofters
(primarily long-tailed weasel, marten, or fisher)
Wild Turkey Meleagris gallopavo
Quail and Galliformes, not Turkeys
Squirrel Sciuridae
Rabbit Lagomorpha
Small Rodent Rodentia and Soricidae, not Sciuridae
Small Bird Passeriformes, Columbiformes, Piciformes
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We measured landscape variables (Table 3) including elevation, Normalized Difference
Vegetation Index (NDVI), drought as Evaporative Demand Drought Index (EDDI), wildfire
severity, habitat diversity, and the percent cover (hardwood, shrub, herbaceous,
barren, agriculture, urban, and water, each as separate variables) within a 500-meter
buffer around each camera station. Climate variables (Table 3) included drought,
maximum daily temperature, and precipitation (National Oceanic and Atmospheric
Administration; www.ncdc.noaa.gov) averaged over the one-week capture occasion
for each study area. Variables were the same as those in the scat SCR model except
for a few that were excluded from the occupancy model so as not fo overburden the
model (Table 3). Not all cameras were set at the same time of year, but we tested for
a seasonal difference in occupancy in each single species model and found no
statistically significant effect for any species, so it is unlikely this has an effect on our
statewide results. It is possible that seasons affect species’ occupancy on more local
scales.

3.6 TEMPORAL ACTIVITY ANALYSIS

We compared the temporal activity of bobcats with the same competitor, disturbance,
and prey species, as in the occupancy analysis, using the Activity package (v. 1.3.4;
Rowcliffe, 2021). We converted the time stamp of each detection at a camera station
to radian solar time and fit a kernel density to that for each species to create a
distribution of their activity over a 24-hour period (Ridout and Linkie 2009). We then
compared this distribution for bobcats to that of the other species and measured
overlap using the compareCkern function. This function creates a null distribution by
randomly sampling from the observed data and then compares the null and observed
distributions to determine if the observed distributions were likely to have happened by
chance (i.e., is there a pattern to the observed overlap in activity or is it random as in
the null hypothesis). This also generates a Dhats value of overlap where 0 is no overlap
and 1 is total overlap between the activity of two species.

We then assessed the potential effect of prey and competitor species relative
abundance on the daytime activity patterns of bobcats at the camera level using linear
regressions. While this is a simplified analysis, our goal was to characterize general
patterns and not to make predictions. Based on our temporal analysis, bobcats were
more often active at night, between the hours of 17:00 and 06:00. This led us to consider
that an increase in daytime activity suggests a potential change in behavior. We
therefore focused our analysis on daytime activity between the hours of 05:00 and 17:00,
to determine what factors may affect (i.e., cause a change in) bobcat temporal
activity. A high abundance of sympatric carnivores may cause bobcats to shift their
temporal activity to avoid competition or intfraguild predation. In such a scenario, and
where other carnivores are more active during nighttime hours, bobcats could be more
active during daytime hours, limiting their temporal overlap with common prey species
activity. To estimate daytime activity patterns of bobcats, other carnivores, and
potential prey, we calculated the proportion of photos that were captured between
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the hours of 05:00 and 17:00. Because lures were suspected to heavily influence the
amount of time an individual spent in view of the camera, we excluded camera stations
(n=433) with lures from our analysis.

For a simple indicator of relative abundance of competitor (coyote, mountain lion, gray
fox) and prey species (Leporidae, Sciuridae, Rodentia-all rodent except Sciuridae) we
calculated the average number of days each species was detected per camera
station (Table 5). While not true abundance, this does provide an estimate of how active
a species is in an area which is likely to influence bobcat behavior. To allow for direct
comparison, we included exactly six weeks of data from each camera and removed
any cameras that had less. We refer to this as our relative abundance index. We log-
transformed the relative abundance index to reduce skewness. We also included land
cover, season, and ecoregion covariates from our density analysis (Table 3) as well as
interaction terms, such as Leporidae-Sciuridae and coyote-gray fox. We fit candidate
models with various combinations of our covariates and examined residual plots to
assess model fit. When necessary, we removed outliers from the data and refitted the
model.

Photo by the CDFW Bobcat Project
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Table 5. Bobcat day use @ and species activity levels b across land cover types. Excludes the two outlier sites from the activity
level analysis.

# - Relative Abundance®
Day Night

Bobcat Use® (% U o

Photos se? (%) se (%) Bobcat Gray Fox = Coyote Rodent Sciuridae Leporidae
Barren Land 1 18 0 100 0.03 0.28 1.15 3.48 1.68 5.30
Cultivated 1 515 20.97 79.03 1.63 0.00 0.73 0.10 2.34 8.51
Crops
Developed, 2 213 21.13 78.87 0.43 1.29 5.49 2.50 3.73 3.25
Open
Space
Evergreen 12 2641 60.057 39.951 0.671 2.56 0.79 2117 11.681 1.91
Forest
Herbaceous 5 2847 17.392 82.612 1.76 0.08 3.70 6.652 4.56 8.782
Mixed 3 6966 35.01 64.99 3.672 5.14 0.52 2.28 3.99 2.53
Forest
Shrub/Scrub 19 8959 30.682 69.322 1.77 2.56 2.48 4.87 3.572 6.752

Superscripts represent statistical differences (p < 0.05) across land cover types, using Tukey's HSD. Within each column, ones and
twos are significantly different from each other but not from others of the same number. For example, day use is significantly higher
in evergreen forests than in herbaceous and shrub/scrub habitats but there is no difference between shrub/scrub and herbaceous.
All other differences were not significant.

aDay use was defined as the proportion of photos taken between the hours of 05:00 and 17:00.

bRelative Abundance represents the average number of days per camera station that that species was detected.
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3.7 GPS COLLAR DEPLOYMENT, HOME RANGE, AND MOVEMENT ANALYSIS

GPS Collar Deployment. We set the GPS collars to store two-thirds of the location data
onboard the collar to extend battery life, which caused the need for retrieval of collars
from the field, either after the animal died or after the collar was given a drop-off
command. Drop-off commands were only sent to collars that had been deployed for
over 365 days, and functional collars remained deployed on study animals for as long
as possible. After collar retrieval, we filtered locatfion data to remove any erroneous
data points, and locations that were attained with fewer than three satellites or had a
Dilution or Precision (DOP) value more than 10 (Lewis et al. 2007).

Home Range. We analyzed collar locations with the adehabitatHR package (Calenge
2024) to find home range size using an adaptive Local Convex Hull (LoCoH) estimator.
The LoCoH estimator calculates minimum convex polygons for each used point based
on a pre-defined distance parameter and as a result, can account for hard boundaries
such as lakes, highways, and cliffs (Getz et al. 2007). We used LoCoH instead of Kernel
Density Estimation because the latter can overestimate home range (Lichti and Swihart
2011, Chirima and Owen-Smith 2017). The adaptive LoCoH maximizes the number of
included points within a specified total distance (a) from the reference point. We
calculated 50%, 95%, and 99% LoCoH home range estimates at a value from 1-15 km.
To find the most appropriate a value and home range percentage, we examined the
resulting plots and trends in area estimates. An a value of 14 km visually depicted use
well and allowed for a plateau in area estimations while limiting incidental coverage of
unused areas and the inclusion of superfluous holes. We analyzed seasonal changes in
home range size for male and female bobcats that were collared for over 365 days to
ensure that all seasons were represented in the full dataset.

We calculated a Pearson correlation coefficient for point estimates of three different
combinations, 1) elevation and home range size (99% LoCoH), 2) elevation and density,
and 3) density and home range size (99% LoCoH) to compare the relationships between
bobcat density, home range, and elevation. The bobcat density estimates that we
calculated per study area, as described in Section 3.4 above, where used here for each
area where GPS collars had been deployed.

Movements. We used ArcMap’s Field Calculator tool to calculate the distances
between the coordinates of the eight locations each day collected by the GPS collars.
We then used the Dissolve tool to sum the distances between each consecutive pair of
points and calculated the statistics on the sum of distances for each day. This sum serves
as an absolute minimum estimate of distance fraveled by bobcats each day since it
does not account for any movements that were made between the recorded
locations.
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3.8 RESOURCE SELECTION FUNCTION AND PERCENT LAND COVER USE ANALYSIS

Once ftelemetry data had been cleaned (as described above), we used the
adehabitatHR package to calculate 100% minimum convex polygon (MCP) home
ranges for each individual. We defined the resulting polygons as ‘available’ habitat for
third-order selection (selection within a home range; Johnson 1980) by a bobcat. To
minimize spatial autocorrelation between collar GPS points, hereafter referred to as
‘used’ points, we randomly thinned the data, keeping 25% of each individual’s
locations, approximately two locations per day (Royle et al. 2013; Schmidt et al. 2023).
We did not thin the data further so that we did not lose too much statistical power. For
every remaining location, we then randomly sampled an additional 10 ‘available’
locations within the MCP (Schmidt et al. 2023). We used the Ime4 package (Bates et al.
2015) to develop binomial generalized linear mixed effects (GLME) models to estimate
the relative probability of use given various fixed and random effects. The inclusion of
random effects can help account for unbalanced sample sizes, variation in selection
among individuals, and variation in selection based on availability (i.e., functional
response; Gillies et al. 2006). Given our sample size of 30 collared individuals, we only
included one random intercept, Cat ID, and no random slopes in our models and
carried out our model selection in one step. We compared a priori models with fixed
effects of habitat variables and their interactions with sex and season (Table 3) using
AlCc. The fixed effects included proximity to landcover types—0 means the point is in
that habitat— as this better allowed us to identify edge use without having to add
another variable to an already complex model and reduced misclassification from GPS
error (Conner et al. 2005). The model with the lowest AICc value was selected as our
final model. Model averaging was not necessary as our top model carried 100% of the
weight. To confirm our model fit, we ran the final model using four additional random
samples of available points, checking for consistency among the resulting coefficients.

To further explore how much time bobcats were spending in the different landcover
types we calculated the percentage of GPS points found each of the landcovers
available in each collared bobcat’'s home range. We used the California Department
of Forestry and Fire Protection land cover dataset (CAL FIRE FRAP (fVeg); Table 3) that
includes the following landcover types: Agriculture, Barren/Other, Conifer, Desert,
Hardwood, Herbaceous, Shrub, Urban, Water, and Wetland.

3.9 SURVIVAL AND FACTORS EFFECTING SURVIVAL

Survival models are a class of time-to-event models and determine the probability an
event (e.g., death of an individual) happens before or at a certain time (T, Cox and
Oakes, 1984). The Cox proportional hazard model uses the duration of time between
when animals are collared and when they meet their fates to estimate mortality
probability; survival probability is then derived (1 — mortality probability). Animal fates
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can be varied (e.g., dropped collar or predation) but are categorized into two groups:
deaths (1) and censored (0), with an animal considered censored when we know it
doesn’t die before or at the time we are no longer able to track it. In summary, survival
models require three pieces of information: the date the animal was first collared, the
date the animal met its “fate”, and the fate of the animal.

We created a data point (hereafter, bobcat-year) for each biological year a unique
individual was monitored. Because recruitment of new individuals info the population
requires bobcats to survive until they give birth, we designated the start of the biological
year as August 1st, and the end as July 31sf. As an example, Bobcat A is first collared on
March 31st, 2018, and dies on October 20, 2018: Bobcat A would have two data points
corresponding to 2017 and 2018.

Because survival models require a first capture date, a “fate” date, and a fate, we
removed bobcats with no first capture date, no fate date, and no known fate. Three
individuals with an unrecorded fate were determined to have a last observed date
where they were noted to be alive; thus, we created a new fate date equal to this last
observed date and marked their fate as ‘censored’. The dataset included 32 bobcats
that were collared for statewide effort with the California Bobcat Project between 2021
and 2023 and were comprised of 11 females and 21 males (Table 6).

Table 6. Summary of collared individuals included in Bayesian survival analyses to estimate
bobcat annual survival. Number in parentheses represents bobcat-years, the sum of the number
of biological years each individual was monitored, measured from August 1- July 31.

Number of individuals

(bobcat-years)

32 (63)
Females 11 (22)
Males 21 (47)
Region 1 5(12)
Region 2 13 (22)
Region 3 3 (6)
Region 4 5(10)
Region 5 1(2)
Region 6 5 (11)
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We ran Bayesian Cox proportional hazard models using code modified from Eacker et
al. (2022) using Nimble (De Valpine et al. 2017) to derive overall bobcat survival. See
Eacker et al. (2022) for a more detailed description of the model, prior specifications,
and how we assessed model convergence.

In brief, we first ran a model including individual ID, sex, CDFW region, area of capture,
and biological year as covariates. Because none of these covariates came out as
important—i.e., 90% credible intervals (Cls) overlapped zero—we ran a final model with
only individual ID as a covariate.

3.10 STATEWIDE HEALTH SURVEILLANCE

Diagnostic Testing. In addition to gross necropsy, mortality investigations included
microscopic evaluation of fissues (histology) when available, and focused pathogen
and toxicology testing (Table 7). Samples from all major tissues were collected, placed
in 10% buffered formalin, and submitted to the CAHFS Lab. At the CAHFS Lab the fissues
were frimmed, embedded in paraffin, thinly sectioned, and stained with hematoxylin
and eosin for histopathological evaluation by a veterinary pathologist. Representative
tissue samples, heart or chest blood, and swab samples from the rectum, nasal cavity,
conjunctiva (under eyelid), and oropharynx were archived in -80C° freezers to be
available for additional testing if indicated based on histology results. When present,
blood collected from the heart or chest cavity (if heart blood was not available) was
tested for feline leukemia virus (FelLV) antigen and feline immunodeficiency virus (FIV)
antibodies using the Witness® in house Rapid test kit (Zoetis, Parsippany, New Jersey,
USA). For carcasses where the brain was present and in suitable post-mortem condition,
rabies virus direct fluorescent antibody (DFA) testing was performed by the Viral and
Rickettsial Disease Laboratory of the California Department of Public Health. Additional
disease testing (i.e., polymerase chain reaction, immunohistochemistry assays) was
performed as needed to achieve a final diagnosis, determine the species of a
pathogen, or attempt to determine what pathogen was associated with fissue
changes.

Carcasses in advanced stages of decomposition were necropsied, however, ftissues
were not collected or submitted for histology because autolysis obscures and destroys
microscopic lesions. In these cases, tissue samples were collected for toxicology testing,
but changes in tissues that could indicate disease processes or toxicoses were not able
to be determined.
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Table 7. Summary of bobcat health and disease surveillance conducted by CDFW 2020-2023
based on testing of 128 individual bobcat carcasses from across California. This data does not
include the 10 collared bobcats.

Number of Percentage of

Disease Carcasses Carcasses Reason for Surveillance
Tested Positive

Viral Diseases

Feline leukemia virus 94 0% Potential wildlife epidemic

Eeline immunodeficiency 94 1% Domestic animal health

virus concern

Rabies virus 43 2% Human health concern

Highly pathogenic avian Potential wildlife epidemic

influenza 3 0% and human health concern

Bacteria

Leptospirosis 49 2% Wildlife health concern

Parasitic Diseases

Notoedric mange 118 30% Wildlife health concern

Heartworm disease 83 1% Wildlife health concern

Rodenticide Exposure

Brodifacoum 119 58% Wildlife health concern

Bromadiolone 119 60% Wildlife health concern

Chlorophacinone 119 22% Wildlife health concern

Difethialone 119 26% Wildlife health concern

Diphacinone 119 66% Wildlife health concern

Warfarin 119 1% Wildlife health concern

Bromethalin 98 1% Wildlife health concern

Testing for Rodenticides. All toxicology testing was performed at the CAHFS Laboratory.
Liver samples from necropsied carcasses were submitted for testing of eight
anticoagulant rodenticides (ARs) belonging to two groups: the first-generation
anticoagulant rodenticides (FGAR) warfarin, coumachlor, diphacinone, and
chlorophacinone, and the second-generation anticoagulant rodenticides (SGAR)
brodifacoum, bromadiolone, difenacoum, and difethialone (Figure 8).
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Figure 8. Raw anticoagulant rodenticide concentrations data for all necropsied bobcats
(Nn=129) in the study.

SGARs were created inresponse to the development of FGAR resistance in rodents, and
are more potent, require fewer feedings to achieve toxic doses, and are retained in liver
tissue for a longer time (Fisher et al. 2003, Berny et al. 2018). Anticoagulant rodenticide
analyses were performed using quantitative ultraperformance liquid chromatography
and mass spectrometry (Smith et al. 2017). Results for each AR detected were reported
in parts per billion (ppb). The lowest limit of detection (LOD) for tested ARs was 20 ppb,
and the lowest limit of quantitation (LOQ) was 50 ppb for each AR, and results were
reported as ‘trace’ if an AR was detected above the LOD but below the LOQ. Although
reported as frace amounts, these cases are still considered as positive exposure results.

Additionally, necropsied bobcats were tested for the presence of Bromethalin using the
biomarker desmethylboromethalin (DMB). Bromethalin is an acutely neurotoxic,
single-feed rodenticide used for the control of commensal rodents (Jackson et al. 1982,
Van Lier and Cherry 1988) and is currently available to licensed applicators and at the
general consumer level (Coppock 2013). When ingested, it is rapidly converted into the
more toxic metabolite, DMB. Unlike ARs, there is no antidote for Bromethalin exposure
(Coppock 2013). Bromethalin use has increased after passage of legislation restricting
the applications of certain ARs (CDFW 2024), and while bromethalin use is
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conventionally considered to pose low risks to non-target species through secondary
exposure (Jackson et al. 1982, U.S. EPA 2024), exposure and toxicity risk assessments are
largely based on laboratory studies and feeding frials and are data deficient in
ecological settings. Non-target bromethalin exposures and fatalities have been
detected in multiple wildlife species including carnivores and scavengers (Bautista et al.
2014, McMillin et al. 2016, CDFW 2021, 2022, 2023, 2024, Cox et al. 2022, Murray and Cox
2023a, 2023b, Rudd et al. 2024). DMB is highly fat soluble which is why adipose tissue
makes for the ideal choice for DMB testing due to its high lipid content; brain tissue also
has high lipid content and may also be tested when adipose stores are unavailable
(Murray and Cox 2023a, 2023b, Rudd et al, 2024). Accordingly, adipose or brain tissue
were tested for DMB using reverse phase ultrahigh performance liquid chromatography-
mass spectrometry protocols established at the CAHFS Lab (Filigenzi et al. 2015). The
reporting limit for a positive detection was 1 ppb; if DMB was detected in tissue below
the reporting limit the result was reported as ‘trace’. Additional toxicology testing was
conducted at the discretion of the pathologist.

Determination of Rodenticide Exposure & Toxicosis. Rodenticides, including ARs, are not
always acutely fatal and there is a high degree of variability among species and
individuals in their vulnerability. Toxicosis occurs when illness, disease or death are
caused by a poison or toxin. For ARs, there is no universal threshold detection value that
could indicate AR toxicosis, thus we must also rely on antemortem and postmortem
evidence of coagulopathy (impairment of blood clotting ability causing bleeding)
unrelated to another identifiable cause of hemorrhage (e.g., trauma, disease,
infection). For this study, AR ‘toxicosis’ was determined to be a cause of death or
morbidity if one or more ARs were detected in the liver and coagulopathy was present
with no other cause (e.g., trauma, disease) identified. Individuals were considered to
have AR ‘exposure’ if their livers had detectable levels of one or more ARs (regardless
of concentration) and they lacked antemortem or postmortem evidence of
coagulopathy.

For non-anticoagulant rodenticides (i.e., bromethalin), diagnosing toxicosis requires the
detection of the compound in the appropriate tissue sample or gastrointestinal
contents, and antemortem or postmortem evidence in the absence of another
identifiable cause (e.g., disease, infection, trauma). In some cases, rodenticide residues
are detected in the tissue sample, but postmortem evidence cannot confirm or exclude
toxicosis due to tissue decomposition or freeze-thaw artifact. Therefore, based on the
totality of the case, these diagnoses were reported as ‘suspect’ toxicosis or
‘undetermined’.

