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1. INTRODUCTION  

 

1.1. Background 
 

 

Primitive roads in and around Cabeza Prieta National Wildlife Refuge (CPNWR), including 

sections of the historic ñEl Camino del Diabloò (Friends of the Sonoran Desert, 2016), were 

upgraded to provide access to the border with Mexico for the construction of the USA-Mexico 

border wall. Until recently, there were only a few primitive high clearance 4x4 roads that 

received very low visitor use (perhaps 500-1,000 vehicles per year (excluding USFWS and 

Border Patrol vehicles)), and that only allowed for low travel speed (Pers. Communication, Sid 

Slone, Refuge Manager CPNWR). While the future ñpurpose and needò of the upgraded roads 

within CPNWR may be unclear or uncertain, having more, wider, and smoother roads is likely to 

increase the impacts on the natural environment compared to the ñbeforeò situation.  

 

On top of Childs Mountain, in the north east section of CPNWR, a viewpoint overlooks a portion 

of the refuge. The road to Childs Mountain Overlook is gated, but there are plans to increase 

public use of the viewpoint (Pers. Communication, Sid Slone, Refuge Manager CPNWR). The 

road up to Childs Mountain Overlook may have to be modified to allow for increased public use. 

These modifications may include guardrails in select places and paving of the last 1.5 miles to 

the overlook (Pers. Communication, Sid Slone, Refuge Manager CPNWR). 

 

 

1.2. Objectives 
 

The first objective is assessing the ecological impacts of the improved dirt roads around Tule 

Well, and to provide recommendations for what could be done to avoid, mitigate or compensate 

for the impacts. This information is likely useful to the stakeholders in the area (USFWS, Border 

Patrol, U.S. Army Corps of Engineers, public). This information could help with discussions 

among the stakeholders on the purpose and need for these roads, and how to manage the roads 

over the longer term as well as how to mitigate the impacts. The second objective is to have a 

first assessment of the road up to Childs Mountain Overlook, particularly regarding hydrology 

and erosion processes. 

 

 

1.3. Road Sections of Interest 
 

The project focuses on the roads and road sections indicated below. The road sections of interest 

are the roads near Tule Well and the road up to Childs Mountain Overlook (Figure 1). The roads 

near Tule Well were recently upgraded for the construction of the USA-Mexico border wall. The 

road up to Childs Mountain Overlook may be opened to day-use and needs to be evaluated for its 

potential impacts and measures to address these impacts. Within the Tule Well area, the roads 

are dirt road only. Within the Childs Mountain area there are gravel and paved roads present.  
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Figure 1: The road sections of interest (highlighted in yellow) on the Cabeza Prieta 

National Wildlife Refuge, Arizona, USA. There are three turn offs to the border wall that 

were part of the field review South Tordillo road (south of Jct 110, most western road on 

map), O-5 road (west of Tule Well, middle road on map), and Tule Extension road (east of 

Tule Well, most eastern road on map). 

 

 

1.4. Tasks 
 

Task 1: Field review 

 

The researchers conducted a field review of roads in and around Cabeza Prieta National Wildlife 

Refuge. This included meeting representatives of USFWS to discuss the former, current and 

potential future condition and use of the dirt roads around Tule Well and Childs Mountain. The 

general ecological impacts of dirt roads were discussed, and what could be done to avoid, 

mitigate or compensate for these effects. The measures may range from road removal and habitat 

restoration to reducing the impacts of roads and traffic, and to the compensation of these impacts 

by implementing conservation measures elsewhere. The field review also included selected road 

sections in Organ Pipe Cactus National Monument (OPCNM). Selected roads in OPCNM may 

function as a reference for impacts as well as mitigation and restoration efforts in CPNWR.  

 

Task 2: Report 

The researchers documented the experiences of the field review in a report (this report). The 

report includes a first assessment of the current roads around Tule Well Refuge, a description of 

the likely abiotic and biotic impacts associated with these roads, and how these effects may be 

avoided, mitigated, or compensated. Finally, the report includes a first assessment of the road up 

Childs Mountain Overlook, particularly regarding hydrology and erosion processes. 
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2. GENERAL ECOLOGICAL IMPACTS OF ROADS AND DIRT ROADS 

IN SPECIFIC  

 

 

2.1.  General Ecological Impacts of All Roads 
 

Roads and traffic have a range of abiotic impacts. These abiotic impacts include (e.g. Forman et 

al., 2003; van der Ree et al., 2015): 

¶ Soil removal for road in preparation of building up the roadbed. 

