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Desert Tortoise Transportation Ecology Task Force 

The Desert Tortoise Transportation Ecology Task Force (Task Force) was formed in 2021 following the 

Desert Tortoise Transportation Ecology Workshop (Fairbank et al. 2021). The Task Force was made up of 

a voluntary group of representatives from a variety of agencies and organizations and was an 

interdisciplinary effort to identify challenges and opportunities around Mojave desert tortoise 

(Gopherus agassizii) conservation and recovery related primarily to roads. Task Force members were 

divided into subgroups based on their interests and expertise and tasked with assisting the research 

team, made up of the Center for Large Landscape Conservation, the Western Transportation Institute, 

ARC Solutions, and the U.S. Fish & Wildlife Service, in documenting challenges, as well as best practices 

and recommendations to support successful implementation of conservation and recovery measures for 

Mojave desert tortoises with respect to roads.  
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Introduction 
 

Background 
 

This report focuses on documenting the experiences and knowledge of practitioners, researchers, and 

managers with the funding, planning, design, implementation, and investigation of the effectiveness of 

measures taken to avoid, mitigate or compensate for the effects of roads and traffic (Cuperus et al. 

1999) on the federally threatened Mojave desert tortoise (Gopherus agassizii) (US Fish and Wildlife 

Service 1990, 1994, 2011). ¢ƘŜ ǘŜǊƳǎ άavoid, mitigate or compensateέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 

the common use and meaning in the field of road ecology (e.g., Cuperus et al. 1999), and they do not 

necessarily relate to the policy of any agency or other organization, nor are they used in a legal context. 

Most measures are focused on limiting habitat loss due to roads, reducing direct road mortality, 

reducing the barrier effect of roads and traffic, improving habitat quality, and enable recolonization of 

zones adjacent to roads, and restoring habitat. Note that the order of these actions is not necessarily 

based on the importance to Mojave desert tortoise conservation, but they are based on the general 

impact of roads as described by others (e.g., van der Ree et al. 2015). By making this information 

available to stakeholders, more successful road mitigation measures may be implemented.  

 

Objective 
 

The objective is to make information available to stakeholders (practitioners, researchers, and 

managers) on the factors that contribute to the successful implementation of measures taken to avoid, 

mitigate or compensate for the effects of roads and traffic on Mojave desert tortoise populations. 

Effects of roads and traffic on the Mojave desert tortoise 
 
Roads and vehicles can affect wildlife in several ways. In general, not specifically to for the Mojave 

desert tortoise, we distinguish five different categories of effects of roads and traffic on wildlife (Figure 

1) (e.g., van der Ree et al. 2015): 

¶ Habitat loss: e.g., the paved road surface, heavily altered environment of the road-bed with 
non-native substrate, altered hydrology, vegetation removal, seeded species, and mowing in the 
clear zone. 

¶ Direct wildlife road mortality as a result of collisions with vehicles. 

¶ Barrier to wildlife movements: e.g., animals do not cross the road as often as they cross natural 
terrain, and only a portion of the crossing attempts is successful. 

¶ Decrease in habitat quality in a zone adjacent to the road: e.g., noise and light disturbance, air 
and water pollution, increased access to the areas adjacent to the highways for humans, and 
associated disturbance. 

¶ Right-of-way habitat and corridor: Depending on the surrounding landscape, the right-of-way 
can promote the spread of non-native or invasive species (surrounding landscape largely natural 
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or semi-natural), or it can be a refugium for native species (surrounding landscape heavily 
impacted by humans). 

 
Figure 1: The effects of roads and traffic on wildlife. 

This project focuses on the Mojave desert tortoise. The threats to this species include (US Fish and 

Wildlife Service 2011; 2022; Pers. com. Kerry Holcomb US Fish and Wildlife Service): 

¶ Climate change (e.g., drought, temperature extremes, fire).  

¶ General human presence and disturbance. 

¶ Direct road mortality on paved roads and by off-road vehicles on or off unpaved roads. 

¶ Habitat fragmentation and habitat loss from paved roads, off-highway vehicle use, and other 
linear features in the landscape, such as utility corridors, grazing, mining, military activities, and 
solar energy. 

¶ Depredation by common raven (Corvus corax) and coyote (Canis latrans), which have increased 
their range and population size in the Mojave desert in response to human disturbance in the 
landscape. This includes the availability of non-natural food source, including road-killed animals 
(for ravens and coyotes) and unnatural nesting and perching sites, including along roads (e.g., 
bridges, billboards, fence posts) (for ravens). 

¶ Habitat degradation including from soil disturbance (e.g., grazing by livestock, road building and 
right-of-way management, impact from vehicles driving off paved roads), the spread of non-
native invasive plant species (e.g. by livestock and vehicles, especially along disturbed rights-of-
ways and from there into the surrounding areas), and increased incidence and magnitude of 
fire. 

¶ Pollutants. 

¶ Disease. 

Note that this list is not necessarily complete and that the order of the threats is not necessarily in order 

of importance.   

Roads and vehicles cause direct road mortality, represent a barrier on the landscape, and result in 

reduced presence, or even complete absence (based on sign of Mojave desert tortoise or lack thereof), 
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within a zone extending up to 230 or 800 meters from a road (Boarman et al. 1997, Boarman & Sazaki 

2006, Hughson & Darby 2013, Peaden et al. 2015, Peaden 2017, Zylstra et al. 2023), further contributing 

to the barrier effect of the road. Areas along highways with high traffic volume have fewer Mojave 

desert tortoises and higher (historic) numbers of road-killed Mojave desert tortoises than lower-volume 

roads.  

Moreover, the body size (i.e., age class) of the animals decreases with increasing traffic volume, 

indicating that along high-traffic roadways tortoises experience a shorter lifespan than is typical, which 

Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŜȄǘƛǊǇŀǘƛƻƴ ŘǳŜ ǘƻ ǘƘƛǎ ǎǇŜŎƛŜǎΩ ƭƛŦŜ history (Doak et al. 1994, Nafus et al. 2013, Peaden 

2017). While direct road mortality is thought to be a primary driver of reduced population density close 

to roads, illegal collection and removal of animals by people and direct predation of Mojave desert 

tortoises by common ravens and coyotes is also a concern along roads (Boarman et al. 1997, 

Grandmaison & Frary 2012, Nafus et al. 2013, Peaden et al. 2015).  

Measures that have been implemented to reduce direct road mortality include desert tortoise warning 

signs. However, the presence of tortoise warning signs was not associated with a change in driver 

behavior when drivers were confronted with a tortoise model placed on the road by the researchers 

(Hughson & Darby 2013). The presence of tortoise warning signs was also not associated with more 

tortoise sign, and thus a higher population density, in a zone adjacent to roads (Hughson & Darby 2013). 

The most effective way to reduce road mortality is to erect barriers (fences) along roads for Mojave 

desert tortoises (Boarman et al. 1997, Peaden et al. 2015). Mesh and perforations in barriers allow for 

water permeability, but if animals in general, not necessarily specifically Mojave desert tortoise, can see 

through the barrier, it appears they try harder to breach the barrier, spend more time pacing back and 

forth along the barrier, and, as a result, may be less likely to reach a crossing structure that provides safe 

passage to the other side of the highway (Ruby et al. 1994, Peaden et al. 2017). Walking along the fence 

in one direction (i.e., in contrast to pacing back and forth) may be beneficial as it allows animals to find a 

suitable crossing structure more quickly. However, since Mojave desert tortoises have elevated 

temperatures along fences and along unmitigated roads (Peaden et al. 2017), there may be a need to 

install shade structures and functional crossing opportunities at relatively short intervals, especially for 

displaced or translocated individuals. This is particularly important along newly installed tortoise 

exclusion fences ŀǎ ǘƘŜǎŜ ŀƴƛƳŀƭΩǎ ƘƻƳŜ ǊŀƴƎŜ Ƴŀȅ ƴƻǿ ōŜ ǎǇƭƛǘ ƛƴ ǘǿƻ ŀƴŘ ǘƘŜ ŀƴƛƳŀƭǎ Ƴŀȅ ōŜ ǘǊȅƛƴƎ ǘƻ 

access the other side of the fenced road corridor (Peaden et al. 2017).   

