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Research findings

The core aim of this project was to study how mountain goats (Oreamnos americanus) in
Cathedral Provincial Park responded to the Crater Creek wildfire (K52125). In the summer of
2023, a lightning strike sparked the Crater Creek wildfire in the southern interior of BC on the
unceded and ancestral land of Syilx Okanagan Nation near Keremeos, BC. Over the 96 days
that it burned (BC Wildfire Service 2023a), the Crater Creek wildfire engulfed a total of
43,504.2 hectares and is considered as a megafire (Linley et al. 2022). Although the fire was
initially slow growing, in mid-August the fire spread rapidly towards Cathedral Provincial Park.
The fire was eventually extinguished, but over the months that it burned it expanded into the
home-ranges of a population of vulnerable mountain goats equipped with GPS tracking collars
were being monitored by BC Parks. (Fig. 1). This confluence provided a unique opportunity to
study how these animals responded to wildfire in near real-time. Using 6 years of GPS tracking
data from the 6 individuals that were continuously monitored before, during, and after the
fire, remotely sensed habitat information, and fire spread data, we studied how mountain
goats’ movement ecology was impacted by the Crater Creek wildfire (Fig. 2). Our key findings
are detailed below.

Mountain Goat Movement

e The 6 monitored animals exhibited comparable home-range sizes and diffusion rates
across all 6 years (Fig. 4).

e Mountain goat home-range sizes were smaller during the wildfire (July 229, 2023 —
October 26%™, 2023) as compared to their home-range sizes during the same period in
the 4 years preceding the fire, and the year after the fire (Table 1; Fig. 3a). However,
the fire year/normal year ratio of mean home-range size was estimated as 0.23 (0.01-
1.03), which marginally includes 1, implying these differences were not significant.

e Mountain goat diffusion rates, a measure of their movement speed, were greater
during the wildfire as compared to the same period in the 4 years preceding the fire,
and the year after the fire (Table 1; Fig. 3b). Here the fire year/normal year ratio of
mean diffusion rates was estimated as 3.20 (1.80-5.16), which excludes 1, implying a
significant difference.



Mountain Goat Habitat-use

e The 6 monitored animals exhibited comparable use of elevation and distance to
escape terrain across all 6 years (Fig. 6).

e When restricting our analyses to the June 22" — October 26 fire period, here again
no differences in habitat use were observed (Fig. 7), and resource selection functions
(RSFs) further revealed little to no differences in the selection for elevation (Fig. 8a)
nor distance to escape terrain (Fig. 8b).

e Near real-time estimates of the mountain goats’ distance to the fire perimeter in the
year the fire was burning were effectively identical to their distance to the fire
perimeter in the years the fire was not burning (Fig. 9), further indicating that the
animals did not adjust their habitat use, nor shift their home-ranges in response to the
wildfire.

When taken together, our results suggest that managers should not expect mountain goats
to proactively adjust their habitat use or movement in response to a nearby wildfire(s).
Instead, BC Parks should expect that mountain goats will react only when wildfire represents
an immediate threat to their survival. The significantly elevated diffusion rates we observed
during the fire suggest that mountain goats may be ‘agitated’ during wildfire events, however,
few other differences were observed. The elevated diffusion rates would result in increased
energy expenditures, which these animals would need to adjust for through the consumption
of additional food, or the metabolism of fat reserves. The combination of increased energetics
and decreased post-fire forage availability can have an additive effect on mountain goats that
risk negatively impacting their post-fire survival and fitness. We note, however, that these
findings are geographically restricted, and based on a small sample size, and further work is
needed to determine the extent to which these findings can be generalised to other mountain
goat populations.

Methods summary

e The Crater Creek wildfire was discovered on July 22, 2023, and burned for 96 days (BC
Wildfire Service 2023a, 2023b). BC Wildfire Services declared the wildfire out on
October 26, 2023 (BC Wildfire Service 2023a, 2023b). We defined this date range as
the “wildfire” period in our subsequent analyses.

e Spatial polygons of the spread of the Crater Creek wildfire were obtained from the
provincial government via the Freedom of Information and Protection of Privacy Act
(FOIPPA), hotspot fire data were obtained from satellite imagery (NASA VIIRS Land
Science Team 2020a, 2020b, 2021) elevation data were obtained from the elevatr
R package (Hollister et al. 2021), slope data was obtained from the terra R package
(Hijmans 2024), and ‘escape terrain’ was defined as locations with a slope greater than
50° (Sarmento and Berger 2020).

