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ABSTRACT 

Transportation infrastructure, such as roads and highways, supports human activity but 
negatively affect wildlife habitat, populations, and entire ecosystems (Bennet et. al 2011). 
As road networks continue to expand, animals lose habitat and are confined to isolated 
fragments, with the possibility of being enclosed by roads. Road effects like habitat 
fragmentation is not well known in state parks. This study aims to examine some of the 
effects of road disturbance on wildlife in the Anza-Borrego Desert State Park (ABDSP), the 
USA’s second-largest park. This observational study was done using camera traps and 
road surveys to find carcasses and wildlife in order to examine wildlife movement in 
response to roads, as well as identify effects of varying types of roads (straightaways/ 
curves) and distance to water on wildlife encounters. Our results showed wildlife, 
specifically coyotes, are more active away from highway disturbance. Proximity to 
riparian habitats had no effect on wildlife encounters. A total of 18 roadkill data points 
and 23 wildlife sightings were recorded or obtained in the course of five days. 
Preventative measures to minimize roadkill incidents are possible by the addition of more 
speed limit and wildlife crossing signage as these are few around the state park. Future 
management plans might consider incorporating overpasses or rerouting roads once 
hotspots within ABDSP can be identified with a more robust roadkill database. 
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INTRODUCTION  

Infrastructure and human development 
are continuous threats to many taxonomic 
groups worldwide. In some regions, entire 
ecosystems have been devastated by human 
infrastructure, while other areas are subject 
to habitat fragmentation by construction 
and use of roads and highways (Bennet et. al 
2011). In the United States alone, there are 
six million km paved roads and highways 
(Highway Data Finance Collection 2011). The 
state of California has constructed more 

than 600,000 km of roads, accounting for 
almost ten percent of paved roads in the US. 
On a global scale, the Trans-Canada Highway 
(TCH) is the longest paved highway in the 
world (Parks Canada). While development is 
limited in protected national parks, 
highways and roads still exist and disrupt 
natural wildlife movement. For example, the 
TCH running through Banff National Park 
fragments the habitat of grizzly bears as this 
species has a large home range (Gibeau et. al 
2002). This is an example of wildlife being 
affected by roads even in pristine habitats.  
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Networks of roads and highways support 
human activity but negatively affect wildlife 
(Bennet et. al 2011). An increasing number 
of studies support the idea of road ecology 
to evaluate road effects, including habitat 
fragmentation, wildlife-vehicle collision, 
pollution from traffic (e.g. light, noise, 
chemical), and the dispersal of exotic plant 
species (Ree et. al 2011). Understanding the 
impact of road disturbance on wildlife 
habitat and communities is essential for 
future conservation management. One of 
the most quantifiable effects of roads is 
mortality from wildlife-vehicle collisions. 
Documentation by the California Roadkill 
Observation System reports over 56,000 
wildlife carcass findings just in California 
from 2009–2017 (Lynch 2018). 

Wildlife are likely to be constrained to 
smaller, isolated fragments enclosed by 
roads, as roads continue to expand. 
Researchers have identified roads as the 
single most destructive element of habitat 
fragmentation (Ree et. al 2011; Noss 1993). 
Wildlife are likely to risk their lives crossing 
roads to access areas with better resources 
and habitat, such as riparian areas rich with 
vegetation for shelter or food (Coffin 2007; 
Huijser et. al 2008). Threatened or 
endangered species are severely impacted 
by this type of habitat fragmentation and 
road hazard (Hamer 2018). The Federal 
Highway Administration (2001) has noted 21 
federally endangered animals for which road 
mortality is among the major threats to the 
survival of these species, including 
megafauna such as the peninsular bighorn 
sheep (Ovis canadensis nelsoni) and the San 
Joaquin kit fox (Vulpes macrotis mutica). 

Although research has been done on road 
effects in high traffic urban areas, little has 
been studied in rural communities and 

desert ecosystems. Road effects in Anza-
Borrego Desert State Park (ABDSP) are vastly 
understudied. The Park is located in the 
southern California desert and is home to at 
least one endangered mammal species, the 
peninsular bighorn sheep, which was 
federally listed as endangered in 1998 (U.S 
Fish and Wildlife). The arid desert ecosystem 
is a harsh environment for many species and 
limited resources challenge wildlife to 
constantly seek out food and water (McKay 
et. al 2004). Recent years have brought little 
rainfall, extreme temperatures, and extended 
drought to the Anza-Borrego ecosystem, 
adding pressure to wildlife that have limited 
riparian zones for foraging (Coffin 2007). 

