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Abstract
Jointly considering the ecology (e.g., habitat use) and genetics (e.g., population ge-
netic structure and diversity) of a species can increase understanding of current 
conservation status and inform future management practices. Previous analyses in-
dicate that mountain lion (Puma concolor) populations in California are genetically 
structured and exhibit extreme variation in population genetic diversity. Although 
human development may have fragmented gene flow, we hypothesized the quan-
tity and quality of remaining habitat available would affect the genetic viability of 
each population. Our results indicate that area of suitable habitat, determined via 
a resource selection function derived using 843,500 location fixes from 263 radio-
collared mountain lions, is strongly and positively associated with population genetic 
diversity and viability metrics, particularly with effective population size. Our results 
suggested that contiguous habitat of ≥10,000 km2 may be sufficient to alleviate the 
negative effects of genetic drift and inbreeding, allowing mountain lion populations 
to maintain suitable effective population sizes. Areas occupied by five of the nine 
geographic–genetic mountain lion populations in California fell below this habitat 
threshold, and two (Santa Monica Area and Santa Ana) of those five populations lack 
connectivity to nearby populations. Enhancing ecological conditions by protection 
of greater areas of suitable habitat and facilitating positive evolutionary processes 
by increasing connectivity (e.g., road-crossing structures) might promote persistence 
of small or isolated populations. The conservation status of suitable habitat also ap-
peared to influence genetic diversity of populations. Thus, our results demonstrate 
that both the area and status (i.e., protected or unprotected) of suitable habitat influ-
ence the genetic viability of mountain lion populations.
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1  | INTRODUC TION

Wildlife ecologists seek to understand wildlife habitat use patterns 
to preserve suitable habitat, maintain connectivity between patches 
of suitable habitat, and develop protocols for estimating population 
sizes (Proffitt et al., 2015; Smith, Duaneb, & Wilmersb, 2019; Torres, 
Mansfield, Foley, Lupo, & Brinkhaus, 1996; Wilmers et al., 2013; 
Zeller, Vickers, Ernest, & Boyce, 2017). The availability and distri-
bution of habitat can have lasting evolutionary consequences via 
influences on genetic diversity (McRae, Beier, Dewald, Huynh, 
& Keim, 2005; Wang, Yang, Bridgman, & Lin, 2008). For example, 
habitat loss, fragmentation, and decreased connectivity can reduce 
gene flow, and promote genetic drift, genetic differentiation, and 
inbreeding (Delaney, Riley, & Fisher, 2010; Dixon et al., 2007; Epps 
et al., 2005). Thus, management planning may benefit from examin-
ing population genetics and habitat use patterns in tandem. Such an 
approach may support determination of minimum thresholds of hab-
itat area that are necessary for maintaining the effective population 
size and thereby the evolutionary potential of wildlife populations 
(Caballero, Rodríguez-Ramilo, Ávila, & Fernández, 2010; Roffler 
et al., 2016; Shafer et al., 2012).

Large carnivore species, which typically exist at low densities 
and occupy large home ranges, are some of the more challenging 
species to conserve, in part because of their requirements for large 
areas of habitat (Ray, Redford, Robert, & Berger, 2005). Such spe-
cies can be used as “umbrella species” for biodiversity conservation 
efforts, because retention of tracts of suitable habitat large enough 
to support large carnivore populations benefits other species with 
overlapping requirements (Linnell, Swenson, & Andersen, 2000). 
Mountain lions (Puma concolor), for example, are regularly used as 
an umbrella species for conservation efforts across the western 
United States (Carroll, Noss, & Paquet, 2001; Thorne, Cameron, & 
Quinn, 2006). California contains large areas of suitable mountain 
lion habitat, totaling 165,350–170,085 km2 (Dellinger, Darby, & 
Torres, 2019), with mountain lions present in all major ecoregions 
(Dellinger et al., 2018, 2019; McClanahan, Duplisea, Dellinger, & 
Kenyon, 2017; Vickers et al., 2015; Wilmers et al., 2013). However, 
increasing human population size and development, particularly 
major roadways, has caused suitable habitat to become fragmented 
in multiple areas, particularly in and adjacent to the Los Angeles 
basin, where mountain lion populations inhabiting geographically 
close mountain ranges (~100 km apart) (a) are genetically distinct 
from each other (Gustafson et al., 2019; Morrison & Boyce, 2009; 
Riley et al., 2014); and (b) have low genetic diversity and effective 
population sizes, which could influence population viability (Benson 
et al., 2016, 2019; Gustafson, Vickers, Boyce, & Ernest, 2017). In 
contrast, other mountain lion populations in California, such as those 
inhabiting the Sierra Nevada Mountains and the Modoc Plateau in 
northeast California, are effectively large, genetically diverse, and 
well connected to each other with dispersal and genetic structur-
ing influenced more by natural landscape features (e.g., the crest of 
the Sierra Nevada Mountains and transitions from one ecoregion to 
another) than by anthropogenic influences. Gustafson et al. (2019) 

