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NOTE TO READER:
This report is an account of survey activities undertaken by the Biological
Monitoring Program for the Western Riverside County Multiple Species Habitat
Conservation Plan (MSHCP). The MSHCP was permitted in June 2004. The Biological
Monitoring Program monitors the distribution and status of the 146 Covered Species
within the Conservation Area to provide information to Permittees, land managers, the
public, the California Department of Fish and Game, and the U.S. Fish and Wildlife
Service. Monitoring Program activities are guided by the MSHCP species objectives for
each Covered Species, the information needs identified in MSHCP Section 5.3 or
elsewhere in the document, and the information needs of the Permittees.
We would like to acknowledge the land managers in the MSHCP Plan Area, who
in the interest of conservation and stewardship facilitate Monitoring Program activities on
the lands for which they are responsible. A list of the lands where this year’s data
collection activities were conducted is included in Section 7.0 of the Western Riverside
County Regional Conservation Authority (RCA) Annual Report to the Wildlife Agencies.
Partnering organizations and individuals contributing data to our projects are
acknowledged in the text of appropriate reports. We would especially like to
acknowledge the Santa Ana Watershed Association, the Center for Natural Lands
Management, and the Orange County Water District for their willingness to initiate or
modify their data collection to complement our survey efforts in 2008.
While we have made every effort to accurately represent our data and results, it
should be recognized that our database is still under development. Any reader who would
like to make further use of the information or data provided in this report should contact
the Monitoring Program to ensure that they have access to the best available or most
current data. All Monitoring Program data, including original datasheets and digital
datasets are stored in the Monitoring Program office in downtown Riverside, CA.
The primary author of this report was the 2008 Mammal Program Lead, Bill
Kronland. If there are any questions about the information provided in this report, please
contact the Monitoring Program Administrator. If you have questions about the MSHCP,
please contact the Executive Director of the RCA. For further information on the MSHCP
and the RCA, go to www.wrc-rca.org.
Contact Info:
Monitoring Program Administrator
MSHCP Biological Monitoring Program
4500 Glenwood Drive, Bldg. C
Riverside, CA 92501
Ph: (951) 248-2552

Executive Director
Western Riverside County
Regional Conservation Authority
3403 10th Street, Suite 320
P.O. Box 1667 Riverside, CA 92502
Ph: (951) 955-2857
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INTRODUCTION
Western Riverside County MSHCP carnivore conservation objectives call for the
conservation of contiguous-habitat blocks and the maintenance of corridors that provide
an effective means for dispersal (Dudek & Associates 2003). Monitoring of carnivore
activity should occur regularly on conserved lands to confirm that these areas are being
used by Covered Species and that dispersal objectives are being met. Challenges in
monitoring carnivores exist due to the elusiveness and large home ranges of many
species, thus making animals difficult to detect and effectively survey. We present here
results from our 2008 survey effort aimed at addressing the challenges associated with
monitoring the 4 MSHCP-covered carnivore species: bobcat (Lynx rufus), coyote (Canis
latrans), long-tailed weasel (Mustela frenata), and mountain lion (Puma concolor). We
recognize that coyote are omnivores, but have included them in this carnivore monitoring
protocol for purposes of simplicity.
The study of large-mammal carnivores often requires invasive sampling designs
that involve the physical handling of animals, expensive radio tracking equipment, and
labor intensive efforts. Remote-detection surveys offer an inexpensive alternative to more
invasive methods, and can provide an effective means of surveying carnivores (Roughton
and Sweeney 1982; Gompper et al 2006). These methods usually record detections as a
digital image (camera station), track imprint (scent station), or hair sample (hair snare) of
animals visiting individual stations that are often baited with a scent lure. Scat surveys
are another means of detecting carnivore occurrence, and one that does not require direct
observation of target animals.
Effectiveness of different remote detection surveys varies among target species.
Scent-station surveys, for example, may provide a proficient means of detecting weasels,
but are less effective than scat surveys at detecting coyote (Gompper et al 2006). Camera
stations have been used successfully to detect mountain lion, but their cost can limit the
number of stations that can be deployed at any one time (Wold and Dixon 2002). Success
of programs that attempt to monitor multiple carnivore species with remote-detection
methods likely requires a strategy that combines a number of methods concurrently.
We examined the effectiveness of scent-station, scat, and camera-station surveys
in detecting covered carnivore species from December 2007 through 2008. We focused
our efforts on habitat blocks, linkages, and dispersal barriers defined by MSHCP species
objectives for bobcat, coyote, long-tailed weasel, and mountain lion (Appendix A). We
refer to habitat blocks associated with specific long-tailed weasel conservation cores
when discussing this species for the purpose of simplicity. Specifically, our goals and
objectives were as follows:
Goals and Objectives
1. Examine the ability of scent-station surveys to detect target species and
generate datasets that can be used to estimate presence/absence within
MSHCP-defined habitat blocks and conservation cores.
Western Riverside County MSHCP
Biological Monitoring Program
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a.
b.
c.

Distribute point-transects (2 to 10 stations per transect, 480-m spacing
between points) along secondary roads and trails.
Sample points with scent stations (1-m diameter) made of moistened
sand and baited with fatty-acid scent lures.
Derive transect-level detection probability per species using an
occupancy (use) model in program MARK.

2. Investigate the utility of scat surveys in detecting carnivore species.
a.

Conduct scat surveys concurrently with and along the same transects
used for track-plate surveys.

3. Explore the use of motion-triggered camera stations to monitor habitat
corridors and dispersal barriers.
a.
b.
c.

Select a cost-effective camera model.
Test camera functionality and anti-theft method of deployment.
Identify and place cameras in linkages and near freeway culverts
and/or underpasses.