¶ Introducing non-native substrate for roadbed. 

¶ Disruption of local hydrology under the roadbed. 

¶ Disruption of hydrological processes on the adjacent lands. Roads act as linear barriers in 

fluid systems, disrupting surface and subsurface water flow, bringing subsurface water to 

the surface, concentrating water in non-natural ways leading to increased water 

availability in some areas and decreased water availability in others. Concentrated water 

also transports pollutants and sediment from the road into the adjacent landscape and into 

adjacent water bodies. Concentrated water can also cause physical damage to the road 

infrastructure, increasing maintenance needs and costs. In addition, roads and the 

associated culverts and bridges usually confine streams and rivers to widths that are 

narrower than the ñfull bank widthò. 

¶ In association with hydrology, roads affect erosion and sedimentation processes on the 

adjacent lands.  

¶ Chemical pollutants in the soil, water, and air (from pavement wear, tires, exhaust, 

vehicle fluids (e.g. coolant, wiper fluid, oil, fuel, grease, hydraulic fluids, brake fluid), 

road salt or road sand, or deicing chemicals, garbage from littering, herbicides from 

controlling non-native species in the roadsides, heavy metals from culverts and bridges, 

pollutants from cargo spills, etc.) 

¶ Dust (especially on unpaved (gravel, dirt) roads). 

¶ Noise associated with traffic. 

 

The impacts on the biotic environment are diverse and may include (e.g. Forman et al., 2003; van 

der Ree et al., 2015) (Figure 2): 

¶ Habitat loss. The road surface and roadbed destroy or affect natural vegetation, soil and 

hydrology. Along high-speed paved roads, the clear zone immediately adjacent to the 

pavement allows drivers an opportunity to regain control of their vehicle after having left 

the road surface. The vegetation in the clear zone is mowed and cut frequently as larger 

trees and shrubs form obstacles that may result in a more serious crash. The road, 

shoulder and right-of-way management practices lead to habitat loss for most species. 

¶ Direct wildlife road mortality. Collisions with large mammals are not only a threat to 

human safety. The animals involved typically die as the result of a crash. Small species 

such as invertebrates, amphibians, reptiles and small mammals are also killed by 

vehicles, though collisions with small species rarely result in vehicle damage and are 

generally not a threat to human safety. Moreover, carcasses of small animal species are 

rarely detected and recorded. 
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¶ Barrier to wildlife movements. Most animal species do not cross roads as often as they 

cross natural terrain, and only a portion of their crossing attempts are successful. This 

leads to smaller and more isolated habitat patches that can affect the population survival 

probability of a species in an area. Small species that need cover (e.g. invertebrates, 

amphibians, reptiles, small mammals) and species that are sensitive to human presence 

and disturbance (regardless of their size) are particularly affected.   

¶ Decrease in habitat quality in a zone adjacent to the road. Noise, light, air and water 

pollution, erosion, and increased access for humans into areas adjacent to roads can affect 

the habitat quality in a zone adjacent to transportation infrastructure. Depending on the 

parameter and species concerned, the road effect zone may vary between a few feet up to 

several miles. 

¶ Right-of-way habitat and corridor. The vegetation in the right-of-way, between the edge 

of the pavement or travel lanes and the right-of way boundary, is subject to severe 

disturbance (soil, hydrology, pollution, mowing or cutting, grading, seeding of non-native 

species etc.). Non-native and invasive plant and animal species can spread alongside the 

infrastructure and can also spread into the surrounding areas. If the transportation 

corridor is surrounded by natural vegetation with little disturbance, the habitat and the 

species in the right-of-way can be a problem for native species. On the other hand, if the 

surrounding landscape is heavily impacted by humans already (e.g. (sub)urban and 

agricultural areas), then the narrow strip alongside roads and railroads can be a refugium 

for native species, and, because of the linear nature of transportation infrastructure right-

of-ways, may form corridors connecting the remaining habitat patches in the fragmented 

landscape. This corridor effect, however, can also be a population sink for some species 

because of the hazards associated with roads and traffic. 

