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October 4, 2024 

To: El Dorado County Board of Supervisors 
330 Fair Lane, Building B 
Placerville, CA 95667 

RE: Legistar Item 24-1540; Agenda Item 29, October 8, 2024 

Honorable Supervisors: 

I disagree with the proposed letter to the California Department of Fish and Wildlife (CDFW) 
because it may have the unintended consequence of decreasing public safety. The letter is 
based on insufficient information, founded on confirmation bias, and does not incorporate 
relevant recommendations from the County Fish and Wildlife Commission. 

Unintended Consequences: If the CDFW depredation process changes and ends up killing 
more mountain lions, then the potential for human injury or death also increases. Although this 
seems counterintuitive, the biology and social structure of an apex predator is different from that 
of game species. Mountain lions generally avoid human contact and remain in their ranges, 
while younger inexperienced lions expand into new habitats. These younger mountain lions 
would end up repopulating any portion of El Dorado County where another lion was removed. 
The younger lions are more likely to end up preying upon domestic livestock and jeopardizing 
public safety. 

Insufficient Information: There is no factual correlation between domestic animal deaths, 
depredation permits, and lethal take of mountain lions. If there was a correlation, then the 
numbers of livestock killed by mountain lions would have gone up significantly in 2021 and 
2022, which it did not. There are other reasons for a perceived increase in domestic animal 
deaths by mountain lions: 

1. Validity of Reporting: Increased reports could be the result of the prevalence of social 
media, increased awareness of the role of County and CDFW, and a lowering public 
tolerance for occasional livestock depredation. There may be only a few mountain lions 
contributing to multiple animal deaths, not necessarily an increase in mountain lions. 

2. Deer Population: There is a relationship with the number and location of deer (the mountain 
lions primary prey). The CDFW believes the State's deer population is healthy, but it is 
unclear about the deer population within El Dorado County. Areas of the County have 
many deer, while other areas do not. The migratory deer herds in the higher elevations 
may have declined, while resident deer are clustering near homes. Mountain lions are 
likely hunting where the deer are most common, which appears to be near rural residential 
home sites that have livestock. 

3. Increase in Livestock: There could be an increase in the number of domestic pets and 
livestock, resulting in more conflicts with mountain lions. The El Dorado County crop reports 
cite the value of miscellaneous livestock (including goats, sheep, swine, poultry, and 
alpaca) has risen from $1.88 million in 2012, to $3.37 million in 2022; an 80% increase in 
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ten years. The population increase could be due to their use for wildfire vegetation 
management. 

4. Use of protective measures: There could be less use of protective measures for domestic 
pet and livestock, resulting in more conflicts with mountain lions. No information is provided 
about whether any livestock lost had any protective measures, although the depredation 
permits require them to be implemented. There may be many property owners using small 
livestock for the first time and are unfamiliar with protective measures. 

5. Wildfire: The Caldor Fire in late 2021 could have resulted in the recent spikes of mountain 
lion activity in 2023 and 2024. A report out of Southern California (attached) documented 
that after a fire, the mountain lions did not return to the burn scar. The rationale is that the 
burn scar removed the natural cover that the mountain lions needed to stalk prey. Deer and 
most other species returned quickly to the burn scarred landscape, but the mountain lions 
moved on to other areas. 

Confirmation bias: Attachment A, Page 12 of 19 contains a table of depredation permits issued 
by County and comparing depredation permits to a per population basis, comparing El Dorado 
County to other Counties, specifically noting Los Angeles County. This clearly is an illusory 
correlation since El Dorado County probably has more one, five, and ten acre parcels than any 
other County. The land use pattern in El Dorado County is logically a factor in the volume of 
both domestic animal losses and subsequent issuance of depredation permits. A better 
comparison (yet still inconclusive) would be to compare livestock population by County, deaths 
by mountain lion, and then issuance of depredation permits. 

Commission recommendation: The draft letter to CDFW focuses on the depredation permit 
process. The letter should include other recommendations from the County Fish and Wildlife 
Commission that involve the CDFW, including restoration of conflict biologist positions, 
encouraging active measures to end deer feeding, and researching conflict avoidance 
measures. 

Conclusion: The County has other wildlife conflict issues, such as the bears in Tahoe, beavers 
in El Dorado Hills, deer everywhere (and potentially subject to chronic wasting disease), as well 
as mountain lions. Eventually the County will have the grey wolf. The County should consider 
funding its own biologist positions or more economically, cooperate with CDFW and help fund 
additional positions to assist El Dorado County and its residents. The draft letter does not 
achieve this. 

Sincerely, 

Roger Trout 
1861 Cedar Oak Road 
Placerville 

Attachment: Current Biology, Volume 32, Issue 21 , 7 November 2022, Pages 4762-4768.eS 
Authors Rachel V. Blakey, Jeff A Sikich, Daniel T. Blumstein, Seth P.O. Riley (13 pages) 
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Current Biology 
Mountain lions avoid burned areas and increase risky 
behavior after wildfire in a fragmented urban 
landscape 
Highlights 
• After the wildfire, mountain lions avoided burned areas and 

increased risky behavior 

• Post-fire risky behavior included increased road crossings 
and daytime activity 

• Altered movement and space use post-fire increased risk of 
intraspecific conflict 

• Risky behavior may increase mortality risk for animals in 
urban fire-prone regions 

Blakey et al., 2022, Current Biology 32, 4762-4768 

Authors 
Rachel V. Blakey, Jeff A. Sikich, 
Daniel T. Blumstein, Seth P.O. Riley 

Correspondence 
rvblakey@cpp.edu 

In brief 
When wildfires and urbanization coincide, 

animals trade off risks of burned 
landscapes with those of anthropogenic 
environments. Blakey et al. find that after 
an exceptionally large wildfire in an 
urbanized region, mountain lions avoided 
burned areas and increased activities that 
elevated their risk of negative interactions 
with humans and conspecifics. 