While barrier fences along roads can substantially reduce direct road mortality of Mojave desert 

tortoises, they also contribute to further habitat fragmentation, both for Mojave desert tortoises and 

other species for which the fence acts as a barrier. To avoid ŦŜƴŎŜǎΩ ǳƴƛƴǘŜƴŘŜŘ ƴŜƎŀǘƛǾŜ ǎƛŘŜ ŜŦŦŜŎǘǎ, 

barriers are typically accompanied by suitable safe crossing opportunities for the species affected by the 

fence (Moore et al. 2021). However, since direct road mortality threatens the viability of Mojave desert 

ǘƻǊǘƻƛǎŜ ǇƻǇǳƭŀǘƛƻƴǎ ό¦{C²{ нлннύΣ άƛƳƳŜŘƛŀǘŜέ ŦŜƴŎƛƴƎΣ ǿƛǘƘ ƻǊ ǿƛǘƘƻǳǘ ǎǳƛǘŀōƭŜ ŎǊƻǎǎƛƴƎ structures 

may be required (Nafus et al. 2013, Peaden 2017). Furthermore, the barrier effect of an unfenced major 

highway may be very substantial for Mojave desert tortoises given that successful crossings are unlikely 

and the fragmentation effect of an unfenced road is considered high (Pers. com. Kerry Holcomb, US Fish 

and Wildlife Service). 

The purpose of wildlife crossing structures is to make a fenced road corridor more permeable to wildlife 

e.g., to allow for animals to have their home range on both sides of the road, to have one larger and 
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more resilient population, to allow for seasonal migration, and to allow for dispersal. While the 

implementation of designated crossing structures for Mojave desert tortoises may be required, it is 

important to explore if, and under what conditions, existing drainage culverts under the road may also 

serve as a crossing structure for Mojave desert tortoises. This is especially relevant as Mojave desert 

tortoises are known to follow desert washes (Peaden 2017, Peaden et al. 2017). Many desert washes 

have culverts that cross paved roads, which provides an opportunity for dual-purpose use: hydrology as 

well as a safe passage opportunity for Mojave desert tortoises and other species. Since desert washes 

only carry water immediately after a rainstorm, they are usually available for wildlife. However, the 

amount of water and the velocity of water can be so substantial that erosion and sedimentation occur, 

which may make a crossing structure inaccessible. In addition, if the only crossing opportunity is at 

desert washes through existing culverts for hydrology, then Mojave desert tortoises that follow the 

fence would have to travel as far as the nearest wash and suitable culvertτwhich may or may not be 

within reach. Moreover, other species that depend on higher and drier habitat away from desert washes 

would be confronted with a fence, but they would not have access to suitable crossing structures within 

their typical habitat. 

Departments of Transportation (DOTs) have installed fences for Mojave desert tortoises along some 

road sections and connected them to designated wildlife crossing structures or existing culverts 

originally designed for hydrology. To reduce costs for hydraulic structures where desert washes cross 

the highway, the structures are often much narrower than the washes (e.g. a round corrugated metal 

culvert (or a Corrugated Metal Pipe (CMP)) of several feet wide for a wash that is many times that 

width). This increases water depth and water velocity in the structures, and may cause erosion, 

especially at the outflow. To reduce erosion, many culverts have large rocks (άriprapέ ƻǊ άǊƻŎƪ ǎƭƻǇŜ 

ǇǊƻǘŜŎǘƛƻƴέ) at the outflow, sometimes combined with a plunge pool to further reduce water velocity. 

The riprap can be a barrier to Mojave desert tortoises, and it can prevent them from entering or leaving 

the culvert. In addition, the spaces between the rocks can cause mortality of Mojave desert tortoises 

through entrapment, overheating, or drowning in pools that remain after a precipitation event 

(Gardipee et al. 2017). However, the frequency of these types of mortalities is unknown and potentially 

low. Filling the gaps in between the rocks with smaller rocks or soil may reduce the barrier effect, 

though under certain conditions, the efforts may simply erode after one or several rainstorms and 

associated flash floods. In these situations, replacing the finer aggregates or soil in between the larger 

rocks may require continuous maintenance, and associated expenditures. Nonetheless, it is worthwhile 

to explore how accessible such measures may be for the Mojave desert tortoise. 

The wettest months in southern Nevada are usually November through March. April through June are 
the driest months, but precipitation increases again during the monsoon season (July through October). 
During the winter (mid-November until end-February) Mojave desert tortoises are mostly in inactive 
inside burrows (Woodbury & Hardy 1948, Nagy & Medica 1986, Zimmerman et al. 1994). Tortoises are 
generally most active between mid-March and mid-June and from mid-August to the end of October 
depending on elevation, precipitation, and temperature (Mojave desert tortoises are mostly active 
between 60 and 95 °F (Personal communication Kelly Douglas, US Fish and Wildlife Service). This means 
that the most important period for the drainage structures to allow for safe passage for the Mojave 
desert tortoises is during these periods. 
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Fences and Other Barriers 
 

Purpose 
 

The purpose of fences and other barriers for Mojave desert tortoises along roads is to: 

a. Keep Mojave desert tortoises off the road and thereby reduce direct road mortality, stabilize 
population size in areas near roads, stabilize or increase population viability, and reduce the risk 
of extirpation or extinction. 
 

b. Guide Mojave desert tortoises towards safe crossing opportunities so that they can safely access 
the habitat on the other side of the road. 

 

Effectiveness 
 

Fences designed to keep Mojave desert tortoises from accessing a highway have been found to reduce 

the number of road-killed Mojave desert tortoises by 93% (Boarman & Sazaki 1996). In addition, Mojave 

desert tortoises have been observed walking along the safe side of a fenced highway for substantial 

distances (up to 6.5 km) or substantial time without having crossed the barrier (Boarman et al. 1997, 

Peaden et al. 2017). Based on modeling, fences and an associated reduction in direct road mortality can 

stop the decline in Mojave desert tortoise population density in areas adjacent to roads (Peaden 2017). 

However, even after direct road mortality is no longer a factor, Mojave desert tortoise populations may 

need additional measures to recover to their original population density (Peaden 2017). It is important 

that ongoing direct road mortality of Mojave desert tortoises is addressed quickly to prevent further 

depletion of populations close to roads (Peaden 2017). 

 

Undesirable effects and possible solutions 
 

¶ Fences and other barriers can reduce direct road mortality but also make a road into an absolute 
barrier for the target species. This results in smaller and more isolated populations that have a 
greater risk of extirpation compared to larger and well-connected populations (e.g., Hanski & 
Thomas 1994, Hanski & Ovaskainen 2002). Therefore, as a general rule, barriers should be 
combined with safe crossing opportunities that are suitable for the target species. Safe crossing 
opportunities usually mean crossing structures (i.e. underpasses, overpasses) that physically 
separate the animals from vehicles (see separate section on safe crossing opportunities). 

¶ Designated safe crossing opportunities for a target species, including the Mojave desert tortoise, 
typically take more effort, funding, and time to implement than fences or other barriers. Associated 
delays in the implementation of a combination of barriers and crossing structures would affect the 
likelihood that Mojave desert tortoise populations near roads can be recovered. Mojave desert 
tortoise populations are unable to recover on their own when population densities have been 
substantially reduced, e.g. through direct road mortality (Peaden 2017). The longer major roads 
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remain unfenced, the more tortoise mortality occurs and the more difficult it is for Mojave desert 
tortoise populations to recover after fencing would be implemented (Peaden 2017). In areas 
where direct road mortality continues to reduce Mojave desert tortoise population density, 
implementation of fences and other barriers as a stand-alone mitigation measure can be beneficial 
on the short term as it stops further depletion of the population (Jaeger & Fahrig 2004). In this 
context, it would benefit Mojave desert tortoise conservation to implement fences or other 
barriers quickly, connect them to existing crossing structures originally designed for other 
purposes, and implement designated crossing structures at a later time. However, this is not 
without risk and other undesirable side effects as: 1. Despite the best intentions, designated 
crossing structures may not be implemented after all and 2. Fences and other barriers do not only 
make the road corridor into a near absolute barrier for Mojave desert tortoises, but it may also be a 
barrier for other species for which habitat connectivity is essential for population persistence in the 
immediate future, and 3. Existing structures originally constructed for other purposes may or may 
not be suitable for use by Mojave desert tortoises. Therefore, it is desirable to implement barriers 
in combination with suitable crossing structures at the same time. Suitable crossing structures may 
include designated crossing structures for Mojave desert tortoises, existing structures originally built 
for other purposes but that have been found suitable for Mojave desert tortoises, or a combination 
of these two types of crossing structures. 