Cause of Death and Rodenticide Detections. We used a mixed effects logistic regression
model to investigate how AR detections are related to primary cause of death using the
package gimmTMB (Brooks et al. 2017). AR exposure (not detected = 0O; positive
detection = 1) was used as the dependent variable, primary cause of death as a fixed
effect with Trauma-Hit-By-Car as the reference variable. To account for space and time,
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we included ecoregion, land cover (Dewtiz 2023), and sample year as random effects.
While it is possible AR use varies seasonally, we chose to use year instead of month due
to statistical power concerns and the long half-life of SGARs of 12-18 months. There was
a notable increase in use of FGARs and decrease of SGARs in 2021 due to legislative
changes. Ecoregion and land cover categories were extracted for each carcass with
known sampling location using ArcGIS Pro. We excluded two causes of death variables
from the analysis: toxicosis because it is correlated with AR exposure and
predation-puncture wounds because all cases were positive for ARs (Figure 9). We
assessed the quality of the regression models with the package DHARMa (Hartig 2024)
to confirm no under- or over-dispersion of residuals.
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Figure 9. Row anficoagulant rodenticide concentrations data for all necropsied bobcats
(n=129) in the study. This data can inform future research and analyses.

3.11 POPULATION MODELING AND SUSTAINABLE MORTALITY

To estimate the impacts of potential future harvest, we developed a population model
to explore the effects of varied mortality levels in California bobcat populations. We
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began by conducting a literature search to investigate common bobcat population
structures and growth rates. We gathered vital rates, particularly survival and fecundity,
from 28 published journal articles and academic theses from across the United States
(Table 8).

Table 8. All 28 journal articles and academic theses included in population models and their
incorporated demographic estimates for survival probability, proportion of the population that
was female and liter size.

Proportion of

Source Location Harvest? Prsoul::\c?;;ilty PrFoe F::::;Zn Femole:s I.sl:;eer
Reproducing
Allen et al. 2020 WI Yes v v
Bailey 1974 ID No v v v
Blankenship et al. 2006 TX No v v
?9h9%mberlom et al. MS Yes v v
Crowe 1975a WY Yes v v
Crowe 1975b WY Yes v v
Fox 1990 NY Yes v v v
Fritts and Selander 1978 AR Yes v v v
Fuller et al. 1995 MA Yes v v
Fuller et al. 1985 MN Yes/No v v
Gashwiler et al. 1961 ut Yes v
Johnson and Holloran
1985 KS Yes v
Jones et al. 2020 IN No v v
Kamler and Gipson
2000 P KS Yes v
Knick 1990 ID Yes/No v v
Knick et al. 1985 WA Yes v v v
Koehler 2006 A No v v v v
Landry 2017 WV Yes v v v v
Lovallo 2000a PA No v v v
Lovallo 2000b PA No v v v v
Moriarty 2007 CA No v v v
Morrison 2022 SD Yes v v v v
Nomsen 1982 SD Yes v v
Parker and Smith 1983 NOV.O Yes v v v v
Scoftia
Riley et al. 2003 CA No v v
Rolley 1985 OK Yes v v v v
Tycz 2016 SD Yes v v v
Woolf et al. 2002 IL No v v

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 50



We considered three common age categories: kitten (< 1 year old), yearling (1-2 years
old), and adult (> 2 years old), and conducted separate analyses for harvested (n=19)
and unharvested populations (n=11; Table 9).

Table 9. Average values of demographic parameters across 28 previously published journal
arficles and academic theses.

Harvested? Kitten Yearling Adult
Parameter : (<1yearold) (1-2yearsold) (>2yearsold)
. Yes 43 66 65
Percent survival
No 33 82 82
Percent of population that Yes 49 49 49
is female No 48 48 48
Percent of females Yes 45 80
. N/A
reproducing No 69 86
. . Yes 1.99 2.73
Litter size N/A
No 2.19 2.44
Number of female young Yes N/A 0.44 1.07
per female No 0.73 1.01

Using these demographic estimates, we created two post-birth stage structured
population models (Figure 10) and then used those to complete a Life Stage Simulation
(LSA) analysis (Wisdom et al. 2000). LSA analyses predict how populations will respond
to current or altered demographic rates and allow for the incorporation of uncertainty
in those rates (see Mills et al. 2025 for details on equations). We randomly selected an
observed value from the included literature for each vital rate for harvested and
unharvested populations and compiled those values intfo two separate population
matrices. We then used each of these to estimate the corresponding population growth
rate and stable stage distribution. To best capture variation and uncertainty in these
estimates, we repeated this process 10,000 times using data from only harvested
populations and another 10,000 times using data from only unharvested populations.
Theoretically, if vital rates stay constant over time, all populations will approach a
constant growth rate (lambda) and population structure. The resulting population
structure is referred to as the Stable Stage Distribution (SSD). To determine thresholds
where mortality causes population declines, we altered survival rates until lambda
reached 1.0. Lastly, we used the reproductive value of each stage class, along with the
stable stage distribution, to determine the elasticity of each survival rate, or the
proportional ability of that survival rate to alter the overall population growth rate. This is
especially important when trying to alter estimates of abundance, in either direction,
since a survival rate with high elasticity can produce a relatively large change in
lombda (population growth rate) with only a slight change in value.
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Kitten Yearling

Figure 10. Basic structure of the stage based post-birth population model for bobcats. Note. “S”
represents percent survival; “m” represents the number of female newborns per female. These
rates represent the probability of transitioning from one stage cl ass to another, along the arrow.
For example, "“Sk” represents the probability of a kitten surviving the first year and becoming a

yearling while So*ma represents the probability of an adult female surviving the year and
producing a female offspring.

Photo by the CDFW Bobcat Project
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CHAPTER 4. RESULTS
4.1 SCAT COLLECTION AND FECAL DNA

Across the 48 sites, we collected a total of 3,182 scat samples, 2,512 of which were
considered likely to be bobcat scats based on the collector’s identification at the time
of collection, and 670 were thought to be coyote scats. Out of the total 3,182 scats
collected, 1,210 (38%) were successfully genotyped as bobcat through Fecal DNA
analysis, representing 461 individuals.

We collected an average of 23.3 genetically confirmed bobcat scats per study areq,
with a maximum of 1392 and minimum of zero. The average number of unique genotypes
per study area was 8.9, with a maximum of 37 individuals from the Oak Grove study area
(Table 10). Genotypes were split nearly evenly between sexes with 212 (46%) male, 228
(49%) female, and 21 (5%) unknowns. The maximum distance between a detection and
the centroid of all that individual's detections was 4,619 meters (x distance = 723 m, SD
= 621 m) for males and 4,093 meters (x distance = 617 m, SD = 555 m) for females.
However, among all individuals, only 1% of distances were greater than 2,800 meters. As
a result, we chose to use a buffer of 2,800 meters for our scat-based SCR habitat mask
to capture potential activity centers of detected bobcats and a mask point spacing of
800 meters, as discussed in Section 3.4 above.

Table 10. Study area code, the number of bobcat scats collected in that area, and the number
of individual bobcats as determined by fecal DNA results.

Bobcat .. Scats/ Study Bobcat . . Scats/
scats Individuals individual ~ Area scats Individuals e
ABB 1 1 1.0 MCC 6 2 3.0
ANF 8 8 1.0 MOJ 63 18 3.5
ASB 20 15 1.3 oG 139 37 3.8
BCF 26 10 2.6 PAN 39 13 3.0
BOD 4 3 1.3 PR 42 24 1.8
CACK 12 7 1.7 PW 27 16 1.7
CDCO 104 35 3.0 RED 10 4 2.5
CGO 13 5 2.6 SA 76 30 2.5
CHO 69 19 3.6 SBNF 10 8 1.3
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Bobcat Scats/  study Bobcat Scats/

Individuals Individuals

Scats Individual Area  Scats Individual
CHSP 2 2 1.0 Je 11 5 2.2
CKW 24 8 3.0 SEQ 7 4 1.8
CMP 8 4 2.0 SHRS 7 2 3.5
CPER 19 11 1.7 SKE 22 8 2.8
DG 48 12 4.0 SMNF 0 0 0.00
DHSV 24 6 40 SPUR 19 7 2.7
FIAB 53 16 3.3 SRWA 65 22 3.0
FRES 0 0 0.0 TEHA 29 15 1.9
HC 4 1 4.0 TL 13 3 43
HJWA 28 6 47 TNC 1 1 1.0
HVWA 13 7 1.9 TUN 27 9 3.0
JF 10 8 1.3 TUO 7 5 1.4
JLD 37 18 2.1 UBBW 7 5 1.4
JOTR 44 11 4.0 WIS 1 1 1.0
LDSF 5 4 1.3 YBWA 1 1 1.0
MAM 0 0 0.0 TOTAL 1205 457 2.2

4.2 CAMERA SURVEYS AND PHOTO ANALYSIS

A total of 1,920 camera stations were deployed for this study, producing 148,994 trap
nights when considering both cameras at a station. Stations were deployed in 13 of the
15 available land cover categories in California that were included in the 2019 National
Land Cover Database; Open Water and Perennial Show/Ice were omitted (Dewitz
2021). The three most common land cover types for camera deployment were
Shrub/Scrub, Evergreen Forest, and Herbaceous. Approximately 75% of our sites were in
these cover types, which collectively cover 83% of the state (Figure 3). We captured
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over 23 million images, 4.1 million of which were non-blank and included approximately
1.7 million photos of nearly 170 species. The five most common non-human animals
photographed, listed in descending order, were: domestic cattle (Bos taurus), mule
deer (Odocoileus hemionus), hare (Lepus sp.), California ground squirrel
(Otospermophilus beecheyi), and American black bear (Ursus americanus). Birds were
also prevalent but were sometimes difficult to identify to species. As a result, they were
often tagged at higher taxonomic classifications (e.g., genius, family, etc.). Overall,
there were 17 commonly detected species or groups (Table 11).

Table 11. Commonly detected species across all cameras and sites. LTD= latency to detection
which is the number of days between camera deployment and first detection of the species
averaged over all cameras that had at least one detection of that species.

Species # of Images % of Non-Blank Images (# olf-Tcllbays)
Domestic Cattle 965,705 26.0 9
Bird 325,417 8.8 8
Mule Deer 272,421 7.3 11
Human (excluding researchers) 258,815 7.0 12
Rabbit (Sylvilagus spp.) 226,262 6.1 10
Squirrel (Sciuridae family) 225,508 6.1 9
Rodent (excluding squirrels) 201,946 5.4 11
Hare (Lepus sp.) 126,762 3.4 10
American Black Bear 77,061 2.1 13
Gray Fox 68,999 1.9 2
Coyofte 54,919 1.5 14
Vehicle 53870 1.5 -
Bobcat 51,313 1.4 14
Wild Pig 37,707 1.0 14
Striped Skunk 30,495 0.8 13
Northern Raccoon 28,029 0.8 13
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LTD

Species # of Images % of Non-Blank Images (# of days)
Kit Fox 27764 0.8 4
Elk 26645 0.7 17
Domestic Dog 17616 0.5 15
Domestic Donkey 14769 0.4 14
Domestic Horse 13597 0.4 14
Virginia Opossum 7487 0.2 19
Pronghorn 7313 0.2 10
Mountain Lion 5,993 0.2 20
Lo Mustelo [Amercan fagoer | 4a00 &
Long-idied weasel) | 260 0- 5

Out of the 1.7 million wildlife photos that were collected throughout this project, 51,313
were of bobcats (Table 11). An estimated 17 kittens were photographed across the
state, ranging in body size from small and recently emerged from the den, possibly a
few months old, to young of the year, almost as big as an adult. Five study areas had
collared bobcats concurrently with camera surveys. In each case, all those marked
animals were identified in photos. Mean bobcat latency to detection (LTD: the number
of days from camera deployment to first detection, based on all cameras that detected
at least one of the target species) was 14 days. Of all species detected at our cameras
kit foxes had the shortest LTD at 4 days, and mountain lions had the longest at 20 days
(Table 11). Mange was only identified in three bobcats from two study areas; Canada-
Coe (CDCO; n=2), and Dangermond (JLD; n=1; Table 2), which is consistent with the
known distribution of mange across the state, as discussed in Section 4.9 below.

4.3 DENSITY MODELING

The SCR model has two parts, a model of detection which then informs the second part,
a model of density. We fit nine candidate models to the detection portion of the SCR
analysis (Table 12). The best supported model had an AICc value approximately four
points lower than the next most supported model and incorporated nearly 20% of the
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AICc model weight. This model included an effect of season on both lambda (models
the encounter rate at the activity center) and sigma (models how these decrease with
distance) as well as feature type (e.g., game trail, dirt road, recreation trail, or wash) for
lambda and a quadratic effect of natural habitat for sigma.

Table 12. Spatial capture-recapture (SCR) modeling results for detection only (based on fecal
DNA results).

AlCc
Weight

Model Parameters AlICc A AlCc

Lambda ~ Feature Type + Season

Sigma ~ Season + Natural Habitat + Natural 13 7082.46 | 0.000 0.899
Habitat2
Lambda ~ Feature Type + Season

) ] ) 11 7086.84 4.381 0.101
Sigma ~ Natural Habitat + Natural Habitat?
Lambda ~ Feature Type + Season

_ ) 12 7101.06 18.598 0.000
Sigma ~ Season + Natural Habitat
Lambda ~ Feature Type

10 7124.47 | 42.011 0.000

Sigma ~ Season + Natural Habitat

Lambda ~ Feature Type + Season
_ 11 7161.57 | 79.108 0.000
Sigma ~ Season

Lambda ~ Feature Type

) 2 7183.67 | 101.212 | 0.000
Sigma ~ Season
Lambda ~ Feature Type

) 7 7189.93 | 107.468 | 0.000
Sigma ~ 1
Lambda ~ 1

) 5 7263.27 | 180.805 | 0.000
Sigma ~ Season
Lambda ~ 1

) 3 7272.88 | 190.42 0.000
Sigma ~ 1

During the first stage of the density model selection procedure, we fit 56 candidate
models across the variable groups and considered 11 different combined candidate
models before there were no further improvements in model fit. The top combined
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model had 42% of the AICc model weight and consisted of elevation, wildfire history,
drought, human population density and its quadratic term, proportion hardwood forest
cover, proportion shrub cover, and proportion desert vegetation cover (Table 3 & Table
13). However, the human population density terms had extremely high standard errors
in the coefficients, indicating model estimation issues. This was likely due to our limited
data in urban areas. Thus, we removed those terms from the model and avoided
extrapolating our density model to urban areas.

While season was included in our best supported detection model based on AICc, its
effect on sigma was not significant. Because of this we fit two different full SCR models,
combining our top density model with each of the top two detection models (one with
and one without season). When we compared these two full models, the model that
did not include a seasonal effect on sigma had a significantly lower AICc value and
received 100% of the AICc model weight. As a result, our final model included the top
density model and the second-best detection model.

Of the covariates on lambda (encounter rate), the only feature type whose effect was
significantly different from game trails (the reference level) was washes, which had a
higher encounter rate (p = 0.62, Cl: 0.32 - 0.92). Both kitten (3 = 0.30, CI: 0.04 - 0.55) and
winter/wet (3 =0.71, Cl: 0.43 - 0.99) seasons produced a higher encounter rate than the
summer/dry season. For the covariates on sigma (range of animal movement), both the
quadratic (B = 0.05, CI: 0.01 - 0.11) and linear (B = 0.18, CI: 0.13 - 0.23) terms for natural
habitat were positive, suggesting movement is least in areas with moderate levels of
natural habitat. Given our use of the hazard exponential detection function, the
circular.r function (secr package) suggests an average home range radius of 4.74 times
the predicted value of sigma in our density model. For the density covariates, there was
a significant negative response to increasing elevation (3 =-0.21, Cl: -0.34 - -0.09), wildfire
severity (B = -0.36, Cl: -0.65 - -0.06) and drought (p = -0.-17, CI: -0.27 - -0.06), and
significant positive density responses to increasing proportion hardwood forest cover (B
=0.37, Cl: 0.27 - 0.47) and shrub cover (p = 0.37, Cl: 0.26 — 0.48. There was no significant
effect of desert vegetation (Table 14).

Using the bootstrapping procedure described in Section 3.4 above, we calculated an
average density of 15.72 (SD=1.82) bobcats per 100 square kilometers in California. We
also used the predictDsurface tool (secr package) to predict density values for each
square kilometer across the entire state for visualization purposes (Figure 11). The
bootstrapped density estimates translated to a final abundance estimate of 62,292 (95%
Cl: 49,672 — 78,454) bobcats across California.

We used these same methods to develop a statewide population estimate based on
the photo data. Our results produced an estimate of 35,790 individuals (95% CI: 27,603
- 66,938) which was much lower than our estimate based on the fecal DNA results
mentioned above (62,292 individuals; 5% Cl: 49,672 — 78,454, Table 15).
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Table 13. Top spatial capture-recapture (SCR) models for density only based on fecal DNA results.

Parameters

Elevation + Wildfire + Drought + Population + Population? + 11 7135.14 0.00 0.48
Hardwood + Shrub + Desert

Elevation + Elevation? + Wildfire + Drought + Population + 12 7136.82 1.68 0.21
Population? + Hardwood + Shrub + Desert ' ' '

Elevation + Elevation? + Wildfire + Drought + Population + 13 7138.50 334 0.09
Population? + Conifer + Hardwood + Shrub + Desert ' ' ’

Elevation + Elevation? + Wildfire + Drought + Urban + Urban? + 12 7138.72 358 0.08
Hardwood + Shrub + Desert

EIevo’rio.n + EIevo’rionQ. + Wildfire i Drought + Urban + Urban? + 15 7139 .25 4.10 0.06
Population + Population? + Conifer + Hardwood + Shrub +

Elevation + Elevation? + Wildfire + Drought + Urban + 11 7140.44 530 0.03
Population + Population? + Hardwood + Shrub ' ' '

EIevo’rio.n + EIevo’rionQ. + Wildfire i Drought + Urban + 14 7140.58 5 44 0.03
Population + Population? + Conifer + Hardwood + Shrub +

Elevation + Elevation? + Wildfire + Drought + Urban + Urban? + 11 7143.15 8.01 0.01
Hardwood + Shrub

Elevation + Elevation? + Drought + Population + Population? + 11 7150.40 15.46 0.00
Hardwood + Shrub + Desert

Elevation + Elevation? + Population + Population? + Hardwood 10 7151 .66 16.52 0.00
+ Shrub + Desert ' ' ’
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Table 14. Coefficient results from final spatial capture-recapture model based on fecal DNA.

Covariate Parameter Estimate (B) 95% CI
Density Density -6.58 (-6.73, -6.44)
Elevation Density -0.21 (-0.34, -0.09)
Wildfire Density -0.36 (-0.65, -0.06)
Drought Density -0.17 (-0.27, -0.06)
Hardwood Density 0.37 (0.27,0.47)
Shrub Density 0.37 (0.26, 0.48)
Desert Density 0.003 (-0.13,0.12)
Lambda Lambda -1.10 (-1.4,-0.81)
Feature Type — Multiuse Lambda -0.23 (-0.49, 0.02)
Feature Type — Other Lambda 0.48 (-0.19, 1.14)
Feature Type -Road Lambda -0.45 (-0.67,-0.23)
Feature Type — Wash Lambda 0.62 (0.32, 0.92)
Season - Kitten Lambda 0.30 (0.04, 0.55)
Season — Wet Lambda 0.71 (0.43, 0.99)
Sigma Sigma 5.98 (5.9, 6.07)
Natural Habitat Sigma 0.05 (-0.01,0.11)
Natural Habitat? Sigma 0.18 (0.13, 0.23)
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Statewide Bobcat Density Based on Fecal DNA
Total Population= 62,292 (95%CI: 49,672 — 78,454)
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Figure 11. Statewide bobcat density estimates and ecoregion borders. Density estimates are
from the final fecal DNA-based SCR model. All major urban areas, lakes and reservoirs have
been removed from the estimate. Large patches of low density (dark blue) are the result of fire

scars from fires within the previous two years of the study
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Table 15. Study area code, the number of bobcat photos taken in that area, the number of quality photos used for pelage
ID, percentage of photos used, and number of individual bobcats identified from both pelage ID fecal DNA results.

