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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). The terms “avoid, mitigate or compensate” in this report are consistent with 
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 
can contribute to extirpation due to this species’ life 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 as these animal’s home range may now be split in two and the animals may be trying to 
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 fences’ unintended negative side effects, 
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 
tortoise populations (USFWS 2022), “immediate” fencing, with or without suitable crossing 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 culvert—which 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 (“riprap” or “rock slope 
protection”) 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 



12 
 

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 
that an underpass provides (see separate document on crossing structures), 2. Placing “shade 
structures” along the barrier (see later in this document), and 3. Implement fence 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 “Flo” 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 “Flo” 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 
bottom 14 inches need to face the “safe side” (habitat side) of the fence (not the roadside) and, using 
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. 

 

 



21 
 

 

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  

Wildlife fences are typically installed at locations where concentrations (“hotspots”) of wildlife-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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combination with the length of the “hotspot” can be used to decide on the appropriate length of the 
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. 

Regardless of the length of a wildlife fence, there may still be a “fence-end run” as animals may cross 
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 
sides of the road (i.e. “staggered”) can lead to similar problems, and they may result in an increased 
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 
road in other cases (Kruidering et al. 2005). There are also “turn-arounds” where the 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- end; it helps avoid a “fence-end run” effect. 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. 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 
the fence and the end post in the “clear zone.” In general, the clear zone should be free of 
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.  



30 
 

 

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. 
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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 
can “float” on top of the rushing water. When the water subsides, 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, the fences should “funnel” all 
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-west road, the shrubs would be on the “safe-
side” of the fence, for the north side, the shrubs would be on the “road-side” of the fence. For barrier 
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 
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and make the culverts better accessible to Mojave desert tortoises. However, the location and 
dimensions of the structures are not influenced by the need or goal to provide safe crossing 
opportunities for Mojave desert tortoises. 

• Multifunctional structures. Structures that are truly multifunctional would have their location 
and design influenced by the different functions, in this case including functions related to 
wildlife movement of the Mojave desert tortoise. For example, a multifunctional structure could 
be a structure in a drainage or desert wash that is located and designed to pass both water and 
allow for use by Mojave desert tortoises. Both the hydrological function and the movement by 
the Mojave desert tortoises influence the location, design, construction, and maintenance. For a 
multifunctional structure to be considered successful, it should achieve certain stated 
objectives, including those related to wildlife movements, in this case by Mojave desert 
tortoises. 

• Designated wildlife crossing structures. Designated wildlife crossing structures have their 
location and design primarily informed by goals related to wildlife movement of certain target 
species. For example, the location, design, construction and maintenance of a crossing 
structure, or set of crossing structures, is optimized for the movement of Mojave desert 
tortoises. For a Mojave desert tortoise crossing structure to be considered successful, it should 
achieve certain stated objectives related to Mojave desert tortoise movements (see later). 

 
Modified crossing structures, multifunctional crossing structures, and designated wildlife crossing 
structures should all allow for safe passage by wildlife under or over a road. However, stand-alone 
crossing structures that are not connected to wildlife fences or other barriers do not necessarily 
reduce direct road mortality (Rytwinski et al. 2016). In addition, structures that are tied into wildlife 
fences or other barriers have higher use by wildlife as the fences “funnel” the animals towards the 
structure (Dodd et al. 2007, Gagnon et al. 2010). Therefore, as a general rule, crossing structures for 
wildlife should be combined with wildlife fences or other barriers (see also Chapter 3). 

 
While modified, multifunctional, or designated crossing structures for Mojave desert tortoises need to 
allow Mojave desert tortoises to move to the other side of the road, these types of culverts can also 
function as: 

• An artificial burrow to shelter from the sun. This may be especially important when Mojave 
desert tortoises may develop hyperthermia when pacing along a recently installed fence 
(Peaden et al. 2017). 

• An artificial burrow for overwintering. However, depending on the size of the culvert, 
precipitation, and erosion and sedimentation processes, this can also present a hazard to 
tortoises (Lovich et al. 2011). 

 

Effectiveness 
The effectiveness of crossing structures for wildlife movement should be based on one or more wildlife 
movement parameters, potentially including how movement may improve population viability and 
genetic connectedness. Note that wildlife use of a structure without context or reference is not an 
effectiveness parameter; it is simply a tally of how many individuals from what species use a crossing 
structure over a certain period. Verifying whether a structure or set of structures are effective requires 
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additional data, e.g., related to achieving a pre-stated objective, or compared to another treatment (e.g. 
a control). Examples of effectiveness parameters for crossing structures used by wildlife may include: 

• Increased population viability: Increased movement between populations on both sides of a 
road contribute to having a larger and better-connected population with increased population 
persistence. 

• Increased wildlife movement: Increased wildlife movement between two sides of a road e.g. 
compared to a road without crossing structures or a road without modified or designated 
crossing structures. However, the increase in movement may or may not be sufficient to result 
in a viable population, especially when population densities and reproductive rates are already 
low. Regardless of a potential increase in movement, the movement rates may or may not be 
similar to the level of connectivity in roadless habitat. 

• Reduced genetic isolation: Individuals originating from different sides of the road breed and 
thereby reduce genetic isolation for the populations on either side of the road. This can 
contribute to increased heterozygosity, decreased loss of alleles, reduced probability of genetic 
drift, and a greater ability to adapt to changing environmental conditions and allow for 
evolutionary adaptation. 

 

Structures are more likely to be effective if they are: 

• In suitable habitat. The Mojave desert tortoise occupies “a variety of habitats from flats and 
slopes dominated by creosote bush scrub at lower elevations to rocky slopes in blackbrush and 
juniper woodland ecotones at higher elevations. Desert tortoises occur from below sea level to 
an elevation of 2,225 meters (7,300 ft). Throughout the Mojave Desert, tortoises occur most 
commonly on gently sloping terrain with sandy-gravel soils and where there is sparse cover of 
low-growing shrubs, which allows establishment of herbaceous plants. Soils must be friable 
enough for digging of burrows, but firm enough so that burrows do not collapse. Typical habitat 
for the desert tortoise in the Mojave Desert has been characterized as creosote bush scrub 
below 1,677 meters (5,500 ft), where precipitation ranges from 5 to 20 centimeters (2 to 8 
inches), the diversity of perennial plants is relatively high, and production of ephemerals is 
high” (U.S. Fish and Wildlife Service 2011). The U.S. Fish and Wildlife Service has identified 
“critical habitat” for the Mojave desert tortoise that makes it easier to verify if conservation 
measures for the Mojave desert tortoise are in the correct region and habitat (U.S. Fish and 
Wildlife Service 2011). Critical habitat is “the specific areas within the geographic area, occupied 
by the species at the time it was listed, that contain the physical or biological features that are 
essential to the conservation of endangered and threatened species and that may need special 
management or protection. Critical habitat may also include areas that were not occupied by the 
species at the time of listing but are essential to its conservation” (U.S. Fish and Wildlife Service 
2017). In addition, habitat suitability for the Mojave desert tortoise has also been modelled 
(Nussear 2009), and while there is great overlap with “critical habitat”, there are also some 
differences as “critical habitat” is not only influenced by ecological conditions, but also by 
jurisdictions and policy. 
 

• In the correct specific location. The structures should be located where the target species is 
willing to approach the road and where they may have an interest in crossing the road. It is also 
possible to plan for structures in habitat that is currently unsuitable or unoccupied, but where 
habitat restoration or reintroduction is to take place. In other words, crossing structures should 
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be located strategically at specific locations in suitable habitat or suitable corridors that 
connect existing or future habitat patches on either side of a road. More specifically, Mojave 
desert tortoises tend to follow desert 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 already be in place for hydrological purposes. Such existing underpasses can 
potentially be made suitable or more suitable for Mojave desert tortoises to cross to the other 
side of the road. Alternatively, multifunctional structures may be designed, constructed, and 
maintained for both hydrology and use by Mojave desert tortoises. Another option is to design, 
construct, and maintain wildlife crossing structures optimized for Mojave desert tortoises, either 
near crossing structures for water or as stand-alone crossing structures in higher and drier areas. 
Note that existing structures for water may still need modifications if they present a risk for 
injury or death to Mojave desert tortoises or other species (see later). Also note that as fences 
should extend for many miles, fences are also located in habitat that is relatively high and dry. 
Therefore, additional crossing structures for Mojave desert tortoises and other species for which 
the fence may be a barrier, should be considered in higher and drier habitat as well. 
 

• The correct crossing structure type (i.e. underpass vs. overpass). While there are no 
comparative data, Mojave desert tortoises are known to use underpasses, including culverts of a 
few feet in diameter. Culverts are somewhat similar to Mojave desert tortoise burrows and 
combined with the fact that Mojave desert tortoises follow drainages, underpasses, including 
culverts, are likely the “correct” type of crossing structure (Boarman et al. 1998). However, that 
does not mean that larger underpasses (e.g. box culverts, bottomless culverts, bridges) or 
overpasses are not readily used by Mojave desert tortoises or that they would be less suitable. 
To really identify the “most suitable” type of crossing structure one could count the number of 
animals willing to come close to different structure types and then calculate the acceptance rate 
for each structure type. In theory, all other parameters should be the same between the 
different structure types, but that is rarely the case outside of a laboratory setting. Note that the 
concept of “correct” and “suitable” also applies to the dimensions of an underpass or overpass 
(see next point). 

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁𝑁𝑁𝑁𝑁𝑏𝑏𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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A multifunctional concrete culvert with natural substrate leading up to it, primarily designed for 
hydrology, but adapted for use by Mojave desert tortoises, US Hwy 95 (MP 125 SB) near Indian Springs, 

Nevada. 

 

Wildlife overpass primarily designed for desert bighorn sheep, I-11, near Boulder City, Nevada. 
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• Of the correct dimensions. Dimensions are usually calculated from the animal’s perspective. 
The width of an underpass is equivalent to the road length above an underpass. The width of an 
overpass is equivalent to the road length under an overpass. The height of an underpass is the 
distance between the bottom of an underpass and the ceiling. Overpasses have no “height”. The 
length of an underpass or overpass is equivalent to the distance between the two entrances or 
approaches on the two sides of a road. While there are no comparative data, Mojave desert 
tortoises are known to use metal corrugated culverts or corrugated metal pipes (CMP). 
Combined with the fact that Mojave desert tortoises follow drainages (Jennings 1993, Peaden et 
al. 2017), most underpasses, including culverts (e.g. 2-3 ft in diameter), are likely among the 
“correct dimensions” for a crossing structure for Mojave desert tortoises. However, that does 
not mean that larger underpasses (e.g. box culverts, bottomless culverts, bridges) or overpasses 
are not readily used by Mojave desert tortoises or that they would be less suitable. The “most 
suitable” dimensions of a crossing structure could be identified by calculating the acceptance 
rate for different designs (see previous point). 
 

