
Appendix A. Literature Review for Impacts of Roads 

 

Implementation, Enforcement, Monitoring, and Mitigation Plans 

 

We were unable to find an implementation plan, enforcement plan, or monitoring plan included 

in the any of the action alternatives. BLM needs to include these plans to show how, when, and 

where its management plan will be implemented and determine its effectiveness through 

monitoring as required by the Federal Land Policy and Management Act (FLPMA) and other 

laws, executive orders, and policies. An implementation schedule should be included in the 

implementation, enforcement, and monitoring plans to demonstrate to and assure the public that 

the management plan will be implemented, enforced, and monitored. In addition, we believe, 

there should be a mitigation plan to restore habitat damaged or destroyed from unauthorized 

surface disturbance including unauthorized OHV activities. Implementation of the mitigation 

plan would be commensurate with the impacts to the affected resources (e.g., desert tortoise and 

tortoise habitats). It would be funded, in part, by monies collected from recreation fees and from 

citations issued to unauthorized users.  

 

The U.S. Fish and Wildlife Service’s (USFWS) (2008) 5-year review of the endangered Lane 

Mountain milk-vetch (Astragalus jaegerianus) recognized the majority of threats that 10 years 

later continue to adversely affect Lane Mountain milkvetch, but recommended down-listing to 

threatened because of anticipated future implementation of management and conservation 

measures that were in BLM’s WEMO Plan (BLM 2005). In the WEMO Plan, BLM designated 

two areas containing the milk-vetch as Areas of Critical Environmental Concern (ACEC) on 

BLM land (the entire Coolgardie Mesa population and approximately 10 percent of the Paradise 

Valley population). The USFWS anticipated the prescribed management actions in the WEMO 

Plan associated with the ACEC designations would be fully implemented and would 

significantly abate threats to Lane Mountain milk-vetch. However, management and 

conservation measures prescribed for the species on BLM lands have not been fully implemented 

as expected nor have they had the anticipated effect. For example, in the 2008 5-year review 

USFWS anticipated BLM’s actions would result in a decrease in OHV use, but analysis of BLM 

data indicates OHV use has increased (USFWS 2014a). If BLM had implementation, 

enforcement, and monitoring plans for these ACECs, BLM would have known within a few 

years that their ACEC designations for Coolgardie Mesa and Paradise Valley were not producing 

the results that BLM and USFWS expected. Rather, they learned this from USFWS in 2014. 

 

Effectiveness of Signing, Route Maps, and Education 

 

BLM is proposing to use signing, maps, and education of the public to achieve compliance with 

the use of open and closed routes. Below are three locations where BLM has used this approach 

before in the West Mojave Planning Area and the results. 

 

Coolgardie Mesa contains one of four locations or populations of the endangered Lane Mountain 

milk-vetch. Off-highway vehicle use had increased in one portion of the Coolgardie site since 

1998, creating a barren area of approximately 20 acres (8 hectares) where Lane Mountain milk-

vetch used to occur (Hessing 2006, as cited in USFWS 2008). In the West Mojave Plan (BLM 

2005), BLM identified minimizing vehicle routes of travel, fencing, education, and enforcement 



as conservation measures to help the Lane Mountain milk-vetch and its habitat. However, 

activities such as fencing, signing, and closing areas have had limited success in managing 

access or controlling new unauthorized routes for the milk-vetch (USFWS 2014a). BLM 

installed prominent signs at the south entrance to Coolgardie Mesa to educate the public about 

the milk-vetch and about staying on designated roads. In 2006, the USFWS funded the 

acquisition of equipment and materials for BLM to install 2 miles (3.2 kilometers) of fencing to 

secure sites from additional damage and to initiate restoration activities (USFWS 2008) for the 

milk-vetch. In 2012, staff from the USFWS visited the Coolgardie Mesa and reviewed BLM 

route data. They observed that the signs had been defaced and were not readable, and identified 

an increase in OHV routes in the Coolgardie Mesa area from about 67 miles (mi) [108 kilometers 

(km)] in 2005 to 134 mi (216 km) in 2012. The unauthorized OHV activities included 

development of new roads and establishment of camping and staging areas in previously 

undisturbed areas. Apparently, BLM did not fully implement the fencing (fenced a short linear 

area), did not maintain the signs to educate the public, and did not enforce the route designations 

in the ACEC for the Lane Mountain milk-vetch.  