November 7, 2022 ,'£ 2022 The Authors. Published by Elsevier Inc. 
https://doi.org/10.1016/j.cub.2022.08.082 cl CelPress 
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Mountain lions avoid burned areas and 
increase risky behavior after wildfire 
in a fragmented urban landscape 
Rachel V. Blakey,1 •2 •3.4·6 •7•* Jeff A. Sikich,3 Daniel T. Blumstein,1-2,5 and Seth P.D. Riley1•2•3 •5 

'La Kretz Centerfor California Conservation Science, Institute of the Environment and Sustainability, University of California, Los Angeles, CA, 
USA 
2Department of Ecology and Evolutionary Biology, University of California, Los Angeles. CA, USA 
3National Park Service, Santa Monica Mountains National Recreation Area, Thousand Oaks, CA. USA 
4Present address: Biological Sciences Department, California State Polytechnic University, Pomona, 3801 W. Temple Ave, Pomona, CA 
91768, USA 
5These authors contributed equally 
6Twitter: @blakey_rachel 
7Lead contact 
*Correspondence: rvblakey@cpp.edu 
https: ·rdo:.org/10.1016/j.cub.2022.08.082 

SUMMARY 

Urban environments are high risk areas for large carnivores, where anthropogenic disturbances can reduce 
fitness and increase mortality risk.1 When catastrophic events like large wildfires occur, trade-offs between 
acquiring resources and avoiding risks of the urban environment are intensified. This landscape context 
could lead to an increase in risk-taking behavior by carnivores if burned areas do not allow them to meet their 
energetic needs, potentially leading to human-wildlife conflict.2•3 We studied mountain lion behavior using 
GPS location and accelerometer data from 17 individuals t racked before and after a large wildfire (the 
2018 Woolsey Fire) within a highly urbanized area {Los Angeles, California, USA). After the wildfire, mountain 
lions avoided burned areas and increased behaviors associated with anthropogenic risk, including more 
frequent road and freeway crossings (mean crossings increased f rom 3 to 5 per month} and greater activity 
during the daytime (means f rom increased 10% to 16% of daytime active), a t ime when they are most likely to 
encounter humans. Mountain lions also increased their amount of space used, distance traveled (mean dis
tances increased from 250 to 390 km per month), and intrasexual overlap, potentially putting them at risk of 
int raspecific conflict. Joint pressures from urbanization and severe wildfire, alongside resulting risk-taking, 
could thus increase mortality and extinction risk for populat ions already suffering from low genetic diversity, 
necessitating increased connect ivity in fire-prone areas. 

RESULTS 

Direct effects of wildfire on mountain lions 
Direct and immediate effects of wildfire on mountain lions can 
include injury and mortality. Of the 11 individual mountain lions 
being tracked at the time of the Woolsey Fire that had the poten
tial to be affected by it, two died or were presumed to have died 
during or soon after the fire. 

Do mountain lions avoid burned areas after a large 
wildfire? 
At the population level, mountain lions avoided burned areas af
ter the wildfire (Figures 1 and 2) and no individual animal showed 
signif icant selection for them. Males avoided burned areas more 
than females, as indicated by their generally larger and more 
negative effect sizes (Figure 1 ). Proportions of locations within 
burned areas compared before and after the fire showed the 
same trend as selection analyses (Table S1), specifically, much 

lower proportions of locations in burned areas post-fire. 
Excluding the two males that had less than 10% of their pre-fire 
locations within the burn perimeter (P56 and P61, Table S1). all 3 
males showed strong and significant avoidance (effect size 
- 0.63 to - 1.45). The response of females to the fire was more 
variable (Figure 1). The post-fire burned area use that did occur 
was concentrated (61 %) in the patchily burned region in the 
southeast corner of the outer burn perimeter, and within the 
Simi Hills (north of the US-101 freeway) where the majority of 
the landscape (66%) burned (Figure 2). 

Do mountain lions increase behaviors that put them at 
anthropogenic risk after a large wildfire? 
While there was support for mountain lions increasing use of ur
ban areas after the wildfire, the magnitude of this increase was 
negligible (Figure 3A). The probability of urban use was low 
before the fire (- 4.3%), and while this increased after the fire, 
it remained low (~ 5.4%); this 1 % change was much lower than 

4762 Current Biology 32, 4762- 4768, November 7, 2022 ,cJ 2022 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0I). 
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Figure 1. Results of resource selection analysis for burned areas af
ter the fire by the 9 individual mountain lions who were tracked both 
before and after the fire 
The two individuals assumed to have perished during or soon after the fire 
were excluded. Each point shows the effect size comparing selection for 
burned areas before and after the fire using step select,on functio,,s. for each 
individual mountain lion. The overall effect size was calculated using a meta
analytic approach and all error bars show 95% confidence intervals. Negative 
effect sizes indicate selection against burned areas while positive effect sizes 
indicate selection for burned areas following fire. 
See also Table S 1 . 

the range of variability in proportion of urban use by mountain 
lions across the population (0%-15%) (fable S2). Regardless 
of fire, mountain lions used urban areas rarely (mean for study 
animals was 5% of the time, including time periods before and 
after the fire) and use of urban areas was variable among individ
uals ranging from one female who used urban areas less than 1 % 
of the time to two females who used urban areas > 1 0% of the 
time. All sex and age classes were variable in urban area use. 

Consistent with our predictions, mountain lions tended to in
crease road crossings after the wildfire, with the fitted relationship 
indicating an increase from ~3 crossings per month before the fire 
to ~5 crossings per month 15 months after the fire (Figure 3B). 
Mountain lions also increased their daytime activity after the fire 
from 10% of the day to 16% of the day, although the continuous 
response model indicated a potential slight increase prior to the 
wildfire event (Figure 3C). Our analysis pooled all major road 
crossings (major roads shown in Figure 4), though mortality risk 
(both perceived and actual) is likely to vary with the size and traffic 
volume of roads. California has the busiest roads in the USA and 
the busiest interstate in any USA city runs through our study area 
(1-405).4 The first successful crossing of the 1-405 freeway over the 
16 years of the broader study was recorded in the months after the 
fire; comparing crossing frequencies of the busy US-101 freeway. 
we observed roughly one crossing every 2 years before the fire, 
compared to one crossing every 4 months after the fire. 

c)CelPress 
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Do mountain lions increase behaviors that could 
increase the risk of conflict with conspecifics after a 
large wildfire? 
Mountain lions increased both their distance traveled and the 
amount of space used after the fire (Figures 3D and 3E). Distance 
travelled increased from ~ 250 ± 48 (predicted 95 % confidence 
interval (Cl]) km per month to ~ 390 ± 48 km per month, a more 
than 50% increase from pre-fire distances. Although adult males 
either decreased or retained similar amount of space used after 
the fire, subadult males and all females, the groups most at risk in 
intraspecific encounters, increased their amount of space used 
by ~ 15%-24%. Results of the age-sex class analyses should 
be interpreted cautiously due to the low number of individuals 
per class and wide confidence intervals (Figure 3E and Table S3). 