This study aims to examine wildlife 
movement in response to road disturbance 
in ABDSP. The state park is an ideal location 
to study as state roads and county highways 
stretch throughout the park and hosts a 
large number of visitors. These factors can 
help test whether wildlife is exhibiting 
behavior that avoids roads in an otherwise 
pristine environment. We hypothesize that 
wildlife activity will be greatest around 
riparian areas. Additionally, we hypothesize 
that road type, either a straightaway or 
curve, are related to the number of 
carcasses observed (hereafter referred to as 
roadkill). If wildlife cross roads often to get 
to more desirable habitats, this would mean 
they are at high risk for wildlife-vehicle 
collisions. Given that animals actively avoid 
vehicles and road disturbance (Lynch 2018), 
we hypothesize wildlife activity will be more 
abundant away from roads. Alternatively, if 
wildlife avoids roads this may be a change in 
behavior to mitigate the effects associated 
with roads such as light and noise pollution 
(e.g. affecting nocturnal animals’ ability to 
hunt) (Davies et. al 1987). 
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METHODS 

2.1 Natural History of Study System 

The study was conducted in the Anza-
Borrego Desert State Park, which spans over 
248,888 hectares and is the largest state 
park in California. It is located in the eastern 
half of San Diego County, and the park 
extends approximately 40 km east to west 
and 80 km north to south. It is a part of the 
large Sonoran Desert that runs across 
portions of Arizona in the US, and down into 
Mexico. The ABDSP encompasses a wide 
range of habitats, from desert scrubs to 
riparian. Our study focused on riparian zones 
with vegetation that included mesquite, 
willow, creosote, and tamarisk. In contrast, 
the desert scrub habitats had much less 
vegetation, dominated by ocotillo and 
multiple cacti species. The ABDSP is home to 
60 different species of reptiles and 
amphibians, and 60 species of mammal 
(Anza-Borrego Desert Research Center, 2018). 

2.2 Research Design – Roadkill Surveys/ 
Wildlife Sightings 

The area surveyed for roadkill and wildlife 
sightings was 98 km along adjacent sides of 
highways and roads (Figure 1). We surveyed 
multiple highways that run throughout the 
park, state route (SR) 78 and county 
highways S2, S3, and S22. We surveyed the 
roads during November 2–7, 2018 under 
either clear or sunny skies. Dedicated 
roadkill surveys happened between 6-8am 
and again from 5–7 pm, alternating routes 
every day. The total number of hours on the 
road dedicated to surveying were 7 hours 
during “dark” times (no sun) and 10 hours 
during “light” times (visible sun). Each 

stretch of road was surveyed an average of 4 
times. Data was also acquired from ABDSP’s 
incidental roadkill database that contains 
data from 1958 to 1993. Additional roadkill 
records were obtained from the California 
Department of Transportation (CalTrans). 
Wildlife sighting data was recorded when an 
animal was spotted standing next to, 
standing in, or running across roadway lanes. 

2.3 Research Design – Wildlife Movement 

In order to study wildlife movement, we 
selected two sites that were near riparian 
zones with vegetation, indicating a potential 
water source in the arid desert. Google Maps 
was used as a tool to help identify ideal 
riparian zones in ABDSP. Suitable locations 
were Tamarisk Grove and Yaqui Well, both of 
which are on either side of county highway 
S3 (Figure 2). Locations for camera trap 
placements within these sites had signs of 
animal activity, such as tracks and scat. 
Corridors where paths converged were 
actively sought out for camera trap 
placement. Once locations were chosen, 
cameras were mounted between 0–2 m 
from the ground. 

Each site had three cameras placed (1) 
facing the road, (2) in riparian and near the 
road, and (3) in riparian and far from the 
road (Figure 2). Cameras placed near the 
road were at a maximum of 130 m away 
from a paved road, while cameras far from 
road were at least 320 m from a paved road. 
Each camera collected data for 3 consecutive 
days and nights. Cameras were mounted in 
locations where minimal human foot traffic 
was suspected. If cameras were near hiking 
trails, they were concealed with the 
surrounding foliage. 
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Figure 1. Paved driving routes for surveying wildlife. Routes surveyed for wildlife encounters (roadkill and wildlife 
sightings) in Anza-Borrego Desert State Park. The route was 98 km long and included state and county highways. 

 
Figure 2. Camera trap locations. Sites within Anza-Borrego Desert State Park include the riparian areas Yaqui Well 
and Tamarisk Grove. Three camera traps were placed in three locations within each site: (1) far from road, (2) near 
road, (3) on road. 
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Figure 3A: Wildlife encounters and null points. Wildlife encounters (roadkill and wildlife sightings) were 
documented in Anza-Borrego Desert State Park. Null points were obtained after the study concluded and were 
compared to data observed. 

 

Figure 3B: Distance to riparian and wildlife 
encounter. Distance to riparian for mammal roadkill 
and mammal sighting compared to random null 
points along the same road surveyed in Anza-Borrego 
Desert State Park. Bars represent + 1 standard error 
of the mean. 

2.4 Statistical Analysis 

All statistical analyses were conducted in 
JMP statistical software v14.0. We used a t-
test to see if locations where wildlife were 

found as either roadkill or wildlife sightings 
(hereafter referred to as wildlife encounters) 
(Figure 3A) differed in distance to the 
riparian than null points (Figure 3B). The 
number of null points were set equal to the 
number of wildlife sightings and roadkill for 
a total of 40 points that were 2.4 km apart. 
The distance between each null point was 
obtained by measuring the total distance of 
our drive routes and dividing by the number 
of wildlife encounters. 

