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INTRODUCTION

Habitat fragmentation has been targeted as one of the most serious threats to
biodiversity worldwide (Wilcox and Murphy 1985; Soule 1991a) and in areas with
increasing urbanization, fragmentation is virtually inevitable (Soule 1991b). Indeed,
intensive development in southern California over the past century has destroyed most of the
native coastal sage scrub and chaparral habitats (Westman 1987). This massive habitat loss,
in conjunction with the high levels of local endemism of native species, has helped create a
“hot-spot™ of extinction in the region (Myers 1990; Dobson et al. 1997).

One of the principal factors contributing to habitat fragmentation has been the
construction of roadways (Meffe et al. 1997). Not only do these roadways separate
previously connected areas of habitat they also create a barrier effect for organisms
attempting to move between lﬁatches (Jackson and GTiﬂ"eﬁ 1998). A barrier effect can have
detrimental impacts on local populations in that, over time, populations restricted to these
patches may experience a reduction in genetic diversity due to increased inbreeding,
increased risk of local extinction due to population dynamics and catastrophic events, and
decreased ability to recolonize (Yanes et al. 1995). In addition, increasing highway
mortality also plays a role in eliminating more individuals from a population (Harris and
Gallagher 1989). Aside from fragmenting habitat, roadways also create edges that would
otherwise be absent in undisturbed conditions (Reed et al. 1996).

Species that display a high vulnerability to fragmentation include those that are
wide-ranging, exhibit low population densities, or are large patch or interior dwelling
species (Noss and Csuti 1997). Large mammals, particularly carnivores, exhibit these
characteristics but their decline in fragmented systems has received little attention (but see
Beier 1995). Further, the disappearance of top predators from fragmented systems may have
community-wide implications (Robinson 1953, 1961; Linhart and Robinson 1972; Sargeant |
et al. 1983; Voight and Earle, 1983; Schmidt 1986; Johnson et al. 1989; Sovada et al. 1995;
Ralls and White 1995). Dominant carnivores can suppress smaller canﬁvores through both
competition and predation (Voight and Earle, 1983; Sargeant et al. 1987; Theberge and
Wedeles 1989; Harrison et al. 1989). Consequently, the decline of top predators in



fragmented areas may lead to the ecological release of smaller predators that in turn can
exert strong predatidn pressure on prey species. Such "mesopredator release" (Soulé et al.
1988; Crooks and Soulé 1999) has been implicated in the decline and extinction of prey
species worldwide (Willis and Eisenmann 1979; Matthiae and Stearns 1981; Whitcomb et
al. 1981; Sargeant et al. 1983; Wilcove et al. 1986; Soulé et al. 1988; Terborgh 1988;
Sovada et al. 1995; Crooks and Soulé 1999).

To counteract the negative effects of fragmentation on populations, the concept of
- corridors has been proposed. The exact definition of a corridor varies and can include
habitat, greenbelts, biogeographic landbridges, refuge systems, and underpasses (Sirhbeﬂoff
et al. 1992). Generally, the accepted definition describes a corridor as a linear habitat,
embedded in a dissimilar matrix, that connects two or more larger blocks of habitat (Beier
and Noss 1998). Additionally, it is recognized that the corridor is proposed for conservation
on the grounds that it will enhance or maintain the viability of specific wildlife populations.
(Rosenberg et al. 1997). Noss (1987) suggests several potential advantages to corridors
including increased species richness and diversity, decreased probability of extinction,
maintenance of genetic variation, a greater mix of habitat and successional stages, and an

alternative refugia from large disturbances. Alternatively, Simberloff and Cox (1987)

| provide potential disadvantages to corridors including the facilitation of epidemic diseases,
outbreeding depression, facilitation of the spread of fire, and increased exposure to humans.

In certain situations, particularly within an urban environment, maintaining these
connections may be virtually impossible, as many urbanized localities have irreversibly
fragmented habitats. In fact, Adams and Dove (1989) suggest that recreation values have
received greater attention than biological considerations in planning and managing linkages
through urban areas. Despite the possible advantages to maintaining some degree of
conductivity within an urban landscape, several factors typically associated with the
urban/wildland interface may cause corridors to be ineffective. First, human activity may
have an adverse affect on animal movement patterns. Second, domestic animals, as well as
opportunistic or exotic species may inhibit movement by native species. Finally, the
presence of roadways may act as a mortality sink, as animals attempt to negotiate their way

from one patch to another.



