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Abstract

Wildlife may be attracted or repelled by anthropogenic stimuli — by understanding these responses we
gain powerful tools to modify their behavior. Anthropogenic lighting is ubiquitous but little is known
about how it influences carnivores. We focused on pumas (Puma concolor) living around Los Angeles,
California for which vehicular collision is an important source of mortality. We used GPS collars to track
their movement around roads and combined this with ground-level and remotely sensed data of human
generated nighttime light to see how that influenced activity around roads. There are multiple
landscape level scales, and metrics of light relevant at each scale, that influence the perceptual
landscape of wildlife and thus these different scales must be considered. We found that, at a broad
spatial scale, pumas crossed roads more frequently in areas with low levels of anthropogenic light
(controlling for distance to urbanization). However, while pumas crossed roads in darker parts of the
landscape at a broad-landscape scale, we did not find a statistically significant relationship between

puma eye-level light intensity and predicted road crossing locations.

Regarding pumas and nighttime light, it appears that having dark swaths of land, at a broad spatial scale,
is important. This is important for puma conservation and road design as little is currently known about
wildlife movement response to nighttime light and the ideal placement for mitigation structures.
Ultimately, anthropogenic light at night is a landscape aspect that needs to be better understood and

integrated into conservation as the human footprint increases.

Keywords: ALAN, anthropogenic light at night, perception, movement ecology, road ecology, mountain
lion
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1. Introduction

Wildlife rely on their senses to collect information about their landscape that, in turn, influences how
they move through their environment and use resources (Smith et al. 2015). While behavioral responses
to environmental cues have been honed over evolutionary time, there are many stimuli (especially in
landscapes modified by humans) that have become decoupled from their historical meaning (Robertson
& Hutto 2006). Directly studying wildlife perceptual abilities is difficult, but we can infer perception and
downstream behaviors from studying wildlife movement and habitat selection. Many species live in
highly fragmented habitats and roads crisscross their home ranges. Because roads are a significant
source of mortality for some species, understanding how anthropogenic features influence road crossing

behavior should have important conservation implications.

We studied how anthropogenic lighting influenced movement of pumas (Puma concolor) across roads in
the mountains around Los Angeles, California, USA. Roads are among the leading causes of puma
mortality in Southern California and in the Santa Monica Mountains (Vickers et al. 2015; Benson et al.
2020). Nighttime light dominates the visual perceptual landscape and impacts nocturnal wildlife species’
behavior and movements (Zollner & Lima 1999; Rich & Longcore 2013). Anthropogenic contributions to
nighttime light are particularly disruptive and are known to influence wildlife in many ways including
causing disorientation, shifts in activity patterns, and disrupted navigation (Rich & Longcore 2013). By
identifying how light affects road crossings, we gain tools that can be used to both attract and repel
(Greggor et al. 2020) pumas (e.g., make busy roads appear unsafe and make dedicated wildlife crossing

structures appear safe).

Our study area of Southern California’s Santa Monica Mountains is well-suited to examining how puma

movement around roads is influenced by anthropogenic light; it is a natural landscape with varying
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96 levels of anthropogenic encroachment and is fragmented by roads. To assess the role that
97  anthropogenic light plays on modifying puma road-crossing, we explored the relationship between light
98 and puma road-crossing behavior at two spatial scales using three distinct metrics; we hypothesized that
99 the number of times pumas crossed roads in particular locations, or road crossing intensity, will be
100 influenced by nighttime light intensity. Using a puma GPS-collar dataset for 17 pumas collected between
101 2002 and 2013, we examined road crossing intensity and light measurements from both puma eye-level
102 at the local scale, as well as at the broad landscape scale using remotely sensed light levels. Puma-eye
103 level measurements are split into a “horizon-view” perspective that captures light above the road verge
104  (i.e., what lies across the road) and a “road-view” perspective that examines the amount of light on the
105  road surface itself.
106
107
108 2. Materials and Methods
109 All statistical analyses were completed in program R 4.0.2 (R Core Team 2020).
110
111 2.1 Study area
112 The study area lies within the Mediterranean Ecosystem of the Santa Monica Mountains National
113 Recreation Area in Los Angeles and Ventura Counties in California. Dominant vegetation communities
114 included chaparral, coastal sage scrub, oak woodlands, and introduced grasslands. Human land uses
115 included commercial and industrial areas and residential areas from high (greater than five houses per
116  two acres) to low (fewer than one house per two acres) density, although within the core Santa Monica
117 Mountains themselves, housing is generally low-density. Overall, the Santa Monica Mountains are
118 isolated from other natural areas: specifically, puma habitat is hemmed in to the east and north by