¶ Altered behavior and increased activity of Mojave desert tortoises along fences may lead to 
overheating as temperatures increase (Ruby et al. 1994, Peaden et al. 2017). Approaches to reduce 
the time that Mojave desert tortoises follow a fence or other barrier and potentially overheat 
include: 1. Providing safe crossing opportunities at short enough distances so that they can stop 
traveling along the barrier and cross to the other side of the road, or take advantage of the shade 
ǘƘŀǘ ŀƴ ǳƴŘŜǊǇŀǎǎ ǇǊƻǾƛŘŜǎ όǎŜŜ ǎŜǇŀǊŀǘŜ ŘƻŎǳƳŜƴǘ ƻƴ ŎǊƻǎǎƛƴƎ ǎǘǊǳŎǘǳǊŜǎύΣ нΦ tƭŀŎƛƴƎ άǎƘŀŘŜ 
ǎǘǊǳŎǘǳǊŜǎέ ŀƭƻƴƎ ǘƘŜ ōŀǊǊƛŜǊ όǎŜŜ ƭŀǘŜǊ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘύΣ ŀƴŘ оΦ LƳǇƭŜƳŜƴǘ ŦŜƴŎŜ designs that keep 
Mojave desert tortoises moving rather than fence designs that encourage Mojave desert tortoises to 
explore whether they can breach the barrier (see later in this document). 

¶ Fences and other barriers can affect landscape aesthetics, especially in flat and open areas. Barriers 
may be integrated into the roadbed to reduce the visual impact of barriers. This makes the barriers 
invisible from the road, and they do not stick out above the surrounding landscape any more than 
the roadbed itself (see section below). 

¶ Fence posts and other structures may be used for roosting by corvids or raptors that may prey on 
young Mojave desert tortoises, especially individuals that may travel along the safe side of the 
fence (Campbell 1986, Boarman 1992). Minimizing the height and diameter of the posts may reduce 
its attractiveness to these predators. In addition, roosting may be reduced by placing spikes or other 
deterrents on top of posts, though success varies on the design, implementation, and species (Avery 
& Genchi 2004, Dwyer & Doloughan 2014, Dwyer et al. 2020). 

¶ The standard mesh size for Mojave desert tortoise 1-inch horizontal by 2-inches vertical (U.S. Fish 
and Wildlife Service 2011). Smaller mesh sizes (e.g. 1 x 1 cm (0.25 x 0.25 inch) may pose a greater 
risk to small animal species (lizards, snakes) as they can get stuck in the meshes and die (Ruby et al. 
1994; Pers. com. Kris Gade, Arizona Department of Transportation; Judy Hohman, Desert Tortoise 
Council and retired from US Fish and Wildlife Service; Brian Henen, Marine Corps Air Ground 
Combat Center, Twentynine Palms California). Small mesh sizes are also more likely to catch 
sediment.  
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A lizard that got stuck in a fence designed for Mojave desert tortoises, and later died. The mesh size of 

this fence (e.g. 1 x 1 cm (0.25 x 0.25 inch) is smaller than the recommended mesh size (1 inch horizontal, 

2 inches vertical). Copyright Kristi Holcomb, Nevada Department of Transportation. 

 

Planning 
 
Selection of road sections 

Fences or other barriers should typically be prioritized along road sections where direct road mortality 

of Mojave desert tortoises has substantially reduced population density and where reducing direct road 

mortality may increase the likelihood of Mojave desert tortoise population persistence or recovery 

within adjacent habitat. If the objective is to restore Mojave desert tortoise populations, e.g. through 

population augmentation or reintroduction, barriers that keep the animals off the road are an important 

tool too, regardless of recent road mortality and current population density. In this context, all roads 

that bisect important habitat for Mojave desert tortoises should be fenced, starting with the road 

sections where Mojave desert tortoises are still present in the surrounding landscape. 

If road sections (fenced or unfenced) are identified where the barrier effect of the transportation 

corridor should be reduced, then wildlife crossing structures should be implemented where connectivity 

is needed most and where a reduction in the barrier effect is likely to increase the likelihood of Mojave 

desert tortoise population persistence or recovery within adjacent habitat. If such crossing structures 

are connected to fences or other barriers, direct road mortality can be reduced as well. Barriers can also 

guide individual animals to the crossing structures and increase the use of the crossing structures, but 

this has not been investigated yet for Mojave desert tortoises (Dodd et al. 2007; Gagnon et al. 2010). 

The U.S. Fish and Wildlife Service conducted a modelling study to identify priority road segments for the 

installation of Mojave desert tortoise fencing (Pers. com. Kerry Holcomb and Florence άCƭƻέ Deffner, 

USFWS). The GIS-based prioritization model incorporated a Recovery Importance Index (RII), a Feasibility 

Index (FI), and a composite Desert Tortoise Exclusionary Fence Installation Prioritization Index (DTEFIPI). 
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The composite DTEFIPI (RII x FI) is intended to identify and prioritize 1-km segments of roads that are 

most in need of Mojave desert tortoise fences from both a biological need and a feasibility perspective. 

In this approach, biological need (RII) is based on the road-effect zone area, average habitat potential 

value, and the number of overlapping buffered range-wide observations. Feasibility (FI) is based on 

landownership, road design (at grade or not), and the number of local roads or driveways that would 

perforate the fence. The DTEFIPI was then used to generate a map that identifies priority road segments 

(Pers. com. Kerry Holcomb and Florence άCƭƻέ Deffner, USFWS). 

 

Location of the barrier in relation to the right-of-way boundary 

The main function of a right-of-way fence is to indicate the property boundary. In many cases, a right-of-

way fence also serves as a barrier to keep livestock off the road. However, if a fence is placed on the 

property boundary, access for fence maintenance on the safe side of the fence may require the 

permission of the property owner or land managing agency of the parcel adjacent to the right-of-way. In 

this context, it may be advantageous to locate the fence or other barrier closer to the road and leave 

enough space for maintenance activities on the safe side of the barrier. Moving a wildlife fence or 

barrier closer to the travel lanes also reduces habitat loss for wildlife associated with fencing out the 

road corridor. If the property boundary still needs to be indicated, this could be achieved through a line 

of posts without fencing material between the posts, or through a livestock or right-of-way fence that is 

permeable to Mojave desert tortoises. Note that issues can arise if the fence is located within the right-

of-way and when construction or maintenance of the Mojave desert tortoise barrier is not funded or 

executed by the transportation agency but by an adjacent land managing agency, e.g.. the U.S. Bureau 

of Land Management (BLM). However, such bureaucratic problems may be solved through agreements 

of the agencies or other entities involved. 

 

Functions of the barrier 

Having right-of-way boundary indicators or fences that are separate from a barrier designed for Mojave 

desert tortoises or other wildlife species is less efficient than combining all these functions into one 

fence or barrier. It is commonplace to combine a barrier for Mojave desert tortoises with a property 

boundary or livestock fence. A taller and sturdier fence may also function as a barrier for large mammal 

species, but this is only advisable if there are also suitable crossing structures present for those other 

species in the appropriate locations.  
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Design 
 
Most of the design specifications for Mojave desert tortoise fences listed below were originally 

published in 2005 and were later included in the 2011 revised recovery plan (U.S. Fish and Wildlife 

Service 2005, 2011). 