suggested that variation in the amount of suitable habitat between 
populations in part explained these divergent circumstances.

To test this and related hypotheses, we examined the relation-
ships of population genetic metrics (i.e., expected heterozygosity, al-
lelic richness, and effective population size) for 9 genetically distinct 
mountain lion populations in California with: (a) the area of overall 
suitable habitat, estimated from a resource selection function (RSF) 
model that was developed using location data from GPS-collared 
mountain lions, and (b) a subset of overall suitable habitat comprised 
of public lands and private lands with conservation easements, 
hereafter referred to as protected suitable habitat, where each pop-
ulation occurs. We hypothesized that increasing areas of suitable 
mountain lion habitat would be correlated with higher levels of ge-
netic diversity (Gustafson et al., 2019; Templeton, Shaw, Routman, 
& Davis, 1990; Weckworth et al., 2013). We hypothesized a similar 
relationship between areas of protected suitable habitat and genetic 
diversity, but expected a given area of protected suitable habitat to 
be correlated with greater genetic diversity than an equally sized 
area of overall suitable habitat, because protected lands often have 
less human presence and less human-caused disturbance than over-
all suitable habitat and may be perceived by mountain lions to be of 
higher quality (Watson, Dudley, Segan, & Hockings, 2014). In addi-
tion, based on our habitat–genetic metrics models, we identified the 
minimum habitat area (for both overall suitable habitat and protected 
suitable habitat) expected for mountain lion populations to maintain 
an effective population size (Ne) > 50, a size where the probability of 
inbreeding depression is expected to be low (Franklin, 1980).

2  | MATERIAL S AND METHODS

2.1 | Genetic analyses

We used data from two previous publications: Gustafson 
et al. (2019) and Dellinger et al. (2020). Gustafson et al. (2019) ex-
amined mountain lion population genetic structure using 42 mi-
crosatellite loci among 992 samples from individuals distributed 
throughout California and Nevada, USA. Their results demonstrated 
the presence of 10 geographically distinct, genetically structured 
mountain lion populations within California (Figure 1). We created 
a Geographic Information System (GIS) shapefile representing the 
extent and distribution of 9 of these genetically structured popula-
tions. The Modoc Plateau population was excluded because it pri-
marily occurred in Nevada and we were unable to calculate the area 
of suitable mountain lion habitat outside of California (see below for 
habitat area calculation methods).

The spatial distribution of the 9 genetically distinct populations 
was determined by taking all the genetic population assignment re-
sults from the 992 samples analyzed by Gustafson et al. (2019) and 
performing a kriging procedure in a GIS environment. The 9 resulting 
probability raster layers (with values ranging from 0 to 1), one for 
each genetically distinct population, represented the percent likeli-
hood that a given area belonged to each of the genetically defined 
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mountain lion populations. We then reclassified each probability 
surface wherein areas with values ≥0.5 were assigned to the given 
genetically defined population and each area with a value <0.5 was 
not. We used the estimates of heterozygosity, allelic richness, and 
Ne for each of the genetically structured populations identified by 
Gustafson et al. (2019; Table 1). Locus-specific information and anal-
yses are detailed in Gustafson et al. (2019). Briefly, specific tests 
for violations indicated there was no evidence for null alleles, allelic 
dropout, scoring errors, deviations from HWE, or linkage among loci. 
Data for monomorphic loci within each population were removed 
prior to analyses. Effective population size was estimated using the 
linkage disequilibrium method in NeEstimator 2.01 (Do et al., 2014). 
Expected heterozygosity was calculated using GenAlEx 6.502 
(Peakall & Smouse, 2006, 2012), and sample-size corrected allelic 
richness was calculated using FSTAT 2.9.3.2 (Goudet, 1995).