119 urbanization and freeways, to the west by agricultural areas in the Oxnard Plain, and to the south by the
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120 Pacific Ocean. To avoid the influence of dense urbanization, the study focused on the core of the Santa
121 Monica Mountains, consisting of extensive wildlands with interspersed housing (Fig. 1).

122

123 Using the StreetMapQ7 roads layer, (GDT Dynamap 2014) we identified 109 km of secondary road in our
124  study area (U.S. Census Bureau’s Census Feature Class Code, hereafter FCC, classes A30-A38). Landscape
125 level analyses described below were performed by dividing the 109 km of road into 68 1.6 km segments;
126 only road segments that were 1.6 km long with the same FCC class and road name were included in

127 analyses.

128

129 2.2 Light measurements

130  We performed four analyses to explore the nighttime light environment of pumas —two at a broad

131 landscape scale (i.e., ~400 square meters), and two from puma eye-level at the road verge.

132

133 To examine anthropogenically-created nighttime light (radiance, W cm™ sr'') at a broad spatial-scale we
134  used moonless and cloudless composites collected by the Visible Infrared Imaging Radiometer Suite

135 Day-Night Band (VIIRS) that was aboard the NASA/NOAA Suomi-NPP satellite (Elvidge et al. 2017); this
136  metric of nighttime light has been used in other wildlife studies (Hu et al. 2018; Levin et al. 2020). In our
137 study area each VIIRS pixel measured approximately 380 m by 470 m. For each 1.6 km segment of road,
138 we extracted and calculated the mean VIIRS light levels at 161 m increments.

139

140 Light at puma eye-level was measured using methods developed by light engineer Peter Hiscocks

141 (Hiscocks 2011, 2013a, 2013b, 2014) where RAW format image data were calibrated using a professional
142 spectroradiometer and light integrating sphere and then converted to luminance (candela/m?). Canon

143 D30 cameras (Canon, Melville, NY), using the Canon Hack Development Kit {CHDK; Russell 2016) on-
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144  camera software (Russell 2016), photographed the scene across roads from a puma-eye perspective
145 (approximately one meter above ground-level) at 74 field sites throughout the night. At each field site a
146 nighttime photo was selected that was not obscured (by rain or vegetation), had no light from passing
147  vehicles, was taken during astronomical twilight (i.e., center of the sun was geometrically 18 degrees
148 below the horizon), and the moon was at least one hour from rising or one hour after it had set. We
149 also extracted VIIRS light (logo radiance) at each puma eye-level field site and calculated minimum,

150  maximum, mean, and standard deviation. While VIIRS light levels (logyo radiance) cannot directly be
151 compared against puma eye-level light metrics (log;o luminance), summary statistics can be used to

152 identify where puma eye-level sites fall in the general range of VIIRS light levels from the broad-

153 landscape scale analyses.

154

155  We attached light measuring equipment to power-poles owned by Southern California Edison. Sites
156 were established without knowledge of predicted puma crossing intensity so as not to bias

157 measurements. Equipment was placed (no closer than 200 m to each other) along the following roads in
158  the Santa Monica Mountains study area (number of sites per road follow parenthetically): Mulholland
159 Hwy. (36), Las Virgenes Rd./Malibu Canyon Rd. (13), Old Topanga Canyon Rd. (9), Topanga Canyon Blvd.
160  (9), Decker Rd. (5), Colina Dr. (1), Stokes Canyon Rd. (1). Coordinates, light measurements, and site data
161  are available in the supplemental information (Appendix S1).