Where analyzed. trends towards increases in spatial overlap in 
mountain lion landscape use after the fire did not perform better 
than the null model (f ab!e S4), potentially due to the relatively low 
sample size and the confounding factor of two males perishing 
in the fire and an additional three males perishing of anticoagu
lant rodenticide poisoning and vehicular collision during the 
15 months post-fire. However, we saw a trend towards an in
crease in spatial overlap after the fire between the dominant 
male and other males in the study area after the fire (Figure 4). 
Additionally, mean observed overlap was greater for all age
sex classes after the fire across all iterations of the model valida
tion expressed as a proportion of male and female home ranges, 
though this difference was negligible for male-female overlap 
(Figure S1). Specifically, important components of intrasexual 
overlap in this territorial species more than doubled: overlap of 
the dominant male on other males increased from 10% to 23% 
post-fire (Figure 4C) and overlap between females increased 
from 7% to 18% post-fire (Figure S1). 

DISCUSSION 

In an urban landscape after the wildfire, we found support for the 
prediction that mountain lions avoided burned areas post-fire, 
and increased behavior that could expose them to risk. Changes 
in behavior by mountain lions post-fire are likely due to a com
plex trade-off balancing the necessity to acquire food and breed, 
while avoiding conspecific conflict and encounters with humans 
in a transformed and fragmented landscape. These kinds of 
trade-offs between anthropogenic disturbances and other major 
disturbance events are an increasing reality for carnivores per
sisting in human-dominated landscapes worldwide.s-7 

Carnivores have varying responses to fire, and this is likely to 
be strongly influenced by how fire changes the structure of vege
tation, and with it, the ability to capture prey.8

•
9 In the case of 

cursorial carnivores, such as wolves and coyotes, fire may in
crease their abilities to capture prey. 1 

' · 1
1 Whereas ambush pred

ators such as mountain lions, lynx, and African lions may require 
more heterogeneity, including retained vegetation cover, in post
fire landscapes in order to successfully stalk prey.12

•
15 The 

mountain lions in our study mostly avoided burned areas in 
the 15 months after the fire. This contrasted with studies that 
indicate opportunistic use of burned landscapes by carni
vores, 7• 1

6
• 
17 but was consistent with Eby et al., 13 who found 

that despite abundant prey in burned areas, African lions (Pan
thera leo) avoided the burned landscape, likely due to reduced 

Current Biology 32. 4762-4768, November 7, 2022 4763 



c' CelPress 
C,::>CN ACCt: _.; 

cover decreasing ambush hunting success. In the Santa Monica 
Mountains, the most intensive use of burned areas in our study 
occurred in areas surrounding a patchily burned area in the 
southeastern part of the outer burn perimeter of the Woolsey 
Fire (Figure 3), an area that was more heterogeneously burned 
and that included some sizable unburned patches. Use of these 
areas could be due to hunting advantages and prey availability in 
landscapes where burned areas are patchy, and near the edges 
of burns.14

• 
18 We did not account for differences in burn severity 

across the landscape, which can be an important predictor of 
wildlife post-fire habitat use, because fires within Southern 
Californian shrubby vegetation tend to burn with uniformly 
high-intensity, stand-replacing fire. 19 Our findings are overall 
consistent with the reduction in predator-prey interactions for 
ambush predators after the fire proposed by Doherty et al. 9

, 

and the need to find suitable habitat to capture prey is likely 
one of the drivers of the risk-taking behaviors we observed.2 

There is extensive evidence globally that large carnivores 
avoid areas of high human footprint (areas of relatively greater 
human population and infrastructural development) in space 
and time.20

•
21 Our study indicated that even after a considerable 

disturbance that transformed the structure of over half the land
scape used by the resident population, urban areas remained a 
strong deterrent. However, mountain lions did increase their 
exposure to anthropogenic risk by increasing road and freeway 
crossings and by increasing activity during the day when human 
activity is greatest. Human killings of mountain lions (in response 
to depredation of livestock) may be more likely in areas of inter
mediate housing density than in more urban areas, 22 and vehicle 
strikes are also a very high cause of mountain lion mortalitf 3 in 
this population. Therefore, mountain lions in our study area may 
be experiencing an assessment risk-response mismatch, 
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Figure 2. Study area within the Los Angeles 
and Ventura County areas of California, 
USA, showing locations of 17 individual 
mountain lions in periods before and after 
the 2018 Woolsey Fire 
The study area includes the Santa Monica Moun
ta,ns (souih of the 101 freeway) and Simi Hills 
(north of the 101 freeway). 
(A-F) Locations of 17 individual mountain lions 
studied within the periods from 15 months prior the 
fire (A) and 15 months after the fire (BHF) (in 
3-'Tlonth ,mervalsJ are snown in different colors 
for each individual. Time periods shown include 
15 months pre-fire to time of fire (A); t ime of fire 
to 3 months post-fire (BJ: 3-6 months post-fire IC): 
6-9 months post-fire (D): 9-12 months post-fire 
(E): and 12- 15 months post-fire (F). Of the 17 in
dividJals, 12 were tracked both pre- and post-fire 
(though of these, 1 individual was suspected to 
have perished in the fire and 1 individual died soon 
after) and 5 individuals were tracked only after the 
fire (F,g-,re S3). Land use is shown by dark green 
(natural areas), lignt green (altered open areas) and 
gray (urban areas). The area burned by t l1e Wool
sey Fire (2018} is shown in white outline with wl1ite 
hatching. Freeways are shown in yellow. 
See also T.,ble S 1. 

whereby the animals' assessment of risk does not accurately 
reflect mortality risk. 24 

Reduction of suitable habitat after fire has the potential to result 
in greater risk of intraspecific conflict in carnivore populations 
within urban environments, where dispersal is constrained by 
multiple barriers. Though carnivore home ranges tend to be 
smaller and population densities higher in urban areas,25 during 
the study period, the population we studied presented a relatively 
extreme example, given that the Santa Monica Mountains, south 
of the 1 O 1 freeway, were being used by at least eight males (most 
being subadults), though its size is the equivalent of 1 to 2 home 
ranges for adult males.26