2.2 | Habitat analyses

Dellinger et al. (2020) examined mountain lion habitat use using lo-
cation data from 263 GPS-collared individuals from all major ecore-
gions (n = 8) in California (Level III Ecoregions; Griffith et al., 2016) 
and estimated the area of suitable habitat across the state at multi-
ple spatial scales. We intersected a raster layer representing their re-
source selection function (RSF) of second-order or home-range level 
habitat selection (1 km2 resolution; Johnson, 1980) with the shapefile 
derived from Gustafson et al. (2019; Figure 1). The RSF raster layer 
was transformed from a probability surface with values ranging from 
0 to 1 to a surface with values 0 (unsuitable) or 1 (suitable) using the 
cut-point probability that captured 90% of the observed mountain 
lion GPS data as described in Dellinger et al. (2020). This procedure 
resulted in 9 individual raster layers representing area of overall suit-
able habitat available to each of the genetically defined mountain 
lion populations. We then intersected each of the 9 resulting raster 

F I G U R E  1   Geographic distributions of genetically distinct 
mountain lion populations in California (Gustafson et al., 2019) and 
distribution of suitable mountain lion habitat (Dellinger et al., 2020). 
Geographic extent of genetically distinct mountain lion populations 
was derived from Gustafson et al. (2019) wherein their 0–1 
probability of population assignment tests were adjusted such that 
an area with a population assignment value ≥ 0.5 was assigned to 
the given genetically defined population and values < 0.5 were 
not. Note that there were no areas where multiple populations had 
population assignment values ≥ 0.5 and that population assignment 
values ≥ 0.5 for a given area does not inherently mean that area 
is suitable mountain lion habitat. Given that mountain lions in the 
Modoc Plateau were shown to be a genetic extension of mountain 
lions in Nevada, and we were unable to calculate area of suitable 
mountain lion habitat in Nevada, we excluded the Modoc Plateau 
from our analyses

TA B L E  1   Overall genetic and habitat values by area in California. Genetic values for each area are derived from Gustafson et al. (2019), 
while habitat-related values for each area are derived from Dellinger et al. (2020). Overall habitat was defined as all suitable mountain lion 
habitat in a given area regardless of protection status. Protected habitat was defined as suitable habitat in a given area not likely to be 
developed in the near future (i.e., public lands or private lands with conservation easements)

Population
Expected 
heterozygosity Allelic richness

Effective population 
size Overall habitat (km2)

Protected 
habitat (km2)

Western Sierra Nevada 0.52 3.63 158 (141–177)a  40,397 22,183 (0.55)b 

Eastern Sierra Nevada 0.53 3.46 23 (21–25) 10,241 9,889 (0.97)

North Coast 0.41 3.06 83 (71–97) 27,091 11,624 (0.43)

Santa Cruz 0.42 2.62 17 (15–18) 5,042 1,818 (0.36)

Central Coast 0.46 3.00 57 (47–69) 16,355 6,780 (0.41)

Santa Monica Area 0.41 2.63 3 (2–4) 2,688 1,129 (0.42)

Santa Ana 0.33 2.27 16 (13–19) 2,054 1,081 (0.53)

Eastern Peninsular 0.44 3.07 32 (29–34) 7,683 4,777 (0.62)

Transverse Range 0.42 2.75 5 (3–6) 3,759 2,976 (0.79)

aParametric 95% confidence intervals given in parentheses. 
bPercent of overall habitat in a given area that is protected. 
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layers above with a shapefile depicting protected areas (California 
Conservation Easement Database, 2018; California Protected Areas 
Database, 2018) across California, resulting in 9 additional raster lay-
ers representing the area of protected habitat available to each of 
the genetically defined mountain lion populations (Figure 2; Table 2).