• Not too far apart. The appropriate space between crossing structures relates to the connectivity 
goals. Different goals may result in different spacing between structures. Examples of goals are: 
 

o Achieve a “viable population” for the two populations on the two sides of a road 
combined. The connectivity needs to be sufficient to allow for one larger population 
combined for the two sides of a road. The effective combined population size would 
need to be “sufficiently large” to have a very low probability of extirpation because of 
stochastic events over a long time (e.g. several hundreds of years). Depending on the 
(remaining) populations and depending on the movement rates at the structures, this 
could be achieved with relatively few strategically placed structures that would allow for 
breeding animals and dispersers to successfully reach the other side of the road. 
However, if Mojave desert tortoise populations have been depleted in areas adjacent to 
roads already, fences in combination with crossing structures are insufficient. In those 
cases, population augmentation or reintroduction, and reducing unnaturally high 
densities of predators (e.g. raven, coyote) is likely required (Peaden et al. 2017, Chapter 
6). 
 

o Maintain ecological integrity of Mojave desert tortoise populations by allowing (almost) 
all individuals that live adjacent to the road to have access to at least one suitable 
crossing opportunity. This means that the diameter of the home range, or distance that 
individual Mojave desert tortoises are commonly willing to walk along a fence should be 
a guide for the spacing of suitable crossing structures.  

 
o Allow for dispersing individuals to reach the other side of the road and recolonize an 

area or strengthen a small and isolated population. Dispersal movements are typically 
rare, and it is important to have a dispersing animal successfully cross the landscape, 
including roads. The distance that all (or almost all) dispersing individuals are willing to 
move along a fence before turning back should be guiding for the appropriate space 
between suitable crossing structures. If a dispersing animal happens to be equipped 
with a transmitter, distances traveled, including distances traveled along a fence can 
help inform appropriate spacing of crossing structures. 
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Overall, the current general guidance is to space suitable structures 670 m (0.42 miles) apart to 
achieve connectivity for adult Mojave desert tortoises (U.S. Fish and Wildlife Service 2014). This 
is based on a home range size of 45 ha (square sized, each side is 670 m) (U.S. Fish and Wildlife 
Service 2014). 

 

 

Undesirable effects and possible solutions 
 

• Stand-alone crossing structures that are not connected to wildlife fences or other barriers do 
not necessarily reduce direct road mortality (Rytwinski et al. 2016). In addition, structures that 
are tied into wildlife fences or other barriers have higher use by wildlife as fences “funnel” the 
animals towards the structure (Dodd et al. 2007, Gagnon et al. 2010). Therefore, as a general 
rule, crossing structures for wildlife should be combined with wildlife fences or other barriers 
(see Chapter 3). 
 

• Fences designed for Mojave desert tortoises may also be a barrier for other small species (e.g. 
small mammals, reptiles and amphibians). If the location, type, dimensions, and spacing of these 
crossing structures does not meet the biological needs of these other species, effective 
mitigation measures for the Mojave desert tortoise may be harmful to those other species. 
Therefore, rather than only considering the conservation of the Mojave desert tortoise along 
roads, evaluate the effects of roads and traffic, as well as conservation measures for a wide 
range of species. This will ultimately be beneficial to the conservation of the Mojave Desert 
ecosystem rather than only a single species and potentially causing negative effects to other 
species. Mitigation measures for multiple species may affect the location and design of fences 
and other barriers, as well as the location and design of modified, multifunctional, or designated 
wildlife crossing structures.   

 
• Mojave desert tortoise fences typically cover many miles in road length (see Chapter 3). This 

means that fences are located in both relatively low areas that are more likely to flood and 
experience washouts during storm events, as well as relatively high areas. While it is “good 
practice” to provide crossing structures for Mojave desert tortoises in desert washes (Jennings 
1993, Peaden et al. 2017), installing crossing structures only in these locations result in a lack of 
crossing opportunities in relatively high and dry areas. Therefore, installing crossing structures 
in relatively high and dry areas, in addition to those in low areas and desert washes, should be 
considered. This will benefit both Mojave desert tortoises and other species that may be 
affected by the Mojave desert tortoise fences and that may depend on connectivity in high 
and dry areas. 
 

• While likely rare, Mojave desert tortoises may become trapped or killed within culverts during 
flood events, especially if there is substantial erosion and sedimentation in the area (e.g. as a 
result of construction activities). For example, a large sediment flow has been documented to 
completely fill a 0.6 m (2 ft) diameter corrugated steel culvert (also known as a corrugated metal 
pipe (CMP)) and entomb an overwintering Mojave desert tortoise inside a culvert (Lovich et al. 
2011). While the animal was alive when removed from the culvert, it was found dead 18 days 
later, potentially because of pneumonia contracted while being buried in the culvert. Larger 
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diameter concrete box culverts or corrugated steel culverts (also known as corrugated metal 
pipes (CMP)) (e.g. at least about 3.3 ft or 1 m in diameter) may be less likely to fill with sediment 
(Lovich et al. 2011). Inspection by qualified biologists prior to commencement of project 
activities or maintenance should occur to reduce the likelihood of tortoises becoming trapped or 
harmed. 

 
• Erosion processes, especially at the outflow of culverts, can make it difficult or impossible for 

Mojave desert tortoises to access the crossing structure (Grandmaison et al. 2012). Tortoises 
can also become trapped within spaces in the riprap or drown in plunge pools if they cannot 
climb out (Gardipee et al. 2017). Larger culverts reduce water velocity and erosion and 
sedimentation processes. In addition, consider placing larger rocks mixed in with finer rocks and 
gravel at the outflow. Alternatively, installing tortoise fencing such that a 2-3 foot swath of 
natural habitat remains along the sides of the outflow may allow Mojave desert tortoises to 
approach and leave the underpass. Construction of concrete tortoise ramps along plunge pools 
is not recommended as erosion may cause them to fail. 

 

Planning 
 

Selection of road sections 

Crossing structures for Mojave desert tortoises (and other wildlife species) should typically be prioritized 
along: 

1. Road sections where roads and vehicles are a substantial barrier to the animals and where 
improving connectivity increases the likelihood of Mojave desert tortoise population persistence 
or recovery within adjacent habitat. 

2. Road sections where Mojave desert tortoise fences have been installed as the fences make the 
transportation corridor into a near absolute barrier for this species. However, most paved roads 
without tortoise fences are already considered a near absolute barrier for Mojave desert 
tortoises because few tortoises are believed to cross successfully (i.e. most tortoises that 
attempt to cross are likely killed by vehicles) (Pers. com. Kerry Holcomb, USFWS). The Mojave 
Desert Tortoise Exclusionary Fence Installation Prioritization Index (DTEFIPI) indicates where 
Mojave desert tortoise fences are most needed (Pers. com Kerry Holcomb and Florence Deffner, 
USFWS). The planning process for installation of fencing in any priority road segment should 
include an inspection of existing culverts to determine their suitability as potential tortoise 
crossings and an analysis to identify potential sites for construction of new crossing structures. 
Early coordination with DOT hydrology staff is also recommended to determine whether existing 
culverts can be modified for dual purpose and suitability of potential sites for construction of 
new culverts.  

 

If the objective is to recover Mojave desert tortoise populations, e.g. through population augmentation 
or reintroduction, crossing structures are an important tool, as they could help the animals on both 
sides of the road form one larger population with higher population persistence probability. Crossing 
structures for Mojave desert tortoises should be installed 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 
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other barriers, direct road mortality can be reduced as well. Fences or other 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). In 
summary, all roads that bisect important habitat for Mojave desert tortoises should be mitigated, 
beginning with the road sections where Mojave desert tortoises are still present in the surrounding 
landscape. 

 

Location of the crossing structures in relation to the right-of-way boundary 

In general, the longer a crossing structure is, the less likely it is that animals will enter it and successfully 
cross to the other side. Long length of a structure (i.e. road width) can be somewhat compensated 
though by having a greater width and height, but the usefulness of the associated “openness ratio” is 
unproven and disputed (Clevenger & Waltho 2005, Meese et al. 2007, Clevenger & Huijser 2011, U.S. 
Fish and Wildlife Service 2014). Nonetheless, it appears best to not make a structure longer than 
necessary. In other words, the structure should not be extended to the edge of the right-of-way. Rather, 
the length of an underpass should be as short as possible, but long enough not to receive debris 
(including snow from snowplows) from the roadway above. Extending the structure until e.g. the edge 
of the shoulder of the road may also reduce visual and noise disturbance from traffic. Furthermore, 
slightly longer structures can also reduce the slope of the roadbed, and thereby reduce potential 
erosion. Having an opening in the median between 2 separate structures (one for each travel direction) 
may also be beneficial.  

 

For rectangular structures:  

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ ∗  𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ
  

For circular structures: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
π ∗ r2

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ
  

  

Wildlife fences are normally placed on the edge of the right-of-way, but they should angle towards 
crossing structures where crossing structures are located (see Chapter 3). 

Functions of the crossing structure 

Crossing structures placed in desert washes almost always function as a way for water to cross to the 
other side of the road. As Mojave desert tortoises tend to follow desert washes (Jennings 1993, Peaden 
et al. 2017), it can be cost efficient to design multifunctional crossing structures at these locations. Note 
that a multifunctional crossing structure is fundamentally different from a structure that is designed for 
hydrology and that may or may not have been modified to enhance use by Mojave desert tortoises. A 
truly multifunctional structure would take all the functions into consideration during the design process 
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and carry that through during the construction and operation and maintenance phases (see earlier in 
this chapter).   

 

Mojave desert tortoise fencing has been installed within the open median to prevent larger tortoises 
from climbing over the curb and accessing the highway (US Hwy 95 (MP 125 NB) near Indian Springs, 
Nevada). The open median results in two separate structures (one structure for each travel direction) 
rather than one longer culvert structure and the fence guides the animals between the two structures. 
Data collected through culvert monitoring studies suggest this open median design may be conducive to 
enticing tortoise movement across wide four-lane highways. It is generally considered good practice to 
design and construct the 2 structures such that there is a direct line of sight through both of them (i.e. 
you can see through the 2 culverts from the west side to the east side of the road). 