•
27 In this context, multiple behavioral 

changes by the mountain lions in our study, including a 50% in
crease in distance traveled, use of 15%- 24% larger areas by fe
males and subadults, and a trend towards greater intrasexual 
overlap, have the potential to increase the risk of intraspecific con
flict, especially between males. In our study area, intraspecific 
conflict, specifically being killed by an adult male, is the biggest 
cause of mortality for subadult mountain lions, and adult males 
have also been recorded to kill adultfemales and kittens, including 
their own offspring and past mates. 23

•
26 lntraspecific conflict (fatal 

or otherwise) is likely to be exacerbated in urban areas where bar
riers prevent subadults from dispersing into new territories. 23•26•28 

Therefore, after a severe wildfire, when space available for hunting 
and moving within cover is reduced, animals must trade-off ener
getic demand with perceived risk of encountering adult males, 
weighing behaviors that put them at greater risk of conflict against 
greater flexibility in space use and, potentially, diet.29 

The increases in amount of space used and distance traveled 
that we observed could be influenced by multiple factors. A severe 
wildfire like the Woolsey Fire could allow mountain lions to move 
more efficiently by removing dense cover in the landscape and 



Current Biology t' CelPress 
()PE~-, ACCESS 

B tO O 
I 

C o.20 I 
I I 

5 I i I 
C: I 

~ 
~ 75 

~ 
:[o 1s 

8. t; 
0 

t 0 

5 0 -s o 10 
'a 

8 

{o Ci5 
0 
'0 25 "' 0 £ 0::: 

0 0 O.CO 

·10 0 10 ·10 0 10 

E 
T,mo Since F,rc (Months) T,mo Sinco Fire (Months) 

.,, t1 1v 

Tinto S'OCQ r.ro (nlClltllSI 

Fcmo!c 

AduR SubMult 

■ Before Fire 
D After Fire 

Figure 3. Predicted changes in risky behaviors by mountain lions after the 2018 Woolsey Fire, based on mixed effects models comparing 
probability of mountain lion use of urban areas 
{A-D) Comparing probability of mountain lion use of urban areas (A), frequency of road crossings per month (8), proportion of day spent active {C), monthly 
distance traveled (D), a,id ,nea~ area of amount of space used over 3-mo11t!1 periods separated by sex and age class before and after the 2018 Woolsey Fire (E), 

The penods before and after fire were defined by the 15 months prior to and following the Woolsey Fire. 
Models used to predict relationships h cluded a mixed effects logistic regression model (Al. segmented linear mixed effects models (BJ and (C), segmented mixed 

ettects meta-regression (D), and a linear mixed effects model IE). 
Error oars and bands show 95% confidence intervals around fitted relationships. 

See also Table S2. 

due to the reduction in human recreational use in the short-term af
ter fire. 30·"

1 Alternatively, increased space use could indicate an in
crease in avoidance of either humans or adult males, in the more 
sparse landscape where concealment is more challenging, given 
that mountain lions generally avoid open areas.2; Alternatively, or 
perhaps concurrently, hunting could be more difficult for mountain 
lions due to the lack of cover on the landscape to ambush deer, as 
observed for African lions in savanna habitats.13 All of these sce
narios are likely to influence energy expenditure, indicating that a 
major disturbance, such as the wildfire in this study, could lead 
to energy deficits in carnivore populations.12 

Our study was an opportunistic study of a population of moun
tain lions who were tracked before, during, and after a wildfire. 
The limited number of individuals who were not impacted by the 
wildfire precluded a natural experiment (such as a BACI design), 
therefore we must consider the possibility of other factors that 
could have influenced the behavior of mountain lions in our system 
over the 30 months of the study. Variability in human activity is un
likely to have contributed to changes in mountain lion behavior 
because our study ended (March 2, 2020) prior to local and state
wide restrictions on public movement due to COVID-19 in the state 
and county (beginning March 19, 2020). Over the study period, 
rainfall varied, with greater rainfall after the fire than before, and 
two and a half mule deer {Odocoi/eus hemionus) calving seasons 

(important periods for mountain lion hunting) occurred, with one 
and a half prior to the fire and one after the fire (Figure S2). We 
cannot rule out the possibility that fluctuations in, and interactions 
between, weather and mule deer abundance influenced mountain 
lion behavior during our study. However, it is unlikely that these 
variables resulted in the findings we report here. The greater rainfall 
after the fire would be expected to increase deer forage and sub
sequently decrease, rather than increase, mountain lion space use 
and therefore reduce road crossings.33

•
34 Further, given that mule 

deer tend to be crepuscular, the increase in daytime activity is un
likely to be explained by variability in environmental conditions 

changing deer abundance.35
•
36 

Conservation implications 
Our findings have important implications for the conservation of 
large carnivore populations living near urban areas, showing that 
wildfire can not only result in direct mortality, but could also influ
ence carnivore behavior in ways that increase anthropogenic risks, 
like vehicular collisions and encounters with humans, as w ell as in
crease the risk of intraspecific conflict. These risks can interact 
For example, one subadult male in this study was hit and killed 
by a vehicle on a freeway immediately after an altercation with 
an uncollared adult male. Behavioral changes observed in this 
study (e.g., variable usage of burned areas, increased activity 
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Figure 4. Observed overlap between the dominant adult male and 
subadult males before and after the 2018 Woolsey Fire 
The dominant male (P30) is shown by a black line and subadult males are 
shown in colored points, different colors signify different individuals. Time 
periods include two ~6-month periods before (8th May 2018-Sth November 
2018) and after (21st March 2019-10th September 2019) the 2018 Woolsey 
Fire. 
(A-C) (A) indicates the period before the fire until the Woolsey fire, when P30 
was dominant (8th May 2018-8th November 2018), and (8) shows a similar 
period of time ending with P30's death (21st March 2019-10th September 
2019). Before the fire. P30 regularly used 1he area within the fire perimeter and 
was rarely in the eastern half of the Santa Monica Mountains (A), whereas post
fire, he occasionally moved through the burned area and largely relocated 
to the eastern end, overlapping extensively with multiple subadult males. 
(C) shows the mean(± SE) proportion of P30's space use that overlaps with six 
other individual mountain lions (3 males and 3 females), tracked concurrently 
with him, before and after the fire. We defined P30 as the dominant male since 
he showed behaviors including territorial marking through scraping, breeding, 
and regular use of core natural areas. 
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during the day, and increased distance traveled) could be indica
tive of increased hunting challenges or hunting flexibility. If the 
fire-transformed landscape reduces the ability of mountain lions 
to ambush deer, they might rely on other prey items, including 
smaller carnivores, which in turn put them at greater risk of 
poisoning from toxicants such as anticoagulant rodenticides.37 