 

 
 

Figure 2: The effects of roads and traffic on wildlife. 
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2.2.  Ecological Impacts of Dirt Roads in Arid Ecosystems 
 

Specific impacts or dirt roads and traffic in arid ecosystems include: 

 

Habitat loss beyond the original track: dirt roads in arid environments may not be well defined 

and road users may find different routes to avoid obstacles, including loose sand, heavily eroded 

road sections or muddy and inundated tracks. This can result in a very wide braided system of 

tracks that can be hundreds of yards or miles wide rather than the width of the ñoriginalò dirt 

road (e.g. Keshkamat et al., 2013). Flat areas are more vulnerable to this phenomenon than areas 

with steep slopes where the topography may not allow road users to deviate much from the 

original route.  

 

Easily damaged soil and vegetation: Cryptobiotic soil crust consist of living organisms such as 

algae, cyanobacteria, and fungi. Once disturbed, e.g. through driving on them, they may take 

many decades up to several hundreds of years to recover (Belnap et al., 1994; Belnap, 1995; 

Belnap & Warren, 2002). This means that even rare or occasional driving can lead to a 

permanently disturbed soil and associated desertification. However, it is technically possible to 

restore native biocrust within a few years through inoculation with salvaged biocrust (Chiquoine 

et al., 2016). But large-scale restoration would likely be very costly. Creating new tracks or 

general off-road driving can also damage and kill larger plants.  

 

 

 
Cryptobiotic soil or biological soil crust, Barry M. Goldwater Air Force Range or Barry M. 

Goldwater Range (BMGR), North of Tinajas Altas, Arizona. 
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Ocotillo (Fouquieria splendens) damaged by vehicles, South Tordillo road looking south from El 

Camino del Diablo, about 4.6 miles east of the western boundary, Cabeza Prieta National 

Wildlife Refuge, Arizona (32°15'22.764" N 113°53'22.001" W). 

 

 

Dust: Dust from vehicles driving by, or from the wind picking up soil from dirt roads can affect 

air quality, visibility, and deposits on the adjacent vegetation can reduce photosynthesis by plants 

(Goossens & Buck, 2011; Kavouras et al., 2016). Dust on the vegetation can even affect where 

herbivores graze up to hundreds of yards from dirt roads (Ndibalem et al., 2008). 

 

Erosion and sediments: Dirt roads and the use of dirt roads by vehicles can cause erosion and 

disruption of hydrological processes in the adjacent areas (e.g. Gesford & Anderson, 2006; 

Ouren et al. 2007; Villlareal et al., 2016). The impacts include loss of soil, desertification, and 

sediment deposition in streams and other water bodies.  

 

Non-native species and predation pressure: Seeds from non-native species can be spread by 

vehicles (e.g. Taylor et al. 2012; Rew et al 2018). In addition, dirt roads increases mesocarnivore 

presence and predation pressure, including on desert tortoises (Agha et al. 2017). 
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3. AVOIDANCE, MITIGATION AND COMPENSATIO N STRATEGIES 

 

While mitigation (reducing the severity of an impact) is common, avoidance is better and should 

generally be considered first. For example, the negative effects of roads and traffic may be 

avoided if a road is not constructed, or the most severe negative effects may be avoided by re-

routing away from the most sensitive areas (Figure 3). If the effects cannot be avoided, 

mitigation is a logical second step. Mitigation is done in the road-effect zone (Figure 3) and may 

include measures aimed at reducing direct wildlife mortality as a result of collisions, at reducing 

the barrier effect (e.g., through providing for safe wildlife crossing opportunities), and at 

reducing hydrologic impacts through improved design and engineering to minimize how the road 

impacts the hydrological system. However, mitigation may not always be possible, or mitigation 

may not be sufficient. Then a third approach may be considered: compensation or off-site 

mitigation. Compensation may include increasing the size and quality of existing habitat patches, 

creating new habitat patches or improving the connectivity between the habitat patches that 

would allow for larger, more connected, and more viable network populations. Finally, it is also 

possible to have a combination of avoidance, mitigation, and compensation measures. 