 
Barrier types 

Typical fences for tortoises consist of posts (e.g., metal fence posts) and fencing material (e.g., woven 

wire). Other barriers may be solid plastic, polymer, or concrete walls. Polymer or concrete walls can be 

integrated into the roadbed to avoid sticking out above the surrounding area. These types of barriers 

are not visible from the road and may address landscape aesthetics, at least as experienced from the 

road. In addition, barriers that are integrated into the roadbed may be exempt from surveys for cultural 

resources. They may also help stabilize the roadbed by reducing erosion in the roadside ditch (Pers. 

com. Kerry Holcomb, USFWS). Note that solid barriers, or barriers with small mesh sizes compared to 

the size of the animal, are sometimes better than see-through barriers as the animals tend to spend 

more time investigating breaching see-through barriers and move quickly along solid barriers or barriers 

with small mesh sizes, allowing them to access a crossing structure sooner (Ruby et al. 1994, Brehme et 

al. 2021). However, solid barriers and barriers with small mesh sizes may result in erosion and 

sedimentation process, especially in highly erodible areas such as the Mojave Desert. 

 

 
 

Mojave desert tortoise fencing, St. George, Utah. This fence has a mesh size that is 1 inch wide and 2 

inches tall, the fence material is 20 inches above the ground, and it is attached with hog rings to three 

smooth strands of wire (at 4, 12, and 20 inches above the ground). There are two additional smooth 

wires above the fence material. Presumably, the fencing material is dug into the ground, about 16 

inches deep. 
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Wildlife fence (8 ft tall (2.4 m)), primarily for desert bighorn sheep (Ovis canadensis nelsoni), I-11, near 

Boulder City, Nevada. Mojave desert tortoises and bighorn sheep are known to co-occur in this area. 

Therefore, tortoise exclusion fencing was installed at the bottom of the bighorn sheep fencing. 

 Plastic sheeting for amphibians attached to a Eurasian badger 

(Meles meles) fence, The Netherlands. Depending on the height, 

the sheeting may be suitable for Mojave desert tortoises. 

However, in arid ecosystems, erosion and sedimentation 

processes may be a substantial problem for this design as it is not 

permeable to water and fine sediments and solid barriers may 

also be more easily damaged by high winds. 
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 Solid plastic fencing for small animal species attached to a chain-

link fence designed for larger wildlife species, M79 motorway, 

south of Harcourt, Victoria, Australia. However, in arid 

ecosystems, erosion and sedimentation processes may be a 

substantial problem for this design as it is not permeable to 

water and fine sediments and solid barriers may also be more 

easily damaged by high winds. 

 

 

 

 

 

 

 

 

Polymer wall for amphibians integrated into the roadbed, The Netherlands. This type of barrier does not 

affect landscape aesthetics as experienced from the road. The design also allows for tortoises to exit the 

road anywhere by tumbling down the barrier. The height may have to be adjusted to prevent large adult 

desert tortoises from climbing over the barrier while not posing any threat of injury to tortoises that 

may fall over the barrier. 
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Concrete barrier wall integrated into the roadbed, with 

overhang, designed and implemented to keep reptiles, 

amphibians and small mammals off a highway, U.S. 441, 

Paynes Prairie Ecopassage, south of Gainesville, Florida, 

USA. Depending on design and construction, this type of 

barrier might not affect landscape aesthetics as 

experienced from the road.  

 

 

 

Barrier height and burrowing depth 

Fences for Mojave desert tortoises should be about 22-24 inches (minimum 18 inches) above the 

ground, and at least an additional 12 inches (definitely no less than 6 inches) should be buried into the 

ground to prevent Mojave desert tortoises from digging under the fence (U.S. Fish and Wildlife Service 

2011). A typical Mojave desert tortoise barrier is combined with a right-of-way or livestock fence that is 

taller than 22-24 inches; typically, about 4 ft in height. Attaching the fence to horizontal wires for the 

right-of-way or livestock fence gives the barrier additional strength and stability (U.S. Fish and Wildlife 

Service 2011). Hog rings (12 to 18-inches interval) are used to attach the top of the fence to the smooth 

wire that is at the height of the fence material. If the soil conditions do not allow for the fence to be 

buried into the soil, e.g. soil too rocky, bend the fence material at 14 inches from the bottom to 90°. The 

ōƻǘǘƻƳ мп ƛƴŎƘŜǎ ƴŜŜŘ ǘƻ ŦŀŎŜ ǘƘŜ άǎŀŦŜ ǎƛŘŜέ όƘŀōƛǘŀǘ ǎƛŘŜύ ƻŦ ǘƘŜ ŦŜƴŎŜ όƴƻǘ ǘƘŜ ǊƻŀŘǎƛŘŜύ ŀƴŘΣ ǳǎƛƴƎ 

rocks, debris, and soil, be as snug as possible to the ground level. The fence material is covered with up 

to 4 inches of material, leaving the effective height of the fence at 22 inches. However, some 

transportation agencies may be prohibited from bending the fence toward the habitat side because of 

right-of-way restrictions. In such cases, installing the fence closer to the road, set back from the 

property boundary, may be a workaround. 
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 Mojave desert 

tortoise fence 

(height above 

ground 24 inches, 

presumably 

buried 12 inches 

below ground 

level, mesh size 1 

inch wide, 2 

inches tall), Hwy 

58 near Kramer 

Junction, 

California. The 

fence material is 

attached to 

smooth wires at 

10 and 22 inches 

above the ground.  

 

 

 Mojave desert 

tortoise fence 

(about 21.5 

inches tall, 

mesh size 

about 1x1 cm), 

I-15 near 

Barstow, 

California. The 

small mesh size 

may pose a 

greater risk to 

small animal 

species (lizards, 

snakes) getting 

stuck and 

dying. Small 

mesh sizes are 

also more likely to catch sediment. Note that there is no smooth wire at the very top of the fence, 

making the fence less rigid.  
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Mojave desert tortoise fence (about 14 inches tall, mesh size about 1x1 cm), I-15 near Barstow, 

California. The small mesh size may pose a greater risk to small animal species (lizards, snakes) getting 

stuck and dying. Small mesh sizes are also more likely to catch sediment. Note that this fence is too low 

and there is no smooth wire at the very top of the fence, making the fence less rigid. 

 

 

 Mojave desert tortoise 

exclusion fence, USA 

Aerospace Highway (Hwy 

14), near Inyokern, 

California. The small mesh 

size may pose a greater 

risk to small animal species 

(lizards, snakes) getting 

stuck and dying. Small 

mesh sizes are also more 

likely to catch sediment. 

Note that this fence is far 

too low (perhaps only a 

few inches) to be a 

functional barrier for 

Mojave desert tortoises. 
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Gap under Mojave desert 

tortoise exclusion fence, 

USA Aerospace Highway 

(Hwy 14), near Inyokern, 

California. The small mesh 

size may pose a greater 

risk to small animal species 

(lizards, snakes) getting 

stuck and dying. Small 

mesh sizes are also more 

likely to catch sediment. 

Note that this fence is not 

buried at all. Mojave 

desert tortoise fencing 

should be buried at least 

12 inches deep. 

 

 

 Mojave desert tortoise exclusion fence, St. George, Utah. Normally, the fence should be buried, but 

here it is above ground, held down by rocks. Note: the section of the fence that lies on the soil should 

face the safe side (habitat side) of the fence (not the roadside). Also note that the section of the fence 

that lies on the ground should be buried up with to 4 inches of rocks and soil on top, leaving a barrier 

height of 22-24 inches above the ground level. 
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Mojave desert tortoise exclusion fence, Hwy 58 near Kramer Junction, California. Here the fence is 

angled towards the safe side of the fence (not the roadside), presumably because of rocky soil. Also note 

that the section of the fence that lies on the ground should be buried up with to 4 inches of rocks and 

soil on top, leaving a barrier height of 22-24 inches above the ground level. 

Posts for fences 

When combined with a right-of-way or livestock fence, use 72-inch (6 ft) t-posts and install them 24 

inches (2 ft) below the ground (U.S. Fish and Wildlife Service 2011). This leaves 48 inches (4 ft) above 

ground. Posts should be spaced about 10 ft apart (U.S. Fish and Wildlife Service 2011).  
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Fence markers and bird spikes on t-posts, Montana. The markers are designed to reduce the likelihood 

that sage grouse (Centrocercus urophasianus) fly into the livestock fence. The bird spikes are designed to 

reduce the likelihood that corvids or raptors will use the fence posts to perch and prey on sage grouse, 

especially the chicks. Installation of bird spikes on fence posts attached to fences in desert tortoise 

habitat may help reduce predation on tortoises by birds within adjacent habitat. 