 

When BLM established the Desert Tortoise Research Natural Area (DTRNA) and closed it to 

OVH use and grazing, it posted signs to mark the boundary of the DTRNA to control the 

unauthorized use and published maps showing the area as closed to vehicles. Despite these 

efforts, trespass continued. BLM fenced the DTRNA to exclude these unauthorized uses. Over 

the years, fencing has been cut but the frequency of fence cutting tends to reduce over time 

(Estrada 2017). 

 

BLM designated the Western Rand ACEC in the 1980 California Desert Conservation Area Plan 

to protect and restore the habitat and populations of the desert tortoise in the Rand Mountains 

and adjacent portions of the Fremont Valley. The area is designated critical habitat for the 

tortoise and was once home to large numbers of desert tortoise. This desert tortoise ACEC (DT 

ACEC) plays an important role in connecting the tortoises of the DTRNA to those in the east in 

the Fremont-Kramer DT ACEC and Superior-Cronese DT ACEC.  

 

The BLM’s 1993 Management Plan for the Rand Mountains - Fremont Valley Management 

Area included areas that have been popular with OHV enthusiasts for a few decades (Desert 

Tortoise Preserve Committee 2002). A vehicle route system was established under the 1993 

Plan; BLM posted signs to inform recreational users that vehicle use was restricted to specific 

routes and areas and other education methods. This educational approach to achieve compliance 

did not work. The habitat had undergone severe degradation due to this human impact. BLM 

closed a portion of the ACEC and fenced it for six years. It was reopened for one year and closed 

again because of non-compliance with route signing by OHV recreational users (Berry et al. 

2014).  

 

In this situation, BLM experimented with using education through signing and other methods to 

achieve compliance from OHV recreational users; BLM expended years of effort (e.g., Goodlett 

and Goodlett 1992; BLM 2002, 2006; U.S. District Court 2009, as cited in Berry et al. 2014) but 

compliance was not achieved and impacts to habitat degradation continued. As a result, BLM 

closed and fenced a portion of the critical habitat in 2002, and this area remained closed with the 



exception of a year (2008–2009), when the area was reopened. Because of continued non-

compliance by off-highway vehicle users, the area was closed again in 2009 (Berry et al. 2014). 

 

While many OHV recreation users may try to comply with route designations and confine their 

activities to open routes, BLM’s approach to compliance by signing open and closed routes is 

problematic.  

• BLM assumes that riders will be self-enforcing if they know (using signs and maps) 

where the open and closed routes are.  

• Signs are problematic; with some effort, can be removed or damaged so their information 

is unclear. OHV drivers are travelling frequently at fast rates and concentrating on the 

terrain in front of them, not low narrow signs with tan colors that blend in with the 

surrounding area.  

• Many riders are repeat recreationists to an area. They have a habit or ritual of driving in 

particular areas. Closing an area that has been used in the past for OHV recreation means 

effectively communicating this change to the users, changing their habits, and enforcing 

this change until it becomes a new habit. These tasks are not easy to accomplish.  

• Once a few people venture off an open route, they have created a new route and others 

tend to follow. The damage to the environment from creating these unauthorized routes 

takes decades or longer to restore. The issue of who is responsible to restore that damage 

is not addressed. 