After calculating the area of total suitable habitat and protected 
habitat available to each of the 9 mountain lion populations, we used 
logarithmic regression to evaluate the relationships between both 
total suitable habitat area and protected habitat area and the genetic 
diversity metrics (i.e., heterozygosity and allelic richness), and used 
linear regression to evaluate relationships between habitat areas 
and Ne (Table 1). We used logarithmic regression for heterozygos-
ity and allelic richness due to the differences in order of magnitude 
between the habitat and genetic estimates being used in the analy-
ses. We used likelihood-ratio tests to compare each set of models 
to determine whether the area of protected habitat, or overall suit-
able habitat was significantly better than the other in accounting for 
the variability in each of the three genetic metrics being examined. 
Lastly, using a minimum Ne threshold of 50 with the linear regres-
sion equations, we derived minimum habitat thresholds predicted to 
be necessary for ensuring genetic population viability for each ge-
netically defined mountain lion population (Frankham, 1995; Mace 
et al., 2008).

We used Program R version 3.4.3 (R Core Team, 2017) for all 
statistical analyses and ArcView GIS version 10.3.1 (ESRI, Redlands, 
California) for spatial analyses. In all analyses, we considered p ≤ .05 
to be statistically significant.

3  | RESULTS

The area of overall suitable habitat occupied by each of the 9 geo-
graphically and genetically distinct mountain lion populations in 
California varied from 2,054 km2 for the Santa Ana population to 
40,397 km2 for the Western Sierra Nevada population. The propor-
tion of suitable habitat that was protected varied from 0.36 for the 
Santa Cruz population to 0.97 for the Eastern Sierra Nevada popula-
tion (Table 1).

We observed a consistent pattern indicating that larger areas of 
overall suitable habitat or of protected suitable habitat occupied by 
the mountain lion populations were highly correlated with greater 
values of mountain lion conservation genetic metrics (Figure 3a-c). 
For both expected heterozygosity and allelic richness, the pattern 
was asymptotic—the rate of increase in genetic diversity in concert 
with habitat variables was initially rapid but declined with additional 
habitat beyond ~20,000 km2 (Figure 3a, b). The relationship between 
Ne and the habitat variables was linear and did not indicate the oc-
currence of diminishing returns with additional habitat.

We observed statistically significant relationships between all 
of the population genetic metrics (i.e., expected heterozygosity, 
allelic richness, and Ne) and areas of overall and protected habitat 
(Table 2). The area of protected suitable habitat was a good to ex-
cellent predictor of expected heterozygosity (r2 = 0.60) and allelic 
richness (r2 = 0.87), and in both cases explained more variation that 
did the area of overall suitable habitat (Table 2). In contrast, while 
the area of protected suitable habitat was an excellent predictor of 
Ne (r

2 = 0.88), the area of overall suitable habitat had even more pre-
dictive power (r2 = 0.97). Likelihood-ratio tests demonstrated that 
the logarithmic regression model using area of protected habitat 
had a significantly better fit (i.e., higher likelihood) for the given data 
than the same model using area of overall habitat for allelic richness 
(p = .029; x2

2
 = 7.042). Likelihood-ratio tests demonstrated there was 

no significant difference (p = .245; x2
2
 = 2.809) between the two log-

arithmic regression models for expected heterozygosity, although 
the model using area of protected habitat had higher likelihood (17.1) 
than the model using area of overall habitat (15.7). Further, a likeli-
hood-ratio test demonstrated that the linear regression model using 
area of overall habitat had significantly better fit for the given data 
than the same model using area of protected habitat for Ne (p = .004; 
x
2

2
 = 11.138). Lastly, the minimum area of suitable habitat estimated 

to maintain Ne ≥ 50 was 14,591 km2 for overall suitable habitat and 
7,923 km2 for protected suitable habitat.

Five populations were shown to occupy areas with less than 
the overall and protected suitable habitat thresholds stated above. 
These populations were Santa Cruz, Santa Monica Area, Santa 
Ana, Transverse Range, and Eastern Peninsular. The Central Coast 

F I G U R E  2   Geographic distribution of suitable mountain lion 
habitat (Dellinger et al., 2020) and protected lands in California. 
Suitable mountain lion habitat was transformed from a probability 
surface with values ranging from 0 to 1 to a surface with values 
0 (unsuitable) or 1 (suitable) using the cut-point probability that 
captured 90% of the observed mountain lion GPS data as described 
in Dellinger et al. (2020). Protected lands were those not likely to 
be developed in the near future (e.g., public lands or private lands 
with conservation easements)
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population was shown to occupy an area above the overall suitable 
habitat threshold but below the protected suitable habitat thresh-
old. The Eastern Sierra Nevada population was shown to occupy 
an area below the overall suitable habitat threshold but above the 
protected suitable habitat threshold. Finally, the North Coast and 
Western Sierra Nevada populations were shown to occupy areas 
above both thresholds (Tables 1 and 2).