Number of Quality Percentage of

el s istio oot "pituebfon o,
ABB 18 2 11.11% 1 1
ANF 232 215 92.67% 6 8
ASB 768 539 70.18% 19 15
BCF 518 167 32.24% 11 10
BOD 338 165 48.82% 4 3
CACK 317 293 92.43% 7 7
CDCO 3,586 1,796 50.08% 33 35
CGO 314 207 65.92% 6 5
CHO 3,256 2,281 70.06% 23 19
CHSP 183 138 75.41% 3 2
CKW 718 284 39.55% 9 8
CMP 589 409 69.44% 6 4
CPER 1,759 478 27.17% 12 11
DG 384 266 69.27% 7 12
DHSV 448 249 55.58% 5 6
FIAB 118 66 55.93% 6 16
FRES Scat only NA NA NA 0
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Number of Quality Percentage of

et Mot Thoorleaior Midision  niidudstor,

HC 30 22 73.33% 1 1

HIJWA 168 126 75.00% 4 6
HVWA 113 103 91.15% 3 7
JF 247 189 76.52% 10 8
JLD 1,252 596 47.60% 17 18
JOTR 2,447 608 24.85% 10 11
LDSF 568 328 57.75% 4 4
MAM 19 17 89.47% 1 0
MCC 448 196 43.75% 5 2
MOJ 1,701 498 29.28% 12 18
oG 2,120 1,542 72.74% 28 37
PAN 3,256 1,262 38.76% 13 13
PR 3,746 2,467 65.86% 29 24
PW 742 331 44.61% 5 16
RED 165 127 76.97% 2 4
SA 2,639 1,283 48.62% 29 30
SBNF 419 163 38.90% 7 8
SC 414 368 88.89% 6 5
SEQ 93 75 80.65% 3 4
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Number of Quality Percentage of

et Mot Thoorleaior Midision  niidudstor,
SHRS 135 90 66.67% 8 2
SKE 96 39 40.63% 3 8
SMNF 133 83 62.41% 2 0
SPUR 490 120 24.49% 5 7
SRWA 14,530 3,243 22.32% 4] 22
TEHA 489 306 62.58% 2 15
TL 95 50 52.63% 2 3
TNC 1,920 508 26.46% 7 1
TUN 1,093 204 18.66% 9 9
TUO 1,466 412 28.10% S 5
UBBW 515 348 67.57% 6 5
WIS 0 0 NA 0 1
YBWA 0 0 NA 0 1
TOTAL 55,095 24,231 43.98% 7.7 457
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Abundance estimates for each ecoregion can be found in Table 16. When broken
down by ecoregions, the Southern California Coast had the highest average density of
29.4 (SD 3.3) bobcats/100 km?, followed by the Sierra Nevada Foothills with a density of
27.6 (SD 2.6) bobcats/100 km2. The Sierra Nevada, at 10.2 (SD1.7) bobcats/100 km2and
Southern Cascades, at 10 (SD 1.4) bobcats/100 km?2, had the lowest average densities.
Despite having a low bobcat density estimate, the Mojave ecoregion supported the
largest total bobcat population due to its relative size (1500 km? larger than the second
largest ecoregion).

Table 16. Spatial capture-recapture (SCR) density results by ecoregion (based on fecal DNA
results). Density is reported as the number of bobcats per 100 km?2.

Ecoregion Area (km?) Avg.(lsbsnsiiy AbundEs::z:t(e:S% cl)
Northern CA Coast (263A) 17,110 16.0 (1.5) 2,733 (2161, 3500)
Klamath Mountains (M261A) 22,371 12.5(1.8) 2,795 (2181, 3745)
Northern CA Coast Ranges (M261B) 15,344 16.8 (2.5) 2,582 (1996, 3568)
Northern CA Interior Coast Ranges 7.397 25.0 (3.4) 1,847 (1403, 2518)
(M261C)
Southern Cascades (M261D) 16,903 10.0 (1.4) 1,690 (1323, 2241)
Modoc Plateau (M261G) 13,781 16.3 (1.4) 2,252 (1823, 2793)
Northwestern Basin and Range (342B) 4,684 21.7 (2.0) 1,015 (805, 1288)
Central CA Coast (261A) 13,697 21.0 (2.8) 2,878 (2273, 3,741)
Central CA Coast Ranges (M262A) 24,766 19.9 (2.6) 4,919 (3898, 6,376)
Great Valley (262A) 48,890 11.1 (0.5) 5,420 (4152, 7,080)
Sierra Nevada Foothills (M261F) 17,921 27.6 (2.6) 4,940 (3918, 6,263)
Sierra Nevada (M261E) 51,064 10.2 (1.7) 5,194 (3916, 7210)
Mono (341D) 7,784 15.0 (1.5) 1,167 (887, 1549)
Southern CA Coast (2618B) 13,557 29.4 (3.3) 3,991 (2999, 5,361)
?ou’rher)n CA Mountains and Valleys 27,461 27.0(3.3) 7,416 (5720, 9731)
M2628B
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Avg. Density Estimated

ST A (LG (SE) Abundance (95% Cl)
Southeastern Great Basin (341F) 11,044 11.7 (0.9) 1,289 (899, 1868)
Mojave Desert (322A) 66,766 11.9 (0.6) 7,971 (5420, 11777)
Sonoran Desert (322B) 12,887 12.4 (0.3) 1,592 (1091, 2329)
Colorado Desert (322C) 10,908 12.4(0.4) 1,349 (972, 1883)

Note. Ecoregions are listed from west to east for northern, central, and southern California.

4.4 OCCUPANCY ANALYSIS

Our occupancy analysis included 1,761 camera stations from 46 study areas (two study
areas were excluded due to less than six weeks of data). Unconditional bobcat
occupancy, meaning it was not based on the presence or absence of any other
species, across all study areas was 0.39 £ 0.01 SE. Bobcats had the third lowest estimated
rate of detection (i.e., the likelihood of detecting a species if it is present, 0.38 + 0.01)
after mountain lion (0.17 £ 0.01) and small mustelids (0.19 + 0.02), while rabbits had the
highest (0.64 £ 0.01). Bobcat occupancy significantly increased with the presence of all
other species analyzed except black bears and small mustelids (Table 17 & Figure 12).
Small mustelid (Table 4) presence was associated with a significant decrease in bobcat
occupancy while the relationship between bobcat and black bear presence was not
significant. Mountain lion presence was associated with the largest (B = 1.08 £ 0.18),
increase in bobcat occupancy, from the uncondifional estimate of 39% to 62% when
mountain lions were present. Gray foxes were the competitor associated with the
smallest significant change in bobcat occupancy, (B =1.06 £0.11), increasing it to 56%
when present. Of the disturbance species, domestic cattle presence (B = 0.59 £ 0.12)
was associated with the smallest change, only increasing bobcat occupancy to 52%,
while wild pig presence (B = 0.92 + 0.25) was associated with an increase in bobcat
occupancy to 61%. Of the prey species the largest increase was associated with wild
turkey presence (B = 1.34 + 0.13) which increased bobcat occupancy to 69%. The
smallest positive change in bobcat occupancy associated with a prey species was with
squirrels (B = 0.89 £ 0.11) whose presence only increased bobcat occupancy to 49%.
Small mustelid presence (B = -0.66 + 0.25) was associated with a 33% decrease in the
likelihood of a bobcat being present at a camera. Similarly small mustelid occupancy
doubled when bobcats were not present (estimated occupancy = 0.08 = 0.01)
compared to when bobcats were present (estimated occupancy =0.04 + 0.01). While
these results suggest a lack of avoidance between bobcats and other species, they do
not necessarily show a causal relationship. Increases in cooccurrence between these
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species could be due to preferences in environmental variables rather than attraction
to each other.

Table 17. Each species combination represents a separate occupancy model. ¥ represents
occupancy, d represents detection, and SE is standard error. Lines with Bobcat + “Other
Species” (¥) denote if interactions between those species. All other variables were included in
models to account for variation within the data but were not of interest in this analysis. All
estimates are on the logit scale.

Species Variables Estimate SE P-Value
Unconditional Intercept (¥) -0.42 0.05 <0.01
Bobcat Herbaceous Cover -0.32 0.06 <0.01

Intercept (d) -0.50 0.04 <0.01

Maximum Temperature -0.10 0.04 0.01

Bobcat + Bobcat Intercept (¥) -0.59 0.06 <0.01
Mountain Lion Herbaceous Cover 0.33 0.06 <0.01
Mountain Lion Intercept (¥) -2.33 0.15 <0.01

Habitat Diversity 0.30 0.09 <0.01

Hardwood Cover -0.22 0.11 0.04

Agricultural Cover -0.56 0.21 0.01

Bobcat + Mountain Lion Intercept (¥) 1.08 0.18 <0.01

Bobcat Intercept (d) -0.50 0.04 <0.01

Maximum Temperature -0.10 0.04 0.01

Mountain Lion Intercept (d) -1.59 0.10 <0.01

Bobcat + Bobcat Intercept (¥) -0.40 0.06 <0.01
Black Bear Herbaceous Cover -0.31 0.06 <0.01
Black Bear Intercept (¥) -2.29 0.16 <0.01

Elevation -0.67 0.11 <0.01

Drought -0.35 0.07 <0.01

NDVI -0.32 0.09 <0.01

Habitat Diversity 0.39 0.08 <0.01

Shrub Cover 0.44 0.07 <0.01

Herbaceous Cover 0.24 0.07 <0.01

Agricultural Cover -1.70 0.54 <0.01
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Species Variables Estimate SE P-Value

Urban Cover -1.11 0.38 <0.01

Barren Cover 0.82 0.16 <0.01

Bobcat + Bobcat + Black Bear Intercept (¥) -0.12 0.15 0.42
?('%i'; ')360r Bobcat Intercept (d) -0.50 0.04 <0.01
Maximum Temperature -0.10 0.04 0.01

Black Bear Intercept (d) -0.36 0.06 <0.01

Maximum Temperature -0.47 0.06 <0.01

Precipitation -0.19 0.08 0.02

Bobcat + Bobcat Intercept (¥) -0.97 0.07 <0.01
Coyote Herbaceous Cover -0.29 0.06 <0.01
Coyote Intercept (¥) -0.95 0.07 <0.01

Drought 0.19 0.06 <0.01

Habitat Diversity -0.30 0.05 <0.01

Shrub Cover 0.24 0.05 <0.01

Agricultural Cover 0.17 0.05 <0.01

Bobcat + Coyote Intercept (¥) 1.27 0.11 <0.01

Bobcat Intercept (d) -0.50 0.04 <0.01

Maximum Temperature (d) -0.10 0.04 <0.01

Coyote Intercept (d) -0.22 0.03 <0.01

Maximum Temperature -0.09 0.04 0.02

Precipitation -0.13 0.04 <0.01

Bobcat + Bobcat Intercept (¥) -0.81 0.07 <0.01
ely [Fex Herbaceous Cover -0.35 0.06 <0.01
Gray Fox Intercept (¥) -1.19 0.08 <0.01

Elevation -0.39 0.06 <0.01

Drought -0.16 0.06 <0.01

Fire -0.27 0.07 <0.01

Habitat Diversity 0.33 0.06 <0.01

Hardwood Cover -0.56 0.08 <0.01

Shrub Cover -0.37 0.06 <0.01
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Species Variables Estimate SE P-Value

Herbaceous Cover -0.10 0.06 0.10

Agricultural Cover -0.36 0.07 <0.01

Urban Cover -0.23 0.07 <0.01

Bobcat + Barren Cover 0.14 0.07 0.05
irgrz/tl:)ox Bobcat + Gray Fox Intercept (¥) 1.06 0.11 <0.01
Bobcat Intercept (d) -0.50 0.04 <0.01

Maximum Temperature -0.10 0.04 0.01

Gray Fox Intercept (d) 0.08 0.03 0.02

Maximum Temperature -0.08 0.03 0.03

Bobcat + Bobcat Intercept (¥) -0.52 0.06 <0.01
Sl Herbaceous Cover 030 | 006 <0.01
Domestic Cattle Intercept (¥) -2.03 0.10 <0.01

Drought -0.29 0.07 <0.01

NDVI 0.26 0.07 <0.01

Fire -0.17 0.09 0.05

Shrub Cover 0.28 0.06 <0.01

Herbaceous Cover -0.25 0.09 0.01

Barren Cover 0.23 0.05 <0.01

Bobcat + Domestic Cattle Intercept (¥) 0.59 0.14 <0.01

Bobcat Intercept (d) -0.50 0.04 <0.01

Maximum Temperature -0.10 0.04 0.01

Domestic Cattle Intercept (d) 0.06 0.05 0.21

Maximum Temperature 0.14 0.05 0.01

Precipitation -0.16 0.07 0.02

Bobcat + Bobcat Intercept (¥) -0.75 0.07 <0.01
Human Herbaceous Cover 0.39 0.06 <0.01
Human Intercept (¥) -1.12 0.08 <0.01

Habitat Diversity 0.13 0.06 0.03

Hardwood Cover -0.30 0.07 <0.01

Herbaceous Cover 0.32 0.05 <0.01
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Species Variables Estimate SE P-Value

Agricultural Cover -0.16 0.06 0.01

Bobcat + Bobcat + Human Intercept (¥) 0.93 0.12 <0.01
Kool Bobcat Infercept (¥) RRE 0.08 <0.01
Herbaceous Cover -0.30 0.06 <0.01

Rabbit Intfercept (¥) -0.62 0.07 <0.01

Elevation 0.12 0.05 0.02

Drought 0.18 0.05 <0.01

Agricultural Cover 0.11 0.05 0.04

Water Cover -0.21 0.08 <0.01

Bobcat + Rabbit Intercept (¥) 1.35 0.11 <0.01

Bobcat Intercept (d) -0.51 0.04 <0.01

Maximum Temperature -0.11 0.04 <0.01

Rabbit Intercept (d) 0.58 0.03 <0.01

Bobcat + Bobcat Intercept (¥) -1.44 0.10 <0.01
Smail Bird Herbaceous Cover -0.38 0.06 <0.01
Small Bird Intercept (¥) -0.13 0.06 0.05

Elevation -0.34 0.05 <0.01

Drought -0.21 0.05 <0.01

Habitat Diversity 0.26 0.05 <0.01

Agricultural Cover -0.16 0.05 <0.01

Urban Cover -0.23 0.07 <0.01

Water Cover -0.11 0.05 0.03

Bobcat + Small Bird Intercept (¥) 1.56 0.12 <0.01

Bobcat Intercept (d) -0.50 0.04 <0.01
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Figure 12. Estimated bobcat occupancy with 95% confidence interval bars based on the presence of competitor,
disturbance, and prey species. The bar labeled “None” represents unconditional bobcat occupancy- not based on the
presence or absence of any other species. All effects were significant except that of black bears.
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4.5 TEMPORAL ACTIVITY ANALYSIS

Bobcats’ temporal activity was primarily nocturnal or crepuscular across our study sites
in California (Figure 13). Their activity overlapped the most out of all species with coyotes
(Dhats = 0.89), although mountain lion was a close second (Dhats = 0.87). Of the
competitors, black bear had the least overlap with bobcat activity (Dhats = 0.60). Of
the disturbance species, bobcat activity overlapped the most with wild pigs (Dhats =
0.76) and the least with humans (Dhats = 0.25). Of the prey species, bobcat activity
overlapped the most with rabbits (Dhats= 0.86) and the least with squirrels (Dhats=0.26).
All the species with low temporal overlap with bobcats displayed strongly diurnal activity

(Figure 13).

In our temporal activity analysis, the best fitting model of factors influencing bobcat
activity patterns (based on adjusted R2) included Leporidae, Sciuridae, coyote, and an
interaction between gray fox and bobcat (adjusted R2=0.41, F (4,39) = 8.58, p < 0.001;
Table 18). Bobcats were detected at 46 of the 48 full study areas with an average
relative abundance index of 1.7 days per camera station. We did not detect any
bobcats at the Wishon (WIS) or the Yolo Basin Wildlife Area (YBWA) study areas. Across
all land cover types, 36% of bobcat activity occurred between the hours of 05:00 and
17:00 (daytime). We used these daytime hours because most of the study areas used
for this analysis (43%) were running through the spring season when daylight hours are
shorter. Bobcat daytime activity was greater in areas where squirrels (typically diurnal)
had a higher relative abundance index and lower in areas where Leporids (typically
nocturnal or crepuscular) had a higher relative abundance index. Further, bobcat
daytime activity was significantly higher (p < 0.05) in evergreen forests (Table 5), where
more Sciuridae activity was detected, compared to either herbaceous or shrub habitats
where more Leporids and other rodent species were detected. Rodents had high
relative abundance indices in all habitats, with the lowest variation of any prey species
(SD = 2.9) and as a result, their relative abundance may not affect bobcat activity
patterns as much as those of the more variable squirrel (SD = 5.84) and rabbit (SD = 4.52)
populations. Our results also suggest a somewhat negative association between
bobcat daytime activity with increasing coyote relative abundance (p<0.05).
Conversely, bobcat daytime activity increased significantly with a greater relative
abundance index of gray foxes, however this effect is moderated by bobcat relative
abundance. When bobcat relative abundance was low, the effect of gray fox relative
abundance on bobcat daytime activity was much weaker than when bobcat relative
abundance was high.
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Figure 13. Temporal overlap between bobcats (solid black line) and competitor, disturbance,
or prey species (dotted black line, noted at top of each graph). Color under lines indicates
amount of overlap. Dhat4 = measure of overlap from O (no overlap) to 1 (total overlap). No
distributions arose by chance (p-value<0.05 for all).
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Table 18. Linear regression results for bobcat day use. All activity levels are log-transformed.

Standard

Variable Coefficient Error 95% CI t Statistic p-Value
Intercept 39.37 9.44 (20.27, 58.47) 417 < 0.001
Leporidae -10.40 3.97 (-18.42, -2.37) -2.62 0.01
Sciuridae 9.16 3.47 (2.15,16.18) 2.64 0.01
Bobcat*Gray Fox 4.08 2.05 (-0.06, 8.22) 1.99 0.05
Coyote -6.11 4.52 (-15.26, 3.04) -1.35 0.18

Photo by Jack Clark
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4.6 GPS COLLAR DEPLOYMENT, HOME RANGE, AND MOVEMENTS

GPS Collar Deployment. Between March of 2021 and December of 2023, a total of 46
bobcats were captured across 16 counties (Table 19 & Figure 5). Of these, 22 were
captured using specially trained hounds, 23 were captured using cage traps, and one
was collared before release from a wildlife rehabilitation facility. Forty-one of those
individuals weighed enough to be fitted with a GPS collar. Twenty-five male and 16
female bobcats were collared. Four of the five captured bobcats that were too small
to collar were female and one was male. All collared bobcats were estimated to be at
least one year old, with most estimated to be two to four years of age based upon
dental characteristics. The average weight of captured bobcats was 6.9 kgs (15.2 1b.)
for females and 9.6 kgs (21.1 lbs.) for males. The largest bobcat was a 16.4 kg (36.1 1b.)
male collared on the Tahoe National Forest in Sierra County. The smallest bobcat (too
small to collar) was a female (4.8 kgs or 10.6 Ibs.) from San Luis Obispo County. Of the 41
deployed GPS collars, 37 collars were retrieved by field staff going to the last known GPS
location and listening for the collar's VHF signal until it was successfully found. We
collected 78,521 collar locations from those collars. Four collars stopped sending GPS
locations and were not retrieved.