Fencing material and mesh size 

Galvanized welded wire (16 gauge or heavier) that is durable enough for desert environments, including 

exposure to alkaline and acidic soils, wind, and erosion and sedimentation processes is recommended. 

The mesh size should be 1-inch horizontal by 2-inches vertical (U.S. Fish and Wildlife Service 2011). The 

fencing material can be obtained in a 36-inch wide roll (22-24 inches above ground, at least 12 inches 

buried). When combined with a 4-strand right-of-way or livestock fence, smooth wires or combinations 

of smooth wire and barbed wire, are preferred to make the fence less of a hazard to large wild 

mammals (for specifications of wildlife friendly livestock fences see Arizona Game and Fish Department, 

Montana Department of Transportation, Paige 2008). Note that the lowest strand should be at the same 

level as the top of the fence material. While smaller mesh sizes or non-transparent fence material 

encourages wildlife species (in general) to continue moving along the barrier rather than attempting to 

breach the barrier, the suggested mesh size (1 inch wide, 2 inches high) is considered acceptable for 

Mojave desert tortoises.  
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Access roads 

Access roads require a gap in the fence and measures to prevent Mojave desert tortoises from moving 

through this gap and accessing the main road. Low gates may simply be driven over and flattened and 

destroyed (see image below). Gates on a spring can allow vehicles to drive through without stopping, 

but such designs are a concern because of the potential crushing of Mojave desert tortoises (Pers. com. 

Kerry Holcomb, US Fish and Wildlife Service). Gates that need to be opened by hand require a vehicle to 

stop and a person to open and close the gate. This often leads to gates being left open. Gates may also 

have permanent gaps under the gate, allowing Mojave desert tortoises to enter the fenced road 

corridor (see images below). Gates that are effective in keeping Mojave desert tortoises from accessing 

the fenced road corridor have a concrete footer below the gate with a gap of fewer than 0.5 inches to 

the bottom of the gate (Hunt 2014). Larger openings will allow Mojave desert tortoise hatchlings to pass 

through (Hunt 2014). In addition, for a gate to be effective, it needs to be closed after use; a gate that is 

left open is equivalent to an opening in the fence. Currently, automatically closing gates with a concrete 

footer and a gap of 0.5 inches (at most) is recommended (Pers. com. Kerry Holcomb, USFWS). Sweeps 

may also be attached at the bottom of a gate to prevent gaps. Gates that close automatically based on 

gravity may also be considered.  

Tortoise guards are similar to cattle guards and do not require drivers to stop or get out of the vehicle. A 

cattle guard may be modified to a tortoise guard, or a designated tortoise guard can be constructed. For 

a modified cattle guard, it is important that the slots are wide enough for a tortoise to not be able to 

walk across; the animal should fall into one of the slots. Similarly, structural elements between the slots 

should be sufficiently narrow so that a tortoise cannot cross the slot. In addition, there should not be 

any access to the top of the walls of the pit, as that would allow for tortoises to walk on top of the 

concrete walls and access the road corridor. Tortoises that have fallen into the pit below the guard 

should be able to escape from the pit. Designs in areas with tortoises should be combined with an 

escape opportunity; otherwise, it is a death trap. Escape opportunities may include openings at the 

bottom or escape ramps that allow tortoises to exit the pit and return to the safe side of the fence. 

While large openings on the side are likely to allow tortoises to escape from the pit, escape ramps from 

the pit may or may not be effective, and experiments are advised before relying on such escape ramps. 

Finally, maintenance of wildlife guards may require labor and associated expenses, especially if 

tumbleweeds get stuck in the pits. 

 

Fence length  

²ƛƭŘƭƛŦŜ ŦŜƴŎŜǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƛƴǎǘŀƭƭŜŘ ŀǘ ƭƻŎŀǘƛƻƴǎ ǿƘŜǊŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ όάƘƻǘǎǇƻǘǎέύ ƻŦ ǿƛƭŘƭƛŦŜ-vehicle 

collisions occur, or road sections where we want to reduce direct road mortality, regardless of whether 

hotspots have been identified (e.g. fence the entire road length through habitat that is known to be 

occupied). To be effective in reducing wildlife-vehicle collisions, the fences need to cover the length of 

the entire road section where road mortality needs to be reduced. However, the fencing needs to 

extend further to prevent animals that approach the road at the edge of the identified road section from 

simply walking to the fence-end and crossing at grade (e.g. Bissonette & Rosa 2011, Huijser et al. 2015, 

Huijser et al. 2022). Therefore, a buffer zone should be added to the road section where mortality is to 

be reduced. There are several approaches for calculating what the length of the fenced buffer zone 

should be. One approach is to calculate the diameter of the home range for the target species in 
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ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ άƘƻǘǎǇƻǘέ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜŎƛŘŜ ƻƴ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ 

fence (Bissonette & Adair 2008, Huijser et al. 2008). For Mojave desert tortoises, the home range size 

depends on the sex, age, environmental conditions, and research methods (Berish & Medica 2014), but 

based on a minimum convex polygon, the average home range for resident males was 23-55 ha and 17-

19 ha for resident females (Turner et al. 1980, Harless et al. 2010). Using the highest estimates of their 

home ranges, and assuming a circular home range, this translates in a diameter of the home range of 

837 m for males and 492 m for females. Based on this approach, the minimum length of a road section 

that should be fenced for Mojave desert tortoises should be the length of the collision hotspot or road 

segment with a relatively high number of collisions, plus at least an additional 837 m on each side of 

those road segments. However, in reality, habitat suitability and quality is not uniform, and shape of the 

home ranges is almost never circular. In addition, when motivated, animals may travel for much longer 

distances than their average home range size suggests. Therefore, a more realistic approach is to 

measure how far individual tortoises have been observed walking along a fence. Distances of up to 6.5 

km have been observed (Boarman et al. 1997). Therefore, the minimum length of a road section that 

should be fenced for Mojave desert tortoises should be the length of the road section where road 

mortality is to be reduced, plus at least several kilometers (e.g. 3 km), potentially up to 5-10 

kilometers, on each side of the road section that has a concentration of collisions or is a priority road 

segment.  

Longer sections of wildlife fencing also reduce the potential of environmental leakage where roadkill is 

moved from a newly fenced road section to a nearby unfenced area rather than overall reduced (Huijser 

& Begley 2022). If relatively short, unfenced sections would remain in between fenced road sections, 

consider extending the fence and making one longer fenced road section that is likely to be more 

effective in reducing collisions within the fenced road section and less likely to result in environmental 

leakage. 

wŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ŀ ǿƛƭŘƭƛŦŜ ŦŜƴŎŜΣ ǘƘŜǊŜ Ƴŀȅ ǎǘƛƭƭ ōŜ ŀ άŦŜƴŎŜ-ŜƴŘ Ǌǳƴέ ŀǎ ŀƴƛƳŀƭǎ Ƴŀȅ ŎǊƻǎǎ 

more frequently in the immediate vicinity of fence-ends than at road sections that are not fenced 

(Clevenger et al. 2001, Cserkész et al. 2013). Fence-end runs occur because not all animals that approach 

the fenced road section may choose to use a safe wildlife crossing opportunity (e.g. wildlife underpass, 

wildlife overpass) that may be present within the fenced road section. Instead, these animals may follow 

the fence, or they already know where the fence ends, and then cross the road at grade at or near the 

fence-end. Safe crossing opportunities may reduce such fence-end runs when placed close to or at 

fence-ends (Allen et al. 2013). Fence-end runs may not be considered a problem unless there is also a 

concentration of wildlife-vehicle collisions at fence-ends. However, fence-end runs can be reduced if the 

location and length of wildlife fencing is not only based on wildlife-vehicle collision data (unsuccessful 

wildlife crossings) but also on successful wildlife crossings as these are not necessarily in the same 

location (Clevenger et al. 2002, Neumann et al. 2012). As an alternative to using successful wildlife 

crossing data, the fence may also simply extend beyond a particular habitat that may be associated with 

the target species; this can also be expected to reduce the probability of fence-end runs. By definition, 

road sections with relatively long and contiguous wildlife fencing (e.g. at least several miles or 

kilometers) are less likely to have a fence-end run issue than relatively short road sections with wildlife 

fencing (Huijser et al. 2016a, b). For long road sections the road length near the fence-ends where a 

fence-end run may occur is relatively short compared to the total road length than is fenced. In contrast, 
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for short road sections with wildlife fencing, the road length near the fence-ends where a fence- end run 

occurs may overlap the entire fenced road section.  

