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Desert Tortoise Transportation Ecology Task Force

The Desert Tortoise Transportation Ecology Task Kdesk 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
interdisciplirary effort to identify challenges and opportunities around Mojave desert tortoise

(Gopherus agassiyiconservation and recovery related primarily to roads. Task Force members were
divided into subgroups based on their interests and expertise and taskbdssisting 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 wegrastioest

and recommendations toupport successful implementation of conservation and recovery measures for
Mojave desert tortoises with respect to roads.
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Many of the images in this report show a Mojave desertoise. This is a dead freezkied tortoise

Y I YSR @&thiRMBrlls not alivéherewas no handling of any #animals for the creation of

these images. Frieda lived as a captive tortoise in Las Vegas, Nevada. When she passed away from
naturalcauses, her custodian had her preserved through frergeng and donated her to the Tortoise

Group for educational purposes. The Tortoise Group graciously allowed the U.S. Fish and Wildlife Service
to take her into the field to serve as a model for filgia documentary regarding Mojave desert tortoise

road ecology and for demonstration purposes while collecting data and photographing field sites. Frieda
is featured as a demonstration model in many of the photos in this publication. For further informatio
regarding captive Mojave desert tortoise issues, please visit: www.tortoisegroup.org.
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Introduction

Background

Thisreport 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 effe€t®ads and traffiCuperus et al.

1999)on thefederally threatened Mjave desert tortois€Gopherus agassiy(US Fish and Wildlife
Servicel990, 19942011). ¢ K S (i &didyriitigaite or compensate Ay G KA a NBL2Z NI I NB
the commonuseand 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 spaeducing direct road mortality,

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

zones adjacent to roads, and restoring habitddte that the order of these actions is not necessarily
based on tke importance to Mojave desert tortoise conservation, but they are basetthegeneral

impact of roads as described by others (e.g., van der Ree et al. BylBaking this information

available to stakeholders, more successful road mitigation measurgsbmanplemented.

Objective

The objectivas 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 fohie effects of roads and traffic on Mojave desert tortofsgulations

Effects of roads and traffic on the Mojave desert tortoise

Roads and vehicles can affect wildlife in several waygeneral, nospecifically tdor the Mojave
desert tortoise, ve distinguish five different categories of effects of roads and traffic on wildlife (Figure
1) (e.g, van der Ree et al. 2015)

1 Habitat loss: e.g., the paved road surface, heavily altered environof¢he roadbed with
non-native substratealteredhydrology, vegetation removal, seeded specéex 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 oftegross natural

terrain, and only a portion of the crossing attempts is successful.

91 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 titeMzys for humansand
associated disturbance.

1 Rightof-way habitat and corridor: Depending on the surrounding landsctiy@eright-of-way
can promote the spread of nemative or invasive species (surrounding landscape largely natural
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or seminatural), or it can be a refugium for native species (surrounding landscape heavily
impacted by humans).

3

1. Loss of
wildlife habitat

2. Road mortality

3. Barrier effect

4. Decrease in
habitat quality

! (disturbance,

pollution)

5. Ecological
function of
verges

3 i
Figurel: The effects of roads and traffic on wildlife.

This project focuses on the Mojave desenttoise. The threats to this speciasclude(US Fish and
Wildlife Service 201,12022; Pers. com. Kerry HolcotdB Fish and Wildlife Service)

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

1 General human presence and disturbance.

9 Direct road mortality on paved roads and bif-roadvehicles on or off unpaved roads

1 Habitat fragmentation and habitat loss fropaved roadsoff-highwayvehicle useand aher
linear features in the landscapsuch as utility corridors, grazing, minimgjJitary activities and
solar energy.

91 Depredation by common raverCprvus corgrand 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 ailability of non-natural food sourceincluding roadkilled animals
(for ravens and coyotesind unnatural nesting and perching sites, including along roads (e.g.
bridges, billboards, fence posigdr ravens).