 

Design 
 

Since Mojave desert tortoises tend to follow desert washes (Jennings 1993, Peaden et al. 2017), 
underpasses are likely the primary type of crossing structure for the Mojave desert tortoise. However, 
the dimensions of underpasses may vary from small diameter culverts (e,g, 2 ft diameter) to extended 
bridges (dozens or hundreds of yards wide). As far as the authors know, there are no comparative data 
available on the relatively suitability of different dimensions of underpasses for the Mojave desert 
tortoise. However, structures that are minimally designed for hydrology tend to suffer more from 
erosion issues than structures that allow more space for passing water. Increased erosion may result in 
the following potential problems: 

• Threat to the integrity of the crossing structure and the roadbed. 
• Mojave desert tortoises may not be able to approach or leave a crossing structure, and may 

become trapped between large rocks at the approach or exit, or may drown in the pools in 
between boulders (see earlier). 

• Unnatural levels and patterns of erosion and sedimentation. 
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Mojave desert tortoises have been recorded entering, occupying, and sometimes crossing through 
underpasses that have different dimensions and designs (Table 1). During a multi-year monitoring study 
in southern Nevada, tortoises were observed to successfully cross through corrugated metal pipe (CMP) 
culverts ranging 24” to 36” in diameter and up to 111 feet long (openness ratio (OR) = 0.04 to 0.07). This 
site was located within a fenced section of U.S. 93, a major two-lane highway with high traffic volume 
(BLM and DCP 2022). A second study site was located within a fenced section of U.S. 95, a major four-
lane highway, also with high traffic volume. At this site, tortoises were observed to cross distances up to 
225 feet through concrete box culverts (OR = 0.11 to 0.40) and open medians (82.25 to 104.5 feet 
length) (BLM and DCP 2022). Both types of culvert designs evaluated in this study appear to facilitate 
movement, primarily by adult tortoises, and the burrow-like appearance of CMPs may entice use as 
shelter by tortoises. Over 50 species of mammals (16), reptiles (18), birds (14), and insects (9) were 
documented using culverts at both study sites, suggesting that tortoise fences connected to culverts 
potentially also reduce direct road mortality for other species. 

 

However, it is currently not known which dimensions of crossing structures are most suited (i.e. most 
readily accepted) by Mojave desert tortoises. In principle though, culverts that are 2-3 ft in diameter are 
likely “suitable” for Mojave desert tortoises and larger structures may be similarly suitable or more 
suitable rather than less suitable (Table 1, BLM and DCP 2022). Hydrology is likely dictating the minimum 
size of the structure rather than Mojave desert tortoises. However, there is a caveat; structures that are 
minimally designed for hydrology tend to suffer from erosion that may make structures unsuitable for 
Mojave desert tortoises. Therefore, multifunctional structures should be designed large enough for 
erosion to not threaten the functionality of the structure for Mojave desert tortoises. The resulting 
recommended dimensions for an underpass are best determined by hydrologists and geomorphologists 
in collaboration with Mojave desert tortoise biologists.  

 

Desert washes and associated culverts for both hydrology and for Mojave desert tortoises are likely the 
best locations and most practical structure type for Mojave desert tortoises to cross roads. However, 
tortoises have been observed to travel over gentle inclines, suggesting that certain types of wildlife 
overpasses may facilitate movement of desert tortoises across roads. While wildlife overpasses primarily 
designed for Mojave desert tortoises will likely be very rare, there may be opportunities for modifying 
existing overpasses built for other purposes and there may also be opportunities to have Mojave desert 
tortoises influence the location and design of multifunctional crossing structures. Design parameters 
that may benefit use of overpasses by Mojave desert tortoises include nearby seasonal water, shrub and 
herbaceous plant cover, potentially supplemented by rocks or woody debris provide cover that blends in 
with the landscape. Alternative materials (e.g. fiber reinforced polymers) can be considered for the 
construction of overpasses, which may offer benefits related to sustainability, faster construction, and 
reduced maintenance.  
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Table 1: Structure type and dimensions “used” by Mojave desert tortoises.   

 

Structure 
Type 

Height Width  Diameter Length 
Openness 
Ratio 

Finding Source 

Storm drain 
culvert 

N/A N/A 
0.6 m, 
1.97 ft 

66 m, 
217 ft 

0.01 

Tortoises readily 
entered and 
crossed, though 
it may take 
them many 
hours. 

Boarman et al. 
1998 

Concrete box 
culverts 

1.22 m, 
4 ft 

2.44 m, 
8 ft 

N/A 
70 m, 
230 ft 

0.14 

Tortoises readily 
entered; some 
used it to cross 
the road 

Ruby et al. 1994 

Wildlife 
underpass 

3.7 m, 
12 ft 

15.2 m, 
50 ft 

N/A 
51.8 m, 
170 ft 

3.53 
A live desert 
tortoise found 
in structure. 

Arizona Game  
and Fish 
Department  
2020 

Corrugated 
metal pipe 

N/A N/A 
0.61 to 
0.91 m, 2 
to 3 ft 

25.6 to 
33.8 m, 
84 to 
111 ft 

0.04 to 0.07 

Tortoises 
observed to 
enter and 
completely pass 
through on 
multiple 
occasions. 

BLM and DCP 
2022 

Concrete box 
culverts with 
open medians 

0.91 to 
1.22 m, 
3 to 4 ft 

6 ft N/A 

24.9 to 
31.9 m, 
82.25 to 
104.5*1 

0.17 to 0.40*2 

Tortoises 
observed to 
enter and 
completely pass 
through on 
multiple 
occasions. 

BLM and DCP 
2022 

 

*1 Length for concrete box structures only. Total crossing length including box culvert structures and open medians: 
110.25 ft to 225 ft. 

*2 Estimated for concrete box culvert structures only. Length of open medians: 22-28 ft. 
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Construction 
 

Construction in highly erodible soils such as those in the Mojave Desert should pay great attention to 
preventing or minimizing unnatural erosion and sedimentation processes during the construction of 
crossing structures. The design should be such that unnatural erosion and sedimentation is also avoided 
or minimized during the operational phase. In general, the inflow (upstream side) of the culverts has far 
fewer erosion issues than the outflow (downstream side). Plunge pools should be filled in with finer 
substrate to reduce the likelihood of trapping Mojave desert tortoises. In addition, drainage should be 
sufficient for water to disappear relatively quickly to reduce the risk of Mojave desert tortoises 
drowning. 

Great care should be given to the approaches of the crossing structure to make sure that they are and 
will continue to be accessible to Mojave desert tortoises. Furthermore, there should be no gaps in 
between the fences or other barriers and the crossing structures that would allow Mojave desert 
tortoises to access the road. Also, consider barriers (e.g. large boulders) on the approaches to block 
unauthorized use by motorized vehicles (e.g. ATVs). 

 

 

 

Culverts, primarily designed for hydrology, but also for Mojave desert tortoises, Hwy 58 near Kramer 
Junction, California. There is no erosion or sedimentation at this approach that would constitute a 

barrier to tortoises. However, having one open structure, not separated by dividing walls, would likely 
be better for wildlife use in general. 
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Riprap in front of culverts to reduce erosion, I-11, near Boulder City, Nevada. While beneficial to 
combatting erosion and sedimentation issues, the size and placement of the riprap most likely results in 

a substantial barrier to Mojave desert tortoises. 

 

 

This is what the riprap field looks like from the perspective of a desert, I-11, near Boulder City, Nevada. 
The riprap is likely an absolute or near absolute barrier to tortoises.  
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Riprap filled in with finer rocks and sand, in front of culverts to reduce erosion, I-11, near Boulder City, 
Nevada. This does not appear to be a barrier to Mojave desert tortoises. 

 

 

Mojave desert tortoise fence and a culvert US Hwy 95 (MP 127.5 SB) near Indian Springs, Nevada. Riprap 
stabilizes the slope between the fence and the culvert. Mojave desert tortoises that follow the fence 

cannot easily access the culvert; they would have to navigate the riprap on the slope first.  Design and 
construction of culverts, fences, and measures aimed at erosion control should ensure that tortoises can 

easily access the culvert, including when they follow the fence.  
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Mojave desert tortoise fence and a culvert with concrete pathways leading up to the entry, US Hwy 95 
(MP 121.6 SB) near Indian Springs, Nevada. This inflow shows no noticeable erosion; Mojave desert 

tortoises of any size can easily access this culvert across the entire width of the culvert. 

 

 

Mojave desert tortoise fence connected to a culvert with concrete pathways leading up to the entrance, 
US Hwy 95 (MP 121.6 NB) near Indian Springs, Nevada. A deep plunge pool was constructed to address 

the high water volume and velocity at this outflow. This resulted in substantial erosion and a steep 
slope, somewhat stabilized by large riprap. The riprap was filled in with smaller substrate to minimize 

the threat of entrapment of tortoise within gaps formed by the riprap. Concrete pathways were 
constructed to allow potential use by Mojave desert tortoises for accessing the culvert.  The pathways 
may not be wide enough to allow larger tortoises to turn around with the risk of falling into the plunge 

pool and erosion is currently undermining the integrity of these pathways. Therefore, this type of culvert 
access design is not recommended for tortoises. 
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Mojave desert tortoise fence connected to a concrete box culvert with a substantial drop-off, large 
riprap, accumulated tumbleweed, and eroded pathways likely result in a barrier for Mojave desert 

tortoises, US Hwy 95 (MP 125 NB) near Indian Springs, Nevada. Drop-offs greater than 4 inches may not 
be accessible for most tortoises (Pers. com. Kerry Holcomb US Fish and Wildlife Service). The cracked 
substrate within the deep plunge pool is an indication that standing water accumulates after storm 

events, which may attract tortoises that are then at a risk of drowning. The tumbleweed accumulation 
may block or discourage use by Mojave desert tortoises and should be addressed through regular 

maintenance (i.e. removal of the tumbleweeds). However, access to this culvert and plunge pool was 
eventually blocked because it was not possible to address the safety issues for tortoises with the existing 

hydraulic characteristics. 