A 2-way ANOVA was used to test the effect 
of camera trap location on the total species 
observed and species richness. A 1-way 
ANOVA tested the effect of location on 
species abundance by species type. Lastly, to 
look for an association between wildlife 
encounters and road type (straightaways vs. 
curves) a chi-squared test was used. 
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RESULTS 

3.1 Roadkill and Wildlife Sightings 

Seven separate roadkill were found 
between November 2–7, 2018. Roadkill 
records we obtained had a total of eleven 
roadkill. Among the roadkill datasets we 
obtained, there were protected species and 
species of special concern (Table 1). 

There were 23 live wildlife sightings 
around the park over the five study days 
(Table 2). There was no difference in 
distance to riparian zone between wildlife 
encounter and null points (N=80, t=1.99, 
p=0.5; Figure 2). There was no association 
between wildlife encounters and road type 
(straightaways vs. curves) (N=40, χ2= 0.9, 
p=0.3; Figure 4). 

 
 
 

 
Table 1: Roadkill incidents involving mammals with a conservation status. Incidental roadkill records from the mid-
1900s to present day shows wildlife-vehicle conflicts have been continuous and are affecting sensitive species. 
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Table 2: Live sightings in Anza-Borrego Desert State 
Park. Twenty-three wildlife sighting were observed in 
Anza-Borrego Desert State Park. 

 
Figure 4. Percent Road Type Wildlife encounter 
(roadkill and wildlife sighting) showed no difference 
on road type. Remaining percent indicated it was 
curved road. All road data was obtained from Anza-
Borrego Desert State Park maps.  

3.2 Camera Traps 

More wildlife activity was captured in the 
cameras situated in the riparian and far from 
road. There was a significant effect of 
location on species richness and total 
observations, such that all species and 
observations were found only in the far 

treatment (N=3, F=59.1, p<0.001). When we 
analyzed our observations separately by 
species, we found that there was no effect of 
location on rabbits, however, there was 
significant effect of location on coyotes 
because they were only found far from roads 
(N=3, F=25, p=0.01). There was no effect of 
location of grey foxes, however, they were 
also mostly found in far locations. Therefore, 
patterns observed in species richness were 
driven by coyote activity.  

Yaqui Well 
A total of seven grey foxes, one rabbit, and 

two coyotes were seen in the riparian 
habitat and far from the road. A single 
coyote was captured in the same habitat but 
near road. 

Tamarisk Grove 
A total of two jackrabbits, three coyotes, 

and a grey fox were seen in riparian and far 
from the road. There was no wildlife activity 
at Tamarisk Grove’s near-road location. The 
camera facing the road at Tamarisk Grove 
captured a single grey fox. 

DISCUSSION 

Camera trap findings suggests that wildlife 
activity is found in riparian zones farther 
from roads rather than near roads. This 
suggests wildlife seem to actively seek areas 
farther from roads, especially the coyote. 
Although this may support our hypothesis of 
active road avoidance, we cannot be certain 
this is a behavioral change in response to 
roads based on the small sample size of our 
study. Although, similar studies have found 
evidence that animals, particularly 
carnivores like the coyote change their 
behavior to avoid human disturbance (Coffin 
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2007). This supports the pattern we 
observed among coyotes. 

In our other findings, wildlife encounters 
had no difference in being closer to a 
riparian than a random null point. Our study 
indicated that animals are present in all 
areas regardless of whether a riparian is near 
or far. An explanation for this finding is that 
we did not consider individual home ranges 
for separate species (Gibeau et. al 2002). For 
example, large mammals may move away 
from their home range, meaning that where 
we encountered them may not be their ideal 
habitat. 

Findings from our observations indicate 
that roads are affecting wildlife movement. 
While our roadkill findings were not 
statistically supported by road type, seven 
separate roadkill were found within five 
days, grounds for concern for a protected 
area that is home to endangered species. 
Digital speed limit signs should be 
introduced so that drivers are more 
conscientious about their speed as they 
drive along the deserted highways. More 
frequent law enforcement patrols in areas 
with higher wildlife-vehicle collision can be 
another means of monitoring speed and 
reckless driving. Regulations such as these 
are especially important because of the 
presence of the endangered bighorn sheep, 
one of which has recently been recorded as 
roadkill in 2018.  

ABDSP does not consistently record 
roadkill when carcasses are found within 
park limits. This lack of data collection leaves 
critical information gaps, such as the 
frequency, species, and areas where there 
may be a high rate of wildlife-vehicle 
collisions. An official roadkill database by 
ABDSP must be established in order to 
better protect wildlife and prevent wildlife-

vehicle collisions. Databases like these are 
essential for ecological management when 
roadkill patterns are present and can 
therefore be mitigated with regulations or 
creation of wildlife underpasses/overpasses 
(Lynch 2018).  

Road ecology is a growing field of study 
that attempts to document and address the 
effects of roads on ecosystems, wildlife 
habitat, and community. With the never-
ending expansion of roads these types of 
effects are increasingly concerning. 
Networks of roads create barriers to wildlife 
and increase chances of mortality (Leroux 
and Kerr 2012). Road management and 
planning is a crucial conservation element 
needing to be addressed to conserve wildlife 
as development continues. 
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