1 Habitat degradatiorincluding from soitlisturbance €.g, grazingby livestock road building and
right-of-way management, impact from vehicles driving off paved raqdtds)spread of non
native invasive plant species (e.g.limgstock andsehiclesespecially along disturbed rights-
ways am from there into the surrounding areagnd increased incidence and magnitude of

fire.
i Pollutants.
i Disease

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

Roadsandvehiclescause direct road mortality, represent a barr@r the landscape, and result in
reduced presenceor 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 meténam aroad (Boarman etlal1997, Boarman & Sazaki
2006, Hughson & Darby 201RBeaden et al. 201%eaden 2017, Zylstra et al. 2Q2firther contributing
to the barrier effect of the roadAreas along highwaysgth high traffic volumehave fewerMojave
desert tortoisesand higher(historic) numbers of roadilled Mojave desert tortoisethan lower-volume
roads

Moreover,the body sizdi.e., age clasg)f the animals decreases with increasing traffic volyme

indicating that alondnigh-traffic roadways tortoises experience a shartifespan than is typical, which

Oy O2y(iNROdzi S (2 SE i Aisthd (Doakeyall$od$afusie? al. A FPeaded LIS OA S a
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 predatpjafedesert

tortoises by common raverand coyotess also a conceralong 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. Howeverhie presence of tortoise warning signwas 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, andhus 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 roddsjfore

desert tortoises (Boarman et al. 19%eaden et al. 2015). Mesh apdrforations in barriers allow for

water permeability, but if animal& general, not necessarily specifically Mojave desert tortaian,see
through the barrierit appears they try harder to breach the barrier, spend more time pdoau and

forth along the barrier, andas a resujtmay beless likely to reach a crossing structure that provides safe
passage to the other side of the highw&upy et al. 1994 eaden et al. 20)7Walking along the fence

in one directioni(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 Mojagend tortoiseshave elevated
temperaturesalong fences and along unmitigated roads (Peaden &04l7),there may be a neetb

install shade structures and functional crossing opportunities at relatively short inteegdscially for
displaced or translocated individualBhis is particularly important along newly installed tortoise
exclusiorfencesk & G KS&S FyAYIfQa K2YS Nry3aS Yire y2g 0SS aLd
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 dese

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

other species for which the fence acts as a barfieravoidF Sy 0S4 Q dzy AYyiSyYyRSR yS3l (A
barriersare typicallyaccompanied bguitablesafe crossing opportunitigfer the species affected by the

fence (Moore et al. 2021However, since direct road mortality threatens the viability of Mojave desert
G2NI2A&S LR2LXzE I GA2ya oO0!{C2{ HANHHOZ GAWNERAEAI 0S¢ FS
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 tortogeen thatsuccessful crossings are unlikely

and the fragmentation effect of an éenced road is considered high (Pers. com. Kerry Holcbi&l¥ish

and Wildlife Servige

Thepurposeof 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 bodesiof the road, to have one larger and



more resilient population, to allow for seasonal migration, and to allow for dispatdzile the
implementation of designated crossing structuresNbwjavedesert tortoises may be required is
important to explae if, and under what conditions, existing drainage culverts under the road may also
serve as a crossing structure fdojavedesert tortoises. This is especially relevanvagavedesert
tortoises are known to follow desert washes (Peaden 2@Eaden eal. 2017. Many desert washes
have culvertghat cross paved roads, which provides an opportunity for guapose usehydrology as
well as a safe passage opportunity fdojavedesert tortoisesand other speciesSince ésert washes

only carrywater immediately after a rainstoriithey areusuallyavailable for wildlife Howeverthe

amount of water andhe velocityof water can beso substantiathat erosion and sedimentation ocgur
whichmay make a crossing structure inaccessilsie@ddition,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 aulwbith may or may not be
within reach. Morever, other species that depend on higher antedhabitat away from desert washes
would be confronted with a fence, btihiey wouldnot have access to suitable crossing structures within
their typical habitat.