162

163 Resulting lightscape data were split into two components: 1) horizon-view: mean luminance for pixels
164  falling above the distant road verge to quantify light in the view-shed of an approaching puma and 2)
165  road-view: pixels below the distant road verge mean luminance; a proxy for how well an approaching
166 puma could see the road itself and to discern nearby objects. CHDK software was installed on each

167 camera to control the camera and to generate RAW format images (Hiscocks 2014). Resulting RAW
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168 images were processed in Imagel (Rasband n.d.) split into the above- and below-distant road verge
169  components. Using the workflow and formulas described by Hiscocks (Hiscocks 2013b, 2014) luminance
170  was calculated from pixel values. Calibration coefficients were determined by using a research-grade
171 light integrating sphere and a PR-650 spectroradiometer (Photo Research, Chatsworth, CA) in a

172 controlled lab setting (Appendix S1).

173

174 2.3 Modeled road crossing locations

175 A puma movement dataset was constructed using GPS locations from seventeen pumas, using GPS

176  collars, tracked between 2002 and 2013; this dataset consisted of 53,825 fix locations. To identify the
177 most probable locations where pumas crossed roads we modeled least cost movement paths (Wade et
178 al. 2015) starting from each puma coordinate to the subsequent coordinate following the methods in
179 Lazo-Cancino et al. (Lazo-Cancino et al. 2017). We used least cost paths because simple straight-line
180 paths between fix locations were biologically unrealistic, did not follow topography or vegetation that
181 was preferentially used by pumas, and may result in an unlikely number of road crossings along curvy
182 roads. To minimize uncertainty, any paths generated from puma location pairs that were separated by
183 more than 120 minutes were excluded from the analysis. Movement paths and roads were then

184  examined to find intersections: we found 2,459 locations where least cost paths intersected roads in the
185  study area from fifteen pumas (two of the seventeen pumas were not predicted to have crossed roads
186 in the study area) and these coordinates were used as predicted puma crossing locations in the

187  following analyses.

188

189 Following Zeller et al. (2014), a resistance surface was parameterized with land cover, which included
190  both vegetation types (National Park Service 2014) and human land use types (SCAG 2005), slope data

191 (USGS 2015), and puma location data. We calculated pixel resistance values in our study area based on
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192 probability of use calculated by examining empirically “used” habitat (determined by using a 30m buffer
193  around each puma fix location) and “available” habitat using Pareto distributions and kernels (Zeller et
194  al.2014).

195

196 2.4 Proximity to urban areas

197 Light levels are often, but not always, correlated with urbanization. We hypothesized that predicted
198 road crossing intensity will vary with proximity to urbanization. We included distance to urbanization in
199 our models and tested for collinearity between predictor variables to ensure that proximity to

200 urbanization and light levels were not highly correlated. The landscape-scale analysis used distance to
201 urbanization calculated at 161 m intervals along each road; for each 1.6 km road-segment we calculated
202 the mean distance (in meters) to the nearest urban area (defined as commercial, industrial, or

203 residential with greater than five houses per two acres) across 161 m points that fell within that road
204  segment. For puma eye-level analyses we used the distance from each field site to the nearest urban
205 area. We used the gDistance function (rgeos package 2020) to calculate the distance between each

206  point of interest (i.e., either field site location or 161 m point) and the closest urban polygon from

207 (“Santa Monica Mountain Recreation Area vegetation map, super-generalized version.” 2015).

208

209 2.5 Broad spatial-scale response to light analysis

210  We examined if predicted puma road crossing locations are biased by an interaction between light

211 conditions and road type while controlling for the effects of proximity to urbanization; we hypothesized
212 that predicted road crossing intensity would vary with light intensity. To examine puma response to
213 broad-landscape level light we examined number of predicted crossings per 1.6 km segment of road
214 (hereafter crossing intensity).

215
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216  To examine the relationship between puma road crossing intensity and light levels we fitted a linear
217 model using the Im function after logy, transforming both predicted road crossing quantity and light
218 levels. Crossing intensity was the dependent variable while independent variables were light level

219 (VIIRS), and proximity to urbanization. To check for collinearity between independent variables we used
220  ageneralized variance-inflation factor analysis using the “vif” function in the car package (car package
221 2020) with crossing intensity as the dependent variable and proximity to urbanization and light level
222 (VIIRS) as independent variables. We used the gvima function (gvima package 2019) to ensure the

223 model met model assumptions for skewness, kurtosis, and heteroscedasticity.