 

 

Mojave desert tortoise fence connected to a corrugated metal pipe (culvert) (CMP) with concrete 
pathways on both sides for Mojave desert tortoises, US Hwy 93 (MP 58 NB) near Overton, Nevada. Note 

that erosion resulted in a drop-off at the outflow of the culvert and this is likely a barrier to juvenile 
tortoises. While this culvert is passable for Mojave desert tortoises, improvements can be made by 

reducing the height of the drop-off. 
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Close-up with adult tortoise model at a corrugated metal culvert (Corrugated Metal Pipe (CMP), US Hwy 
93 (MP 58 NB) near Overton, Nevada. Note that the height of the drop-off at the outflow of the culvert 

is likely a barrier for smaller size tortoises. While adult tortoises have been observed to pass through this 
culvert, regular monitoring and maintenance to address the effects of erosion can help keep a culvert 

passable by a both adult and juvenile tortoises. 

 

 

An adult tortoise model demonstrates how this concrete pathway may allow access to the culvert 
entrance, US Hwy 93 (MP 58 NB) near Overton, Nevada. As noted above, the drop-off at the outflow of 

the culvert is a potential barrier to juvenile tortoises. 
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An adult tortoise model in a corrugated metal culvert (Corrugated Metal Pipe (CMP)), US Hwy 93 (MP 58 
NB) near Overton, Nevada. Adult tortoises have been observed passing through these types of culvert 

structures, regardless of whether natural substrate was present (BLM and DCP 2022). 

 

 

Maintenance 
 
Erosion and sedimentation processes are likely the greatest maintenance concern and effort for crossing 
structures in the Mojave Desert. Erosion may result in deep drop-offs that can cause the crossing 
structures to become completely inaccessible to Mojave desert tortoises. In addition, tumble weeds and 
other debris carried by water or blown by wind can make a crossing structure inaccessible or unusable 
for Mojave desert tortoises. Note that larger structures are likely to have fewer maintenance issues as 
erosion and sedimentation, and weeds or other debris are less likely to result in physical barriers to 
Mojave desert tortoises. Regular inspection of culverts, especially prior to high movement periods for 
Mojave desert tortoises is recommended. Inspection, and at least some maintenance efforts will likely 
have to be outsourced as it is not or insufficiently done by DOT maintenance personnel. 
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Erosion along a concrete pathway leading up to a concrete box culvert, US Hwy 95 (MP 127.5 NB) near 
Indian Springs, Nevada. The riprap is filled with finer sediments that allows Mojave desert tortoises to 

access the culvert. However, it appears that the finer sediments are washing out and resulting in cavities 
that could trap Mojave desert tortoises. 

 

 

Culvert primarily constructed for hydrology, but the culvert may also allow for passage by Mojave desert 
tortoises I-15 near Barstow, California. However, this culvert is blocked by tumbleweed. 
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Tumbleweeds block Mojave desert tortoises approaching or leaving culverts, Hwy 58 near Kramer 
Junction, California. 

 

 

Mojave desert tortoise fence blocking access to a culvert that is considered a danger (e.g. entrapment 
between riprap or drowning in a deep plunge pool), US Hwy 95 (MP 125 NB) near Indian Springs, 

Nevada. The decision to block tortoises from accessing the culvert implies that the danger associated 
with accessing and using a culvert is considered greater than the benefits of potential crossings. 
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Population augmentation and reintroduction 
 

Background 
 

Population augmentation or reinforcement is the intentional release of individuals into an existing wild 
population whereas reintroduction is the intentional release of individuals into an area that is historic 
range but where the species is no longer present (IUCN/SSC 2013). Both population augmentation and 
reintroduction aim to restore or enhance population viability through increasing the population size, 
increasing genetic diversity, or increasing the representation of specific demographic groups (IUCN/SSC 
2013). Important requirements for population augmentation or reintroduction may include (partially 
based on IUCN/SSC 2013, U.S. Fish and Wildlife Service 2021): 

• Direct or indirect human impacts were the primary cause of the Mojave desert tortoise 
population decline or extirpation. 

• Mojave desert tortoise population density in the potential release area should be well below the 
estimated carrying capacity or below what constitutes a viable population (< 3.9 adult 
tortoises/km2 is considered not viable). 

• The area must be in the historic range of the Mojave desert tortoise (unless the historic range 
has become unsuitable, other areas have become suitable, and the species would otherwise go 
extinct in the wild). 

• The habitat must be of suitable quality (biotic and abiotic) for the foreseeable future. 
• The area must be large enough to sustain a viable population. 
• The threats that caused severe population decline or extirpation must have been correctly 

identified and sufficiently addressed to a level where population recovery is possible or likely. 
For Mojave desert tortoises, it is essential that adult survival is high enough to maintain a viable 
population. 

• Potential benefits and potential negative impacts of population augmentation or reintroduction 
should be identified and evaluated. This includes ecological, social and economic aspects. 

• The source or founder animals should have similar characteristics as the original or remaining 
wild animals. These characteristics may include parameters related to genetics, morphology, 
physiology and behavior. Usually, source or founder animals that originate from nearby 
locations are considered the most suitable. 

• The source or founder animals should be screened for disease and pathogens to both maximize 
the health of translocated individuals and to minimize the risk of introducing a new pathogen 
into the release area.  
 

• Note that the list above is not necessarily complete, nor are all points necessarily applicable to 
the Mojave desert tortoise. In addition, this list does not reflect the policy of any agency or 
other organization. The purpose of this paragraph is to illustrate that population 
augmentation or reintroduction is complex and that it must meet certain criteria and that the 
arguments for and against should be carefully weighed based on ecological, social, and 
economic parameters. Population breeding and augmentation or reintroduction of Mojave 
desert tortoises is subject to regulations and permits, including from the U.S. Fish and Wildlife 
Service.  
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Population augmentation or reintroduction of Mojave desert tortoises 
 

Roads and traffic are associated with severe Mojave desert tortoise population size reduction in areas 
adjacent to roads. There is reduced Mojave desert tortoise presence, or even complete absence (based 
on sign of Mojave desert tortoise or lack thereof), within a zone adjacent to roads extending up to 230 
or 800 meters from roads (Boarman et al. 1997, Boarman & Sazaki 2006, Hughson & Darby 2013, 
Peaden et al. 2015, Peaden et al. 2017). Direct road mortality is considered the leading cause of 
population decline in areas close to roads (Peaden 2017). While fences can stop further population 
decline, population recovery after the implementation of fences may be very slow, especially along high-
volume roads (Peaden 2017). Recovery of such populations likely requires additional conservation 
measures, including population augmentation or reintroduction. 

 

For population augmentation or reintroduction to be considered in areas close to roads (e.g., at a 
minimum up to 800 m, but consider op to 6.5 km (U.S. Fish and Wildlife Service 2021), the probability of 
direct road mortality should be sufficiently reduced. Assuming that road removal or road closure are not 
among the options for most roads, wildlife fences designed to keep Mojave desert tortoises off the road 
are required before population augmentation or reintroduction can move forward. Note that wildlife 
fences should typically be combined with wildlife crossing structures under or over the road. 

 

Source or founder animals 
 
The source or founder animals can come from a captive or a wild source. Captive sources can include 
animals from zoos, or animals that have been obtained from private individuals or from captive 
breeding (“head-start”) facilities which have population augmentation or reintroduction as their main 
purpose. While there are encouraging results from several “head-start” facilities in the Mojave Desert, 
the “production” of desert tortoises is still relatively low. There is currently an over-abundance of 
Mojave desert tortoises in the captive population cared for by private individuals. This can be 
considered as one of the potential sources for breeding age animals to be introduced into the wild 
population (UNLV 2018). A robust screening program would likely have to be implemented to identify 
eligible tortoises for population augmentation. Note that breeding and population augmentation or 
reintroduction of Mojave desert tortoises is subject to regulations and permits, including from the U.S. 
Fish and Wildlife Service and that private individuals cannot launch private initiatives. Wild sources may 
come from areas where the species can no longer live because of an imminent impact that causes 
habitat loss or a severe reduction in habitat quality (e.g., habitat loss or loss of habitat quality because of 
human impact). These wild animals are then removed from harm’s way and would be able to continue 
to live in the release area where they contribute to the population augmentation or reintroduction 
effort.  
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Effectiveness 
 
For population augmentation or reintroduction to make a meaningful contribution towards species 
recovery, the survival of the released animals should be at least similar to wild born individuals. It is best 
though to keep the smaller and younger animals protected from predators until they are less vulnerable 
and have a higher survival probability. This would allow population augmentation or reintroduction 
efforts for juveniles to be much more effective. Additionally, improved management plans for selected 
release sites and known predators (e.g., ravens), when appropriate, may improve augmentation 
effectiveness. Certain habitat types and regions may be considered or prioritized for augmentation to 
increase the effective population size (e.g. through higher numbers, greater density, and improved 
connectivity), and meet or exceed the thresholds for a viable population. However, successful 
augmentation across the tortoise range would require upscaling captive breeding or head-start 
facilities, as many populations are currently well below minimal viable density estimates required to 
keep the species present in the landscape.  

 

Improved husbandry, clinical and physiological monitoring of health, biosecurity practices, and predator 
deterrents within head-start facilities would likely increase the number of suitable individuals available 
for augmentation. Additionally, experimental husbandry practices, such as specialized indoor captive 
rearing of juvenile tortoises at the Ivanpah Desert Tortoise Research Facility, Mojave National Preserve, 
California have yielded faster growth than outdoor head-starting and recorded wild tortoise populations 
(Daly et al. 2018, 2019, Tuberville et al. 2019, McGovern et al. 2020, Nagy et al. 2020). However, indoor 
head-started tortoises have relatively soft shells. Allowing their shells to harden in an outdoor facility 
and keeping them in a protected environment until they reach a carapace length greater than 100 mm 
(4 inches) before releasing them into the wild is likely to increase their survival (Nagy et al. 2015, Daly 
et al. 2018). Despite its potential or likely positive contribution to population restoration (Burke 2015, 
Tuberville et al. 2015), population augmentation may still need to be combined with habitat restoration 
and reducing populations of human-subsidized predators (Daly et al. 2019).  
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Captive breeding facility for Mojave desert tortoise, Ivanpah Desert Tortoise Research Facility, Mojave 
National Preserve, California. The fence and netting protect the tortoises from terrestrial and aerial 

predators. 

 

 



74 
 

 

Captive breeding facility for Mojave desert tortoise, Mojave National Preserve, California. 
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Predator management along roads 
 
Roads, associated structures, disturbance in the right-of-way, and traffic can allow new species to live in 
an area where they were originally not present (Huijser & Clevenger 2006). Other species may be 
already present in an undisturbed ecosystem, but roads and traffic can allow them to reach much higher 
population densities.  