e GPS tracking collar data from 6 mountain goats for 6 years (2019 - 2024) were
provided by BC Parks. All the tracking data were filtered for outliers prior to analyses,
and 671 locations were deemed outliers and removed. The final data set consisted of
a total of 13,787 locations.



e To estimate mountain goat diffusion rates we fit continuous-time movement models
to the GPS data using the ctmm R package (version 1.2.0; Fleming and Calabrese
2022).

e Individual home-range areas were estimated using autocorrelated kernel density
estimation (AKDE; Fleming et al. 2015a). We estimated home-ranges during the July
22" — October 26 wildfire period for all years (2019-2024), and comparisons were
made via the meta function in ctmm (Fleming et al. 2022).

e Individuals’ distance to the wildfire perimeter were calculated from the animals’ GPS
coordinates using the sf R package (version 1.0.17; Pebesma 2018, Pebesma and
Bivand 2023).

e To examine mountain goat selection for or against elevation and distance to escape
terrain in response to the Crater Creek wildfire, resource selection functions (RSFs)
were fit via the rsf.fit function from the ctmm package. RSFs were fit to GPS
locations during the July 224 — October 26" wildfire period for all years (2019-2024).

e We applied a sliding window analysis to detect any dynamic changes in behaviour for
the period leading up to and during the wildfire. The GPS location data were subset
into a series of 3-day windows, which moved incrementally by 1-day time steps over
the duration of the monitoring period. Within each 3-day window, the analyses
described above were all conducted, allowing us to see how individuals’ movement
changed over time.

e Data visualization and analysis were carried out using R (version 4.4.1; R Core Team
2022). All of the scripts involved in this project are openly available in the GitHub
repository at https://github.com/QuantitativeEcologyLab/Mountain_Goat.

Key outcomes for BC Parks

Decades of fire suppression and fuel accumulation, paired with the pressures from human-
induced climate change, are leading to longer fire seasons comprised of more frequent and
severe wildfires (Parisien et al. 2023). Managers at BC Parks will need to contend with the
threat that these fires pose to BC’s forests and wildlife. From our analyses, we found that
mountain goats did not appear to proactively adjust their habitat-use or movement in
response to a nearby wildfire. Managers should therefore expect mountain goats to react
only when a wildfire presents an immediate threat to their survival. Although based on a small
sample size, these findings are consistent with patterns observed in other species throughout
the province (Adam T. Ford, pers. comm.).

Although the monitored mountain goats did not adjust the size or location of their
home-ranges, we did observe significantly elevated diffusion rates during the wildfire. This
suggests that individuals may have been ‘agitated’ during the wildfire. If wildfires drive
increased movement rates, they would result in increased energy expenditures that these
animals would need to compensate for through the consumption of additional food, or the
catabolism of fat reserves. The additive effects of increased energetics and decreased post-
fire forage availability risk negatively impacting their post-fire survival and fitness.


https://github.com/QuantitativeEcologyLab/Mountain_Goat

Relevance to BC Parks management

Although the crater creek fire moved through areas that these mountain goats were known
to occupy (Fig. 1), all of the GPS tracked individuals survived the fire. This is promising, as it
suggests that mountain goats have the capacity to escape fast moving megafires. Notably,
however, these animals did not preemptively adjust their habitat use in any statistically
identifiable way in response to the wildfire, but continued to occupy their core habitat up
until the point at which a fire became an imminent threat to their survival. This has two main
implications for managers at BC parks. First, this implies that when faced with a potentially
threatening wildfire, employees at BC Parks should be able to contrast real-time fire spread
predictions against maps of mountain goat habitat to assess the risk the fire poses to
mountain goat populations without needing to factor in fire-induced behavioural changes.
Second, because managers cannot expect mountain goats to respond proactively to wildfires,
we recommend that, in the event of a potentially threatening wildfire, they work to ensure
that mountain goats have the space and freedom of movement needed to flee from
approaching fires. Access to flight or escape paths should be protected from recreational
encroachment and/or physical barriers, such as a fence as best as possible. Although further
work is needed to determine the landscape features mountain goats’ use during any fine-
scale flight responses, ensuring good habitat connectivity is an important component of
proactive wildfire management. Individuals only seem to respond when a fire becomes an
immediate threat, placing them at risk of becoming trapped if there is poor habitat
connectivity. Notably, park managers will also need to consider the vagility of mountain goats,
or wildlife in general. If a wildfire is projected to move quickly, it may risk outpacing mountain
goats. Given that fires are spreading at faster rates (Balch et al. 2024), this will be increasingly
important going forward.