To counteract the negative impact that roadways have on animal movement, the role
of underpasses as an alternative route to surface crossings has received increasing attention.
However, few studies have attempted to determine the effectiveness of varying roadway
underpass dimensions for wildlife species (but see Reed et al. 1975, Yanes et al. 1995,

Foster and Humphrey 1995, Clevenger 1998, Clevenger 2000).
Study Area

The Puente-Chino Hills represent a continuous series of undeveloped open Spéc_cé
consisting of both private and public lands, extending west from CA Route 91 in Orange and
Riverside Counties to I-605 in Los Angeles County, California (Figure 1). This 50 km long
stretch of hills is entirely surround by urbanization with two exceptions: the eastern end is
linked to the Santa Ana Mountains (Cleveland National Forest) by the Coal Canyon
Biological Corridor and the western end is physically linked to the San Gabriel Mountains
(Angeles National Forest) by the San Gabriel River. The connection at the eastern end is far
more intact than that at the western end, although recent development threats have
jeopardized this linkage. Coal Canyon extends almost 3 km from Cleveland National Forest
to the Santa Ana River, Featherly Regional Park, and Chino Hills State Park. While a
majority of the habitat is still intact between these locales, development pressure has
threatened to sever this connection.

The western connection is coﬁprised of a 20 km stretch of the San Gabriel River, the
majority of which is channelized and lacks vegetation. Therefore, it is highly unlikely that
the San Gabriel River is a viable connection between the Angeles National Forest and the
western Puente Hills. Due to the extreme separation of the western end from a core area, the
Puente-Chino Hills, at a regional scale, more closely resemble a peninsula of habitat
extending from the Santa Ana Mountains into the urban matrix of the Los Angeles Basin.
On a local scale, however, the open space connecting Chino Hills State Park with the
Whittier Hills does represent a potential animal movement corridor.

Aside from connections to the Santa Ana and San Gabriel Mountains, additional
patches of open space are located near the Puente-Chino Hills and include the San Jose Hills

and the Prado Flood Control Basin (Figure 1). The San Jose Hills are separated from the



Puente Hills by CA 60 and the Prado Flood Control Basin is separated from the eastern
Chino Hills by CA 71. While these arcas are not contained within the linear east-west series
of connected open space, they represent additional areas of habitat that may harbor local
populations of plant and animal species. Although sampling did not occur in the San Jose
Hills, surveys were conducted within the Prado Flood Contro] Basin in conjunction with the
CA 71 Carnivore Telemetry Project.

The Puente/Chino Hills corridor is widest at Chino Hills State Park, where it
stretches almost 9 km across Orange, Riverside, and San Bernardino Counties. Further
west, at Harbor Blvd., it narrows to a 1.5 km wide area of open space. From Harbor |
Boulevard to Colima Road, the average width of the corridor is approximately 1 km. In'the
Whittier Hills, the width of open space widens to almost 3 km. The western end of the hills
is bordered by Workman Mill Road in the vicinity of I-605.

Eleven roadways of varying widths bisect the corridor (Figures 2, 3). The
easternmost roadway, CA Route 91, divides the Santa Ana Mountains and Chino Hills State
Park. To the northeast, CA 71 divides the Chino Hills and the Prado Flood Control Basin.
Continuing west, the corridor is bisected by Carbon Canyon Road (CA 142), CA Route 57,
Brea Canyon Road, Harbor Boulevard, Fullerton Road, Hacienda Boulevard, Colima Road,
‘Turnbull Canyon Road, and Workman Mill Road/I-605. These roadways represent potential
barriers to wildlife movement across the corridor, as they have fragmented the remaining

open space into eight patches of varying sizes.
RESEARCH GOALS

The goals of this study were to 1) evaluate the relative abundance of large and
medium-bodied mammals throughout a fragmented landscape and 2) determine the
relationship between mammal usage and underpass (including bridge, tunnel, and culvert)
variables.

We surveyed each section of the corridor for the entire suite of large and medium-
bodied mammal species in order to obtain the relative abundance of each species across the
study area. Specifically, our target species included mountain lion, mule deer, coyote,

bobeat, gray fox, raccoon, striped skunk, long-tailed weasel, and the non-native opossum,



domestic cat, and domestic dog. Sites were selected based on access and represented city,
county, and state lands, including utility right-of-ways. Additionally, we monitored
roadway underpasses (including bridges, tunnels, and culverts) to identify which species

were utilizing these structures.