 

Ravens (Corvus corax) and coyotes (Canis latrans) are important predators for the Mojave desert 
tortoise (Boarman 2003, Kristan III & Boarman 2003, Esque et al. 2010, Cypher et al. 2018, Segura et al. 
2020, Kelly et al. 2021, Parker et al. 2022). Ravens primarily kill hatchlings and juveniles (especially when 
the shell is still soft during the first 5-7 years), whereas coyotes can also kill juvenile and adult Mojave 
desert tortoises (U.S. Fish and Wildlife Service 2011). Roads, traffic, and associated structures provide 
subsidies, such as trash, roadkill, and other food sources for ravens and coyotes along transportation 
corridors. Fence posts, road signs, billboards, bridge structures, utility towers, sewage ponds, and 
buildings can allow for unnatural perching, roosting, and nesting sites for ravens (U.S. Fish and Wildlife 
Service 2011). In the southwest, ravens have increased by an estimated 1000% between the mid-1980s 
and 2011 (U.S. Fish and Wildlife Service 2011) 

 

Measures to reduce the unnatural presence and high abundance of ravens and coyotes may include 
(Boarman 2003, U.S. Fish and Wildlife Service 2011): 

• Limiting or eliminating unnatural food sources (e.g., thrash, landfills, roadkill). Preventing and 
removing food sources can help limit the presence and abundance of ravens and coyotes. 
 

• Limiting or eliminating unnatural structures that can serve as perching, roosting, or nesting sites 
for ravens. If unnatural structures cannot be removed, try to make them inaccessible or 
unsuitable (e.g., spikes (Avery & Genchi 2004, Dwyer & Doloughan 2014, Dwyer et al. 2020) or 
“rollers” (Vogelbescherming Nederland 2017, Dekker 2021) that make structures including signs 
less suitable to perching, roosting or nesting. 

 
• Population control of ravens and coyotes (e.g., trapping and subsequent removal, direct killing, 

reducing reproduction through egg removal or making eggs non-viable through egg oiling) 
(Shields et al. 2019). However, population control may only be effective if it occurs on a large 
spatial scale (Fleischer et al. 2008). 
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William Boarman holds a shell of a juvenile Mojave desert tortoise that was predated by a common 
raven. 
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Wire mesh and metallic flashers installed to discourage raven nesting on Snow Mountain Overpass, U.S. 
95, Las Vegas, Nevada. 

 

 

Billboards in the Mojave Desert provide nesting opportunity for ravens who then predate on juvenile 
Mojave desert tortoises, Las Vegas, Nevada. 

 

Florence “Flo” Deffner 
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Billboards in the Mojave Desert provide nesting opportunity for ravens who then predate on juvenile 
Mojave desert tortoises, Las Vegas, Nevada. 

 

 

Raven roosting on billboard, U.S. 95, Las Vegas, Nevada. 

Florence “Flo” Deffner 
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Raven nest with fledglings on billboard structure, I-15, Las Vegas, Nevada. 

 

Measures for park roads 
 

Wildlife fences and crossing structures are the most effective combination of mitigation measures to 
reduce direct road mortality and to allow for safe wildlife movements under or over roads (see Chapter 
3 and 4). However, in protected areas, fences may impact landscape aesthetics, and they “isolate” 
visitors on the road from the surrounding landscape. In such cases barrier walls integrated into the 
roadbed may be an alternative to fences, at least for small terrestrial animal species such as Mojave 
desert tortoises (see Chapter 3). 

 
“Park roads” do not necessarily need to allow for “efficient” (i.e., fast) transportation from point A to 
point B. The main purpose of park roads is to allow visitors to be in an area and experience the 
surrounding landscape, including the wildlife. This means that there are other measures available to 
managers if the main objective is to reduce direct road mortality of wildlife. Such measures may include: 

 
• Night-time or seasonal road closures. During periods where risk of direct road mortality is high, 

roads may be temporarily closed. During those closed periods, direct road mortality is 
eliminated. 

• Speed reduction. While vehicle speed management is complex, vehicle speed may be limited 
through reduced legal posted speed limit and associated measures that affect the design speed 

Florence “Flo” Deffner 
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of a road (e.g., curves, narrow lanes, no road shoulder, speed bumps). However, the 
effectiveness of vehicle speed reduction in reducing road mortality is unknown, and it may still 
be ineffective for juvenile tortoises that may be too small to be noticed by drivers.  

 
 

 

Gates for seasonal road closure to reduce road mortality of Mojave desert tortoise, Mojave National 
Preserve, California. 

 

 

Maximum speed limit 25 MPH with speed radar to control speed, primarily for Mojave desert tortoise, 
St. George, Utah. 
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Speed bump to control speed, primarily for Mojave desert tortoise, St. George, Utah. 

Park roads allow for contact between park managers and visitors. Entrance or fee stations may allow for 
outreach on how to behave in the protected area, including on and along roads. Measures may include: 

 

• A personal talk with an employee at the entrance or fee station. 
• Brochures. 
• Warning signs and speed signs at the entrance station, supplemented by other warning signs 

along the road in the protected area. 
 

The main goal of outreach is to provide the public with information about Mojave desert tortoises on 
and near roads or tracks, and to increase awareness about the conservation status of the species and 
the threats to their continued existence in the wild. In addition, outreach can help grow support for 
measures that are effective in reducing direct road mortality and that allow for safe road crossings by 
Mojave desert tortoises. However, outreach as a stand-alone measure cannot be expected to reduce 
direct road mortality and to reduce the barrier effect of roads and traffic (Huijser et al. 2021). 
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Park staff hands out brochures for Mojave desert tortoise at entrance station Snow Canyon State Park, 
St. George, Utah. 

 

 

Warning sign, share the road, for Mojave desert tortoise, Snow Canyon State Park, St. George, Utah. 
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Warning sign for Mojave desert tortoise, Joshua Tree National Park, California. 

 

 

Warning sign for Mojave desert tortoise, snakes and coyotes, Joshua Tree, California. 
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Road shoulders allow drivers to regain control of their vehicle after departing the travel lanes. However, 
road shoulders also result in habitat loss as natural vegetation may no longer be present in the road 
shoulder. Reclaiming road shoulders through habitat restoration can reverse this habitat loss. Typically, 
road shoulders are made inaccessible through curbs, rocks, or other objects that discourage vehicles 
from leaving the road. In addition to reversing habitat loss, direct mortality of wildlife can be reduced or 
eliminated in the (former) road shoulder. This may be especially relevant for Mojave desert tortoises as 
they may crawl under parked vehicles along the road for shade. Once the vehicle starts moving again, 
these tortoises are at risk of being crushed. 

 

 

Graded road shoulder results in habitat loss and a place for vehicles to park, Joshua Tree National Park, 
California. Tortoises may crawl under parked vehicles for shade and are at risk of being crushed once the 

vehicle starts moving again. 
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Large rocks along edge of pavement to discourage off road parking that destroys vegetation and that 
could kill Mojave desert tortoise, Snow Canyon State Park, St. George, Utah. 

 

 

Curb to keep vehicles from leaving the pavement and parking along the roadside, Joshua Tree National 
Park, California. Denying vehicles access to the road shoulder can be combined with habitat restoration. 

The rough surface of the curb is to potentially allow Mojave desert tortoises to escape from the road. 
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Tortoise trot, or gap in the curb, allowing Mojave desert tortoise to leave the road, Joshua Tree National 
Park, California. 

 

 

While the shoulder is still accessible to vehicles, this gentle sloped curb allows Mojave desert tortoises 
to leave the road, Twentynine Palms, California. 
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Unpaved roads 
 

While recommendations for unpaved roads are not the focus of this report, obvious measures include 
road removal, road closure, and night-time or seasonal road closure. However, these measures may not 
be feasible everywhere. Fences in combination with crossing structures are most needed along paved 
highways and it may never be considered practical or desirable to have these measures implemented 
along unpaved roads.  

In practice, measures along unpaved roads are often restricted to warning signs and instructions not to 
leave the unpaved roads (gravel, dirt, two-track). Having vehicles not leave the roads prevents 
widespread damage to vegetation, soil, and hydrology which can result in unnatural erosion and 
sedimentation processes. In addition, off road driving puts Mojave desert tortoises at higher risk of 
being crushed by vehicles compare to having vehicles stay on the (unpaved) roads. However, even when 
vehicles stay on unpaved roads, there are still wide range of impacts, including in desert ecosystems, 
including direct killing of Mojave desert tortoises (e.g., Doak et al. 1994, Huijser & Walder 2021). Note 
that warning signs about the presence of Mojave desert tortoises cannot be expected to result in a 
reduction in direct mortality (Hughson & Darby 2013). 

 

 

Warning sign, do not drive off road for Mojave desert tortoise, near Jean, Nevada. 
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Sign, driving off established roads prohibited, Joshua Tree National Park, California. 

 

 

Actions by the public 
 
Members of the public can make contributions to Mojave desert tortoise conservation as a volunteer. 
This includes efforts related to road ecology. Examples include: 
 

• Mojave desert tortoise and Mojave desert tortoise roadkill monitoring. Recording the location of 
Mojave desert tortoises, dead or alive, including road-killed tortoises, and threats to Mojave 
desert tortoises (e.g., raven presence and abundance) can help identify areas where managers 
may consider taking action (e.g., Tortoise Group 2022). Examples of such actions can include the 
implementation of mitigation measures along roads (fences in combination with crossing 
structures) or reducing the numbers of predators that may have reached unnaturally high 
abundance. Note that there is a safety protocol that needs to be followed (Tortoise Group 
2022). 

• Removing live Mojave desert tortoises from the road. Move the tortoise in the same direction it 
was headed, and place as far from the road as you can. Note that there is a safety protocol that 
needs to be followed (Tortoise Group 2022). 

• Fence inspection, maintenance and repair. Fences for Mojave desert tortoises need to be 
inspected regularly, this may be a low priority for most DOT maintenance departments, and 
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some form of outsourcing these tasks is likely needed. Erosion and sedimentation processes, 
accidental or deliberate destruction by people and vehicles can make Mojave desert tortoise 
fences not functional, which jeopardizes the effectiveness of fences in keeping the tortoises off 
the road and guiding them to crossing structures under or over the road.   