METHODS
Scent-station Surveys
We conducted scent-station surveys on transects established along secondary
roads and trails in 4 habitat blocks: Badlands–San Jacinto State Wildlife Area (SJWA)–
Lake Perris State Park (SP), Lake Mathews–Estelle Mountain, Santa Ana River–Prado
Basin, and Santa Ana Mountains (Table 1). We selected transect locations by first
creating a 50-m buffer around secondary roads and trails using ArcGIS v9.2 Global
Information System (GIS) (ESRI 2006), and generated random points within this buffer
using the Hawth’s Tools extension (Beyer 2004). We then established transect start
points at the nearest intersection between roads or trails and random points, ranked start
points in each habitat block using a random numbers table, and extended transects from
start points in ranked order. We spaced transects in 1.1-km intervals to maintain sample
independence (Hein and Andelt 1994).
Our first survey effort was at the Badlands-SJWA-Lake Perris SP habitat block
from 5 to 18 December 2007 (Figure 1).We distributed 21 transects ranging from 480 m
to 4.3 km in length, depending on the configuration and length of secondary roads. Our
goal was to determine a design for subsequent surveys that would maximize the number
of transects that could be sampled in a given habitat block while maintaining transectlevel detections and consistent spacing. We placed 2 to 10 scent stations every 480 m
(Sargeant et al 2003) and no further than 2 m from roads or trails. Each station consisted
of a 1-m diameter pad of moistened sand with a Fatty Acid Scent (FAS) lure (USDA
Pocatello Supply Depot, Pocatello, Idaho) set in the center. We checked stations daily
(except for weekends) by identifying and recording track imprints and assigning a
Western Riverside County MSHCP
Biological Monitoring Program
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Table 1. Habitat blocks and number of transects (n) sampled in conserved areas using scent-station and
scat surveys.

Habitat Block

Conserved Areas Surveyed

Badlands–San Jacinto State Wildlife Area–Lake
Perris State Park

Davis Unit of San Jacinto State Wildlife Area (n=2)
Potrero Unit of San Jacinto State Wildlife Area (n=7)
Lake Perris State Park (n=5)
Badlands, State Park managed lands (n=1)
Badlands, RCA managed lands (n=6)

Lake Mathews–Estelle Mountain

Estelle Mountain Reserve area (n=7)
North/Steele Peak area (n=4)

Santa Ana River–Prado Basin

Hidden Valley County Park (n=1)
Anza McLean De Anza Narrows Regional Park (n=2)
From Mt. Rubidoux north to county line (n=2)

Santa Ana Mountains

Cleveland National Forest, Trabuco District, north of
Ortega Highway (n=6)

certainty of detection to each record (1 = 100% certain, clean print; 2 = 85% certain,
rough print; 3 = 50% certain, very rough print; 4 = uncertain). Transects were sampled
for 14 days from 5 to 18 December 2007, and scent stations were reset after each check
by smoothing moistened sand with a plastering trowel and replacing FAS lures as needed
(Stanley and
Royle 2005).
Transects with 5 or more scent stations were difficult to place along a single road
or trail and took much longer to survey than smaller transects. Detections on long
transects (e.g., 10 scent stations) also often occurred on only a small portion of
consecutive scent stations, thus potentially exaggerating inferences made about area used
by carnivores. We modified our survey design at Lake Mathews-Estelle Mountain (14 to
18 January 2008), Santa Ana River-Prado Basin (28 January to 2 February 2008), and
Santa Ana Mountain (25 to 29 February 2008) conservation blocks by using a single
transect arrangement that was 1.2 km in length, consisted of 4 scent stations placed at
400-m intervals, and maintained 1.1 km between transects. We were able to place 5
transects along the Santa Ana River-Prado Basin, 11 transects at Lake Mathews-Estelle
Mountain, and 6 transects in the Santa Ana Mountains (Figures 2-3). We also shortened
the survey effort from 14 days to 5 days in order to remove gaps in the dataset created by
weekends when field personnel were unavailable to check scent stations. Field crews
were composed of personnel that had demonstrated proficiency in identifying animal
tracks and scat after attending office- and field-based trainings conducted by experienced
Biological Monitoring staff (Table 2).

Western Riverside County MSHCP
Biological Monitoring Program
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Figure 1. Scent-station transects surveyed in the Badlands, Lake Perris State Park, and San Jacinto Wildlife Area, 5 to 18 December 2007.
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Figure 2. Scent-station transects surveyed along the Santa Ana River from 28 January to 1 February 2008.
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Figure 3. Scent-station transects surveyed at Estelle Mountain and North/Steele Peak Preserves from 14 to 18 January, and Santa Ana
Mountains from 27 February to 1 March.
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Table 2. Western Riverside County Multiple Species Habitat Conservation Plan Biological Monitoring
Program field staff for carnivore scent-station and scat surveys in 2008.
Name
Bill Kronland
Angie Coates
Ariana Malone
Christina Greutnik
Espie Sandoval
Isaac Chellman
Joe Moglia
Joe Veverka
Laura Weisel
Mandy Breon
Rosina Gallego
Ryann Loomis

Agency
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority
Regional Conservation Authority

Position
Mammal Program Lead
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist
Field Biologist