Greater risk-taking behaviors by carnivores living near urban 
areas could lead to increased mortality in populations already 
suffering from low genetic diversity, leading to increased extinction 
risk.3

8--4° As the world continues to urbanize and as we see 
increasing frequency of high severity fires in many of the world's 
fire-prone landscapes.4' we are likely to see similar challenges 
for carnivore conservation in a broader range of global regions 
and taxa. Increasing the connectivity among urban habitat patches 
through a system of wildlife overpasses or underpasses,42 already 
known to be important for increasing genetic exchange, could be 
particularly critical in fire-prone areas when the quantity of already 
limited suitable habitat can be greatly reduced post-fire. 

Detailed methods are provided in the on line version of this paper 
and include the following: 

• KEY RESOURCES TABLE 
• RESOURCE AVAILABILITY 

o Lead contact 
o Materials availability 
o Data and code availability 

• EXPERIMENTAL MODEL AND SUB JECT DETAILS 
• METHOD DETAILS 

o Study area 
• QUANTIFICATION AND STATISTICAL ANALYSIS 

o Study design 
o Do mountain lions avoid burned areas after a large 

wildfire? 
o Do mountain lions increase behaviors that put them at 

anthropogenic risk after a large wildfire? 
o Do mountain lions increase behaviors that could in

crease risk of conflict with conspecifics after a large 
wildfire? 

o Resampling for model validation 

SUPPLEMENTAL INFORMATION 

Supplemental information can be found online at '1ttps://doi.org/1 O 1016,j. 
cub.2022.08.082. 

A video abstract is available at https:/idoi.org/10.1016ij.cub.2022.08. 
082#mmc3. 
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Materials availability 
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Data and code availability 
The data and code generated during this study are available at Dryad: https:.'1doi.org/10.5068/D1 M97D. 

EXPERIMENTAL M ODEL AND SUBJECT DETAILS 

We captured and tracked mountain lions using global positioning system (GPS) collars (Puma conco/or) as part of a long-term study con
ducted by the National Park Service (2002-present).26

•
2

'•
4

·l Mountain lions were captured using foot cable-restraints, baited cage-traps, 
or by treeing them with trained hounds; and immobilized with ketamine hydrochloride combined with medetomidine hydrochloride, 
administered intramuscularly. All animals were monitored throughout the time they were immobilized , during which t ime we estimated 
age, based on body size and tooth wear measurements. Age classes were: kittens (dependent offspring with their mother, 0-14 months), 
subadults (independent animals prior to reproduction: females 14-25 months, males 14-42 months), and adults (breeding animals: fe
males >25 months, males >42 months).44 We fitted adult and subadult animals with Vectronic Aerospace GPS collars (Berlin, Germany; 
Vertex Plus and Vertex Lite models) equipped with VHF beacons. Animal capture and handling procedures were permitted through a 
scientific collecting permit with the California Department of Fish and Wildlife (SCP# 05636) and the National Park Service Institutional 
Animal Care and Use Committee (Protocol PWR_SAMO_Riley _Mt.Lion_2014.A3). For this study, we used locational and accelerometer 
data for 17 individual mountain lions, collected over a 2.5-year period between 2017 and 2020, encompassing a large wildfire event , the 
2018 Woolsey Fire. Individuals tracked for the study included 9 females (5 adult, 2 subadults, and 2 subadults that became adults during 
the study period) and 8 males (2 adult, 1 subadult, 1 kitten, and 4 subadults that became adults during the study period). Age was calcu
lated for each three-month period, and the male kitten was treated as a subadult for the purposes of the study, given that he w as esti
mated to be close to subadult age (~ 1 year old) and his mother was not observed during his capture. 

We programmed collars t o collect 8 locations per 24-hour period (7 at night, 1 during the day). The seven fixes at night were at 2 h 
intervals beginning at 5:00pm Pacific Standard Time (PS1), while the day location was collected at 1 :00pm PST. On average, 90% of 
programmed fixes for periods used in this study were successful, with individual mountain lion fix rates ranging from 69% to 98% . 
Collars also collected activity data on two axes (X: anterior-posterior/ surge, Y: lateral/sway), averaged across every 5 minute 
period. A third axis (Z: dorso-ventral/heave) was only available for two of the seventeen individuals, so these data were not used 
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in the analysis. Accelerometer measurements were 99% successful on average, with all individuals recording> 96% of expected 
measurements. 

METHOD DETAILS 

Study area 

We studied an urban population of mountain lions within Los Angeles and Ventura counties, California, in the Santa Monica Moun
tains and Simi Hills (34-05'N, 118' 46'W) (Figure 2). All patches of natural habitat were bordered by major freeways, urbanization, agri
cultural development, or the Pacific Ocean. The study population in the Santa Monica Mountains, in particular, has been genetically 
isolated from nearby populations by roads and urbanization, 26 •38 leading to high extinction risk,.._. Land-use was variable across the 
study area, and included federal, state, and local parklands, as well as urban areas consisting of high-density residential, commercial, 
and industrial areas, low-density rural or suburban residential areas, and agricultural areas. Natural vegetation in the study area con
sisted of mixed chaparral, coastal sage scrub, oak woodlands and savannas, riparian woodlands, and non-native annual grasslands. 
The only wild, large ungulates were mule deer, which are the predominant prey for mountain lions in the region, 03 and two-and-a-half 
mule deer (Odocoi/eus hemionus) calving seasons occurred during the study period (Figure S2). The climate of the study area was 
Mediterranean, with cool, wet winters and hot, dry summers. Rainfall varied over the study period, with greater rainfall after the fire 
than before.,. The area is prone to drought and wildfire,45 with two major wildfires occurring within less than a decade prior to this 
study, the Springs Fire in 2013, 9,814 ha, and the Woolsey Fire in 2018, 39,234 ha. The Woolsey Fire was the largest fire on record 
to have affected the Santa Monica Mountains and burned > 40% of the natural area in the Santa Monica Mountains and > 66% of the 
natural area in the Simi Hills (Figure 3). 