4  | DISCUSSION

We found that a substantial amount of the variation in heterozygo-
sity, allelic richness, and Ne between California mountain lion popu-
lations could be explained by both the area of overall suitable habitat 
and the area of protected suitable habitat available. In particular, es-
timated Ne could be predicted with knowledge of the area of overall 
suitable habitat. Because the area of overall suitable habitat ex-
plained 97% of the variation in Ne among California mountain lion 
populations, it is likely in general that maintenance or restoration 
of any suitable habitat, protected or unprotected, would have sub-
stantial value in conserving this potential umbrella species, as well 
as other species with overlapping habitat requirements. For exam-
ple, old-growth redwoods (Sequoia sempervirens), steelhead salmon 
(Oncorhynchus mykiss), and California condors (Gymnogyps califor-
nianus) may fall under the umbrella and benefit from conservation 
of mountain lion habitat (Perrig, Donadio, Middleton, & Pauli, 2017; 
Thorne et al., 2006). While suitable mountain lion habitat that is 
protected appears to be of somewhat greater value, depending on 
the metric, for the genetic health of mountain lions (see below), un-
protected but otherwise suitable habitat (e.g., working ranchlands, 
forests managed for timber production, etc.) is clearly of importance 
(Gray & Teels, 2006; Macon, 2020).

We also found that a given area of protected suitable habitat was 
correlated with higher expected heterozygosity and allelic richness 
than an equally sized area of overall suitable habitat. However, ex-
pected heterozygosity for a given area of protected suitable habi-
tat was not significantly higher than an equally sized area of overall 
suitable habitat. It appears that if suitable habitat is protected, only 
about half (53%) as much is required to maintain a mountain lion 
population with allelic richness ≥ 3.00 than if suitable, mixed-status 

(i.e., protected and unprotected) habitat is maintained. High allelic 
richness in protected habitat compared to unprotected/mixed-sta-
tus habitat is likely a result of less habitat fragmentation and higher 
landscape permeability, which can increase facilitate gene flow 
(Gustafson et al., 2019). Greater gene flow, combined with increased 
mountain lion densities, demonstrates the potential for protected 
habitat to serve as sources for adjacent unprotected/mixed-status 
habitat and allowing for viable metapopulations of mountain lions 
(Mills, 2013; Zanon-Martinez et al., 2016).

Estimates of suitable habitat available to mountain lions in 
California are between 165,350 km2 in winter and 170,085 km2 in 
summer (Dellinger et al., 2020). Although California likely contains 
more suitable mountain lion habitat than other states with moun-
tain lion populations (Dickson, Roemer, McRae, & Rundall, 2013; 
Oregon Department of Fish & Wildlife, 2017; Robinson et al., 2015; 
Utah Division of Wildlife Resources, 2015), we found that 5 of 
the 9 genetically defined mountain lion populations in California 
(Eastern Peninsular, Santa Ana, Santa Cruz, Santa Monica Area, and 
Transverse Range) occupy areas with less overall and protected suit-
able habitat than our models indicate is necessary to maintain ge-
netic diversity and adaptive potential over the long-term. The other 
3 populations (Western Sierra Nevada, Eastern Sierra Nevada, and 
North Coast) and likely the Modoc Plateau population, which was 
excluded from this analysis but is effectively large (Ne = 166) and 
genetically diverse (Gustafson et al., 2019), contain abundant overall 
and protected suitable habitat.

For the 5 populations that we identified as occupying areas that 
were below the minimum habitat thresholds, even if all the suitable 
habitat within these areas was protected, our results suggest that 
there is insufficient habitat available to maintain long-term genetic 
diversity and adaptive potential. This finding suggests that efforts 
to increase connectivity between these populations will likely pro-
vide more conservation benefit than those that focus on minimizing 
individual mortalities, particularly in light of the high rates of intra-
specific strife documented in some of these populations (Benson, 
Sikich, & Riley, 2020; Riley et al., 2014) which indicate that remaining 
suitable habitat is likely saturated, providing no option for increasing 
abundance within each population.