The unbalanced design and small number of transects sampled from our initial survey
effort did not allow for a rigorous analysis, so we only considered observed data
(certainty of detection ≥ 2) without accounting for animals present but not detected. We
conducted a more thorough analysis with our modified survey design by estimating
transect-level probability of detection (p) and percent visited transects (ψˆ ) for coyote and
bobcat using a closed-capture occupancy model and program MARK (White and
Burnham 1999; MacKenzie et al 2002). We did not model detection probability or use for
mountain lion and long-tailed weasel because of small sample size. We constructed 4
candidate models (detections with certainty ≥ 2) that examined the full combination of
time-constant, time-varying, site-constant, and site-varying effects on p; and site-varying
effects on ψˆ . We then ranked candidate models in each set according to Akaike’s
Information Criterion for small samples (AICc), calculated Akaike weights (wi), and
derived weighted-average estimates across a subset of models whose Σ wi = 0.95 unless a
single model showed clear support (i.e. wi > 0.9) (Burnham and Anderson 2002).
Scat Surveys
We conducted scat and scent-station surveys concurrently by first removing
animal feces that were present on transects on the initial day of each survey. We then
searched for scat within 1 m of roads by driving transects in pairs at a rate of < 16 km/h,
or while walking between scent-stations on trails. We recorded the presence of speciesspecific scat on each transect, and removed new pieces each day by tossing them > 20 m
from roads and trails.
Camera Stations
We examined the utility of motion-triggered camera stations in monitoring
carnivore activity within habitat linkages by first comparing 2 camera models side-byside: Bushnell Digital Trail Sentry ($99 per unit; Bushnell Outdoor Products, Overland
Western Riverside County MSHCP
Biological Monitoring Program
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Park, Kansas) and Cuddeback Expert Digital Scouting Camera ($315 per unit; Non
Typical Inc., Park Falls, Wisconsin). Each model recorded digital images onto a Compact
Flash Card (256 MB and 2 GB) as objects passed a motion/heat sensor. We placed
cameras 1.5 m apart and 0.5 m from the ground along a fence line in the Biological
Monitoring Program yard where urban wildlife was known to pass. Each camera was
programmed according to manufacturer recommended specifications and operated for 4
nights. We removed Compact Flash Cards after the fourth night and compared images
recorded by each machine. The Cuddeback camera clearly out performed the Bushnell by
recording 2 skunk and 1 raccoon while the Bushnell only recorded blank pictures of
shadows moving across the yard.
We deployed 6 Cuddeback cameras in 4 habitat linkages defined by MSHCP
species objectives for bobcat and/or mountain lion: Santa Ana Mountains to Chino Hills
via Fresno Canyon and Green River (Proposed Constrained Linkage 2; n = 1), Santa Ana
Mountains to Lake Mathews-Estelle Mountain via Horsethief and Indian Canyons
(Proposed Linkage 1, n = 1), Badlands to San Bernardino Mountains via Cherry Valley
(Proposed Constrained Linkage 23, n = 2), and Badlands to San Jacinto Mountains
(Proposed Linkage 11; n = 2) (Figure 4). We also placed 2 cameras near the I-15/Gavilan
Wash undercrossing because this seemed to be a plausible linkage between the Santa Ana
Mountains and Lake Mathews-Estelle Mountain habitat blocks. We attempted to place
cameras as close as access would allow to the State Highway 91 undercrossing at Fresno
Canyon and the I-15 undercrossing at Indian Creek because these roadways were defined
in MSHCP species objectives as potential dispersal barriers to Proposed Constrained
Linkage 2 and Proposed Linkage 1. We also aimed cameras at the openings of a culvert
crossing underneath State Highway 79 in Lamb Canyon because this also seemed to be a
plausible dispersal barrier to Proposed Linkage 11, though it occurred north the MSHCPdefined boundary for the corridor and in Proposed Core 3 (Badlands/Potrero).
We constructed camera stations by first passing a 3/16″ x 1/4″ coated-steel cable
through 4x4 wood posts cut into 1.2-m segments. We then looped cable ends by attaching
aluminum ferrules, thus preventing the cable from passing through the 4x4. We then
buried the wood posts up to 60 cm deep and attached camera units with a wood screw
that was concealed within the locked units. We placed cameras so that motion/heat
sensors sat at a height of 46 cm from the ground. We used padlocks to attach one end of
the steel cable to the camera unit, and the other to a nearby fixed object (e.g., tree). We
then concealed the station as best we could with natural vegetation and burlap. Finally,
we placed up to 4 FAS lures within 20 m of camera stations that were not aimed directly
at freeway undercrossing. Cameras were installed between 7 February and 7 November
2008 as resources and time became available.
We programmed cameras to operate 24 hours/day and to record a single highresolution digital image (2048 x 1536 pixels) after being triggered. Each photo-capture
event was followed by a 2-minute delay to avoid recording multiple images of a single
visit or excessively repeated photos of non-target movement (e.g., vegetation shifting in
Western Riverside County MSHCP
Biological Monitoring Program
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Figure 4. Camera stations operated in 2008 and habitat linkages for bobcat and mountain lion.
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Table 3. Number of transects where species were detected on habitat blocks and number of transects
sampled (n) using scent-station surveys.

Habitat Block

Conserved Area

bobcat

coyote

long-tailed
weasel

mountain lion

gray fox

domestic dog

striped skunk

cottontail

Badlands-San Jacinto
State Wildlife AreaLake Perris State
Park

Davis Unit SJWA (n = 2)
Potrero Unit SJWA (n = 7)
Lake Perris State Park (n = 5)
Badlands, State Park managed lands (n = 1)
Badlands, RCA managed lands (n = 6)

1
2
2

2
5
4
1
6

1
1
-

-

3
2
2

2
1

1

1
2
1

Lake MathewsEstelle Mountain

Estelle Mountain (n = 7)
North/Steel Peak (n = 4)

2
-

7
4

2
-

-

2
1

3

2
-

5
3

Santa Ana RiverPrado Basin

Hidden Valley County Park (n =1)
Anza McClean Regional Park (n = 2)
Mt. Rubidoux north to county line (n = 2)

-

1
2
-

-

-

1
1

1
1

-

-

Santa Ana Mountains

Cleveland National Forest, Trabuco District (n = 6)

4

4

1

-

5

2

-

4

the wind). Each image included the date and time when it was recorded and the camera
station location. We returned to camera stations within 2 days of their initial set up to
adjust the sensitivity of the heat/motion sensor from ‘high’ to a lower setting if many
blank or non-target images were being recorded, but then waited at least 10 days (no
longer than 30 days) between visits to allow human scent to dissipate from the site
(Séquin et al 2007). We switched out Compact Flash Cards, changed batteries when <
50% power, cut back vegetation, replaced FAS lures as needed, and maintained the
general condition of camera stations on each visit.
Incidental Observations
We opportunistically recorded presence of covered carnivore species throughout
2008 in Conservation Areas not targeted by survey methods described above. These
incidental observations were made by Biological Monitoring staff conducting noncarnivore surveys, and lack of detections did not indicate absence of species.
We also collaborated with the Wildlife Health Center (University of California
Davis), Lisa Lyren (U.S. Geological Survey, Western Ecological Research Center), and
David McMichael (Orange County Water District) who were concurrently conducting
independent carnivore projects in the Plan Area. These organizations and individuals
provided observations of covered carnivores in areas that we were unable to survey in
2008.