 

 

 
 

Figure 3: A three step approach: A. Avoidance, B. Mitigation, C. Compensation, D. 

Combination of avoidance, mitigation and compensation. 
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4. FIELD REVIEW ROADS AROUND TULE WELL  

 

4.1.  Introduction  
 

The ecological effects of the roads around Tule Well described in this chapter are based on a 

one-day field visit in conjunction with discussions with refuge personnel. This chapter is not 

based on in-depth field studies in this area.  

 

 

4.2.  Ecological Effects 
 

 

4.2.1. Habitat Loss 
 

The section of El Camino del Diablo around Tule Well was widened from 12-14 ft to Ó22 ft and 

the road surface was smoothened (Pers. Communication, Sid Slone, Refuge Manager CPNWR). 

The roads in Cabeza Prieta NWR do not have a formal right-of-way; there is usually undisturbed 

soil and vegetation immediately adjacent to the road prism. The length of  El Camino del Diablo 

from the western boundary (CPNWR boundary with Barry M. Goldwater Range West or Marine 

Corps Air Station Yuma (BMGR-W)) to the Tule Extension road to the border wall (just east of 

Tule Well, see Figure 1)) is approximately 16.0 mi. If we assume that the ñoldò road was on 

average 13 ft wide, and that the widened road is on average 22 ft wide, the habitat lost because of 

the widening is 9 ft (2.74 m) over a length of 16.0 mi (25.74 km), which is 17.4 acres (70,539 m2 

or 7.05 ha). The 17.4 acres does not include pull-outs, equipment staging areas or ñman campsò 

that were created by construction traffic, equipment, or areas cleared to house workers. The 17.4 

acres also does not include the habitat loss associated with the widening of the O-5 road (west of 

Tule Well, about 3 miles (not measured)) and the Tule Extension road to the border wall (most 

eastern, east of Tule Well, about 3 miles (not measured)). The South Tordillo road (about 3.0 mi 

in length, measured) was not formally widened, but is was driven on by construction traffic, 

despite the road being closed to construction traffic. 
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"Old" section of dirt road just west of the actual El Camino del Diablo, about 1.1 mile south-east 

of Tinajas Altas, Barry M. Goldwater Range (BMGR), Arizona (32°18'22.812" N 114°1'53.916" 

W). This is the closest remaining ñreferenceò for the ñoldò El Camino del Diablo west of Cabeza 

Prieta National Wildlife Refuge (CPNWR). 

 

 
"Old" section of El Camino del Diablo just east of the junction with Tule Extension road, east of 

Tule Well, Cabeza Prieta National Wildlife Refuge (CPNWR), Arizona (32°11'55.584" N 

113°43'36.863" W). This is the closest remaining ñreferenceò for the ñoldò El Camino del Diablo 

east of the widened road section. 
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A widened section of El Camino del Diablo, about 5.5 miles east of the western boundary, 

Cabeza Prieta National Wildlife Refuge, Arizona (32°15'5.039" N 113°52'30.413" W). 

 

 
South Tordillo road looking south from El Camino del Diablo, about 4.6 miles east of the 

western boundary, Cabeza Prieta National Wildlife Refuge, Arizona (32°15'22.775" N 

113°53'21.888" W). This road section was driven on by construction traffic despite being closed 

to construction traffic. Also note the damage to the Ocotillo (Fouquieria splendens) on the right. 
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O-5 road looking south from El Camino del Diablo west of Tule Well, about 11.8 miles east of 

the western boundary, Cabeza Prieta National Wildlife Refuge, Arizona (32°13'9.041" N 

113°46'50.712" W). Similar to sections of El Camino del Diablo, this road section was also 

widened. 