Home Range. We completed a home range analysis of GPS collar data for 39 (Figure 5)
of the 41 collared bobcats (15 females and 24 males; Table 19). We included all bobcats
(n=39) with 100 or more GPS locations, after erroneous data points had been removed.
Two bobcats were excluded from this analysis (INY-F1 and RIV-M1) whose collars had
failed before collecting 100 GPS locations.

Using the adaptive 99% LoCoH method, home range size for females ranged from 1.3
to 36.6 km?2, with an average of 13.6 km2 (SD=11.6), and an average core use area—
50% LoCoH home range—of 2.4 km?2 (SD=2.1). Home range sizes for male bobcats
ranged from 5.4 to 93.4 km2 with an average of 29.1 km?2 (SD=23.7), and an average
core use area of 4.1 km2 (SD=3.4). We found a significant difference in both 95% and
99% home range size (p=0.05 and 0.03) between sexes and a marginally significant
difference in core use area size by sex (p=0.07, Wilcoxon rank sum test).

Home range and core use areas for bobcats that were collared for over a year were
compared using a Kruskal-Wallis rank sum test to see if there was any significant
difference in home range sizes over different seasons (Table 20). Within each sex, neither
overall home range size nor core use area size differed significantly by season (p > 0.05).
This could be due in part to our limited sample of collared cats in high elevation areas
with heavy seasonal variation. We collared nine cats in such areas but only two
provided over a year of GPS locations. However, between sexes we had moderate to
strong evidence for a difference in both home range size (p < 0.06) and core use area
(o < 0.9) during the wet season as well as moderate evidence (p < 0.1) for a difference
in home range size during the kitten season.
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Investigation of the relationships between population density estimates, home range
size and elevation showed a significantly negative correlation between elevation and
bobcat population density estimates (Pearson correlation coefficient r(29) = -.48, p =
.006), with population density decreasing at higher elevations. A significantly negative
correlation was detected between population density and home range size (r(29) = -
.62, p <0.001), with home range size decreasing with an increase in population density.
Lastly, we detected a significant positive correlation between home range size and
elevation (r(29) = -.58, p < 0.001), with an increase in home range size at higher
elevations.

Movements. Female collared bobcats traveled a minimum path distance of 2.9 + 0.4
km per day on average. The longest path distance calculated for a female bobcat in
one day was by SBD-F1 who fraveled 14.4 km in San Bernardino County (Table 21). Males
traveled an average path distance of 3.8 = 0.4 km per day, and the longest path
distance fraveled in one day was 21.5 km by INY-MT in Inyo County. Among female
bobcats, long distance travel occurred evenly across the three seasons (Table 21).
However, 12 of the 19 male bobcats (63%) traveled the farthest in the
Wet-Winter/Mating season, when most bobcat breeding is known to occur.

There were seven bobcats (one female and six males) who undertook a long-distance
travel event outside of their home ranges. These long-distance travel events ranged
from two days to one hundred days and the total distances for these movements
ranged from 7.9 km to 89 km. The bobcat who traveled for the longest period was a
male (SIE-M5) who spent the months of mating season (December-February) outside of
his home range. The female who traveled outside of her home range (SBD-F1)
mentioned above) did so in height of summer and then died a month later. Two other
males (SBD-M1 and SIE-M2) dropped their collars within two days and 22 days
respectively, of their travel journeys leaving us with no information about their final
whereabouts. One male (SIE-M3) was nine days into his journey and was approximately
18 km straight distance outside of his home range when he died. The final male (SIE-M4)
traveled for 22 days between November and December approximately as far out as 21
km direct distance from his home range before returning.
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Table 19. List of the bobcats captured for the California Bobcat Project, the county where they were captured, the bobcat's
body weight, date of capture and date when the collar stopped being active, the average elevation in their home range,
the number of days the collar was active, the number of GPS locations gathered, and the core use area (50% LoCoH) and
home range (95 and 99% LoCoH) reported in kmZ.

Bobcat Mo, Doteot  Numberofbays  MTITT g ST ocon  loCoH oo
(kg) Locations* Home Range? (km?2) (km?2) (km?2)
BUT-F1 Butte 6.0 2/15/2022 Not collared NA NA NA NA NA
BUT-F2 Butte 6.2 3/4/2022 Not collared NA NA NA NA NA
BUT-F3 Butte 7.3 3/7/2022 450 3,546 32 0.4 2.7 3.5
BUT-M1 Butte 10.0 2/8/2022 316 2,420 32 1.6 4.6 6.4
BUT-M2 | Butte 11.0 | 2/26/2022 407 3,155 27 5.7 35.1 44.7
GLE-F1 Glenn 7.3 2/8/2022 450 3,491 40 0.3 3.1 4.1
GLE-M1 | Glenn 9.5 2/3/2022 427 3,306 39 1.1 5.8 7.3
GLE-M2 | Glenn 8.0 | 2/16/2022 414 3,282 39 0.7 5.4 10.7
INY-F1 Inyo 7.9 2/3/2023 3 collar failed 6 NA NA NA NA
INY-M1 Inyo 7.9 5/18/2022 457 3,481 1,398 2.2 16.5 23.7
INY-M2 Inyo 7.5 1/31/2023 401 2,874 1,429 9.6 41.1 52.6
KER-F1 Kern 6.5 3/7/2021 501 3,426 1,017 1.0 3.6 4.3
KER-M1 Kern 8.0 3/4/2021 450 3,420 1,027 1.3 4.3 5.4
MEN-M1 | Mendocino 6.0 | 10/13/2021 200 1,353 80 3.1 8.5 12.9
MEN-M2 | Mendocino 12.0 | 10/22/2021 325 2,338 57 1.3 7.6 11.6
MNO-FT | Mono 8.0 5/28/2021 288 2,188 2,226 1.6 1.1 17.0
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Bobcat Mos,  Dofeol  Numberofbays  MTILTT ol oCon  LoCon  LoCon
(kg) Locations Home Range3 (km?2) (km2) (km2)
MNO-F2 | Mono 7.5 | 2/6/2023 396 3,118 1,710 4.0 16.4 19.0
MOD-F1 | Modoc 70 | 7/1/2021 410 3,221 1,638 2.6 13.7 16.8
MOD-F2 | Modoc 8.0 | 7/5/2021 405 2,966 1,538 1.3 6.1 7.9
MOD- | Modoc 11.3 | 7/9/2021 400 3,097 1,625 3.9 155 20.8
MON-F1 | Monterey 6.0 | 3/22/2021 160 463 407 0.5 1.2 1.6
MON-F2 | Monterey 70 | 3/19/2021 17 152 402 0.7 1.1 1.3
f/A\?N- Monterey 10.0 | 3/21/2021 180 1,422 370 1.1 6.0 9.2
f/A\,)ON- Monterey 10.0 | 3/19/2021 450 3,455 339 0.8 11.6 22.0
RIV-M1 Riverside 7.3 3/3/2022 28 collar failed 53 NA NA NA NA
SAC-FI Sacramento 6.8 | 12/10/2023 | 218 collar failed 368 35 0.5 2.2 2.2
SAC-M1 | Sacramento 9.8 1/19/2023 22 167 60 1.5 8.9 12.4
SBD-F1 | SanBernardino | 7.0 | 1/22/2022 208 1,522 946 3.0 13.2 22.4
SBD-M1 | San Bernardino | 8.2 | 5/19/2022 248 1,923 1,574 5.0 23.7 32.0
SCL-M1 | Santa Clara 10.0 | 3/25/2022 | 113 collar failed 210 105 1.7 6.7 9.0
SCL-M2 | Santa Clara 7.7 | 6/15/2022 450 3,412 355 1.3 6.5 8.6
SIE-F1 Sierra 9.5 | 11/3/2021 104 198 1,703 5.0 25.0 36.6
SIE-M1 | Sierra 12.7 | 11/2/2021 314 2,505 1,957 7.2 46.5 64.9
SIE-M2 | Sierra 16.4 | 11/4/2021 312 2,464 1,776 5.3 23.7 31.8
SIE-M3 | Sierra 9.5 | 11/5/2021 132 954 2,018 7.7 32.0 41.7
SIE-M4 | Sierra 10.0 | 11/6/2021 120 925 1,886 3.6 48.5 70.7
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Bobeat Mos,  Dofeol  Numberofbays  MTILTT ol oCon  LoCon  LoCon
()] Locations? Home Range3 (km2) (km?2) (km2)
SIE-M5 Sierra 10.9 | 11/8/2021 338 2,744 1,879 11.4 62.2 93.4
SIS-F1 Siskiyou 7.2 | 11/23/2021 67 159 1,552 2.3 16.6 16.6
SIS-F2 Siskiyou 5.5 | 11/29/2021 19 129 1,392 6.8 16.1 16.1
SIS-F3 Siskiyou 6.8 | 12/9/2021 78 551 1,317 6.3 28.8 34.2
SIS-M1 Siskiyou 10.9 | 11/23/2021 20 148 1,396 10.6 33.6 36.5
SIS-M2 Siskiyou 10.4 | 11/27/2021 105 554 1,323 9.3 47.9 59.2
SLO-F1 San Luis Obispo | 4.8 2/1/2022 Not collared NA NA NA NA NA
SLO-F2 San Luis Obispo | 5.8 2/9/2022 Not collared NA NA NA NA NA
THE-M1 Tehama 6.6 2/1/2022 Not collared NA NA NA NA NA
TEH-M2 | Tehama 7.8 2/6/2022 424 3,355 797 2.4 8.6 11.5

1 Bobcat IDs are based on the county code for where they were captured, the sex of the animal (f-female and m-male)
and a running number of bobcats captured in that county.

2Number of days collar active is calculated from capture date to the date a collar was dropped, the date a mortality

signal indicated that the bobcat had died, or the date the collar failed.
3Elevation is included here for comparison of home range size at different elevations.
4The total number of GPS locations recorded prior to removal of erroneous data.
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Table 20. Average male and female bobcat home range sizes (km2) across the three
different seasons (winter/wet, kitten, summer/dry) for bobcats whose collar was deployed for

over 365 days.
Winter/Wet Kitten Summer/Dry
(Dec-Feb) (March-May) (June-Nov)
Home Core Home Core Home Core
Range Use Range Use Range Use
20.0 3.0 18.2 2.5 18.3 3.2
10.6 1.8 8.0 1.9 11.8 1.8

Table 21. Average path distances traveled by male and female bobcats per day, longest path distance
fraveled in one day and season that the longest distance travel occurred in. SE= Standard Error

Average Travel

sobcorid sec Dmoncesse  oiGsiBNens  Scendtions
BUT-F3 Female 2.7 £0.07 7.8 Winter/Wet
GLE-FI Female 2.1 £0.06 5.4 Kitten
KER-F1 Female 3.4+0.05 7.6 Kitten
MNO-F1 Female 3.4£0.10 8.9 Summer/Dry
MOD-F1 Female 3.5+0.08 9.1 Kitten
MOD-F2 Female 4.3+£0.08 8.7 Summer/Dry
MON-F1 Female 0.7 £0.07 2.4 Kitten
SBD-F1 Female 45+0.12 14.4 Summer/Dry
SIE-F1 Female 1.9£0.16 8.7 Winter/Wet
AVERAGE 29*04 8.1
BUT-M1 Male 4.1+0.11 9.7 Kitten
BUT-M2 Male 3.0£0.11 13.5 Kitten
GLE-M1 Male 4.2+0.09 10.1 Winter/Wet
GLE-M2 Male 4.5+0.08 11.0 Winter/Wet
INY-M1 Male 8.5+0.17 21.5 Winter/Wet
KER-M1 Male 3.7 £0.06 7.7 Kitten
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Average Travel

sobcolld  Sex  obmcerie  (OSIONSICS Seoenoiore

MEN-M1 Male 0.9+0.05 3.9 Winter/Wet
MEN-M2 Male 3.2+0.08 8.0 Summer/Dry
MOD-M1 Male 5.5+0.12 13.1 Winter/Wet
MON-M1 Male 1.7 £0.07 6.0 Summer/Dry
MON-M2 Male 2.0+ 0.05 6.4 Winter/Wet
SBD-M1 Male 4.5+0.09 9.4 Winter/Wet
SCL-M2 Male 2.7 £0.07 9.7 Winter/Wet
SIE-M1 Male 3.8+0.12 10.2 Kitten

SIE-M2 Male 3.9+0.12 10.4 Summer/Dry
SIE-M3 Male 45+0.18 9.9 Winter/Wet
SIE-M4 Male 3.3+0.27 14.3 Winter/Wet
SIE-M5 Male 4.6+0.11 12.3 Winter/Wet
TEH-M2 Male 4.4+0.09 10.8 Winter/Wet

AVERAGE

Photo by the CDFW Bobcat Project
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4.7 RESOURCE SELECTION FUNCTIONS AND PERCENT LAND COVER USE

We fit a total of 26 models in our model selection process. The top model included
distance to herbaceous cover, distance to urban areas, aspect, terrain ruggedness, the
linear and quadratic term for both aspect and terrain ruggedness, and an interaction
between distance to hardwood cover and sex, distance to shrub cover and sex, and
elevation and season. It also included a random effect of cat ID (Table 22). Because
we used distance-to as a metric for all habitat types, negative beta values show
selection for that habitat type. Males were more likely to select hardwood cover (B = -
0.74 SE = 0.04 p < 0.01) but less likely to select shrub cover (B = 1.25 SE=0.06 p < 0.01)
compared to females (Figure 14). Bobcats generally selected for lower elevations within
their home range (B =-1.18 SE=0.09 p <0.01) with minimal seasonal variation (Table 23).
Bobcats selected herbaceous cover (B =-2.39 SE=0.12p <0.01), andrivers (p =-0.07 SE
=0.06 p =0.24) and avoided urban areas (B =0.47 SE=0.02 p <0.01). These did not vary
by sex. While the effect of distance to river was not significant, it was in our top model
using AICc and therefore still relevant to bobcat habitat selection. Aspect showed a
quadratic relationship with bobcat use; bobcats selected south facing slopes (B = -0.02
SE = 0.01 p < 0.01 for the quadratic term). Similarly, the quadratic effect of terrain
ruggedness showed a selection for areas with moderate elevation change within their
home range (B = -0.08 SE = 0.01 p < 0.01 for the quadratic term). The use of random
intercepts largely accounts for variation in sample sizes and are not directly
interpretable (Gillies et a. 2006). We found some variance in selection between
individual bobcats (02 = 8.48).

The percentage of GPS points in each landcover type varied by ecoregion, likely
because the available habitat varies by ecoregions. Agriculture was more common for
bobcatsin the Great Valley than anywhere else, conifer was typically the most common
landcover type for bobcats in the Sierra Nevada ecoregion, and hardwood was
typically the most common landcover for bobcats at mid to low elevations. Shrub and
herbaceous landcovers were used by all the bobcats, but to varying degrees. Overall
hardwood and conifer were the most common landcover types used by collared
bobcats in this project (Table 24).
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Table 22. Top 10 resource selection function models based on AICc. HW= hardwood, Herb= herbaceous, Elev= elevation,
TR= terrain ruggedness, Road Distance= secondary roads only.

Model Parameters AlCc A AlCc AIPC
Weight
HW Distance*Sex + Shrub Distance §ex + .Herb Distance + Urban Distance + 19 123750 0.00 100
Elev*Season + Aspect + Aspect?+ River Distance + TR + TR2 + (1 | Cat_ID)
HW Distance + Shrub Distance*Sex + Herb Distance*Sex + Urban Distance +
Elev*Season + Aspect + Aspect? +River Distance + TR + TR2 + (1 | Cat_ID) 19 124101 351.04 0.00
HW Distance + Shrub Distance*Sex + Herb Distance + Urban Distance +
Elev*Season + Aspect + Aspect? + River Distance + TR +TR2 + (1 | Cat_ID) 18 124144 373.6 0.00
HW Distance*Sex + Shrub Distance + Herb Distance + Urban Distance +
Elev*Season + Aspect + River Distance + TR +TR? + Road Distance + (1| Cat_ID) 18 124166 416.38 0.00
Conifer Distance*Season + Shrub Distance*Sex + Urban Distance + Herb
Distance + TR + TR2 + Elev*Season + (1| Cat_ID) 17 124363 613.37 0.00
HW Distance*Sex + Shrub Distance + Herb Distance + Urban Distance +
Elev*Season + Aspect +Aspect?+ River Distance +TR + TR2+ (1| Cat_ID) 18 1243688 | 618.79 0.00
HW Distance + Shrub Distance + Herb Distance + Urban Distance*Sex +
Elev*Season + Aspect + Aspect? + River Distance + TR + TR2 + (1 | Cat_ID) 18 124498.6 748.62 0.00
HW Distance + Shrub Distance + Herb Distance*Sex + Urban Distance +
1 124660. 10. .
Elev*Season + Aspect + Aspect? +River Distance + TR + TR? + (1| Cat_ID) ® 6e0.6 | 910.63 000
Conifer Distance*Season + HW Distance + Shrub Distance + Urban
1 125120.1 1 . .
Distance*Sex + Herb Distance + (1| Cat_ID) 3 5120 370.06 000
. + . . + . F3 + + 23 +
I(Q]ologo?fg;nce River Distance + Shrub Distance*Sex + TR + Aspect*Season 13 1252051 1455.13 0.00
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Figure 14. Results from resource selection function top model. Shading around line represents
95% confidence intervals.
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Table 23. Resource selection function random and fixed effects results. Negative coefficients
indicate selection for distance variables.

Random Effect Variance

Cat ID (Intercept) 8.48

Fixed Effect Estimate (B) 95% ClI
Intercept -2.19 (-3.71,-0.67)
Hardwood Distance 0.28 (0.22, 0.34)
Shrub Distance -1.24 (-1.35,-1.14)
Herbaceous Distance -2.39 (-2.63, -2.14)
Urban Distance 0.47 (0.43, 0.52)
River Distance -0.07 (-0.18, 0.05)
Elevation -1.18 (-1.34, -1)
Aspect -0.06 (-0.08, -0.04)
Aspect? -0.02 (-0.04, -0.01)
Terrain Ruggedness 0.16 (0.11,0.21)
Terrain Ruggedness? -0.08 (-0.11, -0.05)
Sex (Male) 0.53 (-1.31,2.37)
Season (Kitten) -0.51 (-0.55, -0.48)
Season (Wet) -0.64 (-0.67, -0.6)
Hardwood*Male -0.74 (-0.81, -0.67)
Shrub*Male 1.25 (1.14,1.36)
Elevation*Kitten Season -0.25 (-0.29, -0.22)
Elevation*Wet Season 0.04 (0, 0.08)
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Table 24. Bobcat GPS collar data broken down by the land cover types* each individual spent
time in. The land cover types with the highest percent of GPS locations are presented in bold.