Departments of Transportation (DOTSs) havedhed fences foMojavedesert tortoises along some

road sections and connected them to designavgttllife 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 (CMB})several feet wide for a wash that is many times that

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

especially at the outflow. To reduce erosion, many culverts have large ioighsyté 2 NJ a NP O1 af 2 L.
LINE  S)@itiHe 2ugfléw, sometimes combined with a plunge pool to further reduce water velocity.
The riprapcan be aarrier to Mojavedesert tortoisesandit can prevent them from entering or leaving
the culvert. In addition, the spaces between the rocks caumse mortality of Mojave desert tortoises
through entrapment, overheating, @rowningin poolsthat remain afer a precipitation event

(Gardipee et al. 2017However, 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 e¢dedarrier effect,

though under certain coritions, the efforts may simply erode after one or several rainstorms and
associated flash floodin these situations,aplacing the finer aggregates or soil in between the larger
rocksmayrequire continuous maintenangand associateéxpenditures Nonetheless, it is worthwhile

to explore how accessible such measures mafob¢éhe Mojave desert tortoise.

The wettest months in southern Nevada are usually November through March. April through June are
the driest months, but precipitatiomcreases again during the monsoon season (July through October).
During the winter (mieNovember until eneFebruary) Mojave desert tortoises are mostly in inactive
inside burrows (Woodbury & Hardy 1948, Nagy & Medica 1986, Zimmerman et al. 1994) e5ateis
generally most active between mMarch and midJune and from mighugust tothe end ofOctober
depending on elevation, precipitation, and temperature (Mojave desert tortoises are mostly active
between 60 and 95 °F (Personal communication Kelly BsuglS 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 an@®ther Barriers

Purpose

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

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

b. GuideMojavedeserttortoises towards safe crossing opportunities so that they can safely access
the habitat on the other side of the road.

Effectiveness

Fences designed to kedfiojavedesert tortoises from accessing a highweawe been found to reduce

the number of roaekilled Mojavedesert tortoises by 93% (Boarman & Sai&i6).In addition, Mojave

desert tortoises have been observedlkingalong the safe side of a fenced highway for substantial
distances (up to 6.5 km) 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 adidoenads (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 rad mortality of Mojave desert tortoises is addressed quickly to prevent further
depletion of populations close to roads (Peaden 2017).

Undesirable effects and possible solutions

1 Fences and other barriers can reduce direct road mortality but also mabkadanmto anabsolute
barrier for the target species. This results in smaller and more isolated populations that have a
greater risk of extirpation compared to larger and wadhnected populations (e.gdanski &
Thomas 1994, Hanski & Ovaskainen 2002)tefaee, as a general rule, barriers should be
combined with safe crossing opportunitiehat are suitable for the target species. Safe crossing
opportunities usually mean crossing structures.underpasses, overpasses) that physically
separate the animia from vehicles (see separate sectiansafe crossing opportunities).

1 Designated afe crossing opportunitiefr a target species, including the Mojave desert tortoise,
typically take more effort, funding, and time to implement than fences or other éariAssociated
delays in the implementation of a combination of barriers and crossing structusesild affect the
likelihood that Mojave desert tortoise populations near roads can be recoverddiojavedesert
tortoise populations are wableto recover on heir own when population densés havebeen
substantially reducede.g. through direct road mortalifPeaden 2017)he longer major roads
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remain unfenced, the more tortoise mortality occurndthe more difficult it is for Mojave desert
tortoise populations to recoverafter fencingwould be implemented(Peaden 2017)n areas

where direct road mortality continues to redutdojavedesert tortoise population density,
implementation of fences and other barriesis a stanehlone mitigation measurean be begficial