 

Therefore, BLM’s proposed action in the action alternatives to return to compliance/ 

enforcement methods (i.e., signing and mapping/education) that have been ineffective will likely 

continue to be ineffective and result (based on past experience) in route proliferation, additional 

damage to natural and cultural resources, and no mitigation for the damages to these resources 

that are managed for the public by BLM. Until new effective methods are developed that result 

in a high level of compliance/enforcement of closed routes and closed areas, we believe BLM 

should provide a physical barrier such as a fence that was constructed and maintained for the 

DTRNA and part of the Western Rand ACEC to help OHV recreationists comply. 

 

Legal and Regulatory Authorities and Directives Applicable to BLM’s Management of 

Resources Affecting the Desert Tortoise and Off-highway Vehicles 

 

Federal Land Policy and Management Act: The California Desert Conservation Area (CDCA) 

was created by order of Congress with the passage of the FLPMA of 1976. A purpose of FLPMA 

and in establishing the CDCA is “to provide for the immediate and future protection and 

administration of the public lands in the California desert within the framework of a program of 

multiple use and sustained yield, and the maintenance of environmental quality.” The term 

“sustained yield” means the achievement and maintenance in perpetuity of a high-level annual or 

regular periodic output of the various renewable resources of the public lands consistent with 

multiple use. “Environmental quality” is not defined in FLPMA, therefore, we rely on the 

definition in the dictionary. Environmental quality is a set of properties and characteristics of 

the environment, either generalized or local, as they impinge on human beings and other 

organisms. It is a measure of the condition of an environment relative to the requirements of one 

or more species and or to any human need or purpose. 

 



Endangered Species Act: The FESA of 1973 directs all federal agencies to “ …utilize their 

authorities in furtherance of the purposes of this Act by carrying out programs for the 

conservation of endangered species and threatened species…” In FESA, Congress defined an 

“endangered species” as “any species which is in danger of extinction throughout all or a 

significant portion of its range…” The California Endangered Species Act (CESA) contains a 

similar definition. In CESA, the California legislature defined an “endangered species” as a 

native species or subspecies of a bird, mammal, fish, amphibian, reptile, or plant, which is in 

serious danger of becoming extinct throughout all, or a significant portion, of its range due to one 

or more causes. (California Fish and Game Code § 2062.)  

 

Executive Order 11644 - Use of off-road vehicles on the public lands - This Order also required 

BLM to develop operating conditions, public information, appropriate penalties for violations of 

regulations adopted pursuant to the order, and the monitoring of the effect of the use of OHVs on 

lands under its jurisdiction. 

 

Executive Order 11989 – Off-Road Vehicles on Public Lands to amend Executive Order 11644 - 

This Order added Section 9. Section 9(a) directs that if a determination is made that OHV use 

will cause or is causing considerable adverse effects on the soil, vegetation, wildlife, wildlife 

habitat, or cultural or historic resources of an area or trail on public lands, that the agency 

immediately close the area or trail to the type of vehicle causing the damage, until such time as it 

is determined that such effects have been eliminated and that measures have been implemented 

to prevent future recurrence.”  

 

Executive Order 13195 – Trails for America in the 21st Century - Section 1 directs federal 

agencies to protect, connect, promote, and assist trails of all types throughout the United States. 

This will be accomplished by: (a) Providing trail opportunities of all types, with minimum 

adverse impacts and maximum benefits for natural, cultural, and community resources; (b) 

Protecting the trail corridors associated with national scenic trails and the high priority potential 

sites and segments of national historic trails. Section 4 states that “nothing in this Executive 

Order shall be construed to override existing laws, including those that protect the lands, waters, 

wildlife habitats, wilderness areas, and cultural values of this Nation.” 

 

BLM Manual 

 2930 - Recreation Permits and Fees    

02. Objectives  

Section E. Establish a permit and fee program that provides needed public services; satisfies 

recreation demand within allowable use levels; minimizes user conflicts; and protects and 

enhances public lands, recreation opportunities, and sustainable healthy ecosystems. This 

includes managing recreation programs and facilities in a manner that protects the resources, 

the public and their investment, and that also fosters pride of public ownership.  