Number GP$S . ~
Bobcat ID Locations Used Percent Of GPS Locations In (fVeg) Land Cover Types
BUT-F1 NA Not collared
BUT-F2 NA Not collared
BUT-F3 3545 Agriculture 29%, Hardwood 27%, Herbaceous 30%, Shrub 13%
Agriculture 24%, Barren/Other 1%, Hardwood 46%, Herbaceous
ELI=L 2420 21%, Shrub 4%, Wetland 5%
BUT-M2 3155 Agriculture 56%, Hardwood 31%, Herbaceous 7%, Shrub 1%,
Wetland 5%
GLE-F1 3491 Agriculture 65%, Hardwood 30%, Herbaceous 3%, Shrub 1%,
Wetland 1%
Agriculture 71%, Barren/Other 1%, Hardwood 19%, Herbaceous
e 3306 1%, Wetland 7%
GLE-M2 3268 Agriculture 78%, Hardwood 18%, Wetland 3%
INY-F1 6 Omitted - collar failed
INY-M1 3481 Desert 26%, Hardwood 13%, Shrub 18%, Urban 5%, Wetland 38%
INY-M2 2874 Barren/Other 20%, Desert 77%, Shrub 2%
KER-F1 3426 Conifer 10%, Hardwood 38%, Herbaceous 46%, Shrub 6%
KER-M1 3420 Conifer 5%, Hardwood 37%, Herbaceous 55%, Shrub 3%
MEN-M1 1353 Conifer 85%, Hardwood 5%, Herbaceous 7%, Shrub 4%
MEN-M?2 0338 Baren/Other 1%, Conifer 76%, Hardwood 6%, Herbaceous 14%,
Shrub 2%
MNO-F1 2188 Hardwood 12%, Herbaceous 5%, Shrub 81%, Wetland 2%
MNO-F2 3118 Barren/Other 1%, Desert 78%, Hardwood 10%, Shrub 11%
MOD-F1 3221 Conifer 78%, Shrub 21%
Conifer 59%, Hardwood 1%, Herbaceous 5%, Shrub 29%, Urban
D=2 2966 1%, Wetland 6%
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Number GPS

1 *
Bobcat ID Locations Used Percent Of GPS Locations In (fVeg) Land Cover Types

MOD-M1 3097 Conifer 66%, Herbaceous 1%, Shrub 34%

MON-F1 463 Hardwood 43%, Herbaceous 30%, Shrub 27%

MON-F2 152 Hardwood 70%, Shrub 30%

MON-M1 1422 Hardwood 47%, Herbaceous 48%, Shrub 5%

MON-M2 3455 Hardwood 78%, Herbaceous 13%, Shrub 9%

RIV-M1 53 Omitted - collar failed

SAC-F1 368 Hardwood 47%, Herbaceous 30%, Urban 17%, Water 5%

SAC-M1 167 ;I;rdwood 52%, Herbaceous 26%, Shrub 9%, Urban 11%, Water

SBD-F1 1522 Desert 94%, Shrub 2%, Urban 5%

SBD-M1 1912 Conifer 80%, Desert 14%, Shrub 6%

SCL-M] 210 Agriculture 36%, Barren/Other 1%, Hardwood 20%, Herbaceous
43%

SCL-M2 3412 Agriculture 2%, Hardwood 42%, Herbaceous 53%, Shrub 3%
Agriculture 25%, Conifer 30%, Herbaceous 3%, Shrub 41%,

SIE-F1 794
Wetland 1%

SIE-M1 2505 Conifer 39%, Herbaceous 2%, Shrub 58%

SIE-M2 2282 Conifer 30%, Herbaceous 5%, Shrub 64%

SIE-M3 893 Barren/Other 1%, Conifer 86%, Hardwood 1%, Herbaceous 3%,
Shrub 6%, Wetland 2%

SIE-M4 759 Conifer 37%, Herbaceous 6%, Shrub 57%

SIE-M5 0744 Conifer 72%, Hardwood 2%, Herbaceous 4%, Shrub 20%,
Wetland 1%

SIS-F1 159 Conifer 95%, Herbaceous 1%, Shrub 4%

SIS-F2 129 Conifer 96%, Herbaceous 2%, Shrub 2%
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Number GPS

1 *
Bobcat ID Locations Used Percent Of GPS Locations In (fVeg) Land Cover Types

SIS-F3 453 Barren/Other 1%, Conifer 92%, Herbaceous 1%, Shrub 6%
SIS-M1 151 Barren/Other 1%, Conifer 87%, Herbaceous 9%, Shrub 4%
SIS-M2 554 Barren/Other 9%, Conifer 89%, Shrub 2%

SLO-F1 NA Not collared

SLO-F2 NA Not collared

THE_MI1 NA Not collared

TEH-M2 3355 Hardwood 50%, Herbaceous 23%, Shrub 27%,

* For land cover types we used we used the California Department of Forestry and Fire
Protection land cover dataset (CAL FIRE FRAP (fVeg); Table 3) that includes the following
landscape variables: Agriculture, Barren/Other, Conifer, Desert, Hardwood, Herbaceous, Shrub,
Urban, Water, and Wetland.

4.8 SURVIVAL AND FACTORS EFFECTING SURVIVAL

Of the forty-one bobcats collared during this effort, twenty remained alive with
functional collars for approximately a year before the collars were remotely dropped
off. The fates of three bobcats were unknown; their collars were found intact after
emitting a mortality signal (no movement for at least 18 hours) but no carcass or other
evidence of death or predation was found. An additional four collars stopped sending
GPS locations prior to their planned drop off date and were not subsequently heard
from or located (Table 19).

Fourteen collared bobcats died during the study (Table 25). The carcasses of ten of
those individuals were recovered from the field and necropsied by the CDFW WHL to try
to determine cause of death. The primary diagnoses for causes of death for necropsied
collared bobcats included: one from gunshot trauma, four from disease (one attributed
to Highly Pathogenic Avian Influenza H5N1), two from emaciation, two from
trauma/injury associated with predation, and one from suspected traumatic injuries
from a large wild turkey. In the case of the bobcat presumably killed in an altercation
with a wild turkey, the collared bobcat (SIS-M1) was found dead next to the remains of
a large turkey. Necropsy of both animals revealed head and neck tfrauma to the turkey,
and frauma to the bobcat’s heart and lungs. Based upon the close proximity of the
animals in the field (found right next to each other), lack of other identifiable causes for
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the trauma, and the fact that the bobcat had lost weight and was smaller than the
turkey, it was suspected the animals had engaged in an altercation that ended both of
their lives.

Table 25. Necropsies performed, testing for anticoagulant rodenticides, cause of death and
primary diagnosis associated with the cause of death for GPS collared bobcats from the
California Bobcat Project.

Je el Necropsied S e Gl Primary Diagnosis
ID* P Detected Death ry 9
: . Highly pathogenic avian influenza
BUT-M1 Yes Yes Disease (HPAI H5N1)
Heart: dirofilariasis w/ pulmonary
MEN-M1 Yes Yes Disease endarteritis, thrombosis and interstitial
pneumonia
MNO-F1 No Yes Predation Predation
MON-F1 No Yes Predation Predation
MON-F2 No Yes Predation Predation
MON-M1 No Yes Tr?r:jtznrs / Suspect Gunshot Trauma
SAC-M1 Yes Yes Trogmo / Gunshot Trauma
Injury
SBD-F1 Yes Yes Euthanized Emaciated/parasitic infection
SIE-F1 Yes NoO Trauma / Predation
Injury
SIE-M3 Yes Yes Disease Emaciation
SIE-M4 Yes Yes Trauma/ Predation
Injury
SIS-F2 Yes Yes Disease Emaciatfion w/ cachexia of un!mown
cause. Cannot r/o collaring issue
SIS-M 1 Yes No Trogmo / Acute frauma Wl’rh'ln’rerolveolor
Injury hemorrhage in lungs
SIS-M2 Yes Yes Disease Emaciation/parasitism

* Bobcat IDs are based on the county where they were capftured, the sex of the animal and a
running number for that county
** Anticoagulant Rodenticides (ARs)

Liver samples from all 10 necropsied collared bobcats were tested for the presence of
ARs. Seven of the ten bobcats (70%) had one or more ARs present in their liver indicating
exposure: three individuals had a single AR analyte detected, two individuals had two
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AR analytes detected, while one individual each had three and four AR analytes
detected (see Section 5.9). None of the exposed bobcats had evidence of AR toxicosis.
Adipose or brain tissue from nine of the ten bobcats was tested for the presence of DMB,
the metabolite of bromethalin. One collared bobcat (11%; MEN-M1) that died from
disease had a positive DMB detection indicating bromethalin exposure.

Although no remains were collected for four mortalities, a field investigation was
conducted at each site where the GPS collar was retrieved. Three of the mortality sites
had evidence of predation by mountain lion or coyote, including minimal carcass
remains, piles of fur, skeletal fragments and gut piles that had not been consumed by
the predator. In one case, the GPS location of the mortality overlapped with the GPS
locations from a mountain lion that been collared in the same areaq, further suggesting
mountain lion predation. In the fourth case, the investigating biologist reported the
carcass had a penetrating wound and suspected firearm trauma as the cause of
death.

The survival results of the Bayesian Cox proportional hazard model for the California
Bobcat Project included 32 individuals with 63 bobcat-years (Table 7). Adult bobcat
mean annual survival estimate was 0.77 (90% credible interval: 0.66 — 0.89).

4.9 STATEWIDE BOBCAT HEALTH SURVEILLANCE

The remains of 149 bobcats (71 females, 68 males, and 10 of unknown sex) were
submitted to the WHL for analysis as part of the Statewide Bobcat Health Surveillance
project between January 2020 and July 2023. These remains were submitted by animal
control, wildlife rehabilitators, members of the public, non-profit organizations,
universities, CDFW staff and law enforcement, and other agencies. CDFW staff (n=65)
and wild animal care facilities (rehabilitation facilities, zoos, and wildlife sanctuaries,
n=55) submitted the highest number of bobcat carcasses (Table 26). Geographically,
the highest number of carcasses came from Los Angeles County (n=23).

Necropsies were performed on 128 (87%) bobcat carcasses received by the WHL.
Twenty-one bobcat carcasses were not necropsied due to lack of sufficiently detailed
collection information, advanced decomposition, or scavenging.
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Table 26. Number of bobcat remains submitted to the CDFW Wildlife Health Laboratory for
postmortem examination from Jan 1, 2020 - Jul 1, 2023, based on the primary submitter’s

affiliation.
Animal Confrol 9
CDFW 55
NGO/Non-Profit/Private Consultant 6
Other Government Agency 7
Public/Other 7
Rehabilitation/Zoo/Sanctuary 55
University Affiliate 6
Unspecified 4
TOTAL 149

Causes of Death. The most frequently identified cause of death (Figure 15) for
necropsied bobcats was categorized as ‘trauma or injury’ or ‘euthanasia due to
trauma’ (n=85). The trauma or injury category was further broken up based on the cause
of the trauma or primary diagnosis that caused the death of those animals. Within this
category, frauma due to vehicular strike was the number one cause of death (n=48,
32%). Other categories of trauma include: tfrauma due to gunshot (n=4, 3%), tfrauma
associated with interspecies altercations (4 attacked by canids or coyotes, 1 attacked
by raccoons, 1 stomped on by alpaca, n=6, 4%), suspected predation and trauma
associated with puncture wounds (n=8, 5%), and other generalized trauma such as
fractures to various parts of the body that were not otherwise characterized (n=19, 13%).

The second most frequently identified cause of death for necropsied bobcats was
‘disease’ or ‘euthanasia due to disease’ (n=38). Mange was listed as the primary cause
of death or secondarily diagnosed issue contributing to death for 76% (n=29) of these
diseased bobcats, 11 of which had lesions affecting more than 50% of their bodies
(mange class score 3). The mange mite Notoedres cati was identified via microscopic
examination of skin scrapings or via histology in these cases, with one Nofoedres infested
bobcat also having Sarcoptes scabeii mites present in the skin scraping. Forty bobcats
had skin lesion evidence of mange infestation of varying severity, and the geographic
distribution of mange infestations was limited to roughly the southern 2/3 of the state
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(south of San Francisco Bay area), which could have been due to submission bias with
more willing submitters from those areas. Los Angeles County had the highest number
of submitted bobcats who died of conditions related to or secondary to mange (n=11).

Cadlifornia Statewide Bobcat Health Surveillance
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Figure 15. Causes of bobcat mortality based on the necropsy results (n=149) of the statewide
bobcat health surveillance study. This does not include mortalities of collared bobcats.

Additional disease diagnoses responsible for mortality included hydrocephalus from
feline panleukopenia virus infection (n=1), cardiopulmonary disease from heartworm
infection (n=2), chronic kidney disease (n=1), acute severe kidney disease (n=1), highly
pathogenic avian influenza virus infection (HPAI, H5NT; n=1), fungal pneumonia (n=1),
streptococcus bacteria associated pleuritis (n=1), organ failure complications from
emaciation and heavy parasite loads (n = 4), and one case (n=1) with mild verminous
(parasitic) pneumonia but no other disease process identified as severe enough to
cause death. The single HPAI case was a collared bobcat (BUT-M1) that died in Butte
County in December 2022 from viral encephalitis and liver necrosis. Confirmatory testing
at the USDA National Veterinary Services Laboratory (Ames, lowa) determined the
bobcat was infected with same emergent strain of HPAI virus (EA/AM reassortment of
H5 goose and Guangdong and North American wild bird lineage 2.3.4.4) circulating in
wild birds. No bird remains were found in the bobcat’s stomach at necropsy.

Eight bobcat carcasses (two adult females and six adult males) submitted to the WHL
had been dispatched under depredation permits, all of which were reported to have
been killing domestic chickens, ducks, or geese. Two reportedly sick bobcats were
dispatched for public safety reasons, one of which was a bobcat from Trinity County
who tested positive for rabies virus infection and was the only rabies case diagnosed in
our study. The other public safety case was a bobcat that scratched and possibly bit a
person and did not leave the area for many hours after the incident, despite having
easy access to natural habitat nearby. This bobcat was humanely dispatched by law
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enforcement, and the carcass was taken for rabies testing. Anticoagulant rodenticide
toxicosis was determined to be the cause of death for one deceased bobcat from Los
Angeles County. The bobcat had hemorrhage in the thoracic cavity, pericardium, liver,
and kidneys that were not tfrauma or disease related; no significant histological findings
in tissues or tests indicating other disease; and five ARs detected in liver tissue. The cause
of death for the other 15 cases was listed as unknown or undetermined.

Viral disease surveillance. Blood from the heart or chest cavity from 94 deceased
bobcats were tested for FeLV antigen and FIV antibodies (Table 7). Infection with FelLV
and exposure to FIV were rare in our study: one bobcat from Riverside County that died
from emaciation and fungal pneumonia had an inconclusive FelV test result and one
bobcat from Los Angeles County that died from trauma was exposed to FIV. After the
detection of fatal HPAl infection in a bobcat in 2022, we tested seven bobcats that had
brain tissue collected for HPAI infection via RT-PCR at the CAHFS lab. Viral DNA was not
detected in these seven bobcats. Bobcats that died prior to the emergence of HPAI in
2022 in wild birds in California were not tested.

Rodenticide Exposure. Anticoagulant rodenticides were detected in the livers of 100 of
the 129 (77.5%) bobcats tested, with 83 (64.3%) of these having two or more ARs
detected and 60 (46.5%) having three or more ARs detected (Figure 16 & Figure 17).
Deceased bobcats tested for ARs were collected in 32 of the 58 counties in California
(Figure 18 & Table 27). The single bobcat from Los Angeles County whose cause of death
was AR toxicosis had been exposed to five different ARs (two FGARs and three SGARs).
One bobcat from Orange County that died from chronic kidney disease had been
exposed to six different ARs (three FGARs and three SGARs). Of the 29 bobcats whose
deaths were attributed to mange, 28 had been exposed to ARs, and the one bobcat
where ARs were not detected was the one case that was positive for sarcoptic mange.
Of all bobcats positive for AR exposure 29% died from mange. Consistent with the spatial
distribution of mange, AR-positive bobcats with mange were mainly confined to the
Southern Coast, Southern Mountains and Valleys, and Central Coast ecoregions;
whereas AR-positive bobcats with mortalities aftributed to frauma-vehicular strike,
trauma-other, and other diseases were relatively dispersed across the state (Figure 19).

Adipose or brain tissue from 106 bobcats across 31 counties was tested for exposure to
the non-anticoagulant, neurotoxic rodenticide, bromethalin (Table 27). The bromethalin
metabolite, DMB was detected in 13 of the tested bobcats (12.2%), but there were no
confirmed or suspected mortalities due to bromethalin. Vitamin D3 (cholecalciferol)
levels in kidney tissue were determined for a mature female bobcat from Sierra County
after tubular mineralization was observed in the vessels of her lungs and kidneys to rule
out cholecalciferol rodenticide toxicosis. Vitamin D3 levels were within normal limits and
the mineralization observed is suspected to have been non-clinically significant.

Cause of death and rodenticide detections. Logistic regression revealed notoedric
mange mortality was significantly associated with higher odds of AR exposure
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compared to the reference group of trauma-hit by car (OR=17.1, 95% CI. 1.7-172.0,
p=0.02). Trauma-other mortalities also showed a positive association with AR exposure
but were not statistically significant (OR=6.0, 95% CI. 0.9-42.4, p=0.07). For a post-hoc
assessment, we compared the AR exposure rates between mange cases (28/29) and
trauma-other cases (14/18) using a Fisher's Exact Test. While the exposure rates in mange
cases were higher than trauma-other cases, the difference was only marginally
significant (OR=7.6, 95% CI: 0.7-406.6, p=0.06).
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Figure 16. (A) Total number of bobcats with any anticoagulant rodenticides (ARs) detected in
their liver out of 129 samples. (B) Number of bobcats with either first (FGAR) or second (SGAR)
generation ARs detected in liver. “Exposure not detected” in graph A shows bobcats that had
no ARs detected while graph B shows bobcats where a FGAR or SGAR were not detected but
does not exclude all AR exposures. Samples were from deceased bobcats submitted to the
Wildlife Health Laboratory for postmortem examination between 2020 and 2023. After the
postmortem examination, livers were submitted for toxicology testing to the California Animal
Health and Food Safety Laboratory in Davis, CA.
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Figure 17. The number of anficoagulant rodenticide (AR) detections in the livers of 100 of the
129 bobcat livers tested, separated by first (FGAR) and second (SGAR) generation ARs. The right
column is the number of Bromethalin, a neurotoxic rodenticide, detections in the tissues of 106
bobcats tested during the study period. Samples were from deceased bobcats submitted to
the Wildlife Health Laboratory for postmortem examination between 2020 and 2023. After the
postmortem examination, livers were submitted for toxicology to the California Animal Health
and Food Safety Laboratory in Davis, CA.
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Figure 18. Locations of anticoagulant rodenticide and bromethalin exposures (for samples with
known locations) in deceased bobcats submitted to the Wildlife Health Laboratory for
postmortem examination between 2020 and 2023. After the postmortem examination between
2020 and 2023. After the postmortem examination, livers were submitted for toxicology to the
California Animal Health and Food Safety Laboratory in Davis, CA.
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Table 27. Exposure prevalence, and number of toxicosis cases of anticoagulant rodenticides
(AR) and Bromethalin (Brom.) in the livers or tissue of 129 and 106 bobcat remains respectively,
submitted to the WHL for postmortem examination from January 2020 to July 2023 by county.
Samples were submitted for toxicology testing to the California Animal Health and Food Safety
Laboratory in Davis, CA. We had one confirmed AR toxicosis case in Los Angeles County. See
Section 2.5 for description of confirmed and suspected toxicosis. Some bobcat remains were
not tested due to advanced decomposition or absence of necessary organs.