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 struaes originally designed for other
purposes,and implementdesignatedcrossing structures at a later timeHowever, this is not

without risk and other undesirable side effects as: 1. Despite the best intentdesgnated

crossing structures may not be ilementedatfter alland 2. Fences and other barriers do not only
make the road corridor into a near absolute barrier kbojavedesert tortoises, but it may also be a
barrier for other species for which habitat connectivity is essential for populationgpensie in the
immediate future and 3. Existing structures originally constructed for other purposes may or may
not be suitable for use by Mojave desert tortois&berefore,it is desirable toimplement barriers

in combination withsuitable crossing structures tathe same time Suitable crossing structures may
include designated crossing structures for Mojave desert tortoises, existing structures originally built
for other purposes but that havieeen found suitable for Mojave desert tortoises, or a combination
of these two types of crossing structures.

Altered behavior and increased actividMojave desertortoises along fences may lead to
overheating as temperatures increase (Ruby et al. 1BD84adn et al. 2017)Approaches to reduce

the time thatMojavedesert 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 théarrier and cross to the other side of the road, or take advantage of the shade
GKIFIG 'y dzyRSNLJ &aa LINPOPARSAE 0aSS aSLINIGS R2OdzyS)
A0NHzOGdzNBaé¢ Ff2y3 GKS o0l NNASNI 6aS Slesigisth& keeph vy G KA 2
Mojavedesert tortoises moving rather than fence designs that encouMggvedesert tortoises to
explore whether they can breach the barrier (see later in this document).

Fences and other barriers can afféadscape aestheticespedlly in flat and open areaBarriers
may be integrated into the roadbed to reduce the visual impact of barriefhis makes the barriers
invisible from the road, and they do not stick out above the surrounding landscape any more than
the roadbed itself (®e section below).

Fence posts and other structures may be useddosting by corvids or raptors that may prey on
youngMojave desert tortoises especially individuals that may travel along the safe side of the
fence(Campbell 1986, Boarman 199R)inimizing 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 speeiss (
& Genchi 2004Dwyer & Doloughan 2014, Dwyer et al. 2R20

The standard mesh size for Mojave desert tortdisach horizontal by 2nches vertical (U.S. Fish

and Wildlife Service 20113nallermesh sizes (e.g. 1 x 1 cm (0.25 x 0.25 inch) may pose armgreat
risk to small animal species (lizards, snaksshey camget stuck in the meshes andedRuby et al.
1994:Pers. com. Kris Gade, Arizona Department of Transportatialy HohmanDesert Tortoise
Council and retired fronUS Fish and Wildlife Servi&ian HenenMarine Corps Air Ground

Combat CenteiTwentynine Palms CaliforniesSmall mesh sizes are also more likely to catch
sediment.
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A lizard that got stuck in a fence designedNtwjavedesert tortoises and later died The mesh size of
this fence(e.g. 1 x 1 cm (0.25 x 0.25 indk smallethan 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 Mojavedesert tortoises has substantially reduced population density and where reducing direct road
mortality may increase the likelihood bfojavedesert tortoise population persistence or recovery

within adjacent habitat. If the objective is to restavojavedesert tortoise populations, e.g. through
population augmentatioror reintroduction barriers that keep the animals off the road are an impaott

tool too, regardless of recent road mortality andrrent population densityln 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 gtittsent 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 mosand where a reduction in the barrier effect is likely to increase the likelihoddiojdive

desert tortoise population persistence or recovery within adjacent habitat. If such crossing structures
are connected to fences or other barriers, direct road militstacan 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 fblojavedesert tortoises (Dodd et al. 2007; Gagnon et al. 2010).