METHODS

The entire study area was divided into seven sections. Each section was separated

from adjacent sections by major roadways (Figures 2 and 3):

1. CA 91 to Carbon Canyon Road (CA 142), ihcluding CA 71 and Prado Flood

Control Basin

2. Carbon Canyon Road (CA 142) to CA 57

3. CA 57 to Harbor Boulevard

4, Harbor Boulevard to Hacienda Boulevard

5. Hacienda Boulevard to Colima Road

6. Colima Road to Turnbull Canyon Road

7. Turnbull Canyon Road to 1-605

Several sampling techniques were conducted to document distribution and relative
abundance for the target species in each section: 1) track surveys, 2) scat surveys, 3)
remotely triggered camera surveys. From each of these surveys, an index of relative

abundance of each species was obtained. Relative abundance for each species was

compared among sites throughout the study area.
Track Surveys
Forty-two track transects were established along dirt roads and wildlife trails

throughout the corridor. Scent stations were established along 1000 m transects with five

stations at approximately 250 m intervals. In cases where the roadway was the transect (e.g.



Carbon Canyon and Turnbull Canyon), stations were placed at roadside pullovers or where
drainages crossed the roadway. Generally, each transect consisted of five stations, however
due to constraints on sampling area some transects contained less. In addition, 13 individual
track stations, not part of continuous track transects, were placed throughout the corridor in
areas where access was limited and/or a transect was not feasible. |

Each scent station consisted of a 1 m” plot of finely sifted gypsum powder and a rock
baited with two artificial scent lures (Russ Carman's Pro Choice and Canine Call) placed in
the middle of the station. Stations were checked for visitation for five consecutive mornings
in order to record visitation by rarer species. Upon visitation, tracks were identified to
species, cleared, and resifted. The artificial scent lures were applied every other day.

Scent stations were surveyed during the summer/fall seasons of 1997 and 1998.
Some transects were surveyed an additional season during the winter of 1998. Rains during
the winter and spring seasons made track surveys difficult to execute, as the gypsum powder
was inoperable if wet.

To obtain an index of relative abundance the number of visits by each species was
divided by the total sampling effort. This index was calculated using the following

equation:
I=In {vi/(smy) + 1}

where, I = index of carnivore activity at transect j
v; = number of stations visited by species to transect
sj= number of stations in transect j
n; = number of nights that stations were active in transect j

Any scent station in which tracks were too difficult to read was omitted from the

sampling night. Thus the true sampling effort was:
(s;m) — 0

where, 0j = number of omits in transect j



This index only portrays the relative abundance of species within a particular
transect. These indices do not provide data on the absolute number of individuals. Instead

the index is used to compare relative abundance of species across space and time.
Scat Surveys

Thirty-two scat transects were established along dirt roads and wildlife trails
throughout the corridor. Scat surveys, conducted for coyote, bobcat, and fox, coincided with
track surveys and were conducted during the summer/fall seasons of 1997 and 1998. '
Transects were cleared of all scat following termination of track surveys. Two collections
were made at 2 and 4 weeks afier the initial clearing. Each scat was identified to species and
ranked on a confidence scale of 1 to 3, with 3 being the highest confidence level of species

identification. Those scat which were rated 2 and 3 were included in the analysis.

The index of relative abundance was calculated using the following equation:
I=In {(sj/mj/dj)+1 }

where, I = index of carnivore activity at transect j
s; = number of scats collected from transect j
m;= length of transect j
d; = number of days during which scats were deposited on transect

This index only portrays the relative abundance of species within a particular
transect. These indices do not provide data on the absolute number of individuals. Instead

the index is used to compare relative abundance of species across space and time.
Camera Surveys

Camtrak cameras (Camtrak South Inc, 1050 Industrial Drive, Watkinsville, GA
30677) were used to complement track and scat surveys. Cameras were placed along scat
and track transects wherever the probability of theft was low. Otherwise, cameras were

placed along a wildlife trail or a portion of a streambed paralleling the road in order to