Project's challenges/opportunities

The core aim of this project was to study how mountain goats in Cathedral Provincial Park
responded to the Crater Creek wildfire. Although the mountain goat tracking data were made
available by partners at BC Parks, obtaining access to accurate fire spread data was a
substantial challenge in this project. BC Wildfire Services only provides the initial ignition point
and final perimeters of past wildfire. The dynamic perimeter data are not readily available to
researchers, despite news media and wildfire services being able to report the fire perimeters
as wildfires progress. In an attempt to obtain real-time fire spread information, we assessed
the viability of remotely sensed data; however, only hotspot points were available, and
significant effort is required to convert these hotspots to fire perimeters. In addition, the
satellite imagery data were either fine-scale temporally (~15 minutes) and coarse-scale
spatially (2km; geostationary satellite, GOES-West) or coarse-scale temporally (twice a day)
and fine-scale spatially (250-375m; polar-orbiting satellite, MODIS and VIIRS). Unfortunately,
much of the remotely sensed fire data could not be used due to their relatively poor quality,
and the challenges associated with working with them. Our eventual approach was to obtain
data via the Freedom of Information and Protection of Privacy Act (FOIPPA), in which fire
boundaries were requested from the BC government records. Again, the data were limited,
and there were only 15 perimeters included in the request. With five of the most destructive



wildfire years occurring in the past eight years in BC (BC Wildfire Service 2023b), critical data
on wildfire should and needs to be made available to researchers.

The small sample size of 6 mountain goats makes it difficult to generalise our findings
beyond the Cathedral Provincial Park population. It is effectively impossible to plan a study
around wildfires, as they are stochastic and unpredictable in nature. This analysis was only
possible because we happened to know that mountain goats in Cathedral Provincial Park were
being monitored during the Crater Creek fire. However, there are hundreds, if not thousands
of GPS monitored animals throughout the province. If there whereas better coordination in
terms of understanding which animals are collared, when and where for all the animals across
the province, researchers would be better able to study the effects of wildfire on animal
movement and habitat use. If such a database existed, it would be advantageous for those
tasked with stewarding BCs wildlife and the habitats the live in.

In both cases, data limitations were the primary challenges we faced with this project.
Through various agencies, there appears to be a lack of coordination on how these data are
collected and stored. In addition, the data were difficult to work with and required substantial
effort to process before any analyses could be done. Improving data curation practices would
help reduce the effort required to work with these data. Improved accessibility is greatly
needed to increase the usage of these incredibly valuable data. We anticipate that it would
lead to more collaborations between BC Parks and researchers, a more efficient use of
research time, and undoubtedly more actionable findings.

Conclusions/next steps

Our findings allowed us to describe mountain goats’ coarse-scale response to the Crater Creek
wildfire. With wildfire being projected to increase in frequency and severity, it is
recommended that BC Parks make use of these findings to understand how mountain goat
movement patterns and habitat use are expected to change in the coming years. Although
our results were at a relatively coarse temporal scale, they represent a starting point for park
managers to help guide their day-to-day decisions. Due to the challenges mentioned above,
time constraints became a limiting factor, and fine-scale analyses could not be performed.
Further work on the fine-scale responses of mountain goats is needed in order to better
understand their response to wildfire. In addition, a finer-scale re-creation of the Crater Creek
wildfire is essential for such analyses. Mountain goats seem to only acknowledge the
presence of wildfire when it becomes an immediate threat and not when a situation may
become dangerous. Despite these acute responses, they maintain their area-use patterns
with increased movement. Therefore, area-based conservation is crucial in protecting the
vulnerable population of mountain goats in Cathedral Provincial Park. Collectively, our
findings can help park managers throughout the province to make informed decisions about
wildlife in protected areas and how they are expected to respond in a future of induced-
climate increases in wildfire.
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Figure 1. Mountain goat location in and around Cathedral Provincial Park, British Columbia. Map of 6
mountain goat GPS locations from July 22 to October 26, 2023. The solid grey line marks the Canada-USA