 

Wildlife fencing should typically be implemented on both sides of a road with the fence ends ending 

opposite of each other. If a fence is present on one roadside only, animals that approach from the other 

side still get on the road, and they may spend more time on the road because a fence on the other side 

of the road does not allow them to leave the road corridor. Fence-ends that do not end on opposite 

ǎƛŘŜǎ ƻŦ ǘƘŜ ǊƻŀŘ όƛΦŜΦ άǎǘŀƎƎŜǊŜŘέύ Ŏŀƴ ƭŜŀŘ ǘƻ ǎƛƳƛƭŀǊ ǇǊƻōƭŜƳǎΣ ŀƴŘ ǘƘŜȅ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ŀƴ ƛƴŎǊŜased 

probability that animals wander off into the fenced road corridor rather than cross at grade at a fence-

end. Exceptions may exist where only one side of the road has suitable habitat for the target species. 

However, if other species that are also affected by the fence are present on both sides of the road, 

fencing on both sides of the road is still advised. 

 

Fence-end treatments 

In addition to an appropriate length of a wildlife fence and appropriate start and end locations, 

treatments at fence-ends may reduce the likelihood of a fence-end run and increase the effectiveness of 

the fenced road section in reducing direct road mortality. These treatments may include: 

1. Angle the fence away from the road at the fence-end.  
In many cases a wildlife fence is angled away from the road at a fence-end. In some cases, the 
fence angles only slightly away from the road (e.g. 45°) whereas it is 90° (perpendicular) to the 
ǊƻŀŘ ƛƴ ƻǘƘŜǊ ŎŀǎŜǎ όYǊǳƛŘŜǊƛƴƎ Ŝǘ ŀƭΦ нллрύΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ άǘǳǊƴ-ŀǊƻǳƴŘǎέ ǿƘŜǊŜ ǘƘŜ wildlife 
fence first angles away from the road at 90° and then bends back another 90° (180° in total) 
essentially paralleling the main fence for some distance (Kruidering et al. 2005, Brehme et al. 
2020). However, for the Mojave desert tortoise, sharp angles in the fence should be avoided as 
this is associated with tortoises attempting to climb the fence. Angles should be no sharper than 
120° (Pers. com. Kerry Holcomb, US Fish and Wildlife Service). The main purpose of having a 
wildlife fence angle away from the road is to discourage animals from crossing the road at grade 
at the fence- ŜƴŘΤ ƛǘ ƘŜƭǇǎ ŀǾƻƛŘ ŀ άŦŜƴŎŜ-ŜƴŘ Ǌǳƴέ ŜŦŦŜŎǘΦ bƻǘŜ ǘƘŀǘ ŀŘŘƛǘƛƻƴŀƭ ƳŜŀǎǳǊŜǎ όŜΦƎΦ 
wildlife guard) may need to be installed in the travel lanes to substantially reduce the likelihood 
that wildlife enters the fenced road corridor at a fence-end. Fences that angle way from the 
road may encroach on adjacent property unless the fence is installed closer to the edge of the 
pavement. 
 

2. Bring fence-ends close to the paved road surface. 
In some cases the fence angles towards the road surface at a fence-end. The main purpose of 
having a wildlife fence angle towards the road surface at a fence-end is to discourage animals 
from wandering off into the fenced right-of-way. Such an angled fence does not help avoid a 
fence-end run effect though. Bringing a fence close to the road surface typically results in having 
ǘƘŜ ŦŜƴŎŜ ŀƴŘ ǘƘŜ ŜƴŘ Ǉƻǎǘ ƛƴ ǘƘŜ άŎƭŜŀǊ ȊƻƴŜΦέ Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ŎƭŜŀǊ ȊƻƴŜ ǎƘƻǳƭŘ ōŜ ŦǊŜŜ ƻŦ 
obstacles so that drivers whose vehicle has left 
the paved road surface may still recover and regain control of the vehicle without crashing into 
large objects. This means that measures must be taken to prevent cars from crashing into the 
fence and fence posts at the fence-end. Break-away structures may be used to limit the danger 
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to humans (e.g. Gagnon et al. 2010). Alternatively, guard rails or Jersey barriers can deflect 
vehicles that have left the roadway at fence-ends where the fence-end has been brought close 
to the road surface. Note that additional measures (e.g. wildlife guards) may need to be 
installed in the travel lanes to substantially reduce the likelihood that wildlife enters the fenced 
road corridor at a fence-end.  
 

3. Boulder fields. 
Boulder fields may be used at fence-ends between the paved road surface and fence-ends, and, 
in case of a divided highway, also in the median. It is an alternative to bringing a fence-end close 
to the paved road surface as boulder fields are believed to discourage wildlife, especially 
ungulates, from walking into the fenced road corridor. Boulder fields may also be a barrier for 
Mojave desert tortoises and help keep them out of a fenced road section, but tortoises may also 
become trapped in between the boulders and die (Gardipee et al. 2017). Boulder fields next to 
the shoulder or pavement may not be appropriate at curves or high-speed roads as boulder 
fields are a hazard to cars that have run off the road. However, guard rails or Jersey barriers can 
be placed in between the pavement and the boulder field to deflect vehicles before they would 
hit the boulder field. On the other hand, the use of a shield (guard rails or Jersey barriers) can be 
a safety hazard in itself (AASHTO 2006). Note that additional measures (e.g. wildlife guard) may 
need to be installed in the travel lanes to substantially reduce the likelihood that wildlife enters 
the fenced road corridor at a fence-end. 

 

Note that some fence-end treatments can be combined (e.g. a split fence-end where the fence both 

angles away from the road and also angles towards the road) (Figure 2). 

 

Figure 2: Fence-end configuration with a split fence-end. One end forms a turnaround, the other end 
comes close to the edge of the pavement. While 90° angles are shown here, the fence angles for the 
Mojave desert tortoise should be no sharper than 120° (Pers. com. Kerry Holcomb, US Fish and Wildlife 
Service). 
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Boulder field at a fence-end, shielded through a guard rail, Alberta, Canada. 

 

 

Flattened and destroyed gate at a vehicle access point associated with a Mojave desert tortoise fence, I-

15 near Barstow, California. Here the fence has, or had, a gate for a dirt road, but the fence was 

flattened by vehicles. This suggests that gates that require people to get out of the vehicles to open 
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them are not always effective and may result in a gap in the fence, allowing Mojave desert tortoises to 

access the highway. 

 

A gate associated with Mojave desert tortoise exclusion fencing, Hwy 58 near Kramer Junction, 

California. Note that the design of this gate resulted in gaps which affected its function as a barrier to 

Mojave desert tortoises (see images below). 

 

Gap under a gate associated with Mojave desert tortoise exclusion fencing, Hwy 58 near Kramer 

Junction, California. The gate does not have a buried component, and it had enough flex to result in 

permanent openings, partially as a result of tumbleweeds being blown against the fence.  
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Automatic gate with a push-button to open (to the right of vehicle because of right hand driving), Addo 

Elephant National Park, Eastern Cape, South Africa 

 

 

Snug fit of a gate at a wildlife fence, south of Otterlo, The Netherlands. The snug fit discourages animals 

from crawling under the gate. 
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Swing gate, set at an angle so it closes through gravity, The Netherlands. 