-



reduce its detectability by humans. Each wildlife pass by the sensor triggered the camera.
Date of pass, and in some instances time of day, were recorded on each print. Visits were
made to each camera location periodically to replace batteries and film. Cameras were
operated during the summer and fall seasons of 1997. Unfortunately, there was a high level

of theft at many camera locations.
Underpass Surveys

Any mammal species attempting to cross a roadway from an adjacent fragment
would have two options: an at-grade, or surface, crossing or utilizing an underpass. While it
is difficult to determine where animals are making at-grade crossings, several track transect
or individual scent stations attempted to document potential crossing locations. Individual
scent stations were placed along several roadways, including Brea Cutoff Road, Fullerton
Road, and Colima Road. Track transects were established along Carbon Canyon Road and
Turnbull Canyon Road. '

Underpasses are easier to monitor and provide a safe alternative to at-grade crossing
attempts. Three types of underpasses were monitored: highway bridges, tunnels, and
culverts. Highway bridges include any open span. Tunnels are defined as those underpasses
designed for equestrian, vehicular, or wildlife uses. Culverts refer to any underpass that is
primarily designed for drainage purposes. We monitored 42 underpasses including 1
highway bridge, 9 tunnels (including 3 wildlife tunnels, 3 vehicle service tunnels, and 3
equestrian tunnels), and 32 culverts. We then attempted to determine if species usage was
related to the dimensions of underpasses.

Underpasses were monitored using two methods. One, remotely triggered cameras
were stationed at the entrances to culverts. These cameras were secured to a wooden stake
driven into the ground. The stake and camera were placed along the headwall of the culvert .
at a distance of 1 m from the culvert entrance. Film and batteries were checked at least
every two weeks, with more frequent checkups occurring at culverts with higher wildlife
activity. Species usage was determined by dividing the number of pictures of each species
through the underpass by the number of days the camera was active. Species direction of

travel and time of pass were also recorded.



A second method used to monitor culvert usage was sifting gypsum powder across
the floor of the underpass. Tracks left by individuals passing through the underpass were
identified to species. Direction of travel was also recorded. Species usage was recorded as
the number of times a given species used the underpass divided by the number of days the
underpass was sampled. '

'We measured nine underpass dimensions and five landscape variables to describe
each roadway underpass (Table 1 — see end of report). The dimension of each underpass is
presented in Table 2 (see end of report). We then estimated species usage of each underpass
through three different indices: an index for species recorded at underpasses moxﬁtoréd_by
track stations, an index for species recorded at underpasses monitored by cameras, and an
index for species recorded at underpasses that were monitored by both track and camera
stations. There was no difference in index values for each species obtained by either track
or camera methods (t = 1.80, p = 0.073), therefore index values obtained by combining both
methods were used in our statistical analyses.

We then related species usage of an underpass to the underpass dimensions. For
each species, we only included underpasses where that species was recorded on either side
of the roadway. For each continuous underpass variable, a t-test was used to determine if
the average dimension for underpasses used by species was significantly different than the
average dimension for underpasses not used by that species. For each categorical underpass
variable, a Chi-Square test was used to determine if a specific type of underpass category

was used more or less frequently than other types of underpass categories.
RESULTS
Track, Scat, and Camera Surveys
Section 1: CA 91 to Carbon Canyon Road (CA 142)
Large portions of open space within this section of the corridor are public lands

including Featherly Regional Park, Chino Hills State Park, and Carbon Canyon Regional
Park. Additionally, the Army Corps of Engineers manages Prado Flood Control Basin, a



large reserve that contains standing water throughout most of the year. Sampling was
focused on three areas; Featherly Regional Park, Chino Hills State Park, and the Prado

Flood Control Basin, which includes CA 71 and surrounding ranch land.
Featherly Regional Park
Track Surveys

Sampling around Featherly Regional Park was focused along CA 91 from Coal
Canyon Road to Gypsum Canyon Road (Figure 4). Three transects and a single scent station

were established within and around Featherly Regional Park and included:

1. Bike Path - that portion of the bike path along CA 91 between Coal Canyon Road
and Featherly Regional Park -

2. Santa Ana River- an equestrian trail paralleling the Santa Ana River between
Coal Canyon and Featherly Regional Park

3. Railroad West- a railroad access road between Brush Canyon Park and Green
River Golf Course

4. Coal Canyon- a single scent station placed along Coal Canyon Road at the
southeast corner of the CA 91/Coal Canyon Road interchange.