QUANTIFICATION AND STATISTICAL ANALYSIS 

Study design 

We included locational data for 17 individual lions during 15 months leading up to and 15 months following the Woolsey Fire (2018). 
Mountain lion tracking periods varied (Figure S3), and more individuals were tracked after the fire (F: 9; M: 6) compared to before the 
fire (F: 5; M: 7). We therefore used resampling methods that balanced numbers of individuals among age classes to validate our find
ings (Table S3). 

Do mountain lions avoid burned areas after a large wildfire? 
To evaluate whether mountain lions decreased use of areas after they were burned in the Woolsey Fire, we compared selection 
coefficients for individual mountain lions derived from step selection functions before and after the fire using a meta-analytic 
approach.

46 
Individual mountain lions were excluded from this analysis if an adaptive Local Convex Hull (LoCoH), calculated 

from every location recorded during the study period (the period spanning 15 months before and after the focal fire), overlapped 
with the burned area from the focal fire by less than 10%, or if they were not tracked during both periods (both before and after 
fire). We used the adehabitatHR v0.4. 16 package47 within the R v3.6.1 environment~8 to fit LoCoH home ranges and used the 
maximum number of nearest neighbors as all those points which were within the maximum distance between any 2 points re
corded for animals in this analysis. 

We first fitted a separate step selection function to each individual mountain lion during the periods before and after the fire sepa
rately using the amt v 0. 1.4 package. 49 These functions compared observed "steps" (movements connecting successive locations) 
with random possible steps generated from distributions of turning angles and step lengths from the broader population. We used 
only night locations for the step selection analysis, defined as locations collected between one hour after sunset and one hour before 
sunrise. The observed and random (i.e., "available") steps were compared to estimate selection coefficients using a conditional lo
gistic regression to match observed to related randomly selected steps as strata. We used a sample rate of 2 h with a tolerance of 1 h 
and generated 1000 random steps for each observed step. The high tolerance level was not necessary and unlikely to have influ
enced the analysis, given > 99.96 of steps were within ± 5 minutes of the 2 h interval. Steps were separated into "bursts" for 
each night, to ensure sample intervals were regular (2 h intervals between each step). We then calculated effect sizes (y1) representing 
the change in selection of areas within the fire perimeter before and after they were burned by subtracting the "before fire" coefficient 
(coefbefore) from the "after fire" coefficient (coefatte,) for each individual. This meant that positive coefficients indicated selection for 
burned areas was higher after the fire, and negative values indicated that selection for burned areas was lower after the fire. We calcu
lated the sampling standard error (se1) using the following approach recommended by Senn, Gavini, Magrez, & Scheen, 50 where 
sebetore and seatter are the standard errors of the selection coefficients before and after the fire for each individual and ri is the cor
relation between the coefficients before and after the fire. 

yi = COefatter - COe fbefora 

sei = V se~lter +sel . ron, - (2 x ri x s e after x s e ;,etoro) 
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Our sample size was small (5 males and 4 females tracked both before and after the fire) , so we were chiefly interested in popu
lation-level selection for or against burned areas. We therefore estimated a population-level effect size using random effects meta
analysis46 using the metafor v. 2.4-0 package. 46 Along with the step-selection analyses and for comparison with them, we calculated 
mountain lion use of areas within the burn perimeter before and after the fire as the number of point locations whose 1 O m radius 
intersected with the burned area (to allow for some variability in GPS location and fire layer accuracy). 

Do mountain lions increase behaviors that put them at anthropogenic risk after a large wildfire? 
We calculated three metrics associated with behaviors that may place mountain lions at additional risk from humans and anthro
pogenic threats: use of urban areas; number of road crossings; and proportion of daytime period active. We defined urban areas 
as commercial, and industrial areas and residential areas with :2: 2.5 houses/hectare identified within the Southern California As
sociation of Governments land use map.~1 This map was the most accurate available land-use data for the region, because later 
versions classified land uses at the parcel scale, rather than based on observed boundaries between different land uses. The data
set we used was reflective of the landscape throughout the study period from 2017-2020 for the broad development and altered
open classifications that we used in these analyses. The geographic information system (GIS) program for the park monitors land 
use in and around SMMNRA as part of the National Park Service Inventory and Monitoring Program. We defined mountain lion use 
of urban areas before and after the fire as a binary variable where point locations whose 10 m radius intersected urban areas were 
recorded as used (1 ), and those locations whose buffer did not intersect with urban areas were unused (0). We compared use of 
urban areas before and after the fire using a mixed effects logistic regression with period {before and after fire) as a fixed effect and 
individual mountain lion as a random intercept using lme4 v 1.1-2352 (see Tables S3 and S5 for details of all analyses). We 
compared 3 models to investigate how the probability of mountain lion use of urban areas changed after the fire including: null 
(no effect of fire); step response (an abrupt change in urban use after the fire compared to before the fire); continuous response 
(a change in the relationship between urban use and time after the fire) (Table S5). We compared models using Akaike's Informa
tion Criterion adjusted for small sample size (AICc) and identified the most parsimonious model as the model with the lowest AICc, 
that was separated from a less complex nested model by ~AIC > 2. Modelled coefficients and fitted relationships are presented 
with 95% confidence intervals, and confidence intervals around the fixed effects were calculated for fitted relationships using 

parametric bootstrapping. 
To quantify road crossing behavior, we first exported each month of locations for each mountain lion into a movement trajectory 

using the adehabitatLTv0.3.25 package. ~7 We classified a major road as all freeways and secondary roads using road data from the 
U.S. Census Bureau, (53), adding roads that had similar amount and speed of traffic based on observations by National Park Service 
biologists. Specific roads included are shown in Figure 4. We added a 50 m buffer (50 m either side) to each road, to allow for road 
width and spatial uncertainty in road and mountain lion datasets. Road crossings were identified manually as "minimum road cross
ings", using lines between two consecutive points that traversed any buffered road, using QGIS v. 3.4.5-1 When the line drawn be
tween two consecutive point locations traversed a single road more than once, and the starting point was on one side of the 
road, whereas the ending point was on the other side, this was counted as one crossing. When the line drawn between two consec
utive point locations traversed a road any number of times, but both starting and ending points were on the same side of the road, this 
was counted conservatively as zero crossings. As point locations were separated by a minimum of 2 h, we cannot discount the pos
sibility of the animal taking an alternative (rather than the shortest) route to traverse between the two points. However, in all cases 
where we have recorded a crossing, the alternative route would have resulted in at least one road crossing, so our measure of "min
imum road crossings" remains consistent with these possibilities. 

