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Abstract
Cougars are the most significant apex predator of the Owens Valley in California, but they are at risk of
population decline due to the shifting conditions of the valley and impending climate change. Populations
of cougars in the Sierra Nevada and Inyo-White Mountains are also at risk of being cut off from each other
as these conditions become a barrier to gene flow. We used ArcGIS to create a fuzzy suitability model of
existing suitable conditions in the valley, and then connected points of suitability together with a leastcost path model. Using this data, environmental planners can designate corridors between mountain
ranges where they can most effectively focus conservation efforts.

Introduction
Cougars, along with black bears and grey
wolves, are the most significant apex
predators in the lower forty-eight states
of the United States. Currently they are at
risk of population decline in many areas
due to habitat fragmentation, genetic
inbreeding, and environmental stochastic
events. Seemingly large areas set aside
for wildlife might not be large enough to
guarantee a self-sustaining population of
cougars. To insure that populations of 20
adults (the minimum needed to prevent
inbreeding and stochastic extinction) will
last 100 years, they will need at least 2200
km2 of usable habitat space. However,
this required area can be as small as 600
km2 if the population has connectivity and
regular immigration occurs (Beier, 1993).

Cougars are
solitary predators
that require large
home ranges.
When populations
become isolated,
genetic diversity
likewise declines.
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Connectivity is important between
populations and habitats. When a
population is isolated, small habitat loss,
slightly harmful genetic mutations, and
bad luck starts to add up over time. Even
if a population of cougars had 2200 km2
of space, it is not guaranteed that the
population would last beyond 100 years
into the future. The goal of conservation
biology is to maintain “wildlands integrity”
in large, undisturbed core areas, preserve
healthy populations of predators, and

encourage immigration between wildlands
(K. Penrod, Hunter, & Merrifield, 2001).
In the absent of keystone species like
cougars, biodiversity across their territories
will decline.
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GIS has emerged as an excellent tool for
studying apex predators like cougars.
Researchers in the Santa Ana Mountains
in California using radio collars shows
that cougars prefer riparian, shrub lands,
and chaparral over open grasslands or
developed areas (Dickson & Beier, 2002).
The same radio collars showed how
vegetation, topography and roads can
influence the cougar’s ability to travel
across the landscape (Dickson, Jenness, &
Beier, 2005). Similar studies have resulted
in new models of suitable habitats in the
Midwest (LaRue & Nielsen, 2011) as well as
likely paths for cougars to travel between
those habitats (LaRue & Nielsen, 2008).

Roads are the most common element
that fragment a habitat, so structures like
underpasses, raised roads, and landscaped
greenways can reduce the risk of death by
vehicle while also increasing connectivity
(Beier, Majka, Newell, & Garding, 2008;
Linehan, Gross, & Finn, 1995).
Recent genetic research into cougars
across the state of California have
identified that there is a lower amount of
gene flow between the southern ranges
of the Sierra Nevada and Inyo-White
mountains compared to their northern
counterpart (Ernest et al., 2003). While
the crest of the Sierra Nevada presents
a significant obstacle to cross, this does
not prevent cougars north of Owens Valley
from crossing it. Logically, some quality
of Owens Valley reduces the connectivity
between the two areas. Radio collar
experiments in Round Valley (a smaller
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Using GIS, planners and policy makers can
start incorporating connectivity into their
plan for wildlife by using a least-cost model
to predict suitable corridors (Nikolakaki,
2004). Armed with this data, planners can
go a step further and strategically adapt
landscape features in order to encourage
connectivity. While cougars are unusually
determined to travel across dangerous
urban terrain like freeways, suburban
housing tracks, and golf courses, they are
still at a great risk of being killed by cars or
people (Beier, 1993).

Map 1: The Owens Valley
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valley within Owens Valley) have identified
two distinct migration patterns: either
cougars will slowly drift from one side of
their territory to the other with the season,
or they have distinct and distance summer
and winter territories (Pierce, Bleich,
Wehausen, & Bowyer, 1999). The ability of
these long distance travelers to cross the
Owens Valley is paramount for gene flow to
occur between the mountain ranges.

The Owens Valley
is bordered by two
mountain ranges:
the Sierra Nevada
and the Inyo-White
Mountains.