The U.S. Fish and Wildlife Servimenducted a modelling study to identify priority road segments for the
installation of Mojave desert tortoise fencinBdrs. com. Kerry Holcomb aRtbrenced C {Dgffher,
USFWS)rheGlSbased 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 (RIl x FI) is intended to igamif prioritize Ikm segments of roads thatre
mostin need of Mojave desert tortoisieencesfrom both abiological need and feasibility perspective.
In this approach, biological need (RIbased on theoad-effect zone area, average habitat poteaiti
value, andhe number of overlapping buffered rangeide observations. Feasibility (Flp&sed on
landownership, road design (at grade or not), ahe number of local roads or driveways that would
perforate the fence. The DTEFIPI was thead to gerrate a map that identifiepriority road segments
(Pers. com. Kerry Holcomb aRtbrenced C {Daffher, USFWS)

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

The main function of a rigkaf-way fence is to indicate the property boungatn many cases, a rigbf-

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 omer or land managing agency of the parcel adjacent to the Hfftay. 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. §lawivildlife 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 fening material between the posts, or through a livestock or rghtvay fence that is
permeable toMojavedesert tortoises. Note that issues can arise if the fence is located within the right
of-way and when construction or maintenance of thiejavedeserttortoise barrier is not funded or
executed by the transportation agency but by an adjacent land managing agenciheslg.S Bureau

of Land Managemen(BLM) However, such bureaucratic problems may be solved through agreements
of the agencies or othermdities involved.

Functions of the barrier

Having rightof-way boundary indicators or fences that are separate from a barrier designédicjewe

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 barrierNtojave 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 alsitable crossing structures present for those other
species in the appropriate locations.
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Design

Most of the design specifications ftojavedesert tortoise fences listed below were originally
published in 2005 and were later included in the 20d\ised recovery plari).S. Fish and Wildlife
Service 2005, 20)1

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 stickilgit 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 surveydtimatu
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, aometimesbetter than seethrough barriers as the animals tend to spend

more time investigating breaching sé&rough 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 barers and barriers with small mesh sizes may taautrosion and

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

L T T T res "
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Mojave cesert tortoise fencing, St. George, Utah. This fence has a mesh size that is 1 inch wide and 2
inchestall, the fence material is 20 inches above the ground, and it is attached with hog rings to three
smooth strands of wire (at 4, 12nd 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 she@pi¢ caadensis nelsopil1l, near
Boulder City, Nevaddlojave cesert tortoises and bighorn sheep are known teamzur in this area.
Therefore, tortoise exclusion fencing was installed at the bottom of the bighorn sheep fencing.

Plastic sheeting faamphibians attached to a Eurasian badger
(Meles melelfence, The Netherlands. Depending on the height,
the sheeting may be suitable fMfojavedesert tortoises.
However, in arid ecosystems, erosion and sedimentation
processes may be a substantial problemthis 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,9viiotorway,

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
easilydamaged 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 anywhereby tumbling down the barrier. The height may have tcalogusted 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 integtad 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,
USADepending on design and construction, this type of
barrier mightnot affect landscape aesthetics as
experienced from the road.

£ ) @ Mlusont Hoiiis

Barrier height and burrowing depth

Fences foMojavedeserttortoises should be about 224 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 preventMojavedesert tortoises from digging under the fend¢.$. Fis and Wildlife Service

2011). A typicaMojavedesert tortoise barrier is combined with a rigbf-way or livestock fence that is

taller than 2224 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 stabllits( Fish and Wildlife
Service 2011Hog rings (12 to Iches intervalpre usedo attach the top of the fence to the smooth

wire that is at the height of the fence material. If the smihditions 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
02002Y mn AyOKSa ySSR G2 FI0S (GKS aal¥S aARSé oKl
rocks, debris, and soil, be as snug as possible to the groundTegdence materials coveredwith up

to 4 inches of material, leaving the effective height of the fence at 22 inches. However, some
transportation agencies may be prohibited from berglihe 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 grand.

Mojave cesert
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 sedimemote that there is no smooth wire at the very top of the fence,

making the fence lessgid.
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Mojave cesert tortoise fence (about 14 inches tall, mesh size about 1x1 ¢iB)néar 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 alserikely to catch sedimenhote that this fence is too low

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

Mojavedesert tortoise
exclusion fencel JSA
Aerospace Highway (Hwy
14), near Inyokern,
California.The snall 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 fo
Mojavedesert tortoises.
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