224

225 2.6 Assessing puma baseline light level exposure vs. light levels at predicted road crossing locations
226  To examine if light levels at predicted road crossing locations were directly associated with baseline
227 levels of light that pumas were exposed to, we compared the two light distributions to each other.

228 Baseline light exposure was calculated as light levels (extracted from VIIRS satellite data) at each of

229 53,825 puma GPS collar locations. Light levels from the 2,459 modeled road crossing locations, also
230  extracted from VIIRS, formed the distribution of modeled road crossing light levels. We used a two-
231 sample Kolmogorov-Smirnov test (Conover 1998) using the ks.test function where the null hypothesis is
232 that light levels at modeled road crossing locations and baseline light levels, locations where pumas are
233 not crossing roads, are pulled from the same distribution. If pumas were crossing roads in the same
234 parts of the landscape that they moved more generally, both baseline and predicted road-crossing light
235 levels would follow the same light intensity distribution, and we would accept the null hypothesis.

236 Rejecting the null hypothesis suggests that light at predicted road crossings is not simply an artifact of
237  where pumas happen to be on the landscape in that light levels where pumas cross roads is different
238  than where they generally move.

239
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240 2.7 Puma eye-level response to light analysis

241  We examined crossing intensity and light intensity on the road (road-view) and above the road surface
242 (horizon-view). For these analyses, we calculated crossing intensity as the number of modeled puma
243 crossings within 50 m of each site (i.e., along a 100 m stretch of road with the site being in the middle;
244  table 1). Road-view and horizon-view light intensity values were calculated as described in the light

245 measurements section.

246

247  To examine the relationship between puma road crossing-intensity and horizon-view and road-view light
248 intensity, we fitted two linear models after log;o transforming light intensity and log;, transforming road
249 crossing after adding one (because there were sites with zero crossings) so that methods were

250  analogous across road-view, horizon-view, and broad spatial-scale analyses. The dependent variable was
251  crossing intensity and independent variables were light level and proximity to urbanization. No

252 interaction term was used in horizon-view and road-view analyses, unlike in the broad spatial-scale

253 analysis; all but two sites were along large secondary roads resulting in no effective variability in road
254 type.

255

256 2.8 Capture and monitoring

257 Pumas were captured using foot cable-restraints (also known as Aldrich foot-snares), baited cage-traps,
258  or by treeing them with trained hounds during 2002-2013. We immobilized pumas with ketamine

259 hydrochloride combined with either xylazine hydrochloride or medetomidine hydrochloride

260  administered intramuscularly. Captured animals were monitored for the duration of the time they were
261 immobilized. Adults and subadults were then fitted with a GPS radio-collar (Followit AB, Simplex and
262  Tellus models, Stockholm, Sweden; North Star Science and Technology LLC, Globalstar Tracker model,

263 King George, Virginia, USA; or Vectronic Aerospace, GPS Plus model, Berlin, Germany) equipped with a

10
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264  VHF beacon. Fix schedules for the GPS radio-collars varied but most of them were programmed to

265  obtain either one or two locations during the day and between five and seven nighttime locations per 24
266 hours. Capture and handling was conducted under California Department of Fish and Wildlife Permit SC-
267 0005636, and the protocol was approved by the National Park Service’s Institutional Animal Care and
268 Use Committee.

269

270

271 3. Results

272 3.1 Broad spatial-scale response to light analysis

273 We found that puma road crossing-intensity decreased as landscape-level light intensity (VIIRS radiance)
274  increased after accounting for proximity to urbanization [ =-0.47, F(1, 65) = 6.43, p = 0.01] (Fig. 2). We
275 did not find a significant main effect of distance to urbanization [ =0.0002, F (1, 65) = 1.38, p = 0.24].
276  This model met model assumptions for skewness, kurtosis, and heteroscedasticity. We also find that
277 independent variables were not collinear (GVIF equal to 1.04 for each variable).