About the Owens Valley
The Owens Valley is bordered by two
mountain ranges—the Sierra Nevada to
the west and the Inyo-White Mountains
to the east. Both mountain ranges have
historically received large snowpack
(though this have changed significantly in
recent years) (Carlson, Scott, & Macias,
2015). Many perennial streams join together
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to form two lakes: Owens Lake (now dry)
on the southern end and Mono Lake in the
north, which itself does not feed into any
stream and has become “dead” due to
excess accumulation of salt.
The decline of what was once a fertile
landscape began in 1913, when William
Mulholland opened the floodgates to
the LA Aqueduct, allowing it to fill up the
San Fernando Reservoir. The Aqueduct
redirected water from the Owens River,
which feeds Owens Lake, hundreds of
miles away to the city of Los Angeles
(Sahagun, 2013). The city also acquired
properties around the aqueduct to insure
that they had the water rights for the
tributaries feeding the Owens River. By
1935, LA owned 88% of all farmlands and
95% of properties within the few townships
in Owens Valley (Libecap, 2006). As a result,
Owens Lake completely dried up, causing
dust storms and other environmental
harm. In addition, excessive groundwater
pumping led to the decline of verdant
meadows throughout the valley. The water
table became much lower in some areas,
and once perennial streams became vernal
or even disappeared completely. The plant
communities thus began to shift. Areas
that were particularly hard hit by these drier
conditions saw an increase in exotic plants
from the Great Basin region. Other areas
saw large die-off of key species and no
regeneration of vegetation—exotic or native
(Elmore, Mustard, & Manning, 2003).
While the human population has not
significantly changed compared to the
farming communities 100 years ago,
humans have created a powerful impact
on the ecosystem by extracting water from
the valley. The integrity of the wilderness
in the valley has shifted drastically, and the
response of cougars to this drier landscape
has surely shifted with it.

Project Goal
Our goal for this project is to develop a
suitability model for cougar habitat in the
Owens Valley and determine the most
likely routes cougars will take to traverse
it. Because the Owens Valley has a small

human population but critical infrastructure,
such as the Los Angeles Aqueduct, it is
possible to adapt this infrastructure to
encourage more connectivity for cougars.
We used ArcGIS to create a fuzzy suitability
model of where cougars are likely to
be in the Owens Valley, based on their
preferences to specific landcover types
and known obstacles. Using the results
of this model, we then delineated three
origin points in the Sierra Nevada range
and a destination point on the opposite
side of the valley at the base of the White
mountains. Next, we created a second
model gaging the least-cost path between
points to determine which paths cougars
are likely to travel when migrating. This
project can inform environmental planners
and civil engineers alike where to focus
their efforts when restoring connectivity
across the Owens Valley.

Fuzzy Suitability Model
Cougars have well-established criteria for
what constitutes suitable habitat. Most of
these criteria are based on continuous data
(such as slope) and can be converted to
a scale of conditions cougars prefer. For
example, cougars prefer a gentle slope
rather than steep terrain. In ArcGIS, this
scale ranges from 1 (most suitable) to 0
(least suitable). The advantage of “fuzzy”
suitability, as compared to simpler, binary
models, is it allows for nuance between
levels of suitability. As part of our fuzzy
suitability model of the valley, we applied
the fuzzy membership tool to processed
criteria layers based on expert opinion
and a review of the literature regarding
cougar preference. With slope, for example,
the fuzzy membership function would
be “small” and have a midpoint of “15”.
After 15 degrees, the likelihood of seeing
a cougar would rapidly decline with
increasing slope. On our map, areas that
are 15 degrees or less would appear green
while everything else would decrease in
suitability from yellow to orange to red.
Below is a summary of the criteria and
functions we applied to each data layer of
the suitability model:
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The “towns” layer has boundaries that
represent the extent of disturbed landscape
by human populations. After running the
Euclidean Distance tool, the resulting
“towns” raster was assigned a fuzzy
membership. Because suitable areas are
farther from the town layer, the membership
function was set to “large” with a midpoint
of 1000 meters (see Map 2a).

Map 2a: Fuzzy Towns

The “DEM” layer was converted to degrees
of slope and then assigned a Fuzzy
membership. Because cougars prefer
gentler slopes, the membership function
was set to “small,” and the midpoint “15”
degrees (see Map 2b).
Vegetative cover on the “vegetation” layer
was reclassified according to cougar
preferences. Generally, cougars prefer
vegetation which provide more horizontal
cover. Areas of no vegetative or developed
areas are thus the least suitable. Vegetation
with tree cover and riparian zones, where
prey is likely to travel, is the most suitable.
The layers were classified on a scale of
1 to 9, with 1 being the least suitable
and 9 being the most. A “linear” Fuzzy
Membership function was assigned, with
suitability increasing between a minimum of
1 and a maximum of 9 (see Map 2c).
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Map 2b: Fuzzy Slope

Streams are important as a water source
and because riparian habitats attract prey.
Because cougars generally prefer to be
closer to streams, the fuzzy membership
function was set to “large” and the midpoint
at 2000 meters (see Map 2d).
Both highways and the Los Angeles
Aqueduct represent barriers to Cougars
because they are difficult to cross (due
to car traffic, or the incised nature of the
aqueduct bank). In short, they are not
places cougars would tend to get close to
and thus the Fuzzy membership was set to
“large” with a midpoint of “500 meters” (see
Map 2e and 2f).
Each of the resulting fuzzy membership
layers were then be overlaid with the fuzzy
overlay tool. Since we were only interested
in areas that are likely to have cougars for
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all criteria, we used the “AND” overlay type.
This resulted in a map (see Map 2g) that
designates areas that are most suitable
for cougars—an important component for
the least-cost path model (Andy Mitchell,
2012).
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Map 2c: Fuzzy Vegetation