 

Section F. Assure that recreational users assume an appropriate share of the cost of 

maintaining recreation programs and facilities and protecting the resources 

 



Section G. Issue recreation permits in an equitable manner for specific recreational uses of 

the public lands and related waters as a means to manage visitor use; provide for visitor 

health, safety, and enjoyment; minimize adverse resource impacts; 

 

 1613 – Areas of Critical Environmental Concern  

.6 Monitoring and Management of ACECs  - FLPMA requires BLM to give priority to the 

designation and protection of ACECs. Protection is afforded by implementing 

management prescriptions set forth in the approved Resource Management Plan or plan 

amendment. Follow-up monitoring is also essential for ensuring the protection of ACEC 

values and resources. Given FLPMA’s mandate that BLM give priority to designation and 

protection of ACECs, implementation and monitoring of ACECs is subject to the 

following requirements and guidelines: 

 

.61 ACEC Implementation Schedules – An implementation schedule must be prepared 

for each ACEC. Such schedules shall identify the priority, sequence, and costs of 

implementing activities associated with protection of the ACEC resources or values, 

including monitoring activities. The ACEC implementation schedule shall be 

maintained and used as the basis for tracking and reporting on ACEC 

implementation.  

.62 ACEC Activity Plans – Site-specific activity plans may be prepared but are not 

required. 

.63 ACEC Monitoring – Resources in an ACEC are assumed to be sensitive. Therefore, 

essential monitoring is critical to ensure that protection of the identified resource 

values occurs and to keep the managing official aware of how well the Resource 

Management Plan provisions are accomplishing their objectives. If needed, 

modification to the RMP will be identified early so that protection is accomplished. 

.65 Annual Status Reports on ACECs – annually report on the progress made in 

implementing and monitoring ACECs to track accomplishments in managing ACECs. 

The report includes management measures undertaken and completed as well as 

proposed management measures for the next fiscal year. 

 

  6840 – Special Status Species Management 

.01 Purpose. The purpose of this manual is to provide policy and guidance for the 

conservation of BLM special status species and the ecosystems upon which they depend 

on BLM-administered lands. BLM special status species are: (1) species listed or 

proposed for listing under the Endangered Species Act (ESA), and (2) species requiring 

special management consideration to promote their conservation and reduce the 

likelihood and need for future listing under the ESA, which are designated as Bureau 

sensitive by the State Director(s). 

 

.02 Objectives. The objectives of the BLM special status species policy are: A. To conserve 

and/or recover ESA-listed species and the ecosystems on which they depend so that ESA 

protections are no longer needed for these species. B. To initiate proactive conservation 

measures that reduce or eliminate threats to Bureau sensitive species to minimize the 

likelihood of and need for listing of these species under the ESA. 

 



.04 Responsibility. 

E. District Managers and Field Managers are responsible for implementing the BLM 

special status species policies and program within their area of jurisdiction by:  

1. Implementing conservation strategies for BLM special status species as contained in 

approved recovery plans, cooperative agreements, and other instruments the BLM 

has cooperatively participated in the development of.  

2. Conducting and maintaining current inventories of BLM special status species on 

BLM-administered lands.  

3. Ensuring that all actions undertaken comply with the ESA, its implementing 

regulations, and other directives associated with ESA-listed and proposed species.  

4. Ensuring that the results of formal Section 7 consultations, including mandatory 

terms and conditions in incidental take statements that are consistent with 50 CFR 

402 regulations, are implemented and documented in the administrative record.  

7. Monitoring populations of Bureau special status species to determine whether 

management objectives are being met. Records of monitoring activities are to be 

maintained and used to evaluate progress relative to such objectives. Monitoring 

shall be conducted consistent with the principles of adaptive management as defined 

in Department of the Interior policy, as appropriate.   

 

Status and Trend for Agassiz’s Desert Tortoise in the Mojave Desert:  

 

Agassiz’s desert tortoise (=Mojave desert tortoise) was listed as threatened under the federal 

Endangered Species Act in 1990 and California Endangered Species Act in 1989. Listing was 

warranted because of ongoing population declines throughout the range of the tortoise from 

multiple human-caused activities. Since these listings, population numbers and densities of the 

tortoise continue to decline substantially (see Table 1).  