Coyote visitations occurred on all of the transects in the Featherly Park region (Table
3). Bobcat activity was concentrated south of the Santa Ana River, most likely due to the
high amount of vegetation along the river channel. Interestingly, bobcats were not detected
along the bike path transect during the summer and fall season of 1997, which coincided
with construction of the Eastern Transportation Corridor Foothill Freeway on the adjacent
CA 91. The Coal Canyon station was visited by coyotes (track index = 0.194). Although no
mountain lions were detected on track stations, mountain lion activity in Featherly Regional
Park was reported to a park ranger in August 1998. Additionally, mountain lion tracks were
identified along the bike path while hiking during a preliminary investigation of Featherly
Regional in May 1997.
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Table 3. Track indices for transects in the region of Featherly Regional Park.

Transect BOB coy FOX OPO RAC SKU DOG
Bike Path 0.015 0.175 0.000 0.015 0.029 0.000 10.248
Santa Ana River| 0.018 0.201 0.000 0.054 0.000 0.000 0.380
Railroad West | 0.000 0.369 0.013 0.040 0.000 0.127 0.207

Coal Canyon | 0.000 | 0.194 0.000 0.000 0.000 0.000 0.000
*= indicates a single scent station :

Scat Surveys

Scat surveys were conducted along the Bike Path and Railroad West transects
(Figure 4). No scat was detected along the bike path (Table 4). This may reflect the high
degree of human activity along this road, as scats deposited were most likely run over by
bikes, thus lowering detection. Coyote and fox scat were collected along the railroad

transect.

Table 4. Scat indices for transects in the region of Featherly Regional Park.

Transect cOoyY FOX
Bike Path 0.00000 0.00000
Railroad West 0.00012 0.00001
Camera Surveys

Cameras were placed at two underpasses underneath CA 91. Results from these

surveys are presented in the underpass monitoring section of this report.
Prado Flood Control Basin/ CA 71
Track Surveys

Four transects werc placed on the east and west sides of CA 71 (Figure 5). Transects
on the east side of CA 71 included:

11



1. Prado- portions of two access roads within Prado Flood Control Basin
2. Dam- a scent station on the east and west ends of Prado Dam

3. Railroad East- three scent stations located along the railroad access road 1km
west of Auto Center Drive

A single transect on the west side of CA 71 included:

1. Hanger Ridge- a ranch-owned dirt road running along a large north-south ridge
paralleling CA 71. -

Four transects were placed perpendicular to CA 71, with stations within the transect pléced

on the east or west side of the freeway (Figure 5). These transects included:

1. Canyon 4- a dirt road owned by a ranch and Orange County Flood Control
District, 1 km south of the CA 71/Euclid Avenue interchange

2. Canydn 6- a dirt road owned by a ranch and Orange County Flood Control
District, 1 km south of the CA 71/Euclid Avenue interchange

3. Spillway- a Prado Flood Control Basin access road paralleling the south side of
the Santa Ana River

4. Santa Ana River Trail (S.A.R.T.)- including a portion of a service road
paralleling the north side of the Santa Ana River.

The dam was sampled to determine if movement was occurring across it, however
only dog tracks were recorded. Bobcat and fox activity was recorded in three of the eight
transects (Table 5). Fox and raccoon activity on the Canyon 4 and Canyon 6 transects,
which ran perpendicular to the freeway, were only recorded on the east (Prado Flood
Control Basin) side of CA 71. Deer activity at scent stations was recorded at Canyon 6
(track index = 0.009). This was complemented by deer sightings along this same transect.
Deer sightings were also recorded along the Santa Ana River Trail (S.A.R.T.) and in Canyon
4 (Lisa Lyren, personal communication). Badger tracks were detected along the Santa Ana
River in February 1997.