278

279 3.2 Puma eye-level response to light analysis

280  We found no relationship between puma road-crossing intensity and puma eye-level horizon-view light
281 intensity [F(1, 71) =0.81, p = 0.37] or road-view light intensity [F(1, 71) =1.89, p =0.17]. We also found
282 no relationship between puma road-crossing intensity and proximity to urbanization either in the

283 horizon-view analysis [F(1, 71) =0.41, p = 0.52], or the road-view analysis [F(1, 71) = 0.63, p = 0.43] (Fig.
284  3). Forreference, VIIRS light levels (logo radiance) at eye-level sites ranged from -0.27 to 1.12 with a
285 mean of 0.276 (SD 0.29).

286

287 3.3 Puma baseline light level exposure vs. light levels at modeled road crossing locations

11
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288 Using a two-sample Kolmogorov-Smirnov test we found evidence to reject the null hypothesis that light
289 levels at modeled puma road crossing locations were from the same distribution as baseline puma

290 locations (D = 0.34, p < 0.0001). As such, light distributions are different when comparing locations

291 where pumas were predicted to have crossed roads against puma non-road crossing locations. Light
292 levels (logio radiance) for all puma GPS locations ranges from -0.63 to 1.90 with a mean of -0.12 (SD =
293  0.28). Light levels (logyo radiance) for modeled crossing locations ranged from -0.53 to 1.10 with a mean
294  of 0.074 (SD =0.31).

295

296 4. Discussion

297 Human-caused landscape alteration is widespread, and disruptions reach the nighttime sky (Rich &

298 Longcore 2013). While there are many examples of ways in which human-caused light at night have

299  deleterious impacts on wildlife, ranging from disorientation to disruption of foraging behavior, there is
300  much thatis still unknown, especially in mammals (Rich & Longcore 2013). This lack of knowledge can be
301 especially problematic for conservation biology which focuses on preserving biodiversity in the face of
302  challenges presented in anthropogenic landscapes (Soulé 1985). Road ecology, aspects of which target
303  avenues for protecting both humans and wildlife, is one such area that could benefit from better

304  knowledge of wildlife response to nighttime lighting.

305

306 Roads isolate, hamper movement of, and limit gene flow in wildlife (Riley et al. 2003, 2006, 2014b), and
307 road surface area is increasing. Mitigation structures, safe passages for wildlife under or over a road (Ng
308 et al. 2004), can reduce some of the damage that accompany roads — to people, wildlife populations,
309  and the ecosystems in which wildlife play a vital role (Forman et al. 2003; Riley et al. 2014a). While

310  mitigation structures have and continue to be erected the world over, this manuscript addresses a

311 current gap in knowledge: beyond the availability of safe passage from one side of the road to the other,

12
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312 what is the best location to situate these structures and what can be done to alter conditions near the
313 entrance of mitigation structures to encourage use.

314

315 Anthropogenic light at night is known to influence wildlife movement and navigation (Rich & Longcore
316  2013). For example, nighttime lights are known to lead to mass casualties in birds (Rich & Longcore
317 2013) and sea turtles, emerging from eggs on the beach, move toward city lights and certain death

318  instead of toward the ocean (Witherington 1997). Additionally, eye physiology in nocturnal animals may
319 lead to night blindness in the face of some human generated nighttime light (Rich & Longcore 2013).
320 Previous research has examined the role of nighttime lighting, roads, and wildlife, but this past work
321 focuses generally on either the ability of vehicle drivers to see wildlife (with the possibility of then

322 avoiding a collision; Reed & Woodard 1981) or temporary blindness in wildlife on or near roads (Rich &
323 Longcore 2013). Little is known regarding wildlife response to light at the roadside, and if lighting

324  conditions alter where wildlife choose to approach, and subsequently cross, roads.

325

326  We found that landscape-level human-created light at night was correlated with modeled puma road
327 crossing locations after accounting for proximity to urbanization; specifically, we find increased crossing
328 intensity at darker sections of road. This result was not an artifact of baseline puma movements; light
329 levels at modeled road crossing locations are not simply a byproduct of baseline light levels that pumas
330  experience generally (i.e., we find that the distribution of light intensity at modeled road-crossing

331 locations do not follow the same distribution as light intensity at all GPS puma locations generally).

332

333  When examining light at puma eye-level though, we found no statistical relationship between modeled
334 road crossing location and average light intensity. It is important to note that the lack of statistical

335 significance does not necessarily indicate that there is no effect of light on local puma movements.