 

Table 1. Summary of 10-year trend data for 5 Recovery Units and 17 Critical Habitat Units 

(CHU)/Tortoise Conservation Areas (TCA) for Agassiz’s desert tortoise, Gopherus 

agassizii (=Mojave desert tortoise). The table includes the area of each Recovery Unit 

and Critical Habitat Unit (CHU)/Tortoise Conservation Area (TCA), percent of total 

habitat for each Recovery Unit and Critical Habitat Unit/Tortoise Conservation Areas, 

density (number of breeding adults/km2 and standard errors = SE), and the percent 

change in population density between 2004-2014. Populations below the viable level of 

3.9 breeding individuals/km2 (10 breeding individuals per mi2) (assumes a 1:1 sex ratio) 

and showing a decline from 2004 to 2014 are in red. (From USFWS 2015, available at 

https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewid

e_mojave_desert_tortoise_monitoring.pdf) 

 

Recovery Unit  

      Designated Critical Habitat 

Unit/Tortoise Conservation Area 

Surveyed 

area (km2) 

% of total 

habitat area in 

Recovery 

Unit & 

CHU/TCA 

2014 

density/km2 

(SE) 

% 10-year change 

(2004–2014) 

Western Mojave, CA 6,294 24.51 2.8 (1.0) –50.7 decline 

     Fremont-Kramer 2,347 9.14 2.6 (1.0) –50.6 decline 

https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewide_mojave_desert_tortoise_monitoring.pdf
https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewide_mojave_desert_tortoise_monitoring.pdf


     Ord-Rodman 852 3.32 3.6 (1.4) –56.5 decline 

     Superior-Cronese  3,094 12.05 2.4 (0.9) –61.5 decline 

Colorado Desert, CA 11,663 45.42 4.0 (1.4) –36.25 decline 

     Chocolate Mtn AGR, CA   713 2.78 7.2 (2.8) –29.77 decline 

     Chuckwalla, CA 2,818 10.97 3.3 (1.3) –37.43 decline 

     Chemehuevi, CA 3,763 14.65 2.8 (1.1) –64.70 decline 

     Fenner, CA 1,782 6.94 4.8 (1.9) –52.86 decline 

     Joshua Tree, CA 1,152 4.49 3.7 (1.5) +178.62 increase 

     Pinto Mountain, CA 508 1.98 2.4 (1.0) –60.30 decline 

     Piute Valley, NV 927 3.61 5.3 (2.1) +162.36 increase 

Northeastern Mojave 4,160 16.2 4.5 (1.9) +325.62 increase 

     Beaver Dam Slope, NV, UT, 

AZ  

750 2.92 6.2 (2.4) +370.33 increase 

     Coyote Spring, NV 960 3.74 4.0 (1.6) + 265.06 increase 

     Gold Butte, NV & AZ   1,607 6.26 2.7 (1.0) + 384.37 increase 

     Mormon Mesa, NV 844 3.29 6.4 (2.5) + 217.80 increase 

Eastern Mojave, NV & CA      3,446 13.42 1.9 (0.7) –67.26 decline 

     El Dorado Valley, NV 999 3.89 1.5 (0.6) –61.14 decline 

     Ivanpah, CA 2,447 9.53 2.3 (0.9) –56.05 decline 

Upper Virgin River 115 0.45 15.3 (6.0) –26.57 decline 

     Red Cliffs Desert  115 0.45 15.3 (6.0) –26.57 decline 

Total amount of land 25,678 100.00  –32.18 decline 

 

The Council has serious concerns about sources of human mortality for the tortoise given the 

status and trend of the desert tortoise range wide and in West Mojave Planning Area (Tables 1 

and 2). A few years after listing the Mojave desert tortoise under the FESA, the USFWS 

published a Recovery Plan for the Mojave desert tortoise (USFWS 1994b). It contained a 

detailed population viability analysis. In this analysis, the minimum viable density of a Mojave 

desert tortoise population is 10 adult tortoises per mile2 (3.9 adult tortoises per km2). This 

assumed a male-female ratio of 1:1 (USFWS 1994b, page C25). Populations of Mojave desert 

tortoises with densities below this amount are in danger of extinction (USFWS 1994b, page 32). 