• Inspection, maintenance and repair of crossing structures. Crossing structures may become 
inaccessible because of erosion and sedimentation processes or because of debris collecting in 
the culverts or at their entrances (e.g., trash, tumbleweed). This reduces the likelihood that a 
tortoise can or will enter the culvert to go to the other side of the road. Some problems can be 
quickly corrected (e.g., debris at the entrances, while erosion and sedimentation, or debris 
inside the culvert may require attention from DOT engineers and maintenance personnel. 
However, volunteers can detect and report potential maintenance issues, which is the first step 
in getting them addressed. 

• Support politicians and agencies that argue for and implement effective conservation measures. 
This is crucial for successful implementation of effective measures (barriers in combination with 
crossing structures), and for some roads, road removal, road closure, and enforcement of 
measures aimed at Mojave desert tortoise conservation. 

• Contribute financially to Mojave desert tortoise protection through donations. Supporting NGOs 
directly through donations or through e.g., purchasing a Mojave desert tortoise license plate (if 
available in your area). Clark County Desert Conservation Program has a “Desert Tortoise” 
license plate. Proceeds support conservation measures of the Multiple Species Habitat 
Conservation Plan (MSHCP) and promote public education about conservation of Mojave desert 
tortoises. 

• Encourage other people to contribute to Mojave desert tortoise conservation as well.   
 

 

 

License plate to support Mojave desert tortoise conservation. 
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Minimization Measures 
 
Minimization measures are usually implemented during projects to avoid or minimize negative effects of 
project-related activities on protected species and their respective habitats.  A Task Force subgroup was 
formed to review minimization measures typically implemented by DOTs during transportation projects 
to avoid or minimize potentially negative or harmful effects on desert tortoises and their habitat. A list 
of measures was collated during the review and is included as Appendix A. The list of measures are for 
reference only and not intended to be prescriptive or replace any measures provided in existing 
biological opinions or other permitting documents. 
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Recommended Monitoring Measures 
 
Collection of data through monitoring can inform implementation of wildlife management and recovery 
actions. Addressing effects of roads on tortoises through installation of fencing in prioritized road 
segments and providing safe crossing to ensure connectivity can be guided through analysis of data 
collected during monitoring. Issues with barrier and passage designs may be detected, which can then 
be subsequently modified to improve functionality based on information collected during monitoring as 
well. Maintenance regimes are dependent on regular monitoring to ensure fencing and passages are 
well maintained. Therefore, it is recommended that monitoring programs be sufficiently funded and 
implemented.  
 
Road Survey Monitoring 
 
Wildlife road observation/survey data may be used for monitoring road mortality, species distribution 
and assemblages, and population trends (Schwartz et al 2020). Samples collected from carcasses may be 
used to monitor presence of contaminants, disease prevalence, and genetic parameters. Road mortality 
data may also be used to identify hotspots, confirm the ecological value of prioritized road segments, 
and evaluate effects of road mortality to populations (Chyn et al 2021; Valerio et al 2021). Data from the 
road surveys may also assist in identifying areas where wildlife abundance may be greater than 
expected in areas where surveys have not typically been conducted (Schwartz et al 2020).   
 
Wildlife road observation and mortality data may be collected either through systematic surveys 
conducted by professionals and/or citizen scientists, or through collection incidental observations 
provided through DOT staff and biological monitors reports, and citizen reports via smartphone 
applications (apps) (Periquet et al 2018). Separate databases for each collection method should be 
maintained and analyzed accordingly. However, comparative analyses between these data collection 
methods may be conducted to identify and confirm mortality hotspots and provide support for 
prioritization of road segments for fencing installation (Periquet et al 2018).  
 
Conducting pre-fencing surveys provides a baseline of road effects on both the target species and co-
occurring species, while post-fencing surveys is used to evaluate effectiveness and provide insight into 
benefits to species, such as a reduction in mortality. Road mortality surveys may also be used to monitor 
effectiveness of fence-end structures intended to turn animals back toward exclusion fencing (Read and 
Thompson 2021) 
 
Citizen Science can be defined as the practice of engaging the public in scientific inquiry that produces 
reliable data and information usable by scientists, decision-makers, or the public and that is subjected to 
the same system of peer review that applies to conventional science (Dickinson et al 2012). Systematic 
surveys conducted by citizen scientist volunteers provides a cost-efficient approach to collecting 
necessary data while engaging the general public in a meaningful conservation effort. Employing citizen 
scientists or a community science approach may allow for data collection over large areas within the 
range of a species (Periquet et al 2018; Chyn et al 2021; Valerio et al 2021). Citizen scientist volunteers 
may conduct systematic surveys under the guidance of qualified biologists, and document observations 
of tortoise road mortality, live tortoise encounters, carcasses, tortoise burrows, and tortoise sign on or 
near roads. The use of a publicly-available app for recording incidental observations standardizes data 
collection, eliminates manual data entry, broaden data collection to a wider range, and provide further 
insights (Periquet et al 2018).  
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It is important to note that the quality and usefulness of road mortality data may be affected by 
imperfect detection due to scavenging of carcasses and other factors, such as weather conditions, 
altered phenology, or variations in traffic volume (Hallisey et al 2022). Therefore, the use of occupancy 
modeling to account for the influence of imperfect detection when estimating road mortality hotspots 
should be considered (Hallisey et al 2022). However, large amounts of data collected through both 
systematic surveys and incidental observations may minimize any effects of imperfect detection on data 
quality and accuracy of hotspot identification (Periquet et al 2018; Petrovan et al 2020; Schwartz et al 
2020). 
 
General Guidance for Conducting Road Surveys 
 
Prior to initiating road mortality monitoring the following questions should be addressed. This may 
help determine whether road mortality data should be collected and how it will be used.  
 

1. Why is road mortality data being collected? 

2. How will the data be used? 

3. What management/mitigation actions can be informed from collection of this data? 

4. Prior to conducting any road surveys, be sure to coordinate with DOTs or other relevant 
agencies and acquire any necessary permits. 

 
Basic Road Survey Protocol (Tortoise Group “Road Warriors”) 
 

1. The following criteria may be used to identify road segments to be monitored each active 
season:  

a. Areas adjacent to suitable desert tortoise habitat.  
b. Connectivity corridors. 
c. Location within Critical Habitat or other conservation lands. 

 
2. This protocol may also be implemented for monitoring existing fencing for maintenance 

purposes during the less active season.  

3. Divide each segment into 2 to 4 mile “walkable” survey lengths for daily assignment to 
surveyors. The assigned daily length of the survey will depend on the ability of individual 
surveyors to complete walking the survey within 4-6 hours. 

4. Conduct surveys only during the desert tortoise active season (April to mid-June; September to 
mid-November). Scheduling and timing of surveys may depend on average daily temperatures. 

5. The same segments should be surveyed each season to ensure standardization of data 
collection. 

6. Surveyors should be paired and walk parallel to each other at a similar pace, while spaced about 
10 to 20 feet apart, depending on the width of the Right-of-Way.  
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7. Observations of live and dead animals on or near the road may be recorded on paper or 
electronic data sheets, or through use of the Tortoise Group Road Warriors App. Data fields 
should be standardized according to the example data sheet provided with this protocol. 
Weather conditions should be recorded as well.  

8. If paper or electronic data sheets are used instead of an app, each observation should be 
photographed using a cell phone or digital camera. A small erasable white board should be used 
to record the date, time, GPS coordinates, and road name, and placed next to the carcass in the 
photograph. It would also be helpful to place a ruler next to the carcass for scale. 

9. If you are tracking presence of small, fast moving, live reptiles observed along roads, such as 
lizards, we recommend using a handheld tally counter to count the number observed within 
each mile surveyed and record the number observed per mile on a separate data sheet. 

Database Storage Methods: 
 

1. Paper data sheets: 

a. Manual data entry into Excel or Access database.  

2. Electronic data sheets: 

a. Electronic data collection sheets can be set up to autofill the master data sheet through 
applications such as Google Sheets. 

3. Tortoise Group Road Warriors App: data collected through the app is stored in Survey123. 
Tortoise Group is the owner and manager of the data. A request to access the data can be 
submitted to Tortoise Group for review and approval. For further information and instructions 
for downloading contact Tortoise Group.  

 

Photo credit: Flo Deffner 
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Camera trap monitoring use of culverts, turnarounds, fence-ends, and other structures 
by tortoises 
 
Monitoring use of crossing structures, turnarounds, and fence-ends can provide crucial information 
regarding effectiveness of design for facilitating movement and connectivity of wildlife. Camera traps 
are the most commonly used tool for monitoring wildlife use of crossing structures, seasonal activity, 
thermal niches, and behavioral responses (Agha et al. 2015; Schneider et al 2019; Hilton et al 2022). The 
use of camera traps to monitor movement of wildlife through re-identification may also be an effective, 
non-invasive, alternative to labor intensive mark-recapture studies for tracking individuals. (Schneider et 
al 2019). However, analysis of camera trap data and re-identification by humans can be subject to bias 
and inconsistencies (Schneider et al 2019). The use of Artificial Intelligence (AI) or deep learning can be 
an efficient approach to analyzing large amounts of camera trap data while minimizing error and 
offering greater confidence in re-identification of individuals (Schneider et al 2019). 
 
General guidance for camera monitoring use of culverts, turnarounds, fence-ends, and other 
structures by tortoises 
 
Prior to initiating monitoring the following questions should be addressed. This may help determine 
camera trap data that should be collected, method of collection, and how data be used.  
 

1. What questions will be addressed from the data being collected? For example: 
 

a. Effectiveness of culvert design for facilitating successful passage of tortoises? 
b. Rate of contact with culvert relative to successful crossing? 
c. Number of uniquely identified individuals successfully crossing? 
d. Frequency of successful crossings per uniquely identified individuals? 
e. Number of uniquely identified individuals successfully crossing relative to population 

density? 
f. Effectiveness of turnarounds or fence-ends? 
g. Behavior of animals when encountering crossing structures, turnarounds, or fence-

ends? 

2. How will the data be used? 
 

a. Design modifications? 
b. Placement and intervals between structures? 
c. Intra or interspecies interactions?  
d. Other species use and behaviors? 

 
3. What management/mitigation actions can be informed from collection of this data? 

 
4. How will camera data be analyzed?  

 
 

General Guidance: 
 

1. Discuss proposed monitoring project with the state DOT to get their feedback 
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2. Become familiar with the process for acquiring any necessary permits. Be sure you have all 
necessary permits prior to initiating the project. 