We analyzed the relationship between road crossings and fire in a similar way to the urban use analyses (Tables S3 and S5). We 
used linear mixed effects models with the number of road crossings per individual per month as the response variable and individual 
mountain lion as a random intercept, and we used model selection to assess support for either an abrupt (step) response or a gradual 
(continuous) response to fire (Table S5). To account for unequal fix rates among months and individuals, we included fix rate (the 
number of locations recorded for an individual mountain lion during the month when road crossings were counted) as a f ixed effect 

in all road crossings models. 
To estimate the proportion of the daytime period spent active, we analyzed accelerometer data for lions where it was available 

(Figure S3 & Table S3). Given that we did not have field observations to inform our estimations of behavioral state, we used unsu
pervised Hidden Markov Models (HM Ms) to estimate two states approximating "resting" and "active•· behavior. 6 The HMM method 
explicitly models temporal dependence which is inherent in accelerometer data and assumes that the observed acceleration data 
time series is driven by an unobserved (hidden) behavioral state process. -. We split the data into separate individuals.5 0 We fitted 
a 2-state HMM using two data streams (activity of the X and Y axes), for which we assumed Gaussian distributions. We estimated 
starting values for our two states by examining distributions of the two data streams. We also fitted HM Ms considering time of day as 
a covariate (cosine(2*pi*(hour of day/24)) using starting values extracted from the simpler models. These models did not improve fit 
compared to the simpler models based on AICc, so we retained the simpler models. Prior to analysis we standardized activity mea
surements by dividing all values for separate individuals and collars by the maximum recorded value during the period the collar 
was worn by the animal, given collar tightness can affect acceleration values measured by the sensor.56 We fitted HMMs using 
the momentuHMM v1.5.1 package.~' 

Next, we separated daytime activity data, including all data collected from one hour after sunrise to one hour before sunset 
to avoid crepuscular periods.'' We removed 24 h periods from the dataset if they had < 95% of expected recordings. We then 
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calculated the proportion of daytime active as the proportion of time that was classified as "active" using the HMM method. We used 
legit-transformed proportion of daytime active as the response variable in linear mixed effects models (LMM) with individual as a 
random intercept to account for variability in activity levels among individuals (Tables S3 and S5). Consistent with the urban use 
and road crossings analyses, we used model selection to assess support for either an abrupt (step) response or a gradual (contin
uous) response to fire (Table S5). 

Do mountain lions increase behaviors that could increase risk of conflict with conspecifics after a large wildfire? 
We calculated three metrics to quantify behaviors that could place mountain lions at additional risk due to increased chance of 
conspecific interactions: distance travelled, amount of space used, and spatial overlap with other mountain lions. 

We quantified distance travelled using a continuous time movement modelling (CTMM) approach.58 The continuous time 
approach aims to separate the sampling processes from the animal 's underlying movement processes by fitting a model account
ing for the positional and velocity autocorrelation properties inherent in movement data, and then simulating multiple possible tra
jectories based on this model.

59 
We used model selection to fit a movement model to each monthly period for each individual 

mountain lion that best described the positional and velocity autocorrelation of the animal's movement for that period. For 38 
out of 257 individual-months analyzed, the movement showed no statistically significant evidence for velocity autocorrelation, 
so we were unable to estimate distance for these months. We estimated monthly distance travelled and variance of these esti
mates for the remaining 219 months. Given that the CTMM approach allows for estimation of uncertainty, we used a mixed effects 
meta-regression approach, fitted via restricted maximum likelihood, using estimated distance as the effect sizes and variance of 
distance as the sampling variances, with individual mountain lion as a random effect (Tables S3 and S5). Our estimated values of 
distance travelled were normally distributed around a mean of 330 ± 120 km (SD) per month. Moderators (covariates) were defined 
in the same way as fixed effects for the models of urban use, road crossings, and daytime activity (Table S5). We compared 3 
models to investigate whether mountain lions changed their distance travelled after the fire including: null (no effect of fire on dis
tance travelled); step response to fire (abrupt change in distance travelled after the fire); and continuous response (a change in the 
relationship between distance travelled and time after the fire) (Table S5). We fitted continuous time movement models and esti
mated distance travelled using the ctmm v 0.5. 11 package. 58 

We quantified the amount of space used and estimated home range overlap using adaptive local convex hulls (LoCoH),60 imple
mented within the adehabitatHR v0.4. 18. While we recognize that this method can underestimate the amount of space used and is 
sensitive to sampling rates,61 it performs well when animal movement is constrained by barriers like roads and urban areas,60 and our 
sampling rate was generally consistent among individuals. Since we were more interested in comparative space use (before and after 
fire), rather than absolute measurements of area, we believe this approach is robust. 

We quantified the amount of space used by calculating the adaptive LoCoH for every individual mountain lion and every 3-month 
period which contained a 2: 75% fix rate (Table S3). We analyzed the relationship between amount of space used and fire using linear 
mixed effects models with individual mountain lion as a random intercept (Table S5). We used model selection to assess support for 
an abrupt (step) response to fire and did not investigate a gradual response to fire as space use was calculated for 3-month periods 
(Table S5). We also fitted models including the interaction between period (before and after fire) and age-sex class, given the known 
disparities between amount of space used across age-sex classes, 27 though we interpret these results cautiously due to the low 
number of individuals in each group (Table S3). 