 

In the West Mojave Planning Area, there are three tortoise populations and BLM has designated 

four ACECs that overlap these populations. In 2015, the USFWS reported that the population 

densities of the Fremont-Kramer, Ord-Rodman, and Superior-Cronese populations were 2.6, 3.6, 

and 2.4 tortoises per km2, respectively (USFWS 2015). These densities are below the viable level 

of 3.9 breeding individuals/km2 (10 breeding individuals per mi2) reported in the recovery plan 

(USFWS 1994b). Between 2004 and 2014, these three tortoise populations declined by 50.6, 

56.5, and 61.5 percent, respectively (USFWS 2015). Most of this period of decline occurred after 

the 2006 record of decision for the West Mojave Plan. 

 

Table 2. Summary of 10-year trend data for the Western Mojave Recovery Unit and four Critical 

Habitat Units (CHU)/Tortoise Conservation Areas (TCA) for Agassiz’s desert tortoise, Gopherus 

agassizii (=Mojave desert tortoise). The table includes the area of the Recovery Unit and Critical 

Habitat Unit (CHU)/Tortoise Conservation Area (TCA), percent of total habitat for each 



Recovery Unit and Critical Habitat Unit/Tortoise Conservation Areas, density (number of 

breeding adults/km2 and standard errors = SE), and the percent change in population density 

between 2004-2014. Populations below the viable level of 3.9 breeding individuals/km2 (10 

breeding individuals per mi2) (assumes a 1:1 sex ratio) and showing a decline from 2004 to 2014 

are in red. (From USFWS 2015, available at 

https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewide_mojave

_desert_tortoise_monitoring.pdf) 

 

Recovery Unit 

Designated Critical Habitat 

Unit/Tortoise Conservation 

Area/ACEC 

Surveyed 

area (km2) 

% of total 

habitat area in 

Recovery 

Unit & 

CHU/TCA 

2014 

density/km2 

(SE) 

% 10-year change 

(2004–2014) 

Western Mojave, CA 6,294 24.51 2.8 (1.0) –50.7 decline 

     Fremont-Kramer 2,347  9.14 2.6 (1.0) –50.6 decline 

     Ord-Rodman    852  3.32 3.6 (1.4) –56.5 decline 

     Superior-Cronese  3,094 12.05 2.4 (0.9) –61.5 decline 

Colorado Desert    –36.25 decline 

Pinto Mountain    508  1.98 2.4 (1.0) –60.3 decline 

 

Data on population density alone does not indicate population viability. The area of protected 

habitat or reserves for the subject species is a crucial part of the viability analysis. The USFWS’ 

analysis included population density and size of reserves and population numbers and size of 

reserves. The USFWS’ analysis reported that as population densities for the Mojave desert 

tortoise decline, reserve sizes must increase, and as population numbers for the Mojave desert 

tortoise decline, reserve sizes must increase (USFWS 1994b, page C53). In 1994, reserve design 

(size and locations of reserves or Desert Wildlife Management Areas) (USFWS 1994b) and 

subsequent designation of critical habitat (USFWS 1994a) were based on the population viability 

analysis from numbers and densities of populations of the Mojave desert tortoise in the early 

1990s. Inherent in this analysis is that the lands be managed with reserve level protection 

(USFWS 1994b, page 36) or ecosystem protection as described in section 2(b) of the Endangered 

Species Act (similar to that of the DTRNA), and that sources of mortality be reduced so 

recruitment exceeds mortality (that is, lambda > 1)(USFWS 1994b, page C46). While BLM 

designated the four reserves (Fremont-Kramer, Ord-Rodman, Superior-Cronese, and Pinto 

Mountains) as ACECs in the West Mojave Plan, it did not provide for reserve level management. 