Western Riverside County MSHCP
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Table 4. Akaike Information Criterion (AICc), difference in AICc (∆AICc), Akaike weights (wi),
estimated parameters (K), and log likelihood of candidate-occupancy (use) models used for estimating
transect-level use by bobcats at Santa Ana Mountain, Lake Mathews-Estelle Mountain, and Santa Ana
River-Prado Basin habitat blocks.
Model
p(time varying)Ψ(site varying)
p(constant)Ψ(site varying)
p(site varying)Ψ(site varying)
p(time & site varying)Ψ(site varying)

AICc
57.74
57.91
62.4
121.83

∆AICc
0
0.17
4.66
64.09

wi
0.5
0.45
0.05
0

K
7
4
6
15

2Log(L)
36.74
47.8
45.46
31.83

RESULTS
Scent-station Surveys
We distributed 182 scent stations among 43 transects for a total of 45.9 km of
surveyed roads and trails. Coyotes accounted for the greatest number of occupied
transects (n = 36), followed by bobcat (n = 11) and long-tailed weasel (n = 5) (Table 3).
We did not record mountain lion prints at scent stations. Non-target species detected were
gray fox (Urocyon cinereoargenteus), domestic dog (Canis lupus familiaris), striped
skunk (Mephitis mephitis),and cottontail (Sylvilagus auduboni).
We detected bobcat at each contiguous habitat block except for Santa Ana River.
We also detected bobcat at each conserved area in the Badlands–SJWA–Lake Perris SP
habitat block except for the Davis Unit of SJWA. Lake Perris SP accounted for the
greatest percent of visited transects in the habitat block with bobcat recorded on 40% (n =
2) of surveyed roads. We considered 2 models that accounted for 95% of total weight in
our candidate set to estimate p and percent occupied transects at Lake Mathews-Estelle
Mountain, Santa Ana River-Prado Basin, and Santa Ana Mountain habitat blocks (Table
4). Probability of detecting bobcat at each transect was similar among habitat blocks and
generally fell from 0.5 (SE = 0.18) on the first night to 0.2 (SE = 0.13) on the last night of
each survey (Figure 5). Cumulative probability of detecting bobcat at each site was 0.78,
indicating that we could not infer absence when bobcat were not detected at scent
stations. Santa Ana Mountains accounted for the greatest estimated percent of visited
transects (ψˆ = 0.85, SE = 0.31) followed by Lake Mathews-Estelle Mountain (ψˆ = 0.2,
SE = 0.14). We estimated 0 visited transects at North/Steele Peak Reserve and Santa Ana
River-Prado Basin habitat block.
Coyote was the most prevalent target species and was detected at every habitat
block and conserved area surveyed (Table 3). The Badlands and Estelle Mountain
accounted for the greatest number of visited transects with coyote detected on every road
surveyed in these areas. We observed the lowest percent of visited transects (3 of 5) at
Santa Ana River-Prado Basin. We considered 2 of 4 models in our candidate set (Σwi =
0.95) to estimate detection probability and percent visited transects at Lake MathewsEstelle Mountain, Santa Ana River-Prado Basin, and Santa Ana Mountain habitat blocks
(Table 5). Nightly detection probability differed negligibly among habitat blocks,
Western Riverside County MSHCP
Biological Monitoring Program
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Survey Night
Figure 5. Nightly probability of detecting bobcat on scent-station transects surveyed
across Estelle Mountain, Santa Ana River, and Santa Ana Mountains in 2008.

remained constant across survey nights, and resulted in high cumulative detection
probabilities (P*) at Lake Mathews-Estelle Mountain (P* = 0.98), Santa Ana River-Prado
Basin (P* = 0.95), and Santa Ana Mountains (P* = 0.9). Lake Mathews-Estelle Mountain
habitat block accounted for the greatest estimate of visited grids (ψˆ = 0.87, SE = 0.1),
followed by the Santa Ana Mountains (ψˆ = 0.8, SE = 0.29) and Santa Ana River-Prado
Basin (ψˆ = 0.64, SE = 0.24).
We recorded long-tailed weasel at all habitat blocks (Existing Cores B, C and H)
except Santa Ana River-Prado Basin (Existing Core A), but across only 5 transects in 4
conserved areas: Estelle Mountain Preserve (n =2), Santa Ana Mountains (n = 1), Lake
Perris SP (n =1), and Potrero Unit of SJWA (n = 1). Detections at each transect were
recorded on single scent stations that were associated with either a drainage (n = 3),
homestead (n = 1), or depression on the landscape (n = 1).
Scat Surveys
We detected fewer species and recorded a smaller number of visited transects
with scat surveys than with scent stations. Coyotes accounted for the greatest number of
occupied transects (n = 34), followed by bobcat (n = 8), gray fox (n = 4), and domestic
dog (n = 2) (Table 6). We did not detect long-tailed weasel or mountain lion scat. We
recorded bobcat feces at every habitat block except for Santa Ana River-Prado Basin and
the Santa Ana Mountains, and found scat at North/Steele Peak where we had not detected
the species with scent stations. In contrast, we found no bobcat scat at the Santa Ana
Western Riverside County MSHCP
Biological Monitoring Program
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Table 5. Akaike Information Criterion (AICc), difference in AICc (∆AICc), Akaike weights (wi),
estimated parameters (K), and log likelihood of candidate-occupancy (use) models used for estimating
transect-level use by coyote at Santa Ana Mountain, Lake Mathews-Estelle Mountain, and Santa Ana
River-Prado Basin habitat blocks.
Model
p(constant)Ψ(site varying)
p(site varying)Ψ(site varying)
p(time varying)Ψ(site varying)
p(time & site varying)Ψ(site varying)

AICc
132.22
132..79
137.14
161.64

∆AICc
0
0.57
4.92
29.42

wi
0.54
0.41
0.05
0

2Log(L)
122.12
115.85
116.14
99.24

K
4
6
7
13

Table 6. Number of transects where species were detected on habitat blocks and number of transects
sampled (n) using scat surveys.