13
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336 While these results may initially seem contradictory, we believe that these findings instead 1)

337  underscore the importance of considering light in analyses of puma movement, 2) deepen our

338  understanding of how pumas may respond to light differently at different scales, and 3) help to identify
339  future research avenues.

340

341  Ourfindings underscore the importance of identifying the salient characteristics of the nighttime visual
342 landscape for pumas. Choosing darker parts of the landscape to cross roads suggests that there are

343 aspects of the lightscape that pumas attend to. It is possible that pumas are responding to local light
344  conditions but not to average light conditions as measured here; there are other characteristics of light
345 that may be responsible for driving puma behavior that were not specifically the subject of this study. In
346 addition to average luminance above and below the road verge, other aspects of the lightscape might
347  include 1) variation between the brightest and the darkest parts of the lightscape (i.e., contrast), 2)

348 distribution of lights across the lightscape, 3) light spectra weighted for puma vision since luminance is a
349 human-biased metric, and 4) landscape levels of radiance (light from a source) versus irradiance (light
350 incident on a surface). For example, light arrangement on the landscape can lead to high contrast where
351 a well-lit road can make it difficult to discern the landscape in adjacent dark areas (Rich & Longcore

352 2013).

353

354 Identifying optimal measurements of electromagnetic radiation relevant to wildlife behavior is a

355 challenge (Johnsen 2012). There are two main areas of complexities that future research might address:
356 specific metrics used in quantifying the lightscape and assessing salient aspects of the lightscape

357  important for shaping wildlife behavior. We present here human generated night-time light levels across
358  the sky from a puma eye-level field of view; behavior could also be driven by other metrics of the

359 lightscape including, for example, overhead skyglow (e.g., influencing the ability to see, and be seen by,

14
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360  prey), discrete bright lights on the horizon (e.g., affecting orientation or navigation), contrast (e.g.,

361 bright road lights inhibit the ability to see through a dark wildlife undercrossing), or light variation in the
362 scene (e.g., the role of light from moving vehicle headlights). Additionally, response to any of these

363  aspects of light in the view-shed may shift based on behavioral state (Zeller et al. 2014). Possible

364  approaches for addressing these questions could include coupling animal-borne light measuring

365 equipment with roadside behavior (derived from high temporal resolution GPS collars). Road crossing
366 locations, and locations where animals approach the road but did not cross (again from high temporal
367 resolution GPS collar data), could later be assessed for a host of lightscape variables.

368

369 Our finding that light, from a puma eye-level perspective, did not influence puma crossing intensity
370  could point to several underlying mechanisms. The first is that there is an underlying correlation

371  between puma crossing intensity and light, however, there was insufficient data to find statistical

372 significance. A second possibility is that pumas were not using light at this very local scale to make

373 decisions on where to cross secondary roads, or that other factors were more important such as a

374  strong motivation to cross that would overwhelm potential light effects. A third possibility is that a

375  single value, mean radiance across the field-of-view, is insufficient to describe the lightscape above and
376 below the road verge. Finally, a fourth possibility is that light at the roadside must be measured at

377 different distances from the roadside to better reflect what puma see as they approach the road rather
378  than the lightscape at the immediate roadside. Future research could focus on measuring light across a
379  diversity of road sizes, quantifying multiple metrics of light at the roadside (e.g., hemispherical

380 photography, sky glow, scene contrast, temporal variability, presence/absence of bright lights on the
381 horizon, road illumination), and measuring light along the path that a puma experiences before

382 approaching a road. Including light meters on GPS collars could be a productive methodology for future

383 studies focused on light at the roadside.
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384

385 4.1 Conservation impact

386  Vehicular collisions are an important source of mortality for some species, including the pumas that we
387 studied here. Reducing wildlife-vehicle collisions and increasing use of wildlife crossing structures

388 requires an understanding of stimuli that both attract and repel individuals. Transportation agencies
389 have few tools and guiding principles for identifying optimal locations for expensive wildlife crossing
390 locations — this research provides insight on examining landscapes for locating mitigation structures.
391 We have shown that pumas cross roads in areas with relatively less anthropogenic light. This has

392 concrete implications for identifying optimal future crossing structure locations.