Map 2d: Fuzzy Streams
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Vegetation types have been reclassified on a scale of 1 to 9,
with 1 being the least suitable to cougars, and 9 being the
most suitable.
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Map 2f: Fuzzy Aqueduct
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Map 2e: Fuzzy Highways
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Suitable habitat sharply decreases within 500 meters of the
Los Angeles aqueduct.
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Least-Cost Path Model

Map 2g: Fuzzy Suitability Overlay

Based on the results of the fuzzy suitability
analysis, we created points on either end
of the valley representing suitable habitat
leading into the Sierra Nevada and White
mountains. We designated three origin
points in the Sierra Nevada, where cougar
populations are greater, and one destination
point at the White mountains.
In order to determine the least-cost path,
we first assigned a cost value to each of
the criteria layers. The cost value is based
on the cost in effort for a cougar to travel
across the valley. Cost was assigned by
reclassifying each layer on a scale of 1 to
5, where 1 represents the least cost and
5 represents the most cost. Like the fuzzy
suitability model, the criteria was determined
by a review of the literature and expert
opinion on cougar preference and behavior.
For the “towns” layer, we assigned a cost of
5 for a distance within 500 meters of town
boundaries. Beyond 500 meters, the value
was assigned 1, since there is low cost from
towns at this distance.
For “streams,” we assigned a cost of 5 for
a distance beyond 4000 meters of streams.
Between 2000-4000 meters was assigned a
cost of 3, and within 2000 meters of streams
was assigned a cost of 1 because proximity
to water represents a lower cost to cougars.
We assigned costs to the “vegetation” layer
based on vegetation types. Non-vegetated
and developed areas were assigned a cost
of 5. Agriculture and sparsely vegetation
areas were assigned a cost of 4. Grasslands
and exotic herbaceous were assigned a cost
of 3. Shrubland was assigned a cost of 2.
Hardwood, conifer, and riparian vegetation
was assigned a cost of 1. In general,
lower cost was assigned to vegetation
representing better horizontal cover which is
preferred by cougars.
The distance to “highways” was assigned
a cost of 5 within 500 meters. Beyond 500
meters, the cost was assigned 1, because
there is low cost from highway disturbance
at this distance.
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Lastly, “slope” was assigned a cost of 5
for slope higher than 25%. 15-25% was
assigned a cost of 4. 10-15% was assigned
a cost of 3. 5-10% was assigned a cost of
2. Less than 5% was assigned a cost of 1,
because cougars prefer gentler slopes.

This map shows the
combined layers of
suitability. Generally,
suitable areas follow
stream corridors and
plant communities
which provide
horizontal cover.

After cost was assigned to each criteria
layer, we performed a weighted overlay to
assign weights to each criteria. Because
“towns” represent the highest cost,
they were assigned a weight of 40%.
“Vegetation” and “streams” were assigned
20% because they have a large impact
on cougar behavior as they move through
the valley. “Highways” and “slope” were
both assigned a weight of 10% because,
although they do represent some cost to
cougars, they are less inhibiting than the
other criteria.
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From the weighted overlay function, a
cost-surface layer was generated. Starting
with the destination point at the base of
the White Mountains, a “cost distance”
function calculated the cost all the cells
within the Owens Valley boundary, resulting
in a “cost direction” layer. Next, the origin
points in the Sierra Nevada were inputed
into a “cost path” function along with the
previously generated “cost distance” and
“cost direction” layers. This resulted in a
raster path representing the least-cost path
from the origin points to the destination
point. Lastly, this path was converted into
a vector polyline (see Map 3a). The final
results show the least-cost path over a
cost surface layer, representing areas of the
valley with the least and most traveling cost
to cougars (see Map 3b).

Validation

Map 3a: Least-Cost Path

This map shows the
least-cost path from
the origin points in
the Sierra Nevada
to the destination
point in the White
Mountains.
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ArcGIS, but comparison between models
does lend support to the validity of the
least-cost path. By overlaying the results
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suitability (see Map 4).
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Map 3b: Least-Cost Path with Cost Surface

Conclusion
Using GIS, we have found areas in Owens
Valley that are most suitable for cougars
using fuzzy suitability modeling. We have
also connected those areas together by
using a least-cost path model, which
represents the most likely paths cougars
may take across the valley.
Because of the declining conditions of
the valley, due in large part to excessive
ground water pumping and the diversion of
the Owens River, as well as the impending
effects of climate change, it is not
unreasonable to think that Owens Valley
can one day represent a significant barrier
for cougar gene flow between mountain
ranges. In order to preserve the integrity of
Owens valley wildlands, designating cougar
corridors is crucial. Providing planners
with this data allows them to implement
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strategies where they are most likely to
be effective, saving significant time and
money. By combining radio collar data,
suitability models, and information about
human impact, the Owens Valley can
continue to accommodate the passage of
cougars well into the future.

Map 4: Least-Cost Path with Fuzzy Suitability
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APPENDIX A: MODELS
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