 

 
Tule Extension road looking south from El Camino del Diablo east of Tule Well, about 16.0 

miles east of the western boundary, Cabeza Prieta National Wildlife Refuge, Arizona 

(32°11'57.876" N 113°43'41.136" W). Similar to sections of El Camino del Diablo, this road 

section was also widened. 
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A pull -out associated with the widened El Camino del Diablo, at the junction with the South 

Tordillo road, about 4.6 miles east of the western boundary, Cabeza Prieta National Wildlife 

Refuge, Arizona (32°15'23.37" N 113°53'22.338" W). Note: when in use, the tires are dragged 

behind a border patrol vehicle to be able to track people who may have crossed the border. 

 

 
Example of a staging area for materials and equipment along a widened section of El Camino del 

Diablo, about 1.8 miles south-east of Tinajas Altas, Barry M. Goldwater Range West (BMGR-

W), Arizona (32°18'8.519" N 114°1'11.91" W). 



Dirt roads Cabeza Prieta NWR   Field Review Tule Well 

13 

 

 
A trailer camp (or "man camp") at the border wall, at the southern end of the Tule Extension 

road, Cabeza Prieta National Wildlife Refuge, Arizona (32°8'43.644" N 113°40'24.174" W). 

 

 
 

Border wall and road, south of Tule Well, at the southern end of the O-5 road, adjacent to 

Cabeza Prieta National Wildlife Refuge, Arizona. The Roosevelt Reservation is a 60 ft wide strip 

of federal land along the border that is not part of the refuge (32°10'46.925" N 113°46'58.985" 

W), but the activities and infrastructure along the border do impact the ecology of the adjacent 

refuge.  
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While habitat was lost as a result of widening the road, columnar cacti species, e.g. Saguaros, 

were rescued and transplanted a little off the widened road sections. 

 

 

 
 

A transplanted saguaro (Carnegiea gigantea) that was in the path of a widened section of El 

Camino del Diablo east of Tinajas Altas, Cabeza Prieta National Wildlife Refuge, Arizona. 

 

 

4.2.2. Direct Road Mortality 
 

The old historic road of El Camino del Diablo allowed for an average travel speed of 15-25 MPH 

(posted at 25 MPH) whereas the widened road sections allow for a travel speed of 35 MPH or 

greater (posted at 35 MPH). In addition, traffic volume has increased dramatically during 

construction, mostly from contractors building the border wall from early 2020 until the recent 

temporary shutdown of wall construction by Presidential Executive Order (Pers. 

Communication, Sid Slone, Refuge Manager CPNWR, February 2021). However, vehicle speed 

by road users is often considerably higher than 35 MPH (Pers. Communication, Sid Slone, 

Refuge Manager CPNWR). During construction of the border wall, vehicles associated with the 

wall construction have had two roll overs. On one occasion a vehicle hit and killed a desert 

bighorn sheep ram (Ovis canadensis nelsoni) (Pers. Communication, Sid Slone, Refuge Manager 

CPNWR). Sonoran pronghorn (Antilocapra americana sonoriensis), an endangered subspecies 

of the pronghorn, mostly occur in the eastern and northeastern portions of the refuge, and do not 

typically occur in the area with the widened roads. While any unnatural mortality of desert 
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bighorn sheep is a conservation concern, the overall road mortality of large mammals along the 

widened road sections is probably low in absolute terms. In general, most collisions with large 

wild mammals occur on paved two-lane roads, with a posted speed limit of 55 MPH or higher, 

and between dusk and dawn (Huijser et al., 2008). 

 

Relatively small animal species may also be a conservation concern on the CPNWR. For 

example, the road mortality of the desert tortoise, especially the Mojave desert tortoise or 

Agassiz's desert tortoise (Gopherus agassizii), is a concern elsewhere. However, direct road 

mortality of Mojave desert tortoises on dirt roads is generally thought to be low compared to that 

on high volume and high-speed paved roads (e.g. Pers. Communication, Michael Vamstad, 

Joshua Tree National Park, 11 February 2021; Pers. Communication, William Boarman, 12 

February 2021). Nonetheless, juvenile tortoises can be mistaken for rocks or clumps of sand and 

may be killed when vehicles drive over them (Pers. Communication, Michael Vamstad, Joshua 