Populations with below-threshold habitat areas and low Ne, 
however, might still be able to persist and maintain viable levels 

TA B L E  2   Relationships between overall (i.e., including unprotected/mixed protection status) and protected (i.e., public lands and private 
lands with conservation easements) suitable mountain lion habitat and each of three genetic measures: (1) expected heterozygosity, (2) 
allelic richness, and (3) effective population size. Logarithmic regression models were used for expected heterozygosity and allelic richness 
and linear regression models for effective population size. The minimum thresholds for overall and protected mountain lion habitat were 
derived using linear equations wherein overall and protected habitat were independent variables and effective population size was the 
dependent variable. We substituted Ne = 50 for x in the linear equations

Expected heterozygosity Allelic richness Effective population size

Overall Protected Overall Protected Overall Protected

R2 value 0.45 0.60 0.71 0.87 0.97 0.88

p value .048 .015 .004 <.001 <.001 <.001

Minimum Threshold (km2) 14,591 7,923



10692  |     DELLINGER Et aL.

of genetic diversity if they experience gene flow with adjacent 
effectively large and genetically diverse populations. Greater 
landscape permeability would promote gene flow among distinct 
populations, potentially allowing for viable metapopulations of 
mountain lions (Mills, 2013; Olivieri, Michalakis, & Gouyon, 1995; 
Warren, Wallin, Beausoleil, & Warheit, 2016). Thus, single small 
areas of habitat with high connectivity to larger areas of habitat, 
as well as multiple small areas of habitat all highly connected to 
one another, might collectively contain enough suitable habitat to 
maintain a viable metapopulation (Mills, 2013; Primack, 2004). If 
connectivity between the Central Coast population and either the 
Santa Monica Area or the Santa Cruz population were restored, 
then the two smaller populations would then be above the habitat 

thresholds we have identified (Tables 1 and 2). However, if connec-
tivity among the Transverse Range, Eastern Peninsular, and Santa 
Ana populations were restored, these areas combined would still 
fall below the habitat thresholds (Tables 1 and 2). This suggests 
that for mountain lions to persist in these areas, the current pop-
ulations must be connected to larger source populations in the 
western Sierra Nevada, or maybe Mexico, and that multiple con-
nectivity measures are required for the Santa Ana population to 
persist. While it is possible that mountain lions within the Eastern 
Peninsular population are in fact connected with lions in Arizona 
and/or Mexico, this region contains vast stretches of low-quality 
Mojave Desert habitat in the east near toward Arizona with low 
mountain lion occupancy (Dellinger et al., 2019). Also, there has 

F I G U R E  3   Expected heterozygosity (a), allelic richness (b), and effective population size with associated parametric 95% confidence 
intervals (c) of mountain lions as functions of the amount of suitable habitat (km2) in California. Regression lines demonstrate the relationship 
between overall (dashed line) or protected (dotted) suitable habitat, and a given genetic metric. Equations for each line are presented. 
Minimum protected (gray) and overall (black) suitable habitat thresholds needed to maintain Ne ≥ 50 are displayed (c)
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been little evidence of cross-boundary connectivity from genetic 
or radio-collar data from mountain lions adjacent to the Mexico 
border (Ernest, Vickers, Morrison, Buchalski, & Boyce, 2014). 
Thus, we surmised that connectivity of the Eastern Peninsular 
population outside of California is likely limited. The Eastern Sierra 
Nevada population is an example of an area with a relatively low 
Ne and relatively small areas of suitable mountain lion habitat, yet 
it maintains high levels of genetic diversity, perhaps due to high 
levels of connectivity with adjacent large populations in Nevada 
and the Western Sierra Nevada (Gustafson et al., 2019), or per-
haps simply legacy effects of past population genetic conditions. 
Our findings reinforce previous calls to focus on maintaining and 
improving connectivity between California mountain lion popu-
lations (Benson et al., 2016, 2019; Ernest et al., 2014; Gustafson 
et al., 2017, 2019; Riley et al., 2014).