393

394 Knowledge of puma unwillingness to cross sections of highway with particular light profiles, from results
395 presented here coupled with future research, can be used in two ways. Wildlife crossing structures,
396  designed to permit safe passage across a road, can be located and designed using “puma-friendly”

397 lighting to encourage use. Alternately, lighting profiles that pumas avoid could be used to repel pumas
398  from road stretches that are hotspots for puma-vehicle collisions. Identifying precisely how

399 anthropogenic stimuli both attract and repel animals (Greggor et al. 2020) creates useful tools to

400 potentially modify their movement.

401

402  Supporting Information

403 Data file with field site locations, descriptive information, and site-specific data collected (Appendix S1)
404 is available online. The authors are solely responsible for the content and functionality of these

405  materials. Queries (other than absence of the material) should be directed to the corresponding author.

406

407 Data Availability Statement
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512  Table 1. Number of field sites, for which eye-level light intensity was measured, at each level of
513 predicted crossing intensity. Field sites are locations along roads in California’s Santa Monica

514  Mountains National Recreation Area where light was measured across the field-of-view from a puma
515 perspective. Light levels were measured, and the mean luminance across the field-of-view is reported
516 here for both the area above the road verge (horizon-view) and below the road verge (road-view).
517 Crossing intensity was calculated as the number of predicted puma road crossings within the 100 m

518 segment of road around the field location (i.e., 50 m on either side of the field site).

Number of sites by crossing intensity

Crossing intensity 0 1 2 3 4 5 6
Number of sites 45 9 12 3 2 1 2
Horizon-view mean

logio luminance (£ SD) -1.5(£0.6) -0.99(+1.01) -1.38(+0.75) -1.77(x0.07) -1.79(x0.06) -1.76 -0.93(+1.36
Road-view mean logig

luminance (+ SD) -1.60 (+0.35) -1.18(+0.75) -1.43(+0.57) -1.76(+0.05) -1.77(+0.04) -1.75 -1.13(+0.73

519
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520 Figure-legends

521

522 Figure 1. Study area. Puma study area and roads used in broad landscape-scale light analyses. This

523 study area is situated in Southern California’s Santa Monica Mountains National Recreation Area.

524

525 Figure 2. Puma road-crossing intensity as predicted by light intensity and proximity to urbanization.
526  Pumas in the Santa Monica Mountain National Recreation Area between 2002-2013 crossed roads more
527  frequently using segments of road with less human-generated light at night. Model output showing

528 puma road-crossing intensity, per 1.6 km segment of road, decreases as light intensity increases across
529 roads after accounting for proximity to urbanization (p = 0.01; shaded area is 95% Cl).

530

531 Figure 3. Puma road-crossing intensity as predicted by puma eye-level light intensity. Puma road-

532  crossing intensity (within 50 m of a light-measurement field site) is not significantly correlated with

533 average light levels on the horizon or road surface from a puma’s perspective. To visualize many

534  overlapping points with zero modeled crossings the data points have been jittered (i.e., a small amount
535 of noise has been added to the crossing intensity and light level values so that points fall near but not on
536  top of each other).

537

538

539
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544 Figure 1. Study area. Puma study area and roads used in broad landscape-scale light analyses. This
545 study area is situated in Southern California’s Santa Monica Mountains National Recreation Area.
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549 Figure 2. Puma road-crossing intensity as predicted by light intensity and proximity to urbanization.
550  Pumas in the Santa Monica Mountain National Recreation Area between 2002-2013 crossed roads more
551 frequently using segments of road with less human-generated light at night. Model output showing

552 puma road-crossing intensity, per 1.6 km segment of road, decreases as light intensity increases across

553 roads after accounting for proximity to urbanization (p = 0.01; shaded area is 95% Cl).

554
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558 Figure 3. Puma road-crossing intensity as predicted by puma eye-level light intensity. Puma road-
559  crossing intensity (within 50 m of a light-measurement field site) is not significantly correlated with
560 average light levels on the horizon or road surface from a puma’s perspective. The data points have
561 been jittered to visualize many overlapping points with zero crossings (i.e., a small amount of noise has
562 been added to the crossing intensity and light level values so that points fall near but not on top of each

563  other).
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