Tree National Park, 11 February 2021). Loss of juvenile tortoises is not as well documented and 

may be higher than loss of adult tortoises. During and after rain events, water may concentrate on 

the road, including in puddles that may take some time to dry out. In general, Mojave desert 

tortoises are known to be attracted to such water sources, including on dirt roads, probably 

making them more vulnerable to direct road mortality after rain events (Pers. Communication, 

Sid Slone, Refuge Manager CPNWR, February 2021). This may also hold for the Sonoran desert 

tortoise or Morafka's desert tortoise (Gopherus morafkai) in CPNWR. While dirt roads are not 

considered a major threat, off road driving is a major threat to Mojave desert tortoises (Doak et 

al., 1994; U.S. Fish and Wildlife Service, 2011). Direct mortality through accidental above-

ground collisions as well as the accidental crushing of tortoises in their burrows from off-road 

driving are both major problems. Intentional killing of desert tortoises are is also an occasional 

issue (U.S. Fish and Wildlife Service, 2011). These mortality sources may be less severe for 

Sonoran desert tortoises as they seem to mostly select hills and rocky areas rather than low and 

flat areas (Pers. Communication, Sid Slone, Refuge Manager CPNWR). 

 

Another example of a relatively small species on the CPNWR and the surrounding areas is the 

Pinacate beetle (or desert stink beetle) (Eleodes sp.). While some invertebrates avoid open areas, 

the Pinacate beetle, based on the observation of the authors (16 February 2021) seems to readily 

walk on the widened section of El Camino del Diablo. When threatened, for example through 

vibrations and the shadow of an approaching object (e.g. a car), it will stand on its head to 

prepare for squirting a noxious chemical. This behavior, as well as the width of the widened dirt 

road and the time involved to cross it, may make the Pinacate beetle susceptible to direct road 

mortality.  

 

The species discussed above are examples of species that may suffer from direct road mortality. 

However, no systematic roadkill data are available; not for the ñoldò El Camino del Diablo, nor 

for the widened sections. Nonetheless, it seems that direct road mortality is likely very low for 

large mammals, and likely higher for smaller species groups such as reptiles and invertebrates. 

Small mammal mortality is likely to primarily occur with night-time driving (e.g. by Border 

Patrol). 
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Pinacate beetle (Eleodes sp.) on dirt road, El Camino del Diablo este, about 6.4 miles north of 

Tinajas Altas, Barry M. Goldwater Range West (BMGR-W), Arizona (32°24'9.234" N 

114°4'22.134" W). 

 

 

4.2.3. Barrier to Wildlife Movements 
 

The widened El Camino del Diablo is unlikely to be a substantial barrier to large mammals such 

as desert bighorn sheep or mule deer (Odocoileus hemionus). While some species such as the 

Sonoran desert tortoise may be attracted to puddles on the dirt road after rain events, many small 

animal species (e.g. invertebrates, reptiles, small mammals) tend to avoid open areas, partly 

because of increased predation risk. In addition, small species may avoid the dirt road because of 

the heat, as there are no large rocks or shrubs to provide shade. The widened road (about 22 ft) 

likely increases the barrier effect for small species compared to the ñoldò road (about 13 ft wide). 

In addition, berms (often 1-2 ft tall, sometimes about 3 ft tall) alongside the widened dirt road 

can be a physical barrier to small species, including invertebrates, reptiles (e.g. Sonoran desert 

tortoise, especially juveniles), and small mammals.  
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Pinacate beetle (Eleodes sp.) scaling a near vertical sand berm along dirt road after walking 

alongside the berm for several meters, El Camino del Diablo este, about 6.4 miles north of 

Tinajas Altas, Barry M. Goldwater Range West (BMGR-W), Arizona (32°24'9.234" N 

114°4'22.134" W). 