Our results have particular management implications for areas 
such as the North Coast and Western Sierra Nevada populations 
that contain large areas of habitat with high genetic diversity and 
because of their adjacency to suitable habitat in Oregon, likely 
contain an unknown fraction of the true distribution, abundance, 
and Ne of their entire respective genetically distinct populations. 
The Western Sierra Nevada population is an important source of 
genetic diversity for the rest of the state and beyond (e.g., Nevada; 
Gustafson et al., 2019), and it is important that this population 
remain connected to adjacent populations via suitable habitat. 
Currently, the only area connecting the Western Sierra Nevada to 
adjacent areas in southern and central California is the Tehachapi 
Mountains in Kern County. Decreased connectivity in this area 
likely would hasten the decline in genetic diversity of mountain 
lions in southern and central parts of the state. The North Coast 
population is essentially a peninsula connected to the Western 
Sierra Nevada population, and likely populations in southwest 
Oregon too, in the north with the southern end terminating in 
the North Bay area adjacent to San Francisco. Mountain lions in 
the southern portion of the North Coast likely can disperse only 
north due to large human development to the south, the Pacific 
Ocean to the west, and the Sacramento Valley to the east. Further, 
there is little protected habitat in the North Bay area (Figure 2), 
which could facilitate further habitat fragmentation and reduced 
connectivity. Thus, the southern end of the North Coast could 
become an eroding front for habitat and genetic variation due to 
potential human development of unprotected habitat and to re-
stricted dispersal.

The Central Coast population appears to currently have adequate 
suitable habitat (Dellinger et al., 2020), but much of it is unprotected, 
making the mountain lion population along the central coast vulner-
able to development and habitat loss. This area is also an important 
source for small and at-risk neighboring populations (e.g., Santa Cruz 
and Santa Monica Area), which makes the conservation of this area 
essential for the viability of multiple mountain lion populations. For 
example, mountain lions in the Santa Cruz Mountains likely are ex-
periencing restricted gene flow. Thus, development without consid-
eration for conservation concerns in the Central Coast region could 

have major effects on connectivity and population genetics in adja-
cent mountain lion populations.

Across the United States, habitat loss and fragmentation are 
considered the most important threats to persistence of moun-
tain lions (Cougar Management Guidelines Working Group, 2005; 
Hornocker & Negri, 2010) and other wildlife species (Wilcove, 
Rothstein, Dubow, Phillips, & Losos, 1998). These threats are in 
part a result of the additive effects of habitat loss and fragmenta-
tion on various aspects of wildlife ecology including, but not limited 
to, genetic diversity as demonstrated here with mountain lions. 
One way of improving the situation in various parts of California is 
improving habitat connectivity (e.g., wildlife road-crossing struc-
tures) to facilitate wildlife movement and gene flow between ad-
jacent areas (Zeller et al., 2017). One option to continue improving 
habitat conservation efforts is by partnering with large private 
landowners (e.g., ranches, timber companies) that actively work 
the land that they own to 1) make operations economically viable, 
thus keeping the land from being further degraded via increased 
human development; and 2) develop conservation easements 
to ensure that if the land is sold, it remains ecologically intact. 
Another option to foster habitat conservation efforts and facili-
tate connectivity is through interstate (e.g., Arizona, Nevada, and 
Oregon with respect to California) and international (e.g., Mexico 
with respect to California) collaborations, since wildlife popula-
tions and gene flow do not recognize political boundaries (Kark 
et al., 2015). Such local (i.e., private landowners) and broad (i.e., 
cross-boundary) collaborations, occurring simultaneously, would 
help mountain lion populations in California and beyond. Both of 
these options likely require large collaborative efforts but working 
toward a common goal can dually benefit wildlife by increasing 
understanding of ecological processes as well as identify conser-
vation needs. Although actions required to ensure persistence of 
mountain lions throughout California are challenging, protecting 
and improving the current area of suitable mountain lion habitat 
could benefit numerous other species and maintain ecosystem 
processes in general by ensuring the persistence of an apex pred-
ator that is integral to ecosystem function (Cougar Management 
Guidelines, 2005; Ripple et al., 2014; Thorne et al., 2006).
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