3. Carefully consider camera specifications with respect to field conditions, distance to surface, 
and placement inside culverts or along fencing: 

a. Trigger mechanisms 
b. Beam length and width 
c. Durability 
d. Culvert dimensions, fence height, and distance to target. 

 
4. Consider number of cameras deployed relative to photo analysis method: 

a. Manual photo analysis: determine the minimal number of cameras needed to collect 
data, labor and time intensive, potential for human error. 

b. Artificial Intelligence (AI): recommended, allows deployment of sufficient number of 
cameras for optimal data collection, more expensive but less labor intensive, minimizes 
potential for human error. 
 

5. Seasonal and climate effects on animal activity and movement. 
a. Timing and duration of deployment. 
b. Effects of weather and temperature on animal movement. 
c. Seasonal movement relative to life history characteristics. 
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Appendix A 
 

Minimization Measures 

General: 
 

1. Approved Qualified Tortoise Biologists (AQBs): Please refer to the most current USFWS 
guidance regarding qualifications and approval prior to implementing any measures that may 
require the action or project activity oversight by a designated AQB. 

2. Delineation of Project Boundaries. Before starting project activities along each part of the route 
in active construction, project area boundaries should be clearly delineated with fencing, stakes, 
or flags. Spacing between flags or stakes may depend on topography. Project activities should be 
restricted areas to within the fenced, staked, or flagged areas. All fencing, stakes, and flags 
should be maintained until the completion of project activities in that area. 
 

3. Delineation of Habitat. Desert tortoise habitat should be clearly delineated within project areas 
with posted signs, posting stakes, flags, and/or rope or cord, and place fencing as necessary to 
minimize the disturbance of habitat.  

 
4. Entrapment Inspections. Any stored pipes or similar structures with a diameter greater than 3 

inches and less than 8 inches aboveground should be inspected by a designated AQB for desert 
tortoises before the material is moved, buried, or capped. The AQB should inspect all open holes 
and trenches within desert tortoise habitat at a minimum of twice a day and just prior to 
backfilling. At the end of each workday, escape ramps should be placed at each end of trenches 
to allow any animals that may have become trapped in the trench to climb out overnight. The 
ramp may be constructed of either dirt fill or wood planking or other suitable material that is 
placed at an angle no greater than 30 degrees. If any worker discovers that a desert tortoise has 
become trapped, they should halt project activities and notify the AQB immediately. Project 
workers and the AQB should allow the desert tortoise to escape unimpeded if possible, or an 
AQB shall move the desert tortoise out of harm's way before allowing work to continue.  
 

5. Construction Monitoring. A designated AQB should monitor all project construction activities 
and be present at all times during high-risk project activities that will occur within project areas 
where fencing has not been installed.  
 

6. Tortoise Guards. The design of desert tortoise guards should include exit ramps and cleanout. 
The design should be submitted to the respective USFWS office for review and approval prior to 
initiation of project activities. 
 

7. Fence End Turn-Arounds. The design of fence end turn-arounds should not include angles less 
than 120°. The design should be submitted to the respective USFWS office for review and 
approval prior to initiation of project activities. 
 

  



 

106 
 

8. Avoid burrows. During construction activities, tortoise burrows should be avoided whenever 
possible. If a tortoise is found onsite during project activities, which may result in take of the 
tortoise (i.e., in harm's way), such activities should cease until the tortoise moves, or is moved 
out of harm's way. Tortoises may be removed from burrows out of harm’s way only by a 
designated AQB. 

9. Overnight parking and storage. Overnight parking and storage of equipment and materials, 
including stockpiling, should be located in previously disturbed areas and areas cleared by a 
designated AQB. If not possible, areas for overnight parking and storage of equipment may be 
designated by an AQB in coordination with the permitting agency and project proponent, which 
should minimize habitat disturbance to the extent possible.  
 

10. Trenches. All trenches and holes should be covered, fenced or backfilled to ensure desert 
tortoises do not become trapped unless alternate measures are in place. If trenches or holes are 
to remain open during construction, they should be checked for tortoises at least four times per 
day (depending on weather conditions), at the start of day, at mid-morning, early afternoon, 
and at the end of the workday. The trenches or holes should also be checked immediately 
before backfilling regardless of the season. Earthen plugs, with wildlife escape ramps on either 
side of the plug, with a slope of 1 foot vertical to 4 feet horizontal, will be provided in open 
trench segments every 0.25 mile or closer. Any tortoise that is found in a trench or excavation 
should be promptly removed by a designated AQB in accordance with the most current Service-
approved guidance. If the AQB is not allowed to enter the trench for safety reasons, a pole, with 
a bag attachment design reviewed and approved by the respective USFWS office, may be used 
to remove the tortoise.   
 

Desert Tortoise Education: 
 

1. Education Programs. An education program for all persons employed or otherwise working in 
the Project Area should be conducted prior to performing any work. The program should consist 
of a presentation from a designated AQB that includes a discussion of the biology and general 
behavior of the desert tortoise, information about the distribution and habitat needs of the 
desert tortoise, sensitivity of the desert tortoise to human activities, its status, including legal 
protection, recovery efforts, penalties for violations and specific protective measures described 
in any biological opinion or other permitting document. Interpretation for non-English speaking 
workers should be offered, and the same instruction should be provided to any new workers 
before they are authorized to perform work in project areas. Wallet-sized cards or fact sheet 
handouts containing this information should be prepared and distributed for workers to carry 
with them in project areas.  
 

  



 

107 
 

Weed management and herbicide and pesticide application: 

 
1. Use of off-site fill and plant material. If off-site fill or other material will be used, the source site 

should be surveyed for noxious plants. The survey should be performed by an individual that can 
identify all noxious weeds that may be found in the area. Only fill from sites free of noxious 
weeds should be used. All plant material, including material used for erosion control (straw, 
etc.), should be certified as weed-free. 
 

2. Rodenticides and Insecticides. Rodenticides and/or insecticides should not be used within 
project areas without prior written permission from relevant land managing agencies. 
 

3. Herbicides. Herbicide application should be approved by the appropriate land manager and 
should follow information and guidelines provided on label and pesticide use permit. 
Appropriate buffers should be used when herbicide is applied near bodies of water and based 
on the chemical to be applied. 
 

Domestic Animals: 
 

1. Pets or Dogs. Any kind of domestic pet should not be brought into project areas, except dogs 
that may be used to aid in official and approved monitoring procedures/protocols, or service 
dogs under Title II and Title Ill of the American with Disabilities Act. 

 
Traffic control and speed limits: 
 

1. Vehicular Traffic Restrictions. Project-related vehicle traffic should be restricted to established 
roads (paved or unpaved) and the delineated project areas; cross-country (off-road) vehicle 
travel shall be prohibited unless specifically accounted for as a project activity. Project-related 
vehicle traffic should not exceed 25 miles per hour, except in desert tortoise habitat where 
vehicle speed should not exceed 15 miles per hour. If a desert tortoise is encountered, drivers 
should stop, wait for the tortoise to move off the road, and immediately notify the AQB of the 
desert tortoise location. If handling of a tortoise is required, project staff should halt project-
related activities and immediately notify the AQB. Project activities should not resume until the 
tortoise has moved, on its own accord, out of harm's way, or until the AQB has relocated the 
tortoise. 
 

Riprap installation: 

 
1. Riprap mitigation. Where riprap placement is necessary at culvert inlets and outlets, fencing 

should be installed to exclude tortoises from accessing large class riprap, becoming trapped, and 
suffering mortality. If tortoise exclusion fencing cannot be installed, the riprap should be filled 
with select, locally sourced, borrow. It is recommended to use 1-inch minus material and 
overlaid with 2 inches of topsoil to minimize the potential of trapping tortoises and subsequent 
mortality. 
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Shade structures: 
 

1. Shade structures. If new fencing has been installed, shade structures should be placed along the 
habitat side of the fence according to the specifications reviewed and approved by the USFWS.  

 
Trash Removal and Litter Control: 
 

1. Refuse Removal. Upon completion of project activities, the project proponent should remove all 
trash and litter, temporary fill, and construction refuse, including, but not limited to, broken 
equipment parts, wrapping material, cords, cables, wire, rope, strapping, twine, buckets, metal 
or plastic containers, hardened concrete, and boxes. 
 

2. Removal of Debris. All hardened concrete and other loose debris remaining in project areas 
should be cleared by slowly removing stored material starting from the top and working down 
to ground level, rather than scooping from the ground up. This method will minimize the 
possibility of harming a desert tortoise using the debris as shelter and will allow them to escape. 
 

3. Litter Control. A litter-control program should be implemented to keep ravens and other 
opportunistic predators from being attracted to the project site. This program should include 
the use of covered, predator-proof trash containers, removal of trash from the construction site 
to the trash containers at the end of each workday, and proper disposal of trash from project 
construction sites in a designated landfill or transfer facility. Vehicles hauling trash from 
construction sites to the landfill or transfer facility will be secured to prevent litter from blowing 
out along the road. 
 

4. Removal of Roadkill. All carcasses should be removed from the highway as soon as it is safe to 
do so. All carcasses should be disposed of properly.  
 

Burrow excavation and construction: 

1. Excavating Burrows. Only designated AQBs should conduct burrow excavation. Excavation of 
burrows shall follow the methods described the Desert Tortoise Field Manual. 
 

2. Collapsing Burrows. Unoccupied burrows should be collapsed or blocked to prevent desert 
tortoise entry. 

Nests: 

1. Nests. If any tortoise nests with eggs are encountered, the respective USFWS office should be 
contacted prior to removal of any tortoises or eggs to determine the most appropriate course of 
action. Any nest relocation should comply with established USFWS protocols provided in the 
Desert Tortoise Field Manual. 

Tortoise Handling: 

1. Tortoise handling protocol. Desert tortoises should be handled in accordance with the most 
recent USFWS protocols and guidance, provided in the Desert Tortoise Field Manual. Additional 



 

109 
 

or modified measures may be required, which take precedence over the measures in the field 
manual after review and approval by the USFWS. 

 
2. Tortoise handling and ambient air temperature: During all handling procedures, desert 

tortoises should be treated in a manner to ensure that they do not overheat or exhibit signs of 
overheating (e.g., gaping, foaming at the mouth, etc.), or are not placed in a situation where 
they cannot maintain surface and core temperatures necessary to their well-being. Desert 
tortoises should be kept shaded at all times until it is safe to release them. Desert tortoises 
moved during less active periods should be monitored by a designated AQB for at least two days 
after placement in any new burrows to ensure their safety.  
 