 

 

Horse swing gate, Heugterdijk, Weerterbos, near Maarheze, The Netherlands. The center of the metal 

swing gate is set at an angle so that gravity automatically brings the metal gate in line with the fence. 

Here the gate is in the process of closing. 



32 
 

 

Gap at a gate associated 

with Mojave desert 

tortoise exclusion 

fencing, Hwy 58 near 

Kramer Junction, 

California. The gate does 

not have a buried 

component, and it had 

enough flex to result in 

permanent openings, 

partially as a result of 

tumbleweeds being 

blown against the fence.  

 

 

 

Combined drainage and escape for small animal species under a wildlife guard, Arizona, USA. While the 

metal bar design of this particular wildlife guard is not appropriate as a barrier for Mojave desert 

tortoises, the openings on the concrete walls on the side allow invertebrates, amphibians, reptiles, small 

mammals and other species that may fall in between the metal bars to escape to the safe side of the 

fence (not the roadside). For wildlife guards that have a fully enclosed pit with contiguous walls wooden 

planks or metal strips are sometimes attached, allowing animals to climb out of the pit. Wildlife guards 

are no longer recommended because Mojave desert tortoises may still cross and there may be 

maintenance issues if debris (e.g. tumbleweed) gets stuck in the pit (Pers. com. Kerry Holcomb, USFWS). 
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Escape ramp for small mammals, reptiles, amphibians and invertebrates from pit under wildlife guard 

(cattle guard), National Park Hoge Veluwe, The Netherlands. While the metal bar design of this 

particular wildlife guard is not appropriate as a barrier for Mojave desert tortoises, the escape ramp may 

allow invertebrates, amphibians, reptiles, small mammals and other species that may fall in between the 

metal bars to escape to the safe side of the fence (not the roadside). Note that the effectiveness of 

escape ramps is not tested, and their use for Mojave desert tortoises would need to be investigated 

before wide-spread use.  

 

Tortoise guard consisting of two I-beams, welded together with connectors, for Mojave desert tortoise, 

US Hwy 93 (MP 58 NB) near Overton, Nevada. The tortoise approaches from the safe side of the fence 

(not the roadside). Note, that larger adult tortoises may not fit within, and may be able to gain access to 

the roadside across this structure. This design is no longer recommended because Mojave desert 

tortoises may still cross, and the structure does not stand up to heavy vehicles and high temperatures, 

and they are susceptible to erosion (Pers. com. Kerry Holcomb, USFWS; Kristina Drake, USFWS; Glen 

Knowles, USFWS). 
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Barrier on a hiking trail, designed to keep Mojave desert tortoises out of an area, St. George, Utah. 

Hikers may step over this barrier to continue on the trail, while tortoises cannot gain access to the road 

on the other side. 

 

Barrier Construction 
 
The functionality of barriers can be affected by erosion and sedimentation. Low lying areas and desert 

washes are especially vulnerable to these processes. Preferably, fences or other barriers should be 

placed in relatively high areas that are less susceptible to erosion and sedimentation. However, barrier 

placement may be determined by right-of-way boundaries or property lines, which could preclude 

optimal placement relative to topography. 

Mojave desert tortoises tend to follow washes (Jennings 1993, Peaden et al. 2017). Where desert 

washes or low-lying areas cross the road or are close to the road, culverts or larger underpasses may 

need to be installed for hydrological purposes. Such underpasses can also be made suitable for Mojave 

desert tortoises to cross to the other side of the road (see the separate crossing structure document). 

The barriers can then be constructed on higher ground on the side of a desert wash or low-lying area 

as this makes it less likely that the fences will be affected by erosion and sedimentation processes. In 

some cases, it may be possible to renegotiate right-of-way boundaries to allow optimal placement of 

barriers to minimize maintenance effort associated with erosion and sedimentation processes. 
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Mojave desert tortoise exclusion fence on the left, located on high ground adjacent to a desert wash 

leading to a culvert under US Hwy 93 (MP 58) near Overton, Nevada. 

 

 

In some cases, Mojave desert tortoise fencing may need to cross a desert wash. While there is no robust 

low maintenance solution for these situations at this time, practitioners have attached logs or wood 

posts at the base of the fence (see image below). The expectation is that, during a flood event, the fence 

Ŏŀƴ άŦƭƻŀǘέ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ǊǳǎƘƛƴƎ ǿŀǘŜǊΦ ²ƘŜƴ ǘƘŜ ǿŀǘŜǊ ǎǳbsides, the logs weigh the fence down and 

make it connect to the surface again. In practice these designs require more attention than a fence 

located in high and dry areas. 
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Mojave desert tortoise exclusion fencing across a desert wash, St. George, Utah. Here the fence crosses 

a desert wash. The cedar logs will float and lift up the fence during a flooding event. This minimizes 

damage to the fence because of flooding and debris. 

 

 

Mojave desert tortoise exclusion fencing across a desert wash with sedimentation at the fence, US Hwy 

93 (MP 58 NB) near Overton, Nevada. The sedimentation reduces the effective height of the fence, and 

it may eventually threaten the integrity of the fence. Also note that the fence material has been cut in 

multiple overlapping segments to allow for the change in angle because of the change in slope (see next 

image for details). 
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Detail of Mojave desert tortoise fencing, US Hwy 93 (MP 58 NB) near Overton, Nevada. Because of the 

change in slope (higher bank towards the right), the fence material was cut and installed in multiple 

overlapping segments. 

 

 

 

 

 

Mojave desert tortoise fencing with soil erosion, I-11, 

near Boulder City, Nevada. Note that the animals may 

now move in the erosion gully under the fence. Also note 

that the fence appears to have only been dug 6 inches 

into the ground rather than the recommended minimum 

12 inches.  
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Mojave desert tortoise fencing installed across a low lying area, along I-15 near Barstow, California. Here 

debris (rocks, sand, garbage) has built up against the fence because water runs down the slope against 

the fence. 

 

At crossing structures, the fence should angle from the property boundary towards the road and the 

crossing structure. As Mojave desert tortoises tend to follow the washes, ǘƘŜ ŦŜƴŎŜǎ ǎƘƻǳƭŘ άŦǳƴƴŜƭέ ŀƭƭ 

Mojave desert tortoises that move in and along the banks of desert washes. This is a second reason, 

besides erosion and sedimentation processes, that the fencing should be located on higher ground on 

the sides of washes or low-lying areas, rather than inside washes.  

Mojave desert tortoise fencing 

connected to a concrete box 

culvert (lower left), US Hwy 95 

(MP 125 NB) near Indian 

Springs, Nevada. Note that the 

fences angle from the property 

boundary towards the culvert 

to funnel the animals towards 

the culvert. Also note that the 

property boundary fence 

continues through the wash 

(this property boundary fence 

is not a barrier to Mojave 

desert tortoises).  
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Mojave desert tortoise fencing, US Hwy 95 (MP 121.6 SB) near Indian Springs, Nevada. This is a right-of-

way and cattle fence installed across the wash, intended to keep cattle from entering the culvert (which 

is to the right). The Mojave desert tortoise fencing (upper right) angles away from the property 

boundary towards the culvert.  

 

 

Mojave desert tortoise fencing and a concrete box culvert, US Hwy 95 (MP 127.5 SB) near Indian Springs, 

Nevada. Note that the fence on the near side is located on top of the bank of the desert wash, and not 

in the wash or on the bank.  
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Funnel fencing for Mojave 

desert tortoise and a box 

culvert (foreground), US 

Hwy 95 (MP 126.5 SB) near 

Indian Springs, Nevada. 

Note that the fence on the 

left is on higher ground, on 

top of the bank of the wash, 

and not within the wash or 

on the bank. 

 

 

 

Fences should have a tight connection to the structure or wingwalls of the structure so that Mojave 

desert tortoises cannot access the fenced road corridor. In some cases, it is best to have the fence run 

behind and on top of the culvert and not have any break in the fence. Do not assume large rocks or 

boulders are a barrier for Mojave desert tortoises and do not allow for gaps in the fence at large rocks. 