Habitat Block

Conserved Area

bobcat

coyote

long-tailed
weasel

mountain lion

gray fox

domestic dog

Badlands-San Jacinto
State Wildlife AreaLake Perris State
Park

Davies Unit SJWA (n = 2)
Potrero Unit SJWA (n = 7)
Lake Perris State Park (n = 5)
Badlands, State Park managed lands (n = 1)
Badlands, RCA managed lands (n = 6)

1
1
1

2
4
5
1
6

-

-

-

-

Lake MathewsEstelle Mountain

Estelle Mountain (n = 7)
North/Steel Peak (n = 4)

4
1

5
4

-

-

-

1

Santa Ana RiverPrado Basin

Hidden Valley County Park (n =1)
Anza McClean Regional Park (n = 2)
Mt. Rubidoux north to county line (n = 2)

-

1
2
1

-

-

1
2
-

1
-

Santa Ana Mountains

Cleveland National Forest, Trabuco District (n = 6)

-

3

-

-

1

-

Mountains where we recorded the greatest number of scent-station detections. We
also did not record bobcat scat at the Davis Unit of SJWA.
We detected coyote scat at each habitat block and Conservation Area, including
every road surveyed in the Badlands. We also detected coyote scat on transects where we
had not recorded the species with scent stations at Potrero Unit of SJWA (n =1), Santa
Ana Mountains (n =1), and Santa Ana River (n =1).
Camera Stations
We operated 8 cameras for a total of 1469 camera nights in 2008. Both camera units in
Proposed Constrained Linkage 23 (Badlands to San Bernardino Mountains) were stolen
after 221 and 207 nights of operation. One theft occurred by cutting the security cable,
the other by breaking the camera’s plastic housing. Our 8 other stations remained
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undisturbed throughout the survey period. We recorded 391 coyote, 80 bobcat, and 1
mountain lion image in 2008 (Appendix B). Non-target species recorded were black bear
(Ursus americanus), cottontail, black-tailed deer, striped skunk, raccoon, domestic dog,
California quail (Callipepla californica), opossum (Didelphis marsupialis), and western
scrub-jay (Aphelocoma coerulescens).
We recorded bobcats on every camera except at the eastern opening of the State
Highway 79 culvert in Lamb Canyon, and the I-15 over pass at Gavilan Wash. Bobcat
tracks were found in the Gavilan Wash leading up to the overpass on 24 December
shortly after it had rained. Lack of images at Gavilan Wash may have been due to the
camera being placed too high to avoid being taken by flash flooding, and the unit has
since been repositioned. We recorded 4 bobcat images from 13 September and 31
October at the western opening of the Lamb Canyon culvert before installing the camera
at the eastern opening on 7 November. The species was again recorded walking toward
the western opening on 25 December, but no image was taken at the eastern station.
Bobcats were also recorded multiple times in the vicinity of the I-15 undercrossing at
Horestheif/Indian Canyon Wash (Proposed Linkage 1), but we were unable to determine
if the species was dispersing across the freeway due to the placement of the camera and
available access.
We recorded coyote at every camera operated in 2008 except for the eastern
opening of the Lamb Canyon culvert. The species was fairly ubiquitous throughout the
survey period and accounted for 57% of total recorded images. Most pictures depicted
animals investigating scent tablets or traveling across the landscape. We recorded coyotes
entering the I-15 undercrossing at Gavilan Wash on 10 and 12 December, suggesting that
the species was using the wash to access the Gavilan Hills to the east of I-15. We also
often recorded coyote in the vicinity of the I-15 undercrossing at Horesthief/Indian
Canyon Wash (Proposed Linkage 1), but were again unable to determine if animals were
using the wash as a means to cross the freeway.
We recorded only 1 mountain lion on habitat linkages surveyed in 2008. The
animal was photo-captured at Bogart County Park (eastern terminus of Constrained
Linkage 23) on 11 April while traveling along a footpath that ran through a meadow in
mixed chaparral. This particular camera had also recorded numerous images of bobcat,
coyote, and black bear traveling along the same footpath before the camera was stolen
sometime between 4 and 13 November.
Incidental Observations
We recorded incidental observations of each covered carnivore in the Plan Area
during 2008 (Appendix C). We observed the presence of bobcat at Lake Skinner
Preserve, San Jacinto Mountains, Santa Ana Mountains, and Potrero Unit of SJWA. We
also recorded single observations of bobcat at Davis Unit of SJWA and the Santa Ana
River at Martha McLean Regional Park where we had not detected the species during
scent-station or scat surveys. David McMichael (Orange County Water District, personal
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observation) also regularly photo-captured bobcat in Prado Basin with motion-triggered
cameras, and Lisa Lyren (U.S. Geological Survey, personal communication) both photocaptured and trapped the species in the habitat linkage at Green River (Proposed
Constrained Linkages 1 and 2).
We recorded coyote incidentally at each habitat block where we surveyed for
carnivores except for the Santa Ana Mountains. We also observed coyote at Railroad and
Dawson Canyons.
Our only long-tailed weasel incidental detection was at Lake Perris State Park
where we had detected the species with scent-station surveys. David McMichael (Orange
County Water District, personal observation) observed weasels at Prado Regional Park,
indicating presence of the species in the Santa Ana River-Prado Basin habitat block
(Existing Core A).
We recorded mountain lion tracks in Arroyo Secco Creek in the Aqua-Tibia
Wilderness south of Dripping Springs Campground, Cleveland National Forest. We also
recorded large feline scat at Santa Margarita River Preserve and Chino Hills State Park
between State Highway 91 and the Santa Ana River. No tracks were associated with
either scat pile, but size and shape of the feces indicated that it was mountain lion. In
2008, the Wildlife Health Center retrieved a GPS collar in the San Jacinto Mountains that
had dropped from a lion that was initially captured in northeast San Diego County in
2007 (Winston Vickers, personal communication). The Wildlife Health Center also
observed a number of collared lions in the Santa Ana Mountains, Santa Rosa Plateau,
Anza-Cahuilla Valley/Beauty Mountain, and San Jacinto Mountains between 2003 and
2007, and is currently marking animals in portions of Orange, San Diego, and western
Riverside Counties (Winston Vickers, personal communication).