We took two approaches to investigating changes in home range overlap before and after the fire. For the first approach, we 
focused on an adult male who held the largest territory within the Santa Monica mountains prior to the Woolsey Fire, P30, which 
we refer to as the "dominant male". We examined all animals that had the potential to overlap with P30 (individuals that used the 
Santa Monica Mountains area as part or all of their home range) and that were tracked at the same time as P30 for at least 
3 months both before and after the fire. This resulted in a dataset of 6 mountain lions (3 males and 3 females), who were tracked 
for periods ranging from 5 to 11 months (both before and after fire) concurrently with P30. For space use calculations, we limited 
tracking periods to the same period of time before and after the fire for each individual. For each individual we calculated amount 
of space used over the period they were tracked concurrently with P30 using adaptive LoCoHs. We then calculated areal overlap 
of the LoCoH with the corresponding LoCoH for P30 during the same period. Given the small sample size {6 individuals w ith one 
measure of overlap per period for a total of 12 measures of overlap), we interpreted the results graphically rather than conducting a 
formal analysis. Our second approach to quantifying overlap involved calculating the overlap between every pair of mountain lions 
that were tracked during concurrent 3-month periods (Table S3). We restricted this to animals that used the same region (e.g., 
animals that exclusively used the Simi Hills portion of the study area were only compared to other animals that used this part 
of the study area). We analyzed the overlap data in the same way as the first overlap analysis , but separated into two datasets, 
one expressing overlap as proportions of female home ranges overlapped and the other expressing overlap as proportions of male 
home ranges overlapped. We fitted linear mixed effects models to each of those two datasets using pair category (male-male, 
male-female, female-female) as a fixed effect and overlap pair (pair of individual mountain lions for which overlap was calculated) 
as a random intercept (Table S5). Similar to the space use analysis , we used model selection to assess support for an abrupt (step) 
response to fire (Table S5). 

All analyses were conducted within R v3.6. 1-13 using Rstudio v. 1.3.1093,62 all plots were made using ggp lot2 v. 3.3.063 and all map 
figures were made using OGIS v. 3.4_s.1 
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Resampling for model validation 
In order to account for the variability in sampling across individuals and age-sex classes, we resampled observations in each dataset 
100 times to provide equal numbers of locations across sex and age classes and re-ran the model selection analysis. The specific 
approaches for each analysis are listed in Table S3. We recorded the percentage of iterations for which the most parsimonious 
models from the full dataset were selected as well as the proportion of models that resulted in fitted relationships in the same direction 
(e.g. greater or lower magnitude after compared to before fire) as the full-data model for all analyses. Where the majority of the re
lationships were in the same direction as the full dataset and the majority of iterations showed the same direction in relationships, we 
classified the relationships as robust. An additional validation step was performed for the urban use analysis. Given the female who 
used urban areas the most frequently (P75 - 15% of use was urban) was only sampled after the wildfire, we performed an additional 
check and removed her from the dataset and re-fit the models. We found that the strength and direction of the relationships were 
similar and that the same model type was found to be the most parsimonious, so we retained the full dataset. 

Most of our analyses showed that the most parsimonious model and the direction of relationships were consistent across 100% of 
iterations, and we report only the exceptions below. In the analysis of urban use, models predicting abrupt changes were selected as 
the most parsimonious 76% of the time, with continuous responses to fire 24% of the time. In the road crossings analysis, 78% of 
model iterations showed an increase in road crossings after fire with 25% of models showing an abrupt change and 62% showing a 
continuous response. For the space-use analysis, direction of the relationships (increase in space use after fire) was consistent 
across 83 % of iterations. When space use was separated into sex and age classes, model selection was consistent across all iter
ations, but the consistency of relationship directions (increase or decrease after fire) varied among sex and age classes (adult 
male: 63 %, subadult male: 100 %, adult female: 81 % , subadult female: 92 %}. 
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October 4, 2024 

Board of Supervisors 
330 Fair Lane, Building A 
Placerville, CA 95667 

RE: BOS Meeting, October 8, 2024 
Legistar Item 24-1540, Agenda Item #29 

Dear Supervisors, 

As a lifelong resident and constituent of El Dorado County, I would like to speak out 
regarding the County's approach to Mountain lion management. 

Though you mostly hear from those who are very outspoken about wanting change in policy 
and laws, there are just as many ofus who care deeply about the welfare of these lions and 
other wildlife. We are strong advocates of wildlife conservation and protection. and strive 
for better education and avenues of coexistence. 

Lion population in the County has not accurately been determined, nor reasons defined for 
increased encroachment into human populated areas. Mass development, fire-raged forest 
lands, and a large increase in County population who farm livestock, surely must play a role. 

Lion population tracking via social media is misleading and unreliable. when the definition 
of a '"sighting" includes chirps, whistles and screeches commonly made by other wildlife 
( e.g., owls, birds, foxes, bobcats, and raccoons). It is also a misleading assessment of 
population when pinpointed locations could very well be the same lion(s) repeatedly 
traveling across multiple miles of territory. Pinpointed locations on a worldwide social 
media platform also target lions for illegal hunting and poaching. 

Depredation abuse and illegal hunting is a concern. "SSS" is a very common term in this 
community with comments encouraging the activity circulating across social media. These 
folks already feel liberated to illegally shoot protected species, how will lethal depredation 
permits in the hands of these folks further affect this problem? 

The proposed change to lethal permit issuance per "area" vs. parcel is unclear and should be 
given deep consequential thought. How is "area" defined and will it suddenly change per 
incident? How will a permit be assigned if an area includes several parcels with varying 
degrees of husbandry? Will parcel A be educated before parcel B is issued a permit? Will 
permits be parcel specific or cross parcel lines? CDFW interpretation is important, given 
these situations. Increased gunfire is disturbing to most neighborhoods. 
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In providing more lethal permits, how are nuisance lions differentiated from innocent lions 
or lionesses? Cubs commonly stay with their mothers for up to 18 months while lionesses 
are their primary caregivers. Will we start seeing more orphaned cubs wandering the 
roadsides looking for their dead mothers? Or worse, stuck alone deep in a wooded den 
where they cannot be rescued? This type of collateral damage is cruel and unthinkable. 

Reducing the three strikes rule (two in EDC) to one strike is unfair. Lions are not vengeful, 
they are opportunistic survivalists. If more people truly understood this, they might work 
harder to improve their methods of livestock protection. Stronger deterrent methods should 
be ENFORCED through increased education and the availability of tailored materials and 
devices before a depredation permit is issued. Expenses may be alleviated through State 
grants. 

The County has been offered a gift of assistance. The Mountain Lion Foundation is a 
dynamic group of well-educated and highly experienced individuals who know all aspects 
of Mountain lion behavior. They strive for coexistence through extensive research, 
education and proven methods of deterrent devices successfully used in the field. Please do 
not pass up this opportunity to work with the MLF, before we end up with needless mass 
lion depredation. 

Thank you for considering all available options before taking action. 

Sincerely, 
Christine Trout 

cc: LeeAnne Mila, Agricultural Commissioner 
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