international border.
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Figure 2. Project schematics of the workflow examining the response of mountain goats to wildfire. The dark
blue circle represents the movement response of mountain goats. Movement was evaluated by home-range
size and diffusion rate (light blue circles). The dark green circle represents the habitat-use of mountain goats.
Habitat-use was investigated based on elevation and distance to escape terrain (light green circles).
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Figure 3. Mountain goat home-range and movement during the 2023 Crater Creek wildfire in Cathedral
Provincial Park, British Columbia. Panel a) shows boxplots of individual home-range sizes from July 22 to
October 26 wildfire period across all years (2019-2024), with 2023 being the year of the Crater Creek wildfire.
The width of each bar indicates the 95% confidence intervals on the home-range estimates across all years
during this period. Panel b) shows boxplots of diffusion rate for these same individuals for the wildfire period
across all years. The width of each bar indicates the 95% confidence intervals on the diffusion rate across all
years during this period. The points depict the underlying data, with red indicate the year of the Crater Creek
wildfire.
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Figure 4. Mountain goat home-range sizes and diffusion rates from 2019 to 2024 in Cathedral Provincial Park,
British Columbia. Results of a sliding window analysis estimating individuals’ mean a) home-range size, and b)
diffusion rates across all 6 years (2019-2024), with 2023 being the year of the Crater Creek wildfire. Panel a)
shows each mountain goat’s home-range size (km?) across all 6 years. Panel b) shows each mountain goat’s
diffusion rates (km?/day) across all 6 years. The red line indicates the year of the Crater Creek wildfire, and the
grey lines are all the other years. The black dashed line represents the Crater Creek wildfire period.
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Figure 5. Mountain goat movement during the 2023 Crater Creek wildfire in Cathedral Provincial Park,

British Columbia. Results of a sliding window analysis estimating individuals’ mean a) home-range size, and b)
diffusion rates during the wildfire period (July 22 to October 26) across all 6 years (2019-2024), with 2023

being the year of the Crater Creek wildfire. Panel a) shows each mountain goat’s home-range size (km?) during

the Crater Creek wildfire (red line) compared to their home-range sizes in all the other years over the same

period (grey lines). Panel b) shows each mountain goat’s diffusion rates (km?/day) during the Crater Creek

wildfire (red line) compared to their diffusion rates in all the other years over the same period (grey lines).
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Figure 6. Mountain goat habitat-use from 2019 to 2024 in Cathedral Provincial Park, British Columbia. Results
of a sliding window analysis estimating individuals’ mean a) elevation, and b) distance to escape terrain across
all 6 years (2019-2024). Panel a) shows each mountain goat’s mean elevation (m) across all 6 years. Panel b)
shows each mountain goat’s distance to escape terrain (m) across all 6 years. ‘Escape terrain’ was defined as
locations with a slope greater than 50° (Sarmento and Berger 2020). The red line indicates the year of the Crater
Creek wildfire, and the grey lines are all the other years. The black dashed line represents the Crater Creek
wildfire period.
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Figure 7. Mountain goat habitat-use during the 2023 Crater Creek wildfire in Cathedral Provincial Park,
British Columbia. Results of a sliding window analysis estimating individuals’ mean a) elevation, and b)
distance to escape terrain during the wildfire period (July 22 to October 26) across all 6 years (2019-2024),
with 2023 being the year of the Crater Creek wildfire. Panel a) shows each mountain goat’s mean elevation (m)
during the Crater Creek wildfire (red line) compared to their elevation in all the other years over the same
period (grey lines). Panel b) shows each mountain goat’s distance to escape terrain (m) during the Crater Creek
wildfire (red line) compared to their distance to escape terrain in all the other years over the same period
(grey lines). ‘Escape terrain’ was defined as locations with a slope greater than 50° (Sarmento and Berger
2020).
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Figure 9 Mountain goat distance over time to the 2023 Crater Creek wildfire perimeter in Cathedral
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Table 1. The average home-range size and diffusion rates for 6 mountain goats from July 22 to October 26. The
asterisk indicates the year of the Crater Creek wildfire.

Year Home-range size Home-range Diffusion rate Diffusion rate 95%
(km?) 95% ClI (km?) (km?/day) Cl (km?/day)
2019 96.76 7.17 - 494.07 0.81 0.39-1.51
2020 153.21 5.94 - 1019.23 1.08 0.47 -2.17
2021 85.26 6.85-415.88 0.85 0.46 - 1.46
2022 82.54 9.32 - 350.83 095 0.53-1.58
1.98-4.72
2023* 35.85 7.60-111.30 3.13
2024 85.88 12.75-311.01 1.06 0.57-1.81
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