DISCUSSION
Our survey goals in 2008 were to document presence of covered carnivore species
in habitat blocks and Conservation Linkages while developing methods to confirm
absence. In general, coyotes were ubiquitous across all surveyed conserved areas.
Bobcats were also common, but absent from transects in some areas where the species
was known to occur through incidental observation. Long-tailed weasels were rare, but
present in all targeted habitat blocks. Mountain lions were highly elusive regardless of the
survey method.
Scent-station surveys provided a systematic method of investigating presence of
carnivores, were easy to set-up and operate when limited to 4 stations per transect, and
required only the cost of sand and scent tablets to operate (approximately $6.50 per
transect of 4 stations). We were also able to derive a cumulative detection probability for
coyote that approached 1, suggesting that scent-station surveys were effective at detecting
this species when present. In contrast, cumulative detection probability for bobcat was
much lower than 1, and we could not infer species absence from our observed data. We
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were also unable to collect enough long-tail weasel observations for calculating a
detection probability, and did not observe mountain lion sign along transects. Lack of
detections for target species (except coyote) likely reflected our survey design rather than
true absence because our efforts targeted roads and foot trails, and did not reflect animals
that may have been present on game trails or in drainages.
Scat surveys added little to our understanding of carnivore presence /absence, and
we detected only 2 of 4 Covered Species. We also did not record bobcat scat in the Santa
Ana Mountains where the species was most often detected with scent stations. Moreover,
scat was often difficult to identify and largely depended on what the animal had eaten, the
size of the individual, and age of the sample.
Camera stations worked well in recording presence of bobcat and coyote in
targeted Linkages, but only detected a single mountain lion. We subjectively placed
camera stations in parts of corridors that appeared most likely to be used by dispersing
carnivores (e.g., drainages, game trails). Still, our coverage was by no means complete,
and lack of mountain lion detections did not necessarily imply absence. Our camera
station design also failed to deter vandals from taking 2 units. Encasing cameras in metal
boxes should prevent people from breaking units off of padlocks, and attaching stations
to anchored objects with chain (e.g., ≥ ¼-inch diameter) instead of cable may prevent
them from being cut away.
Presence of coyote and bobcat in monitored Linkages suggested that these
corridors were large enough in the current MSHCP configuration of conserved lands to
allow potential movement between habitat blocks. Presence of animals in the vicinity of
freeway undercrossings may have also indicated potential movement across these
barriers, though we were unable to confirm that individuals were actually traversing
freeways. Lisa Lyren (U.S. Geological Survey, personal communication) was able to
confirm movement of bobcat and coyote across State Highway 91 near Green River by
photo capturing animals under a bridge and in a box culvert at Fresno Canyon (Proposed
Constrained Linkage 2). Lyren also collared a bobcat that was subsequently observed
moving between the Cleveland National Forest, Chino Hills State Park, and Prado Basin
while crossing both State Highway 91 and 71. Fresno Canyon should be maintained as a
habitat corridor as it appeared to be part of an important linkage that was functioning to
convey animals among 3 habitat blocks. However, functionality of Fresno Canyon as a
Conservation Linkage could be diminished as the corridor narrows due to development in
upper portions of the drainage.
State Highway 91 at Green River appeared to be a formidable barrier to mountain
lion dispersal. The Wildlife Health Center collared animals prior to 2008 on Camp
Pendleton and the Santa Rosa Plateau that independently dispersed north along the Santa
Ana Mountains until Highway 91 around Green River (Winston Vickers, personal
communication). The animals lingered here for a period of time before establishing
territories in Orange County and the northern Santa Ana Mountains, but never crossed the
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freeway while collars were recording data. Moreover, an uncollared male was hit by a
vehicle and killed on 7 February 2008 while attempting to cross the freeway near Green
River (Winston Vickers, personal communication). All 3 examples illustrated that lions
have attempted to disperse into the Chino Hills from the south, but were unwilling or
unable to cross Highway 91. We detected possible mountain lion scat near the freeway at
Chino Hills State Park, and there has been some indication that the species has used the
Coal Canyon underpass in Orange County (Lisa Lyren, personal observation).
Monitoring of the Fresno Canyon corridor should continue because it provides the
greatest potential in Riverside County for lion movement between the Santa Ana
Mountains and Chino Hills, and was actively being used by other species.
The I-15 transportation corridor between State Highway 91 and San Diego
County also appeared to impede mountain lion dispersal. We did not detect presence of
the species at any of the monitored undercrossings, or at the Estelle Mountain Reserve
immediately to the east of the freeway. The Wildlife Health Center had detected radiocollared animals to the west of the freeway in the Santa Ana Mountains and at the Santa
Rosa Plateau, but never recorded them crossing I-15 (Winston Vickers, personal
communication). One individual collared at the Santa Rosa Plateau, and described above
as dispersing north along the Santa Ana Mountains, had initially attempted to disperse
across Camp Pendleton before returning to the Plateau and heading southeast to I-15 at
Rainbow Creek (near Constrained Linkage 14). The animal approached very close to the
freeway, but turned north without crossing. We have detected lion sign to the east of I-15
in the Aqua-Tibia Wilderness, and the Wildlife Health Center has recorded animals in the
Anza-Cahuilla Valley region of the Plan Area. The I-15 crossing at Rainbow Creek is
potentially a viable corridor linking 2 known lion populations, but may not be functioning
because there are few undercrossings in this area. Overpasses and culverts that do exist
should be monitored in order to gain insight as to how dispersal across this corridor can
be improved.
Recommendations for Future Surveys
Our inference form scent-station surveys in 2008 was limited to foot trails and
secondary roads, and coyote was the only species that we effectively detected. Still, scent
stations provided a systematic survey method that allowed us to quantify our ability to
detect target species, and should be continued in 2009 with modifications. Specifically,
surveys should be expanded to include land features that are not anthropogenic in origin.
Random placement of transects across the landscape would enable us to make inferences
to entire habitat blocks, but would be costly to operate because many Conservation Areas
(e.g., Santa Ana Mountains) contain rugged areas that are inaccessible in practice. We
suggest surveying both off-road drainages and secondary roads in 2009 as likely land
features used by covered carnivores that could be easily accessed. Detection probabilities
should be modeled for both drainages and roads to quantify potential improvement in
detectability, especially for bobcat and long-tailed weasel. To this end, sample size
should be maximized (e.g., n > 15) in each land feature by reducing transect spacing (e.g.
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500 m) and shortening their length (e.g. 450 m, 150-m spacing between scent stations).
Lessening sample independence by reducing transect spacing should not be a concern
because our goal is to determine presence/absence of species within habitat blocks and
conserved areas (i.e., estimate use), and not to calculate a percentage of occupied area.
Shortened intervals between scent stations could also increase the likelihood of detecting
long-tailed weasel, whose home ranges are significantly smaller than other covered
carnivores. Field crew could also walk a greater number of short transects, thus
increasing the chance of incidentally detecting carnivore sign. Finally, interpretation of
scat detections should be limited to species presence when identification is certain.
Camera stations were an effective means of monitoring Conservation Linkages
throughout the year, but limited in scope because we were unable to confirm dispersal
across potential freeway barriers. Effort should be made to gain access to freeway
undercrossings so that animal movement can be confirmed. Specifically, camera stations
should be placed under bridges and at culverts in the I-15 transportation corridor at
Rainbow Creek and Horsetheif/Indian Canyon (Linkage 1), and in the State Highway 60
transportation corridor through the Badlands. Camera stations should also be installed at
the I-10 overpass at San Gorgonio Wash and at undercrossings along the I-10 corridor
between Cherry Valley Boulevard and the Calimesa Country Club, as this major
interstate highway is likely a barrier to dispersal in linkages from the San Bernardino
Mountains to San Jacinto Mountains via San Gorgonio Wash, and Proposed Constrained
Linkage 23 (San Bernardino Mountains to the Badlands). Security of camera stations will
need to be addressed because freeway undercrossings are often frequented by people.
Encasing cameras in steel boxes and replacing coated cable with chain will add $100 to
$150 to the cost of each station, but may prevent the theft of these expensive pieces of
equipment.
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Appendix A. Conservation cores, linkages, and dispersal barriers defined by Western Riverside County
MSHCP species objectives for bobcat, coyote, long-tailed weasel, and mountain lion.
Bobcat