No. No. No. Concurrent No.
Bobcat AR Brom. Confirmed or
Remgins fToersLeRc; Exposed fc:re;::;:m Exposed A;(:‘:;;Z' Susp.eck.ad
Submitted Toxicosis

Alameda 3 3 2 (66.7%) 2 0(0.0%) | 0(0.0%) 0
Amador 1 1 0 (0.0%) 1 0 (0.0%) 0 (0.0%) 0
Calaveras 1 1 0 (0.0%) 1 0 (0.0%) 0 (0.0%) 0
gg;*;o ] ] 1 (100.0%) ] 0(0.0%) | 0(0.0%) 0
El Dorado 1 1 1 (100.0%) 1 0 (0.0%) | 0 (0.0%) 0
Fresno 2 0 — 0 — — —
Humboldt 2 2 2 (100.0%) 0 — 0 (0.0%) 0
Imperial 1 1 1 (100.0%) 1 0(0.0%) | 0 (0.0%) 0
Inyo 3 2 1 (50.0%) 1 0 (0.0%) | 0 (0.0%) 0
Kern 7 4 2 (50.0%) 4 0 (0.0%) | 0 (0.0%) 0
Lake 1 1 10000%) |1 | (og0% | 1 1100:0%) 0
Los Angeles 23 22 20 (90.9%) 19 2 (10.5%) | 2(10.5%) 1
Marin 3 2 0 (0.0%) 2 1(50.0%) | 0 (0.0%) 0
Modoc 1 0 — 0 — — —
Monterey 6 6 4 (66.7%) 6 1(16.7%) | 1(16.7%) 0
Napa 1 0 — 0 — — —
Nevada 1 0 — 0 — — —
Orange 3 3 3 (100.0%) 3 1(33.3%) | 1(33.3%) 0
Placer 3 3 2 (66.7%) 3 1(33.3%) | 1(33.3%) 0
Plumas 1 1 0 (0.0%) 0 — 0 (0.0%) 0
Riverside 7 6 3 (50.0%) 6 0(0.0%) | 0 (0.0%) 0
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No. No.

No. No. Concurrent .
Bobc.at Tested AR Tested Brom. AR & Brom. Confirmed or
Remains for ARS Exposed for B Exposed E Suspected
Submitted of or Brom. Xposure Toxicosis
1
Sacramento 2 2 2 (100.0%) 1 (100.0%) 1 (100.0%) 0
San Benito 3 3 3 (100.0%) 2 0 (0.0%) 0 (0.0%) 0
San
Bernardino 8 7 3 (42.8%) 5 0 (0.0%) 0 (0.0%) 0
San Diego 9 9 9 (100.0%) 8 1(12.5%) | 1(12.5%) 0
San Luis
Obispo 3 3 2 (66.7%) 2 0 (0.0%) 0 (0.0%) 0
San Mateo 12 7 7 (100.0%) 7 2 (28.6%) | 2 (28.6%) 0
Santa
Barbara 5 ) 3 (60.0%) 5 0 (0.0%) 0 (0.0%) 0
Santa Clara 4 4 3 (75.0%) 4 1(25.0%) | 0 (0.0%) 0
11
Santa Cruz 11 11 (100.0%) 5 0 (0.0%) 0 (0.0%) 0
o 1
Siskiyou 2 1 (1000.0%) 0 — — —
Sonoma 3 3 3 (100.0%) 3 0 (0.0%) 0 (0.0%) 0
Tehama 1 0 — 0 — — —
Trinity 1 0 — 0 — — —
Ventura 7 4 3 (75.0%) 3 0 (0.0%) 0 0
Not
Specified 6 1 0 (0.0%) 0 — 0 (0.0%) 0

129 100 (77.5%) 106 13(12.3%) 11(10.4%)
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Figure 19. Locations within California of bobcat remains submitted to the WHL by primary cause
of death and whether anticoagulant rodenticides were detected in their liver.

4.10 POPULATION MODELING AND SUSTAINABLE MORTALITY

In our Life Stage Simulation analysis (LSA), the average value of lambda (population
growth) was significantly higher (df=19233, t=74.873, p<0.001) among unharvested
populations (x=1.05, SD=0.12; Figure 20) than harvested populations (x=0.91, SD=0.15).
Our results suggest that at the stable stage distribution, unharvested populations grew
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by approximately 5% each year while on average, harvested populations decreased
by approximately 9%. Further, the proportions of each age class were different between
harvested and unharvested populations (p<0.001). Simulated harvested populations
were composed of 38.6% kittens, 16.6% yearlings, and 44.8% adults while simulated
unharvested populations were composed of 41.6% kittens, 12.6% yearlings, and 45.8%
adults (Figure 21). These differences likely reflect the differences in survival rates among
harvested and unharvested populations. In our literature review, average survival rates
for yearlings and adults were higher in unharvested populations while limited information
on kitten survival was higher in harvested populations. Similarly in harvested populations,
a smaller proportion of the surviving female yearlings were reproducing, which could
mean kitten rearing was limited to only the most fit or most risk-averse individuals. Lastly,
the elasticity of each survival rate was significantly different (p<0.001) between
harvested and unharvested populations, and importantly across all three age classes.
Among all populations, a proportionally small change in adult survival would have
roughly 3.5 times the impact on the population growth rate than that of the same
change in yearling survival, and 6.3 times that of the same change in kitten survival
(Figure 22). So, a decrease in adult survival, the main age class that is hunted, would
have a largerimpact on overall population growth than a decrease in yearling or kitten
survival.

Our population models and LSA suggest that at the average survival values in North
America from our literature search, (adult and yearling survival of 0.82, Table 9)
unharvested bobcat populations grow. This suggests that if California bobcats have
similar survival rates to other populations in North America, with no change in
management (i.e., no authorized recreational harvest and other regulations remain the
same), populations will be stable or increase in the short term. However, our models
suggest that at adult and yearling survival of 0.78 or lower, populations would begin to
decline. Based on the changes seen in other hunted bobcat populations, such as a shift
to a larger proportion of yearlings and higher kitten survival and our LSA, harvested
bobcat populations at the stable stage distribution could sustain a slightly reduced
survival rate (0.75) for both yearlings and adults. The current annual adult survival rate
for California bobcats, according to our research conducted for this report, was 0.66
(see Section 4.8 above). However, our sample size was relatively small and primarily
focused in Northern California. The two other studies from California we considered in
this analysis were both from Los Angeles and Ventura Counties and included some
overlapping information for a portion of the bobcats studied. Riley et al. (2003) found a
survival rate of 0.76 for the 50 bobcats from their study. Those 50 bobcats plus an
additional 58 were included in a study from Moriarty (2007), who found an annual adult
survival rate of 0.69, which further dropped drastically to 0.25 due to epizootic mange
that lead to population decline (Moriarty et al. 2012). The results from these California
studies and from our study show that additional GPS collaring, recruitment, and kitten
survival studies would help improve estimates bobcat survival in California.
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If a given population’s current estimated survival rate is higher than the minimum value
required for a stable population (0.78 in unharvested populations and 0.75 in harvested
populations), the difference between the current survival and that minimum value
suggests the proportion of individuals that can be sustainably lost to harvest mortality. If
bobcat survival in California was sufficient, these proportions multiplied by the estimated
abundance from our SCR analysis could be used to predict the maximum sustainable
harvest among yearlings and adults for each ecoregion in California. Ultimately, more
robust survival estimates specific to California bobcat populations would be needed for
these calculations, but the estimates from the literature provide a good example of how
it could be used. Since the stable stage distribution theoretically differs between
harvested and unharvested populations, these values should be estimated for each
population structure separately. Any potential change in population structure resulting
from harvest would take time to develop after harvest begins for a previously
unharvested population, and initial estimates of sustainable mortalities would need to
be based on the unharvested population model.
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Figure 20. Boxplot of estimated lambda (i.e., population growth rate) values for harvested and
unharvested populations. Each point is a simulated population with randomly selected vital
rates from our Life Stage Simulation analysis based on values from scientific papers around the
United States.
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Figure 21. Boxplot of estimated population structure for harvested and unharvested populations
at the stable stage distribution. Each point is a simulated population with randomly selected
vital rates from our Life Stage Simulation analysis based on values from scientific papers around
the United States.
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Figure 22. Boxplot of estimated elasticity values for each stage class of harvested and
unharvested populations. Elasticity measures the proportional ability of a survival rate to alter
the overall population growth rate. Each point is a simulated population with randomly selected
vital rates from our Life Stage Simulation analysis based on values from scientific papers around
the United States.
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CHAPTER 5. DISCUSSION
5.1 SCAT COLLECTION AND FECAL DNA

The scaft survey, collection, and analysis methods we used were successful and allowed
for the development of a statewide bobcat population estimate and modeled density
surface. While we envisioned collecting around 100 total scats from each study area
based on the idea of how many animals could be present and the amount of effort we
predicted for scat collection, we collected 33% fewer. This lesser amount could have
been due to an early overestimation, but we also found that season, weather
conditions, availability of suitable fransects, timing and the experience of the field crew
could have influenced the number of scats we were able to collect. The scat tfransect
method is effective for bobcats as their use of paths and roads is consistent, but similar
projects in the future could increase the distance of scat fransects surveyed, or survey
forlonger periods. Projects could also consider the use of scat detection dogs that have
been shown to be potentially 5 to 15 times more effective than humans at detecting
bobcat scats (Long et al. 2007). However, the use of trained and experienced dogs and
handlers can also increase survey costs.

We found that in some cases a two-week resurvey interval of scat fransects did not give
sufficient tfime for bobcats to return to the sites and deposit more scats. Conversely, in
those areas with extremely hot, wet, or snowy weather, and areas highly fraveled by the
public, especially with vehicle and OHV use, two weeks may have been too long
between visits. Additionally, we found that collecting scats opportunistically whenever
or wherever they were encountered increased our detection probability by 7 % (n=31
scafts), showing that some individuals did not travel the roads and trails that we used for
transects and so were not accounted for in our model. Both scat preservation methods
(in ethanol or dehydrated) were equally successful at producing a genotype aslong as
the samples were not degraded at the time of collection. For effective management
of this large-scale project, collecting data electronically in the field (e.g., Survey123),
consistently managing samples by assigning unique ID numbers soon after collection,
long-term storage protocols, and delivering scat samples to the lab every few months
for processing and analysis, were critical.

5.2 CAMERA SURVEYS AND PHOTO ANALYSIS

The camera model, camera settings, and camera placement protocols used for this
study were effective in detecting bobcats and providing a broad understanding of the
distribution and activity of other wildlife species within study areas. The spatial sampling
unit grid of 40 km2 with 1 km distance between camera stations was appropriate for
detecting the presence of our target species and understanding facets of bobcat
ecology such as abundance, occupancy, and temporal activity. The 6-week timeframe
of camera deployment for our study was adequate and allowed for the assumption of
a closed population, but having cameras deployed for 90 days should be considered
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where possible to ensure all individuals have a chance to be detected and to capture
seasonal changes. Due to logistical constraints and funding, study areas were surveyed
sequentially throughout the year and thus, the seasonality of bobcat detection success
by which movement rates change during mating season or when provisioning young
(McNitt et al. 2020b), some study areas may not have been surveyed during the ideal
time. Future long-term bobcat population monitoring should consider deploying
cameras multiple times a year or for longer periods of time to parse out how seasonal
changes affect detectability and occupancy.

Our bobcat detection success varied by study area, and one explanation for
differences may involve surveyor ability in camera placement. We had different field
teams in each CDFW administrative region, and some teams had more experience
setting cameras than others. Careful consideration of camera placement, both at the
micro-site level (e.qg., placed in an ideal location pointing at a game trail where wildlife
are moving through) and the macro-site level (e.g., placed pointing on the wildlife
game frail versus in a random location with no evidence of wildlife moving through) is
important, and field staff should be well trained in camera placement practices for best
detection success.

In our study bobcat response to cameras in their environment seemed to vary
depending on camera placement, use of scent lure, and population density of bobcats
in the area. Cameras placed on roadsides or established hiking trails were often ignored
by bobcats, where we captured the most photos of the animals walking by without
seeming to acknowledge the camera. Cameras placed on natural features such as a
rocky outcropping or a desert wash, captured more photos of bobcats looking af,
sniffing, and spending time in front of the camera and exhibiting body language of
being more interested. While we did not use scent lures at camera stations along roads
and pathways, we did use them at stations set up away from typical wildlife use paths
where it was beneficial in attracting bobcats and other species to the station. Lure often
prompted visiting bobcats to spend time sniffing at the lure area and in many cases
instigated a session of rolling around on the ground and sometimes returning to the
camera station later. Although this behavior may be beneficial for some studies, we
found that it was not well suited for photos to be used for pelage ID and for modeling
effects where a “learned response” needed to be accounted for.

5.3 DENSITY MODELING

Our SCR model allowed us to build a statewide density map for bobcats in California
(Figure 11) and develop a final bobcat population estimate of 62,292 (95% Cl. 49,672 -
78,454) bobcats. The model and map suggest bobcat habitat preferences on a broad
scale and highlight important areas for bobcat management in the state. Elevation,
vegetation type, areas of drought, and wildfire scars were the main factors that were
related to bobcat density in California on a broad scale (Table 13) in our modeling. The
population density of bobcats was higher at the low and middle elevations in California,
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where we also found that bobcats had smaller home range sizes. This trend of lower
bobcat densities and larger home ranges at higher elevations has not been well defined
throughout the bobcat range. The broad scope of our project, collaring bobcats
throughout the state and at diverse elevations, is what allowed us to demonstrate this
trend. It is well known that bobcats living at higher latitudes tend to have larger home
ranges, attributed to the higher energetic costs and lower prey densities associated with
living at higher latitudes (Anderson and Lovallo 2003) which is likely the cause at higher
elevations as well. At both higher elevations and higher Iatitudes, resources are scarcer
and weather conditions harsher, meaning animals must search larger areas for food,
leading to lower population densities, while at low elevations or latitudes, the longer
growing season means more prey which can support a larger bobcat population and
higher densities.

We also found higher densities with increasing hardwood and shrub cover. Bobcats are
found in a variety of vegetation types from dense conifer forests to deserts (Hall 1981,
Sergeyev et al. 2023a). Yet no other vegetation type influenced bobcat densities in our
study, and other studies have similarly found a preference for hardwood forests and
shrublands (Riley et al. 2003, Ordenana et al. 2010, Ruell et al. 2012). This suggests that
while bobcats are highly adaptable and able to survive in many vegetation types, some
are of higher quality and could be good areas of focus for conservation and priorities
for preservation, especially in critical linkage and connectivity areas.

Bobcat densities were lower in areas that have experienced higher rates of drought
over the previous five years, as well as areas of more severe wildfires over the past two
years (description in Table 4). In fact, the scars of many large, recent wildfires stand out
on our density map as areas of low predicted bobcat density, in contrast to the
predictions for surrounding areas. Other studies show mixed results for the effects of
wildfires on bobcat habitat use, but most agree that more severe and frequent fires are
detfrimental and lead to bobcats avoiding burned areas (Borchert 2012; Schuette 2014;
Geary 2020). Bobcats may also take longer than other species to return to burn scars
(Cunningham et al. 2006). It is possible that small, low to moderate severity fires benefit
bobcats by creating openings in the forest and edge habitat which they use for hunting
(Little et al. 2018, McNitt et al. 2020a). As a result of climate change, droughts are
becoming more frequent in California which contributes to an increase in the number,
size, and severity of wildfires (Littell et al. 2009, Steel et al 2018, Safford et al. 2022). This
trend is unlikely to change soon, meaning reduced available habitat for bobcats and
potential effects on local, and even statewide, populations. Future research should
focus on bobcats’ responses immediately post fire and on the effects of larger, more
severe wildfires. Forest management practices that focus on fire resiliency may benefit
bobcat populations, as it does with other wildlife species.

Wildland habitats within the Southern California Coast ecoregion had the highest
modeled bobcat densities of any ecoregion in California (Figure 1 & Figure 11). Portions
of that area also have high human population densities and fragmented habitats
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resulting from the substantial number of highways and roads and other human
developments. Bobcats can adapt well to living near urban areas (Riley et al. 2006,
Ordenana et al. 2010, Young et al. 2019) but low gene flow between fragmented
populations and high mortality associated with roads are concerns (Kozakiewicz et al.
2023, Riley et al. 2006, Ruell et al. 2012, Serieys et al. 2015b, Smith et al. 2020) and highlight
the need for a focus on habitat connectivity and safe wildlife road crossings throughout
southern California, and the state more broadly. Due to our small number of surveys in
urban areas, we could not model bobcat density response to human populations.
However, other studies have found that while bobcats do live near urban development,
their space use focuses more on natural areas within the urban environment, with use
decreasing as development increases (Riley et al. 2003, Young et al. 2019). Urban sprawl
and development have produced a fragmented landscape particularly in southern
California, and since this area supports a significant bobcat population, the existing
natural spaces and movement corridors should be the focus of management and
conservation. Confinuation of the research being done on bobcat populations in
southern California, including population monitoring, gathering and interpreting
genetic data, understanding challenges to bobcat survival, disease monitoring,
movement studies and conservation of habitat connectivity, and human-wildlife
conflict mitigation solutions should be supported by state and agency partners and
incorporate citizen science. Our future bobcat population monitoring will focus in part
on urban areas to improve our density model, help us understand the interaction
between mange, ARs, and urbanization, and allow us to better understand the effects
urbanization may have on bobcat populations.

During this study, we also developed a preliminary statewide population estimate based
on pelage ID at camera stations. That estimate of 35,790 individuals (Section 4.3) was
nearly half of the estimate based on the fecal DNA results (62,292 individuals). For the
reasons explained below we believe that the pelage ID model underestimated the
population, and we confinue to view those results as preliminary as we work to improve
the photo-based model. Throughout the pelage ID process, we used a conservative
approach to identifying individual bobcats so as not to falsely add individuals that did
not exist. For example, if there was not sufficient photographic evidence to fully identify
two individuals from different trapping occasions, then both tfrapping occasions were
marked as the same individual or one was mark as “unknown”. Further, the large
number of photos and bobcats in some study areas made it fime consuming and
difficult to identify individuals. Some of our study areas had over 35 individual bobcats,
based on fecal DNA results, and one study area yielded 14,530 bobcat photos. These
issues have led other authors to express the need for using pattern recognition software
to aid in individual ID (Bolger et al. 2012, Tuia et al. 2022). Such challenges likely lead to
misidentification or underestimation of the number of individuals which hampered our
model and produced an erroneously low populatfion estimate. Additionally, we have
not yet formulated the model to account for the large number of bobcat detections
labeled as unknown. We intend to carry this pelage ID part of the project forward by
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reformatting the model using a spatial partial identity model (SPIM) as described in
Augustine et al. (2018) that allows for unknown individuals to be accounted for. We also
intend to make use of Machine Learning and Artificial Intelligence tools to further test
and refine our pelage ID-based population estimate.

Previous statewide estimates of 61,000 bobcats from 1977 and 74,700 bobcats from 1981
were based on observations of bobcats and their sign, tfrapper catch rates, scent station
census methods, and demographic information obtained from harvested bobcat jaws
returned to the Department for investigation of age using cementum annuli analysis of
their canine teeth. The data presented here with a current statewide bobcat population
estimate of 62,292 individuals (95% ClI. 49,672 — 78,454) is based on the best available
science and the most robust analysis in California to date. Roberts and Crimmins (2010)
produced a comprehensive list of bobcat population statuses for each state that
reported population frends. Their study revealed that only six states at that fime had
used some form of population modeling for their estimates and that the amount of
variability in survey methods across different states made it difficult to compare
population estimates from state to state (Roberts and Crimmins 2010). Although our
methods are comprehensive, it is important to remember that these density and
abundance estimates were derived from field work conducted in 2021-2022 and only
represent a snapshot in time. Due to ongoing landscape and habitat changes (e.g.,
human development and land use changes, climate change, wildfire, etc.), we expect
that these populations will change over time. Ongoing population monitoring will be
needed to support an accurate understanding of bobcat populations over time, across
the state and within ecoregions.