 

 

The berms are partly the result of grading the dirt road (for the widening itself and for 

maintenance), and partly the result of erosion as water collects on the road and then flows down 

the road instead of in being transported in desert washes. Berms caused by grading stick out both 

above the road and above the surrounding landscape. Berms caused by erosion stick about above 

the road, but are mostly level with the surrounding landscape, indicating that soil has been 

ñremovedò from the roadbed. In some instances, berms caused primarily by one activity or 

process are exacerbated by the other. Note that there are also berms along the ñoldò El Camino 

del Diablo in some sections, mostly because of erosion. While erosion occurs along sections of 

both the old and the widened El Camino del Diablo, grading is restricted to the widened sections, 

and since grading is applied along the entire length of these road sections, the berms are present 

nearly everywhere along the widened road, over great lengths.   
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Berm (1-2 ft tall), primarily caused by grading, along a widened section of El Camino del 

Diablo, about 5.5 miles east of western boundary, Cabeza Prieta National Wildlife Refuge, 

Arizona (32°15'4.506" N 113°52'29.273" W). 

 

 
Berm (1-2 ft tall), primarily caused by grading, with runoff eroding across the berm, along a 

widened section of El Camino del Diablo about 3.1 miles from western boundary, Cabeza Prieta 

National Wildlife Refuge, Arizona (32°15'53.004" N 113°54'42.503" W). 
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Berm (about 2.5 ft tall), primarily caused by erosion, along a widened section of El Camino del 

Diablo, about 7.3 miles from western boundary, Cabeza Prieta National Wildlife Refuge, 

Arizona (32°14'48.906" N 113°50'47.453" W). 

 

 
 

Berm (over 3 ft tall), primarily caused by erosion, but initiated by grading, along a widened 

section of El Camino del Diablo, about 10.3 miles north of Tinajas Altas, Barry M. Goldwater 

Range West (BMGR-W), Arizona (32°27'14.837" N 114°5'57.467" W). 
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Berm, primarily caused by erosion, but initiated by grading, along a widened section of El 

Camino del Diablo, about 2.0 miles from western boundary, Cabeza Prieta National Wildlife 

Refuge, Arizona (32°16'15.09" N 113°55'45.827" W). 

 

 

4.2.4. Decrease in habitat quality in a zone adjacent to the road 
 

A decrease in habitat quality in a zone adjacent to a road corridor can be caused by a range of 

different parameters, and the distance of the road effect zone depends on the parameter, and the 

species or ecosystem attribute that is evaluated. Because the type of effects are very broad, the 

most relevant ones related to the widened dirt roads on CPNWR are discussed below. 

 

A ñbetter roadò that allows for more comfortable driving in 2-wheel drive vehicles with low 

clearance at relatively high speed is likely to result in an increase in traffic. ñBorder wall 

tourismò seems to be somewhat of a phenomenon now, though it seems to mostly take place on 

the Barry M. Goldwater Range (BMGR). Increased human presence leads to increased effects on 

the ecosystem. Examples of the types of impacts that are likely to increase are human 

disturbance to large wild mammals (especially desert bighorn sheep), increased risk of poaching 

(e.g. desert bighorn sheep, mule deer) and illegal collection of animals (e.g. reptile species) (U.S. 

Fish and Wildlife Service, 2011), increase in noise, increase in dust in the air and dust depositing 

on plants affecting photosynthesis, chemical pollutants in air, soil, and water (exhaust, tires, 

fluids from vehicles), and the creation of new user-created, unauthorized routes off of the main 

road. A specific type of decrease in habitat quality is the diversion of water in the roadbed, 

decreasing or eliminating sheet flow or flow in desert washes downstream from where water 

meets the road (see later in this chapter). 
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4.2.5. Right-of-way as habitat and corridor 
 

The road and edges of the road are heavily disturbed because of construction, and ongoing 

maintenance (e.g. grading). Non-native invasive weeds thrive in disturbed soil along roads. Non-

native invasive weeds can not only spread along the road, but they can also invade the 

surrounding areas. Non-native invasive weeds were already a concern before the widening of El 

Camino del Diablo, but increased disturbance of the road edges is likely to further the spread of 

species that are already present such as Sahara mustard (Brassica tournefortii) and the spread of 

new species in this part of the Sonoran desert (e.g. Arizona Sonora Desert Museum, 2021). 

 

 

 
Sahara mustard (Brassica tournefortii) along a widened section of El Camino del Diablo, about 

5.0 miles from western boundary, Cabeza Prieta National Wildlife Refuge, Arizona 

32°15'14.267" N 113°52'54.203" W). 

 

 

  














































































