Coyote

Santa Rosa Plateau-Santa Mnts., Agua Tibia
Wilderness-Palomar Mnts., Vail Lake-Wilson
Valley-Aguanga, Anza-Cahuilla Valleys,
Badlands-San Jacinto Wildlife Area-Lake
Perris, San Jacinto Mnts., Lake MathewsEstele Mnt., Lake Skinner-Diamond Valley
Lake, Santa Ana River-Prado Basin.

Any large habitat block for total of
489,500 acres of suitable habitat.

Linkages

Santa Ana Mnts. to Chino Hills via Fresno
Canyon-Green River, Santa Ana Mnts. to
Lake Mathews-Estelle Mnt. via Indian
Canyon and Horsethief Canyon, Santa Ana
Mnts. to Agua Tibia Wilderness-Palomar
Mnts. via Pechanga Creek or future wildlife
overpass (I-15), Santa Ana River, Lake
Skinner-Diamond valley Lake to SageWilson Valley-San Jacinto Mnts. via
Tucalota Creek and adjacent uplands, along
Badlands to San Jacinto Wildlife Area-Lake
Perris-San Jacinto Mnts., Badlands to San
Bernardino Mnts. via Chery Valley, San
Jacinto Mnts. to San Bernardino Mnts. via
Banning Canyon and San Gorgonio Wash.

Santa Ana River, San Timoteo
Creek, Indian Canyon and
Horsethief Canyon (I-15), Cole
Canyon-Murrieta Creek, Warm
Springs Creek, Fench Valley
tributary to Warm Springs Creek,
upland Lake Mathews to Wildomar,
Gavilan Hills, San Jacinto River,
Temecula Creek-Santa margarita
River, kolb Creek/Arroyo Seco,
Tucalota Creek, Wilson Creek,
Tule Creek, San Gorgonia Wash.

Dispersal
Barriers

State Highway 91 between Santa Ana Mnts.
and Chino Hills, Interstate 15 between Santa
Ana Mnts. and Lake Mathews- Estelle Mnt.
via Indian Canyon and Horsethief Canyon,
Interstate 15 between Santa Ana Mnts. and
Agua Tibia Wilderness, State Highway 60 in
Badlands.

Contiguous
Habitat
Blocks

Western Riverside County MSHCP
Biological Monitoring Program

Long-tailed weasel
Existing Cores: A, B,
C, F, G, H, I, J, K, L,
and M.

Proposed Cores: 1, 2,
3, 4, 5, 6, 7.