5.4 OCCUPANCY

From our occupancy analysis (Table 17 & Figure 12), it does not seem like bobcats avoid
larger carnivores even though larger carnivores have been known to kill bobcats
(Fedriani et al. 2000, Hass 2009) and pose a threat across their range. Bobcats were more
likely to occupy an area if competitor species (mountain lion, coyote, and gray fox)
were also present. It is unlikely that these results are due to larger carnivores being
attracted to bobcats as a prey item, since most antagonistic killings are opportunistic or
occur over food (Prugh and Sivy 2020). It is more likely that the co-occurrence of
bobcats and other carnivores is due to overlapping habitat and prey preferences
(Santos et al. 2019, Dyck et al. 2021). Bobcats and coyotes both commonly occupy
edge habitat (Dyck et al. 2021) and prey on many of the same species (Santos et al.
2019), which leads to them occupying the same areas. However, that does not mean
that their fine scale habitat use is the same. Nielsen et al. (2017) found that while bobcats
and coyotes used the same areas, bobcats spent more time in cover and coyotes spent
more time in open habitat, reducing the likelihood of interaction and conflict. As
obligate carnivores, the need for bobcats to access prey may outweigh the risk of
intraguild conflict or predation (Fedriani et al. 2000, Hass 2009). Bobcats may also rely
on temporal partitioning (as discussed in Section 5.5 below) to avoid competition.

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 107



Bobcats occupying the same spaces as mountain lions may further be a way for
bobcats to avoid competition with other sympatric carnivores such as coyotes. Wang
et al. (2015) found that bobcats were more likely to be found at sites with mountain lions
while coyotes were less likely and suggested that bobcats may benefit from the
suppression of coyote activity by mountain lions. Coyotes are known prey of mountain
lions (Ackerman et al. 1984, Karandikar et al. 2022, Wilckens et al. 2016), especially when
scavenging on a mountain lion’s kill (Ruprecht et al. 2021). It is also possible bobcats are
attracted to other carnivores as a food source, scavenging off their kills (Prugh and Sivy
2020), although this is less common in bobcats than other species (Ruprecht et al. 2021).
Other studies have similarly found that bobcats do not spatially avoid larger carnivores
(Fedriani et al. 2000, Santos et al. 2019, Dyck et al. 2021, Avrin et al. 2023). While we did
not find a significant change in bobcat occupancy when black bears were present,
Moll et al. (2021) did show an increase in site use by bobcats when black bears were
hibernating compared to when they were awake, suggesting some avoidance. It is
possible our data was from too broad of an area to tease out this relationship fully and
that varying effects of habitat muddied the results. Our overall results could also be an
artifact of camera placement. Most of our cameras were placed on trails to increase
bobcat detections, but this is likely also increased other carnivore detections as many
select for trails and roads for easier movement.

Bobcat occupancy was also positively associated with disturbance species (humans,
cows, and wild pigs) although by a smaller amount than with other species. This could
be because cattle are generally in the open pastures that many bobcat prey species,
such as ground squirrels, voles, and rabbits are also found in. Further, these pastures
often have long stretches of edge habitat that consist of denser cover which bobcats
select for. Similarly, wild pigs occupy a wide range of habitats and prey on small
mammals (Frederick 1998), likely leading to overlap with bobcats. Bobcats have also
been known to prey on wild piglets (Mayer 2009). It is important to note that wild pigs
were only at 3% of camera sites, so the biological relevance of these results is lower and
may not be applicable for much of California. Bobcats and humans may frequently be
detected in the same places because bobcats use the rural roads and ftrails that
humans travel on. Many of our study areas occur on public lands which are open to,
and often favored by, humans for various recreational pursuits.

The spatial distributions of many carnivores and particularly felids are at least partially
dependent on prey availability (Logan and Sweanor 2001, Sanos et al. 2019, Khosravi et
al. 2021), which our findings are consistent with. While our data does not directly
measure prey availability with abundance, increased use of an area by a prey species
and thus higher occupancy suggests more availability. Our results highlight bobcats’
ability to take advantage of a wide range of prey. Bobcat occupancy increased with
the presence of all prey species except small mustelids, although some had stronger
effects than others. The presence of wild turkeys was associated with the highest bobcat
occupancy while the presence of squirrels was associated with the smallest increase in
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occupancy. Our results could suggest the relative importance of different prey species
on a range-wide scale in California, but local prey diversity and abundance likely play
an important role on regional or population level bobcat preferences. For example, in
a study near San Diego, California, rodents made up the majority of bobcat diets
(Larson et al. 2015), while studies in the northern United States found both rabbits and
squirrels to be the most common prey (Nussbaum and Maser 1975, Newbury and
Hodges 2018). Prey availability plays a critical role in bobcat habitat selection; the
effects of prey species were stronger than any habitat variables on bobcat occupancy
in our study. We should note that our camera methods are focused on detecting
bobcats so our data may underrepresent prey species, despite high detection rates.
Bobcats effectively exploit a wide variety of prey (Hansen 2007, Hass 2009, Newbury and
Hodges 2018) and are likely not solely influenced by any one species in an areaq.
Conversely, bobcats were less likely to occupy a site if small mustelids (see Table 5 for
species included) were present. As occupancy does not assume dominance, this could
be the result of mustelids such as fishers and martens avoiding bobcats due to the risk
of infraguild predation (Wengert et al. 2014, Slauson et al. 2019, U.S. Fish and Wildlife
Service 2020, Anderson 2023). Small mustelid occupancy in our study doubled when
bobcats were not present at a site compared to when bobcats were present. It is also
possible that this is an artifact of differing preferences in habitat selection.

5.5 TEMPORAL ACTIVITY

We found that bobcats are primarily nocturnal or crepuscular, although a portion of
their activity does happen during the day. This matches what others have found across
bobcat’s range (Lesmeister et al. 2015, Wang et al. 2015, Sergeyev et al. 2023b). Our
analysis of bobcat daytime activity—the deviation from their norm—suggests bobcats
may shift their activity times to increase chances of catching available prey and to
avoid competition with other carnivores. Similarly, Hubbard et al. (2022) found that
bobcats had more flexibility in their temporal activity than any other carnivore in their
study. In our study bobcats were less active during the day when coyote activity was
high (based on relative abundance), consistent with a similar study (Lesmeister et al.
2015). While this effect was not significant in our analysis, it was included in the top model
and is a common interaction due to large overlap in habitat, so we feel it calls for
discussion. Coyotes are active during the day and night (Botts et al. 2020, Sergeyev et
al. 2023a), and while bobcats may be using temporal partitioning to reduce conflict
with coyotes, it is unlikely they avoid them completely. In fact, our analysis found a
higher temporal overlap between bobcats and coyotes than with any other species.
Bobcats had a similarly high degree of temporal overlap with mountain lions. It is possible
that bobcats shift when they use different habitats within their home range to avoid
coyotes or other larger carnivores, rather than fully shifting their activity. Thus, they would
still be detected at the same cameras as our occupancy analysis showed, but not at
the same times. Sergeyev et al. (2023a) found that while both bobcats and coyotes
selected for dense cover as well as open areas across behavioral states, bobcats used
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denser cover more for resting and hunting, while coyotes often rested in open areas
and hunted closer to dense cover. Unlike coyotes, the relative abundance of gray fox
in an area had minimal effects on bobcat daytime activity in areas with lower bobcat
density. However, in areas with higher bobcat density, small increases in gray fox relative
abundance were associated with an increase in daytime activity among bobcats. In
other words, bobcats seem more sensitive to gray fox presence when they already must
compete among a larger bobcat population. Other studies have not found a
difference in bobcat or gray fox activity due to the abundance of the other (Lesmeister
et al. 2015), although they did not consider the abundance of the affected species in
their analysis. In our temporal analysis, gray foxes were strongly nocturnal so a shift by
bobcats to more daytime activity could be an effective way to reduce interactions and
prey overlap since different prey species are active day and night (Figure 13).

No other carnivore species’ relative abundance had a significant effect on bobcat
daytime activity. Large carnivores may also indirectly affect bobcat temporal activity
through coyote temporal activity. Coyotes may shift to more diurnal activity to avoid
the large carnivores and thus cause bobcats to become more nocturnal to avoid the
coyotes (Wang et al. 2015, Shores et al. 2019). Bobcats may not need to shift activity to
avoid some large carnivores such as black bears as their activity patterns naturally do
not overlap. Black bears were strongly diurnal in our study (Figure 13). As our analysis
spans all of California, some of the nuance in species temporal activity related to
habitat orlocal climate is likely lost. Further, as with many felids, bobcat temporal activity
is likely highly influenced by when their prey is active.

Bobcat daytime activity was greater in areas where squirrels were abundant, which
were highly diurnal in our analysis, and less in areas where the typically nocturnal rabbits
were abundant. Bobcat activity overlapped greatly with rabbits across their range, and
rabbits are known to be an important food source for bobcats (Nussbaum and Maser
1975, Anderson and Lovallo 2003, Newbury and Hodges 2018). Chamberlain et al. (2003)
similarly found that bobcat activity patterns could shift based on prey activity. Being
able to find and catch prey is crucial to any carnivore’s survival (Hansen 2007) so it is
unsurprising that they would mirror the activity of important and available prey species.
Bobcat daytime activity was also significantly higher in evergreen forests, where we
detected more squirrel activity than in either herbaceous or shrubb and scrub habitats,
where we detected more rabbits and other rodent species. Non-squirrel rodents were
abundant in all habitats and as a result, their relative abundance may not be as
influential on bobcat activity as those of the more variable squirrel and rabbit
populations. Rodents were highly nocturnal in our analysis and had moderately high
overlap with bobcat activity which would provide plenty of opportunities for hunting.
Rodents are a common food source across the bobcat’s range (Nussbaum and Maser
1975, Anderson and Lovallo 2003, Newbury and Hodges 2018). Our results highlight the
adaptability of bobcats. Not only are they able to take advantage of a wide range of
prey, but they can also shift their activity o match the most abundant prey source
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where they are. This is likely one reason they are able to survive in such a wide range of
habitats throughout California.

Bobcats had low temporal overlap with both humans and domestic cattle. Humans are
highly diurnal, and many studies have shown that bobcats, and other carnivores shift
their activity more to night in areas of high human densities (Tigas et al. 2002, Wang et
al. 2015, Hubbard et al. 2022). So, while bobcats spatially overlap with humans, using
many of the same roads and frails, they temporally avoid interactions. The limited
temporal overlap with cattle is likely one reason they do not avoid them spatially as
shown in our occupancy analysis. Wild pigs on the other hand had moderate temporal
overlap with bobcats. This could be because wild pigs and bobcats utilize some of the
same resources such as prey as discussed in the occupancy section.

5.6 GPS COLLAR DEPLOYMENT, MOVEMENTS, AND HOME RANGE

GPS Collar Deployment. Our effort to capture bobcats and deploy GPS collars lasted
three years and were logistically complicated and labor-intensive. We utilized multiple
capture teams who were active across much of the state simultaneously and
successfully deployed collars on 41 bobcats.

We used specially trained hounds for bobcat captures in 2021, and cage traps in 2022.
While hounds are one of the most common methods used to radio-collar larger felids in
North America (Germaine et al. 2000, Russell et al. 2012, Proffitt et al. 2015, Beausoleil et
al. 2016, McBride et al. 2016, Murphy et al. 2019) there is not much data on the use of
hounds to capture bobcats for research (McBride et al. 2016). However, bobcats are
hunted with hounds in some states. The use of specially trained hounds for this project
proved to be efficient and successful in most habitats except for those with large trees,
such as redwoods, where bobcats could climb to unreachable heights, and in rocky
areas where the bobcat could hide in deep rock dens. Hounds track and pursue
bobcats by scent and then hold them at bay unfil a capture team arrives. Captures
required highly frained and specialized staff, including a dog handler and an
experienced free climber (McBride et al. 2016) who may need to retrieve a sedated
bobcat from entangling tree limbs or vines. The challenges of having limited specialized
staff, concern for bobcats becoming physically exhausted and potentially injured
(Powell and Proulx 2003), and concern over post-capture survival through harsh winter
conditions were the impetus for the shift to cage traps.

Efficiently trapping bobcats in cage traps also requires specialized knowledge and
experienced capture staff. For our study, trapping was easier in study areas with higher
bobcat population densities, where a higher number of animals moving around on the
landscape made it more likely for them to encounter a trap set and become frapped.
Most successful trapping was also achieved in areas such as the desert, where natural
land features (e.g., a sandy wash between large boulders) funneled a bobcat into a
trap set. Fall and winter months were the most successful trapping seasons, partly
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because traps can be left open during the day when daily temperature highs will not
be dangerous for entrapped wildlife, but also because bobcats are searching for mates
through these later seasons and bolder and more curious.

Trap setting methods, such as location of frap and type of lure used were dictated by
site-specific conditions. Anecdotally from the efforts in this study, olfactory attractants
such as catnip, bobcat glad lures, bobcat urine, and if possible, bobcat scat from the
same location were most effective at attracting bobcats to the trap area and visual
attractants, such as feathers, and CDs with googly eyes attached were the most
successful tools for enticing bobcats into traps. We had less success tfrapping bobcats
in traps that had been baited with meat (deer, rabbit, or rodents), but this could have
been due to these fraps often catching nontarget species such as fox and skunk, who
would enter that trap before the target bobcat could have a chance to investigate
and potentially be trapped.

Cage traps can pose health risks when an enclosed animal becomes agitated and rubs
their face and head on the bars, causing abrasions, especially around the eyes. Teeth
can also be broken if the animal bites at the cage and gets their mouth stuck between
the narrow cage bars. Modifications to add smaller gauge wire or smooth plexiglass to
the front of the cage can minimize facial damage from rubbing. Similarly, adding
something softer for the animal to bite, such as a piece of rubber hose attached to the
inside of the cage can focus the animal’s attention and reduce the likelihood of injury.
Capture staff needed to be ready to process the caged bobcat as soon as possible
and care for any wounds that may have happened in the process.

Home Range. Consistent with other studies of felids, male bobcats from this project had
larger home range sizes than females (Table 20; Litvaitis et al. 1987, Lovallo and
Anderson 1996, Cochrane et al. 2006, Hansen 2007, Ferguson et al. 2009) and the
average home ranges sizes from each sex reported here fall within the range those from
other studies across their geographic range (Miller and Speake 1979, Major and
Sherburne 1987, Knick 1990, Anderson and Lovallo 2003, Ferguson et al. 2009). We also
did not find evidence of seasonal changes in home range size which is consistent with
other studies (McNitt 2020b). Rather, this study found differences in movement patterns
within bobcats’ home ranges between seasons, likely due to reproductive behaviors
such as mate seeking or provisioning for young. While we did not directly test for
seasonality in our movement data, most of the long-distance travel done by males in
our study was during the wet-winter/mating season when bobcats are typically looking
for mates.

The bobcats with the largest home range sizes, for both sexes, were from Sierra County
in the Tahoe National Forest (SIE-F1=36.6 kmZ2and SIE-M5=93.4 km?2). Six GPS collars were
deployed on bobcats from Sierra County, one female and five males, all of which were
among the largest home ranges from the study and lived at an average elevation of
1,870 m (6,135 ft). The bobcat who lived at the highest elevation (2,226 meters or 7,303
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feet) was a female from Mono County whose home range size was well above average
(MNO-F1=17 km?2). Individuals with two of the smallest home ranges (BUT-F3=3.5 km?2 &
GLE-F1=4.1 km?2) were recorded at some of the lowest elevations (32 meters; 105 feet) in
Sacramento River Wildlife Area in Butte and Glen counties.

The relationships between elevation, bobcat population density, and home range size
have not been well documented. Our results (Section 4.6) indicate that with a gain in
elevation, bobcat population density decreased, and home range sizes increased.
Therefore, in the lower elevations of California, bobcat populations are denser with
smaller individual home ranges. The ecoregions and habitat types within these lower
elevations likely provide more resources to support larger bobcat populations.

Latitude has been reported (Anderson and Lovallo 2003) as a factor in home range size,
with bobcats at higher latitudes having larger home ranges. The three bobcats (two
females and a male) collared in Modoc County were living at the highest latitudes
represented in our dataset, with one female home range slightly above the average
(MOD-F1=16.8 kmZ2), and the other female and the male had lower than average home
range sizes for their respective sexes (MOD-F2=7.9 km2 and MOD-M1=20.8 kmZ2). Tehama
County was the second highest Iatitude, and the home range size of the one male
bobcat collared (THE-M2=11.5 km?2) there was well below the male average.
Conversely, the female and male bobcats collared in San Bernardino County, at the
lowest latitude from our study both had above average home ranges sizes for their sex
(SBD-F1=22.4 kmZ2and SBD-M1=32 km2). It is possible that the range of latitudes from the
Modoc County bobcats at a latitude of approximately 40.86700 in northern California,
to the San Bernardino bobcats at approximately 35.15500 in southern California, do not
represent a wide enough spread to capture latitude influences on bobcat home range
size. Comparisons of home range size with respect to latitudes also may be confounded
by our small sample size of collared bobcats and the different habitat types and
ecoregions that our study was designed to incorporate; we made no effort to sample
similar habitat types at different latitudes.

There was limited evidence of intersexual home range overlap from the GPS collar data
from our study. This may be because we collared half as many females as male
bobcats, and small number of individuals collared in some of the study areas. For those
study areas where multiple individuals were collared, female bobcat home ranges
overlapped with multiple males, but there were no other females collared in the area
to provide sufficient information about intrasexual overlap amongst females. Male
bobcat home ranges overlapped with multiple other males and females. In Kern
County, a male and a female had the same home range size, that overlapped nearly
entirely.

Movements. The average minimum daily travel distance for bobcats was 2.9 km for
female bobcats and 3.8 km for male bobcats (Table 21). The longest 24-hour path
distance was 14.4 km for a female and 21.5 km for a male. Although males from our
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study fell within the range of those reported by others, female bobcats from our study
had a longer daily movements than those reported in the literature (females average
1.2 km per day; Bailey 1974, Kitchings and Story 1984, Anderson and Lovallo 2003).
However, daily travel distance estimates from early studies were based on VHF
radiotelemetry locations and could have been less precise than estimates based on
GPS locations depending on how many locations are taken each day. Additionally,
both methods of calculating daily travel distances cannot account for the movements
made between locations, and the wandering animal likely travels farther than
estimated based on the straight-line distance between locations. The long travel
distances by females in our study may be due to the fact that 6 of the 10 females lived
above 1,000 meters in elevation with larger home ranges, less habitat fragmentation,
few road barriers, and the need to travel farther for resources.

Seven male bobcats from our study exhibited long distance exploratory movements
beyond their normal home ranges. In most cases these bobcats eventually returned to
their home range, and we surmise that the movements might have involved searching
for mating opportunities or resources. In two cases (SBD-M1 and SIE-M2) the collars
dropped when the bobcats were outside of their typical home range. In an additional
case, a male from Siskiyou County (SIS-M2), was collared in November before a winter
storm and he was collared for 17 days before he traveled more than 20 km over the
next month before returning to the original location. This cat was collared in the winter,
and his movements were recorded throughout the mating season.

5.7 RESOURCE SELECTION FUNCTIONS

Our top model suggests that bobcats select for hardwood, shrub, and herbaceous
landcovers (Table 23 & Figure 14) at the small scale (within their home range). Other
studies have found bobcats utilize a variety of habitats in California including
woodlands, chaparral, and herbaceous grasslands (Ordenana et al. 2010, Ruell et al.
2012, Wengert 2013, Dunagan et al. 2019), and our density modeling showed higher
bobcat densities in hardwood and shrub cover at the large scale (within California),
which supports these RSF results. Interestingly, in our study, females selected more
strongly for shrub cover and avoided hardwood forests. Shrub commonly provides more
dense cover and better denning habitat for kitten rearing (Sergeyev et al. 2023q,
Morrison et al. 2024). Male bobcats selected for hardwood cover and showed little
avoidance or attraction to shrub cover, although there was a lot of error around this
trend likely due to regional differences in available habitats (Table 24). Males may be
more likely to spend time in a wider range of habitats than females due to their larger
home ranges and may be wiling to accept higher risk to find mates and increase
reproductive success (Conner et al. 1999, Riley et al. 2003). Both sexes strongly selected
for herbaceous cover which is the typical habitat of many rodents and other prey
species (Kaminski et al. 2007, McNitt et al. 2020q, Sergeyev et al. 2023a). This selection
for multiple habitat types within a distance-based model may suggest the use of edge
habitat which bobcats are known to prefer as it provides a variety of covers for resting,
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denning, and hunting (Ruell et al. 2012, Wengert 2013, Dunagan et al. 2019). While
anecdotal, a visual inspection of collar locations supports this, with many individuals
spending time along the edge of herbaceous or riparian areas. Herbaceous areas
provide opportunities for hunting while the nearby shrubland or hardwood forest provide
cover and protection. Similarly, we found that bobcats weakly selected for riparian
areas along streams and rivers which may also provide good hunting opportunities and
serve as movement corridors often used by a variety of carnivores (Young et al. 2019).