 

 

Mojave desert tortoise fencing connected to the wingwall of a culvert, Hwy 58 near Kramer Junction, 

California. While the connection between the fence and wingwall is tight and should not allow Mojave 

desert tortoises to access the fenced road corridor, the effective height at the connection is only about 

11 inches instead of the recommended 22-24 inches. The fence material should have been continued 

until the point where the wingwall has a height of 22-24 inches.  
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Mojave desert tortoise fencing connected to a culvert, US Hwy 95 (MP 121.6 NB) near Indian Springs, 

Nevada. Note concrete access paths for Mojave desert tortoises constructed along the fence. 
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Mojave desert tortoise fencing connected to a culvert, I-15 near Barstow, California. Here debris (rocks, 

sand) has built up against the fence, threatening its integrity. 

 

 

Mojave desert tortoise fencing leading up to culverts primarily designed for hydrology, I-15 near 

Barstow, California. Note that the fence does not physically connect to the structure and that riprap 

(rocks) fills the gap. However, it would have been better to leave no gap in the fence and have the fence 

continue on top of the bank above the boulders. 
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Mojave desert tortoise fencing connected to a culvert, US Hwy 93 (MP 58 NB) near Overton, Nevada. 

The fencing would be a more effective barrier if it was continued above the culvert without any gap in 

the fence. 

 

 

Mojave desert tortoise fencing connected to twin culverts, US Hwy 93 (MP 69.5 NB) near Overton, 

Nevada. The fencing would be a more effective barrier if it was continued above the culvert without any 

gap in the fence. 
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Turtle fence and a dry culvert used by turtles, Valentine National Wildlife Refuge, Ballard's South, 

Valentine, Nebraska, USA. This culvert is 30 inches wide, 22 inches tall. Note that this turtle fence has no 

gap and continues behind and on top of the culvert. 

 

 

Open medians with separate crossing structures for the two travel directions should have Mojave desert 

tortoise fencing installed to prevent tortoises from accessing the fenced road corridor in the median.  
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Barrier maintenance 
 

Maintenance of Mojave desert tortoise fencing may be inadequate or lacking. In practice, fence 

inspection and maintenance may be underfunded and not a priority for transportation agency 

maintenance personnel and therefore it may not happen, or it happens too infrequently. Since most of 

the fencing is located away from the travel lanes or the shoulder, problems with Mojave desert tortoise 

fencing cannot be effectively detected from a moving vehicle. Proper fence inspection may require 

walking the fence line. Therefore, it may be best to outsource fence inspection, and repair and 

maintenance. While erosion and sedimentation processes result in the greatest need for maintenance 

and repair, destruction by (off-road) vehicles, vegetation growth, blowing garbage and dead vegetation 

(e.g. tumble weeds) can also threaten the functionality of a Mojave desert tortoise fence.  

 

 

Mojave desert tortoise fencing, I-15 near Barstow, California. The fence is in disrepair and a shrub has 

grown through the fence, reducing its effective height. 
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Dead vegetation has blown against the Mojave desert tortoise fence, reducing the barrier effect of the 

fence to keep tortoise from accessing the highway, Aerospace Hwy, Hwy 14 near Inyokern, California. 

Note that the height of the fence, as installed, is insufficient to begin with. 

 

 

Mojave desert tortoise fencing with windblown garbage, I-15 near Barstow, California. While this 

garbage does not pose an immediate threat to the integrity of the fence, tortoises and other wildlife 

species may consume garbage with potentially lethal consequences. In addition, because fences catch 

windblown garbage, they make the presence of garbage more visible to people, affecting landscape 

aesthetics. 
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Shade structures 
 

Artificial shade structures can provide shelter from the sun for Mojave desert tortoises. This is especially 

relevant if tortoises walk along a fence and overheat, but cannot find natural shade or a suitable 

crossing structure quickly enough (Peaden et al. 2017). Artificial shade structures resemble a natural 

burrow dug by tortoises and may be especially useful for individuals that are new to the area (e.g. 

translocated individuals) or that are captive in a small area (Ruby et al. 1994, Peaden et al. 2017). 

Recommended material is a 12-15 inch (61-38 cm) interior diameter PVC pipe (schedule 40 or 80), 

buried into the soil (U.S. Fish and Wildlife Service 2020). The recommended minimum length of the pipe 

is 6 ft to ensure shade and to potentially allow shelter for more than 1 tortoise (U.S. Fish and Wildlife 

Service 2020). The structure should have 2 openings. This allows a tortoise to escape if one opening is 

blocked by debris (U.S. Fish and Wildlife Service 2020). Regular maintenance is required to ensure that 

tortoises can access the shade structure, especially after precipitation events that could have caused 

erosion and sedimentation. When conducting maintenance, exercise caution as tortoises or other 

animal species (e.g., snakes) may be present inside the structures (U.S. Fish and Wildlife Service 2020). 

The fill inside the pipe should leave 12-15 inches (30 cm) clearance (between the soil and the ceiling, 

and inside the structure between the left and the right interior walls). This allows large tortoises to turn 

around and not get trapped inside the shade structures (U.S. Fish and Wildlife Service 2020). The outside 

of the pipe should be covered with at least 3-4 inches (7.5-10.2 cm) of soil and rocks for temperature 

insulation (U.S. Fish and Wildlife Service 2020). If the structure is in-line with the face, take care that the 

overall height of the shade structure does not allow the tortoises to climb over the fence. The shade 

structures can be placed in line with the fence (U.S. Fish and Wildlife Service 2020), but mind potential 

issues with property boundaries. NVDOT recommends that the structures be placed at a minimum of 12 

inches (60 cm) from the fence. A spacing of at least 1000 ft (305 m) has been recommended (U.S. Fish 

and Wildlife Service 2020). Alternatively, native shrubs may be planted or encouraged to grow close to 

the fence to provide shade. For the south side of an east-ǿŜǎǘ ǊƻŀŘΣ ǘƘŜ ǎƘǊǳōǎ ǿƻǳƭŘ ōŜ ƻƴ ǘƘŜ άǎŀŦŜ-

ǎƛŘŜέ ƻŦ ǘƘŜ ŦŜƴŎŜΣ ŦƻǊ ǘƘŜ ƴƻǊǘƘ ǎƛŘŜΣ ǘƘŜ ǎƘǊǳōǎ ǿƻǳƭŘ ōŜ ƻƴ ǘƘŜ άǊƻŀŘ-ǎƛŘŜέ ƻŦ ǘƘŜ ŦŜƴŎŜΦ CƻǊ ōŀǊǊƛŜǊ 

walls integrated into the roadbed, shade caves or shade pipes could be located behind the barrier walls 

(on the habitat side of the barriers) and covered by the material that forms the roadbed to provide 

insulation. 
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A natural burrow dug by a Mojave desert tortoise along the edge of a desert wash, St. George, Utah. 

 

 

Artificial shade structure for Mojave desert tortoises, along US Hwy 93 (MP 58 NB) near Overton, 

Nevada. 
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Mojave desert tortoise feces in a culvert, St. George, Utah. Culverts may resemble Mojave desert 

tortoise burrows and can function as a place to shelter from the sun or cold temperatures. The presence 

of feces indicates that a Mojave desert tortoise was present, and it may be an indication that it spent 

substantial time within the culvert. 

 

 

Crossing structures 
 

Purpose 
The authors distinguish among the following types of crossing structures:  

¶ Existing structures built for other purposes without modifications for wildlife. The primary 
purpose of crossing structures that were not originally constructed for wildlife is often to allow 
for people (including e.g. vehicles), livestock, or water to cross under (underpasses) or over 
(overpasses) the road. Their location, type, dimensions, and the distance between them is 
dictated by their primary - non-wildlife - function.  No modifications have been made to 
encourage use by wildlife species. 

¶ Modified structures. These structures are similar to the previous category. However, 
modifications have been made to enhance use by wildlife species. Modifications can make 
existing structures, originally built for other purposes, more suitable, or somewhat suitable, 
for some wildlife species. For a modified structure to be considered successful, it should at least 
result in enhanced use by wildlife, compared to unmodified structures. For example, an existing 
culvert originally built for hydrology is made more suitable for Mojave desert tortoises by later 
adding substrate or other material to reduce erosion and sedimentation processes at the culvert 


















































































