None listed.
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Mountain lion
Large habitat blocks including: Santa Rosa
Plateau-Santa Ana Mnts., Agua Tibia
Wilderness-Palomar Mnts., BadlandsSanJacinto Mnts.-Santa Rosa Mnts., San
Bernardin Mnts., Lake Mathews-Estelle
Mnt., Lake Skinner-Diamond Valley Lake,
and Vail Lake-Sage-Wilson Valley.

52,400 acres of linkage
habitat between Core
Areas.

Santa Ana Mnts to Chino Hills via Fresno
Canyon-Green River, Santa Ana Mnts to
Lake Mathews-Estell Mnt. via Indian
Canyon and Horsethief Canyon, Santa Ana
Mnts. to Agua Tibia Wilderness-Palomar
Mnts. via Pechanga Creek or future wildlife
overpass (I-15), Lake Skinner-Diamond
valley Lake to Sage-Wilson Valley-San
Jacinto Mnts. via Tucalota Creek and
adjacent uplands, Badlands to San Jacinto
Mnts. and Santa Rosa Mnts., San Jacinto
Mnts. to San Bernardino Mnts. via San
Gorgonia Wash.

None listed.

State Highway 91 between Santa Ana
Mnts. and Chino Hills, Interstate 15
between Santa Ana Mnts. and Lake
Mathews- Estelle Mnt. via Indian Canyon
and Horsethief Canyon, Interstate 15
between Santa Ana Mnts. and Agua Tibia
Wilderness, State Highway 60 in Badlands.
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Appendix B. Number of images recorded per species with motion-triggered cameras in 4 Linkages.

bobcat

coyote

Linkage

Site

long-tailed
weasel

mountain
lion

black bear

black-tailed
deer

cottontail

stripped
skunk

raccoon

domestic
dog

opossum

California
quail

scrub-jay

Santa Ana Mountains to Chino Hills
via Fresno Canyon/Green River
(Proposed Constrained Linkage 2)

Chino Hills State Park

225

4

154

-

-

-

-

6

-

1

-

-

-

-

I-15 Corridor: Santa Ana Mountains
to Lake Mathews-Estelle Mountain
(Proposed Linkage 1)

Horsetheif/Indian Canyon
Gavilan Wash
Walker Canyon

159
159
327

21
31

58
12
98

-

-

-

-

1

-

4

4
-

1

-

-

Badlands to San Bernardino
Mountains via Cherry Valley
(Proposed Constrained Linkage 23)

Bogart County Park

207

17

43

-

1

50

12

-

10

-

4

2

3

3

Singleton Road

221

3

37

-

-

1

7

-

-

-

1

1

-

-

San Jacinto Mountains to Badlands
(Proposed Linkage 11)

Lamb Canyon Culvert, west
Lamb Canyon Culvert, east

117
54

5
-

8
-

-

-

-

-

-

4
-

-

-

-

-

-
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Appendix C. Incidental observations of covered carnivores across Western Riverside County MSHCP Plan
Area
Species

Bobcat

Conserved Area

Date

Observation

Santa Ana Mountains

3/1/2008

Small animal crossing Eagle Road in Cleveland National Forest in mixed chaparral

Lake Skinner Preserve

12/11/2009

Animal was traveling along road and entered a ravine after detecting observer.

Davis Unit of SJWA

2/6/2008

Walking along fence line next to a 2-track road. Animal photographed.

Potrero Unit of SJWA

6/1/2008
7/7/2008
10/27/2008

Animal was running away from observer through Potrero Creek.
Detected animals eye shine in south fork of Potrero Creek while trapping small mammals.
Animal was resting under a scrub oak at edge of shrubland with mixed annual grassland.

San Jacinto Mountains

2/7/2008
2/7/2008
4/14/2008
5/18/2008

Animal was running down a road through mixed chaparral at Rouse Ridge.
Observed in a road on steep chaparral slope behind ranger station east of Hemet.
Animal was observed walking through dry open coniferous forest.
Animal was walking down a road at Rouse Ridge.

Walker Canyon, RCA lands

2/11/2008
4/9/2008

Adult walking along road in coastal sage scrub-riparian transition
No notes recorded.

Bolton, RCA lands

3/18/2008

Animal running through coastal sage scrub.

Dawsn Canyon

5/8/2008

2 adults and 1 small pup flushed from live oak at canyon bottom.

Estelle Mountain Preserve

1/15/2008
5/13/2008
11/7/2008

Animal was running away from observer through open grassland.
No notes recorded.
Running away from observer through riparian-coastal sage scrub area.

Railroad Canyon

4/28/2008

No notes recorded.

Santa Ana River

2/25/2008
8/6/2008

Small pack vocalizing near Mount Rubidoux.
In between housing tracts in a disked field.

Lake Skinner Preserve

10/14/2008

At least 2 individuals vocalizing in area of burned coastal sage scrub, rock outcrop, and rural homes.

Lake Perris Sate Park

2/1/2008

2 animals preparing to cross paved road.

Coyote
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Species

Date
2/6/2008
8/25/2008
12/16/2008

Observation
Animals in open grassland field.
No notes recorded.
In field of mustard watching observer.

Potrero Unit of SJWA

6/26/2008

2 individuals running toward observer in mixed chaparral regrowth.

Long-tailed
weasel

Lake Perris State Park

2/5/2008

Observed on bare ground patch with California ground squirrel burrows along paved bike path.

Mountain
lion

Chino Hills State Park
Tenaja Corridor
Agua-Tibia Wilderness
Santa Margarita Wilderness

4/10/2008
6/18/2008
12/3/2008
12/5/2008

2 large-feline scat piles between 91 freeway and Santa Ana River.
Local resident described seeing a lion enter an arroyo after crossing Cronoa Cala Camino Road.
Prints found in wet sand at Arroyo Secco Creek south of Dripping Springs Campground.
Large-feline scat pile found along Santa Margarita River. Scat looked fresh.

Coyote

Conserved Area
Davis Unit of SJWA
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