Conversely, bobcats in our study avoided urban areas (Figure 14). While bobcats are
known to live near urban areas in California and elsewhere (Riley et al. 2003, Ordenana
et al. 2010, Young et al. 2019), they generally utilize nearby natural areas that provide
sufficient cover (Crooks 2002, Lombardi et al. 2017, Schmidt et al. 2023). Our results
support this as we measured habitat selection within already established home ranges,
suggesting that even bobcats living near urban areas avoid them to the extent possible.
However, we did not collar any bobcats in truly urban areas so our results may not be
as relevant as those from more urban studies such as those done in Southern California.
Urban areas may provide benefits to carnivores such as bobcats because they often
have dense prey populations of rodents and birds (Young et al. 2019). However, urban
areas also have decreased gene flow (Ruell et al. 2012), higher incidents of rodenticide
exposure, higher mortality rates due to roads (Riley et al. 2003, Anderson 2023), and
increased competition due to higher densities of other carnivores in the small available
natural habitats (Parsons et al. 2019). Riley et al. (2003) found bobcat habitat use
decreased as development increased. Urbanization and habitat fragmentation in
California are major threats to carnivore conservation and habitat connectivity should
be a top priority when planning new developments and road systems.

We also found that bobcats selected lower elevations within their home range, south
facing slopes, and moderate elevation change (ruggedness). Bobcats exist at a range
of elevations in California, and we recorded detections from as low as 13 meters and as
high as 2,774 meters. However, several of our analyses show that lower elevations may
be preferable for bobcats on alarge and small scale. Our density model showed higher
population densities at lower elevations (large scale) and our resource selection model
showed selection for lower elevations within home ranges (small scale). While some of
our collared bobcats had little elevation change within their home range—those in
Butte and Glen counties had 10 or fewer meters between the highest and lowest point—
most home ranges included between 200 meters and >1000 meters in elevation
change. At the large-scale higher elevations have scarcer food resources and harsher
winters making survival more difficult (Chamberlain et al. 2003, Sergeyev et al. 2023b).
At the small scale, movement may be easier at lower elevations such as in valleys, versus
on ridgetops due to ruggedness and environmental conditions such as wind. Similarly,
in the northern hemisphere south facing slopes are sunnier so bobcats, or their prey, may
be selecting for warmer and drier areas. Bobcat’'s choice of aspect and elevation likely
vary based on local climate, season, and snow depth (Lariviere and Walton 1997). It is
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no surprise that we found bobcats selected moderate ruggedness in their environment
as other studies have found that they prefer habitat with high structural diversity and
specifically rocky outcroppings (Hansen 2007, Abouelezz et al. 2018, Sergeyev et al.
2023a). Rocky outcroppings are important as they provide cover from other predators
and natal den sites for females (Hansen 2007, Abouelezz et al. 2018). Rugged areas
require a high energy expenditure to move within which may outweigh the benefits of
cover, while flat areas are less likely to provide the preferred structural diversity.

We measured and modeled bobcat habitat selection across the varied landscape of
California. However, it is also important to understand the nuances of that varied
landscape. While broad habitat preferences of bobcats may be similar across the state,
fine scale selection likely varies between populations and individuals based on local
conditions. Thus, the conservation and management of different bobcat populations
across California may be best tailored to those local or regional conditions. For example,
protecting hardwood forests may be more important for bobcats in the foothills, while
conifer forests may be more important for bobcats in the Sierra Nevadas. It is also
possible that our data reflects populations in Northern California better than other parts
of the state due to the uneven distribution of our collared bobcats. Looking forward,
we hope to confinue monitoring and assessing bobcat habitat selection and use, as
well as long-term population frends and drivers throughout the state.

5.8 SURVIVAL AND FACTORS AFFECTING SURVIVAL

During the study, nine bobcats died within four months of being collared. One male
from Sacramento County (SAC-M1) who had been collared in a suburban community
was illegally shot and killed 22 days after he was collared. The animal had been preying
on free range chickens on a private residence, and a depredation permit had not been
sought after by the landowner. One bobcat from Monterey County (MON-F2) was killed
by a collared mountain lion 17 days after her capture. Five bobcats from one study area
in Siskiyou County (SIS-F1, SIS-F2, SIS-F3, SIS-M1, and SIS-M2) were captured using specially
trained hounds in November of 2021. Three of these cats died within four months of
capture and the collars of the other two were found later as discussed below. These
bobcats were captured days before the first major winter storm of the winter. The weight
of two of the female bobcats were close to the project’s minimum threshold for collaring
and they died 67 (SIS-F1) and 19 days (SIS-F2) after capture. Due to weather and access
conditions, SIS-F1 and SIS-F3’'s mortality locations could not be investigated promptly
and only the collars were found the following spring. SIS-F2 and SIS-M2's necropsies
attributed their deaths to emaciation and SIS-M1's death occurred when he appeared
to have died in an altercation with a wild turkey where both animals were found
together with mortal injuries. Bobcats SIE-F1 and SIE-M4 died 104 and 120 days after
capture, and necropsies aftributed their deaths to predation. The loss of animals that
died soon after capture resulted in a careful assessment of project capture methods,
capture timing, and collar weight and out of an abundance of caution hound capture
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efforts were ceased and the minimum weight for a bobcat to be collared was
increased from 6 kg to 7 kg.

The adult annual survival rate of 77% for collared bobcats from the California Bobcat
Project falls within the reported range of 49% to 88% survival rates for adult bobcats
across their range (Knick 1990, Roberts 2007). However, most of the bobcat-years (34
out of 63) came from northern California (Figure 5). Thus, we caution inferring that this
estimate is representative of the entire state. More collared individuals, monitored for
multiple years, from central and southern California could provide us with a more
representative survival estimate for bobcats statewide.

Addifionally, we collared almost twice as many males as females and male bobcat-
years made up the majority (41 out of 63 bobcat-years) of the dataset. This is likely in
part due to their larger size making males more likely to be over the weight threshold for
a collar, while females are often too small. Understanding female bobcat survival is
essential to understanding bobcat population health in California, as it is the females
that give birth to new individuals which are recruited into the population. This current
annual adult survival estimate is more representative of male bobcat survival than the
survival of both sexes. Collaring more female bobcats will be vital to accurately
understanding bobcat population health in California. We will continue to work with
manufacturers to produce smaller GPS collars for bobcats that are more suitable for
females to help with this goal.

Kittens, juvenile bobcats, and bobcats weighing under six kilograms were not collared
as part of this study (see Section 2.4) and were not considered in the survival analysis,
which limited our results to adults only. In conclusion, we suggest that more bobcat
collaring occurs, with a focus on providing a more representative statewide sample
population; that collaring more female bobcats needs to be a stated objective; and
that future research should include studying the survival of all bobcat life stages.

5.9 STATEWIDE BOBCAT HEALTH SURVEILLANCE

CDFW received support from many organizations in response to its request for bobcat
carcasses for health surveillance and the scale of the data gathered for statewide
bobcat health surveillance was unprecedented. The two leading causes of death for
bobcats (Figure 15) from this effort were vehicular collisions (30%) and mange (18%),
which is consistent with prior studies from southern California (Riley et al, 2010, Serieys et
al. 2015). However, these results are skewed because the animals that die under these
conditions are highly visible and may be more likely to be collected, reported, or taken
into a wildlife center or rehabilitation facility by a person who finds them. Similarly,
bobcats that are infested with mange tend to become less wary of humans and in an
advanced state of the disease, can be more easily caught by experienced animal
handling personnel. The bobcats not represented in our results are those that live in
remote locations away from the human eye and die of natural causes such as disease

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 117



and predation. For comparison, of the 14 collared bobcat mortalities in our study, which
may better represent those remote populations, 43% died from suspected predation or
prey related trauma, 29% died from disease, and 14% died from each emaciation and
gunshots. This could highlight the different threats facing bobcat populations near
higher human density areas vs more natural areas.

Notoedric mange is highly infectious and has been suspected to be the cause of
mortalities in bobcats as far back as the 1950s when wildlife managers were concerned
that it could result in high mortality rates because it was fatal in cats (Penner and Parke
1954). Notoedric mange can have population-level affects and has the potential to
significantly reduce effective population size, causing genetic bottlenecks in small and
isolated populations (Riley et al. 2007, Riley et al. 2010, Serieys et al. 2015, Serieys et al.
2018). The link between AR exposure and notoedric mange mortality in bobcats is well
documented, yet not fully understood (Riley et al. 2007, Moriarty 2012, Serieys et al. 2013,
2015, 2018) and a causative association between the two has not been proven
(Kopanke et al. 2018). Repeated exposure to ARs is associated with immune dysfunction
that can explain increased susceptibility to mange and bobcats with chronic exposure
may be more susceptible to falling ill and dying from this disease (Serieys et al. 2018).
However, Kopanke et al. (2018) whose study found no immunological response to
chronic low-level brodifacoum exposure in domestic cats, argues that wildlife living near
urban areas are exposed to many different stressors and contaminants that affect
immune function which should be considered when looking at mange cases and
related mortalities.

Mange was the most commonly diagnosed disease in bobcats from our study, but this
could be due to a few special interest groups from urban areas who pay close attention
to sick animals in their community and bring in carcasses for testing. The spatial clustering
of mange mortalities confined to the Central and South Coast ecoregions (Figure 19)
may indicate other contributing and interacting factors in the areaq, such as bobcat and
other animal host densities, urbanization, and the geographic range of the Neotropical
mite species. Furthermore, there were high rates of AR use for rodent control in these
two regions according to state pesticide use reporting data, which makes it difficult to
determine whether the link between mange and AR exposure is coincidental or causal.
In our study, 96.5% (n=28) of the bobcats that died from notoedric mange also had two
or more ARs detected in their livers; whereas 63.0% (n=54) of bobcats that died from
trauma (hit by car, gunshot, other) tested positive for two or more ARs in liver tissue. The
persistence of ARs in liver tissue complicates interpretation of an association between
ARs and mange or other causes of death. Exposure to ARs may predispose wildlife to
excessive hemorrhage following an otherwise non-lethal fraumatic injury or increase
sensitivity to additional exposure(s) (Erickson and Urban, 2004). Bobcats can experience
multiple exposure events over long time periods, as can be seen by the number of
animals exposed to multiple compounds in our study. They are also likely exposed to the
same compound multiple times, but we cannot measure that. Further if mange-infested
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or compromised bobcats change their space use and prey selection towards human
inhabited areas and commensal rodents, risk of AR exposure could increase.

Rodenticide exposure in the absence of toxicosis should not be ignored (Brink et al.
2018). The uncertainties about the magnitude and drivers of chronic exposure and sub-
lethal levels of rodenticide exposure demonstrate the need for confinued monitoring.
Given the circumstances, the high prevalence of AR exposure and the emerging
presence of bromethalin in our large sample of bobcats is cause for concern and strong
rationale for continued surveillance for non-target exposures and toxicities in this
species.

The collared adult male bobcat from our study that died from highly pathogenic avian
influenza virus infection (H5N1), was the first confirmed case of H5N1T HPAI in a wild
mammal in California. While waterfowl and domestic poultry are especially vulnerable,
the current strain of H5N1 circulating in the U.S. and Canada has been causing illness
and death in a greater diversity of wild bird species than previous avian influenza
outbreaks, and infecting mammals (Harvey et al. 2023). Mammalian and avian
predators and scavengers may be exposed to avian influenza viruses when feeding on
infected birds (Gunther et al. 2024, EnetWild Consortium, 2024). Although this bobcat
had no stomach contents present at the time of necropsy, bird feathers and bone
fragments were a common finding in the stomach contents of bobcats that were
necropsied in this study.

The rabid bobcat from Trinity County in 2022 represented the first reported rabies virus
infection in a California bobcat since 1990 (CDPH 2023). The virus was traced back to
the Myotis californicus bat variant through genotype sequencing by the California
Department of Public Health (CDPH). Rabies in incidental hosts such as bobcats and
other wild felids is rare because there are no known rabies variants that are adapted to
live in these species (Krebs et al. 2003, CDPH 2023). However, bobcats can transmit
rabies to humans and other animals, as was recorded from one known case in San
Diego County in 1969 (Emmons et al. 1973, CDPH 2023).

Infection with FeLV and exposure to FIV was rare in deceased bobcats that we tested.
Both are retroviruses that can contribute to immunosuppression in felids. FelV is of
heightened interest as it can be transmitted from infected domestic cats to wild felids
and spillover infections have been documented to cause progressive disease in
mountain lions (Petch et al. 2022). Although FelV infection appears less prevalent in
bobcats, its immunosuppressive effects warrant continued surveillance for possible
associations with other health conditions, and to understand potential role for bobcats
in transmission among domestic cats and mountain lions.
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5.10 ECOREGIONAL DENSITY AND RECOMMENDATIONS FOR SUSTAINABLE MORTALITY

Based on our analyses we have estimated the bobcat population across California as
well as at the ecoregional scale. We also better understand the different habitats within
ecoregions that support higher bobcat densities (Table 16). From our population and
survival estimates and life stage analysis, we can estimate the level of mortality that
bobcat populations within each ecoregion may be able to withstand before declining.
However, improved estimates of California-specific survival rates would make these
estimates more robust. If CDFW is asked to develop hunting recommendations in
California, we could use those estimates of sustainable mortality as a starting point.

We would estimate sustainable mortality based on the best available California bobcat
population and survival data. Our current population estimate is based on results from
only two years of data collection (2021-2022). It provides a snapshot in time of the
number and status of bobcats in California, and populations will likely change due to
natural cycles and conditions altered by climate change. Further, different bobcat
populations in California face additional and inconsistent stressors such as drought,
wildfire, and human development and habitat fragmentation (Riley et al. 2003, Ruell et
al. 2012, Schuette 2014, Geary 2020) that canresult in population changes. These factors
should all be considered and local populations monitored before and during any
population management changes.

Photo by Jack Clark

CDFW BOBCAT POPULATION MONITORING REPORT OF FINDINGS | August 2026 | 120



CHAPTER 6. RESEARCH IMPLICATIONS

The California Bobcat Population Monitoring Project, encompassing 48 study areas
across the state, to our knowledge is the most extensive bobcat survey ever done. Prior
to this study, bobcat population estimates in California were based on observations of
the species and their sign, trapper catch rates, scent station census methods,
demographic information obtained from bobcat jaws returned to the Department, and
various field studies conducted in several areas of the state (Gould 1978, Lembeck 1978,
ZLezulak 1978, Zezulak and Schwab 1980, Gould 1980). As such, the need for more
information about bobcats in California and the goals of the project outlined in Chapter
1 have been achieved as follows:

GOAL 1: To determine statewide bobcat population density and abundance.

Field methods for this study were replicated across the state, resulting in multiple data
streams including camera data, fecal DNA, and GPS telemetry data that were used to
determine the final statewide population estimate of 62,292 (95% Cl. 49,672 — 78,454)
bobcats across California.

GOAL 2: Assess the overall health of the bobcat population in California.

The results of this study have shown that, while the overall health of bobcat populations
in California currently look stable, localized populations could face stressors such
as disease that would result in populafion level declines, and that more
information is needed to estimate bobcat survival rates across the state and within
local populations.

GOAL 3: Develop an adaptive conservation and management framework to address
stressors on bobcat populations in California.

This study measured multispecies occupancy, bobcat home range and movement
patterns, resource selection, and survival rates; and developed methods for
determining population size; and estimated ecoregional population densities to inform
future management decisions.

GOAL 4: Understand the efficacy of nonlethal solutions to mitigate bobcat depredation
on domestic animails.

To address human-wildlife conflict issues specific to bobcats and to explore nonlethal
solutions to these conflicts, we used a multifaceted approach as described in Chapter
5 of the Bobcat Conservation and Management Plan. These include: 1) an analysis of
statewide CDFW Wildlife Incident Reports (WIR), 2) coordination with California
Department of Food and Agriculture (CDFA) on domestic animals at risk of bobcat
predation, and 3) identification and description of common HWC mitigation methods.
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GOAL 5: Outline guiding principles, strategies, and adaptive management
recommendations for the long-term monitoring and conservation of bobcats in
California.

Although much is now known about bobcats in California due to research efforts by
scientists throughout the state, numerous research needs still remain. We suggest that
current, on-going, and future research should focus on:

e Improved survival estimates for all bobcat life stages, including ecoregion-specific
estimates in areas of the state where data is lacking or where increased
management actions may be warranted.

e Additional studies of bobcat habitat use, ecology, and survival in wildland-urban
interfaces.

e Confinued evaluations of human-bobcat conflict and measures people can take
to ensure their domestic and livestock animals are protected, and the most
effective methods for coexistence.

e Spatio-temporal interactions of bobcats with co-occurring large carnivores and
ungulates.

e Continued monitoring of non-target rodenticide exposure and toxicity in bobcats
to determine if legislation to reduce ARs is having an effect and to monitor all
impacts of changing rodenticide use patterns on wildlife.

e Continued monitoring of mortality causes and disease surveillance to 1)
understand the impact of both current and emerging pathogens (e.g., HPAI) that
may spillover from other species and domestic animals, and 2) examine potential
interactions with non-target rodenticide exposure.

e Conducting studies on bobcat diet using DNA metabarcoding techniques in
rural, suburban, and urban areas to study interactions with non-target rodenticide
exposure, pest management practices and the interaction between bobcats
and rodent control.

e |dentifying or studying known areas of the state where habitat loss and
connectivity willimpact bobcat populations, especially as it pertains to roadways
and wildlife-vehicular collisions.

e Continued studies on bobcat genetic populations across the state, identifying
areas where genetic diversity is lacking and where this lack could lead to
bottleneck or population level declines.

e Further studying the impacts that climate change variables such as drought and
wildfire have on diseases, resource availability, and bobcat populations and how
management practices can positively or negatively contribute to bobcat survival
in an ever-changing environment.
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e Interactions between bobcats and their prey and the impacts that bobcat can
have on special-status species.

e Engaging California’s Native American Tribes to cultivate connectedness and
research into bobcat populations on their lands, and empowering youth
programs with the resources and knowledge they may use to carry bobcat
research on into the future.

Data from this project can be accessed for further analysis through an established data
sharing agreement; please contact the CDFW Bobcat Project staff for inquiry. This
project was undertaken by the Department to build the current scientific knowledge
and background to inform the development of the statewide Bobcat Conservation and
Management Plan.

California’s wealth of wildlife diversity, variety of ecoregions and habitats, the
conservation mindedness of its citizens and their desire for the protection of wild spaces,
ensures that bobcats will persist and possibly thrive in the state long into the future. These
spotted felines, sometimes considered to be elusive, have become more familiar to
Californians as we build closer to their habitats, hike, bike, hunt, and fish in their home
ranges, try to protect our chickens from their pesky claws, and become enamored by
their presence on our home security cameras and in our neighborhoods. Bobcats are a
crifical part of the California ecosystem, and it is the aim of the CDFW Bobcat Project to
continue to work collaboratively for their conservation and management in the state.

[r———

Photo by Jack Clark
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APPENDIX A: BOBCAT CAPTURE PLAN

CDFW Bobcat Capture Plan (2020-2024)
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