12



Table 5. Track indices for transects along CA 71,

Transect BOB coY DEER FOX OoPQO RAC SKU DOG
Prado’ 0.000 0.470 0.000 0.000 0.140 0.049 0.000 0.372
Dam® 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.560
Railroad East® | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.118
Hanger Ridge” | 0.000 0.588 0.000 0.000 0.000 0.000 0.095 0.000
Canyon 4° 0.044 0.594 0.000 0.150 0.035 0.009 0.094 .| 0.008
Canyon 6" 0.018 0.578 | 0.009 0.128 | 0.053 0.000 0.070 0.036
Spillway” 0.060 0.511 0.000 0.000 0.000 0.000 0.000 0.080
SART.” 0.021 0.261 0.000 0.021 0.042 0.000 0.000 0.000

e= indicates transect is on the east side of CA 71
w= indicates transect is on the west side of CA 71
b= indicates transect is on both sides of CA 71

Scat Surveys

Scat surveys were conducted on three transects along CA 71 including Canyons 4

and 6 and the Santa Ana River Trail. Bobcat, coyote, and fox scat were detected in both

canyons (Table 6). Only coyote scat was detected along the Santa Ana _Ri\}er Trail.

Table 6. Scat indices for transects perpendicular to CA 71.

Transect BOB CcOY FOX
Canyon 4 0.00002 0.00016 0.00004
Canyon 6 0.00002 0.00014 0.00002
S.ART 0.00000 0.00006 0.00000
Camera Surveys

Cameras were placed at underpasses underneath CA 71. Results from these surveys

are presented in the underpass monitoring section of this report.




Chino Hills State Park

Track Surveys

Four transects were established in Chino Hills State Park and included:

1. Aliso Canyon (Figure 5)- beginning at the southern entrance to Chino Hills State '

Park

2. East Ridge (Figure 5)- part of the East Ridge Trail at the eastern boundary of
Chino Hills State Park

3. Telegraph Canyon East (Figure 6)- a section of the Telegraph Canyon Trail, just
west of “Four Corners”

4. Telegraph Canyon West (Figure 6)- western end of the Telegraph Canyon Trail,
beginning at the Carbon Canyon entrance of Chino Hills State Park

Sampling in the two major drainages of Chino Hills State Park showed that these
canyons are high areas of activity, especially for bobcats (Table 7). East Ridge, although
lacking bobeat visits, showed relatively moderate levels of coyote and fox activity and had
the highest levels of skunk activity. While no deer tracks were recorded on track stations,
occasional sightings were made in south Aliso Canyon and Telegraph Canyon. Weasel
visits to scent stations were recorded in Telegraph Canyon East (.021) and Telegraph
Canyon West (.021). Mountain lion sightings were also reported to park rangers in August
1998. These sightings included separate. visuals of two adults and a juvenile in the vicinity

of North Aliso Canyon, South Ridge, and Water Canyon.

Table 7. Track indices for transects in Chino Hills State Park.

Transect BOB coy FOX OPO RAC SKU WEA DOG

Aliso Canyon 0.059 0.511 0.087 0.000 0.030 0.030 0.000 0.087

East Ridge 0.000 0.256 0.041 0.080 0.000 0.118 0.000 0.000
Telegraph Canyon East | 0.193 0.581 0.042 0.000 0.082 0.021 0.021 0.082
Telegraph Canyon West| 0.071 0.577 0.000 0.048 0.093 0.003 0.021 0.275
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Scat Surveys

Coyote and fox scat were detected on all four transects within Chino Hills State Park
(Table 8). Bobcat scat was detected at all transects except East Ridge.

Table 8. Scat indices for transects in Chino Hills State Park.

Transect BOB coy FOX
Aliso Canyon ' 0.00010 0.00062 0.00023
East Ridge 0.00000 0.00050 0.00005
Telegraph Canyon East 0.00043 0.00050 0.00020
Telegraph Canyon West 0.00007 0.00007 0.00011

Section 2: Carbon Canyon Road (CA 142) to CA 57

The area between Carbon Canyon Road and the CA 57 was not sampled completely
due to access restraints. The recent acquisition of the Shell property by Chino Hills State
Park provided the opportunity to survey Sonome Canyon. Additional surveys were
conducted at the western end of this section in Tonner Canyon. Sampling was not
conducted between western Tonner Canyon and Sonome Canyon due to the restriction of
access onto the Firestone Boy Scouts Reservation. Because the habitat throughout the
Reservation is similar to Tonner and Sonome Canyons, carnivore activity in the Firestone
Property should be similar to carnivore activity to the west and east. In fact, due to the lack
of human activity on the Firestone property, certain species may possibly have higher index

values than those in Sonome and Tonner Canyon.
Carbon Canyon Road
Track Surveys

Seven scent stations were placed along the shoulder of Carbon Canyon Road from
Olinda Drive west to Chino Hills State Park (Figure 6) and included:
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