3. Rehydration. If a desert tortoise voids its bladder as a result of being handled, a designated AQB 
may rehydrate the animal according to current measures approved by the USFWS.    
 

4. Penning tortoises. Prior to implementation, penning plans and pen designs should be reviewed 
and approved by the respective USFWS office. Typical pen construction may be accomplished by 
installing a circular fence, approximately 20 feet in diameter to enclose and surround the 
tortoise burrow. The pen should be constructed with I-inch horizontal by 2-inch vertical, 
galvanized welded wire. Steel T-posts or rebar should be placed every 5 to 6 feet to support the 
pen material. Pen material should extend 18 to 24 inches aboveground. The bottom of the 
enclosure will be buried 6 to 12 inches or bent towards the burrow, have soil mounded along 
the base, and other measures implemented to ensure zero ground clearance. Care shall be 
taken to minimize visibility of the pen by the public. A designated AQB should check the pen at 
regular intervals throughout the day to ensure that the desert tortoise is secure and not 
stressed. 

 
Toxic material and hazardous waste: 

1. Hazardous Waste. If toxic material or hazardous waste is accidently released into project area or 
habitat, all work should immediately stop and, pursuant to pertinent state and federal statutes 
and regulations, repair and clean up of any fuel or hazardous waste leaks or spills should 
implemented by qualified individuals at the time of occurrence, or as soon as it is safe to do so. 

Dust Control: 
 

1. Dust Control 1. Dust control measures may be implemented during project activities to facilitate 
visibility for monitoring of desert tortoises. Only minimal amount of water needed should be 
used and care should be taken to prevent water from forming puddles. Tackifier and soil 
stabilizers may be used only if approved by relevant agencies prior to the start of project 
activities. 
 

2. Dust control 2. Water applied for dust control shall not be allowed to pool outside desert 
tortoise fenced areas, as this can attract desert tortoises. Similarly, leaks on water trucks and 
water tanks will be repaired to prevent pooling water. 
 

3. Dust control 3. If, weather conditions are favorable for tortoise activity, a designated AQB 
should be assigned to patrol each area being watered immediately after the water is applied and 



 

110 
 

at approximate 60-minute intervals until the ground is no longer wet enough to attract 
tortoises. 

Erosion Control: 
 

1. Erosion Control Materials. Erosion control materials potentially harmful to desert tortoises and 
other species, such as monofilament netting (erosion control matting) or similar material, 
should not be used in potential desert tortoise habitat. 

 
Staging areas and access roads: 
 

1. Staging Areas. All Project-related parking, storage areas, laydown sites, equipment storage, and 
any other surface-disturbing activities to the Project Area, to the extent possible, should be 
limited to previously disturbed or cleared areas.  
 

2. Staging Area and Parking Area. All staging and parking areas within tortoise habitat should have 
exclusion fencing installed to keep tortoises from accessing these areas. All parked vehicles and 
equipment should be inspected prior to being moved. If a desert tortoise is found within a 
staging or parking area workers should immediately contact the designated AQB, who may 
relocate the tortoise. 

 
Predator management: 
 

1. Raven Management. Raven Management Plans to minimize the potential to attract common 
ravens to the site should be submitted to relevant land managing agencies and the USFWS for 
review and approval prior to implementation.  
 

2. Ongoing Trash Removal. All food and trash that could attract predators should be properly 
disposed of in self-closing, sealable containers, with lids that latch to prevent wind, common 
ravens, and other scavengers from opening the containers. Trash receptacles should be 
regularly inspected, emptied, and removed from project areas at regular intervals to prevent 
spillage and maintain sanitary conditions. 
 

3. Litter-control. A litter-control program should be reviewed and approved by relevant agencies 
and the USFWS prior to implementation. The plan should include measures to prevent ravens 
and other predators from being attracted to project areas and adjacent habitat, and minimize 
the potential for predation on tortoises. The program should include the use of covered, raven-
proof trash containers (bins and dumpsters), removal of trash from the construction site to the 
trash containers at the end of each workday, and proper disposal of trash in a designated landfill 
or transfer facility. Vehicles hauling trash to the landfill or transfer facility should be secured to 
prevent litter from blowing out along the road. 

Injured or dead tortoise: 

1. Tortoise mortality notification. The respective USFWS office should be notified immediately of 
the death of desert tortoises or any other listed species associated with a project. Mortality 
reports should include the date and time of the finding or incident, location and disposition of 
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the carcass, and if possible, provide a photograph, explanation as to cause of the mortality, and 
any other pertinent information. 
 

2. Tortoise injury notification. The respective USFWS office should be notified immediately of 
injury of desert tortoises or any listed species associated with a project. Contact should be made 
to a Service biologist in local Service Field Office by phone and email. After approval by the 
USFWS, the injured tortoise may be transported to an approved qualified veterinarian for 
assessment and possible treatment.  The USFWS may be able provide a list of qualified 
veterinarians. The report should include the date and time of the finding or incident, location of 
the animal, and if possible, provide a photograph, explanation as to cause of the injury, and any 
other pertinent information. 

Installation of new and temp fencing: 
 

1. Fencing survey and monitoring. Prior to the installation of temporary or permanent desert 
tortoise fencing, a designated AQB should survey the proposed exclusionary fence line and 
provide clearance for installation of the fence. The AQB should monitor the fence line on a 
regular basis when: 1) temperatures are approaching and exceed 95-degrees Fahrenheit, and 
within 1-2 hours immediately before and after the threshold is met; and 2) after precipitation 
events when tortoise activity can increase and/or when runoff events can plug shade structures 
with sediment. The AQB should report all maintenance needs of the exclusionary fence and 
associated shade structures. 
 

2. Temporary Desert Tortoise Fencing and Maintenance. Temporary fencing may be used 
adjacent to open habitat (e.g. ends of project; stockpile, water tank, and staging areas). T-posts 
may be installed off the highway to present a visible marker for areas to be avoided around 
temporary project facilities. The temporary fence should be constructed according to the 
USFWS Desert Tortoise Field Manual and inspected at the end of each workday, during major 
rainfall events, and within 24 hours to ensure desert tortoises are prohibited from entering 
project areas. The temporary fence should be inspected by the designated AQB. If the fence is 
compromised, repairs should be completed immediately, and clearance level protocol surveys 
should be conducted. 
 

3. Desert Tortoise Fence Maintenance Inspection. The designated AQB should inspect desert 
tortoise fencing during the project activities, at the end of each workday, and during major 
rainfall events and within 24 hours to ensure desert tortoises are prohibited from entering 
project areas. If the fence is compromised, repairs should be completed immediately, and 
clearance protocol level surveys should be conducted. 

 
Clearance surveys: 
 

1. Desert tortoise clearance. Prior to surface-disturbing activities, a designated AQB should 
conduct a clearance survey to locate and remove all desert tortoises from harm's way, including 
areas to be disturbed using USFWS-approved techniques, and should provide full coverage of all 
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areas. During the more-active season, clearance surveys should be conducted either the day 
prior to, or the day of, any surface-disturbing activity.  
 

2. Clear tortoises. All project areas, including construction sites, access routes, staging areas and 
fence lines, should be cleared (all tortoises removed) by a designated AQB before the start of 
construction or ground disturbance. The area should be surveyed for desert tortoises using 
USFWS-approved survey techniques. 
 

3. Inspect pipes and culverts. Within desert tortoise habitat, any construction pipe or similar 
structure with a diameter greater than 2 inches stored less than 8 inches above the ground 
should be inspected for tortoises before the material is moved, buried, or capped, by a 
designated AQB. Any existing culvert structure that could be accessed by tortoises should be 
inspected and cleared of animals by an AQB prior to its removal, modification, or disconnection 
from existing tortoise fencing. After inspection and clearance, fencing to exclude tortoises from 
accessing the culvert structure may be temporarily installed. 
 

4. Pre-Construction Clearance Surveys. Prior to start of project activities, the designated AQB 
should conduct pre-construction clearance surveys for desert tortoise, using the methods 
described in the USFWS Service Desert Tortoise Field Manual.  
 

5. Final clearance survey. Twenty-Four hours prior to the start of project activities, the designated 
AQB should conduct a final clearance survey of project areas. The use of specialized equipment 
may be necessary to thoroughly inspect all burrows in preparation for collapsing them. 
 

6. Pre-project Clearance Surveys. No more than one week before the start of project activities 
within the project site, a designated AQB should conduct a desert tortoise survey within the 
project disturbance areas and a 500-foot buffer around the project footprint. Any burrows 
within the project disturbance area should be flagged and the AQB should coordinate with the 
respective USFWS office regarding installation of exclusion fencing around burrows so that 
ingress/egress can occur. Results of the survey should be submitted to the respective USFWS 
office. 

Project vehicles: 

1. Vehicle Inspection. Workers should inspect for desert tortoises under vehicles and equipment 
before they are moved. If a desert tortoise is present, the worker should immediately contact 
the designated AQB, who may either wait for the desert tortoise to move unimpeded to a safe 
location or relocate the desert tortoise before moving vehicles and equipment.  
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2. Project vehicles. All project-related individuals should check underneath stationary vehicles 
before moving them. Tortoises often take cover under vehicles. All vehicle use should be 
restricted to existing roads or designated access roads. Workers should not drive or park 
vehicles where catalytic converters can ignite dry vegetation and to exhibit care when smoking 
in natural areas. Fire protective mats or shields should be used during grinding or welding. 

Project Monitoring: 
 

1. Daily project monitoring. Prior to starting operations each day within areas that are not 
completely enclosed by tortoise exclusion fencing, a desert tortoise inspection should be 
conducted by a designated AQB. The inspection should determine if any desert tortoises are 
present in the following locations: around and under all equipment, in and around all disturbed 
areas to include stockpiles and reject materials area, in and around all routes of ingress and 
egress, and in and around all other areas where operation might expand to during the day. If a 
tortoise is discovered later in the day, project staff should immediately cease all operations 
within 300 feet of the tortoise and immediately notify the designated AQB. 
 

2. Construction Monitoring. Designated AQBs should monitor and be present at all times during 
high-risk project activities. 

 
Fire risk management: 
 

1. Fire Risk Management. Workers should not drive or park vehicles in areas where catalytic 
converters may ignite dry vegetation, and should ensure against igniting fires when smoking in 
natural areas. Fire protective mats or shields should be used during grinding or welding. 
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