Hence, in the West Mojave Desert, tortoise recruitment is less than human-caused mortality 

(lambda is <1) and population numbers and densities continue to decline.   

 

Agassiz’s desert tortoise is now on the list of the world’s most endangered tortoises and 

freshwater turtles. It is in the top 50 species. The International Union for Conservation of 

Nature’s (IUCN) Species Survival Commission, Tortoise and Freshwater Turtle Specialist 

Group, now considers Agassiz’s desert tortoise to be Critically Endangered (Turtle Conservation 

Coalition 2018).  

 

The IUCN places a taxon in the Critically Endangered category when the best available evidence 

indicates that it meets one or more of the criteria for Critically Endangered.” These criteria are 1) 

https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewide_mojave_desert_tortoise_monitoring.pdf
https://www.fws.gov/nevada/desert_tortoise/documents/reports/2013/201314_rangewide_mojave_desert_tortoise_monitoring.pdf


population decline - a substantial (>80 percent) reduction in population size in the last 10 years; 

2) geographic decline - a substantial reduction in extent of occurrence, area of occupancy, 

area/extent, or quality of habitat, and severe fragmentation of occurrences; 3) small population 

size with continued declines; 4) very small population size; and 5) analysis showing the 

probability of extinction in the wild is at least 50 percent within 10 years or three generations. 

Numbers 2, 3, and 5 apply to Agassiz’s desert tortoise (see Table 1). Therefore, Agassiz’s desert 

tortoise is facing an extremely high risk of extinction in the wild in the foreseeable future.  

 

In the FESA, Congress defined an “endangered species” as “any species which is in danger of 

extinction throughout all or a significant portion of its range…” In CESA, the California 

legislature defined an “endangered species” as a native species or subspecies of a bird, mammal, 

fish, amphibian, reptile, or plant, which is in serious danger of becoming extinct throughout all, 

or a significant portion, of its range due to one or more causes. (California Fish and Game Code 

§ 2062). In reviewing the data in Table 1 above, all tortoise populations in California declined 

from 2004 to 2014 except one; it is on lands managed by the National Park Service. Thus, the 

data indicate that the threatened desert tortoise may now meet the definition of endangered.  

 

The DTRNA was established in 1976 by the BLM, with assistance from the Desert Tortoise 

Preserve Committee. The DTRNA’s management goal is to protect the habitat in its natural state, 

without direct conflict from human activities such as livestock grazing, recreational vehicle use, 

and mining. It was designated an ACEC in 1980 under the CDCA Plan. Located in the western 

Mojave Desert in northeastern Kern County, the total area encompasses more than 25,000 acres 

of public and private lands and is adjacent to the Fremont-Kramer ACEC for the desert tortoise. 

The DTRNA has one of the highest known densities of desert tortoises per square mile in the 

species' geographic range (California, Utah, Nevada, and Arizona,). Tortoise densities are from 

100 to 200 per square mile in some parts of the DTRNA (BLM 2018a). This is in contrast to the 

tortoise densities in the Fremont-Kramer ACEC, which are 2.6 per square kilometer or 6.7 per 

square mile. The difference in management between the DTRNA and adjacent Fremont-Kramer 

DT ACEC is that livestock grazing, recreational vehicle use, and mining have been excluded and 

on-the-ground management actions (e.g., fencing) have been implemented to ensure that the 

exclusions are maintained and enforced at the DTRNA, whereas these uses continue in the 

Fremont-Kramer DT ACEC. 

 

Literature Review and Discussion of Impacts Associated with Roads 

 

Information from Desert Tortoise Recovery Plans: Our intent in providing the information 

below from the desert tortoise recovery plans is to show that the adverse effects of OHV use and 

roads on the desert tortoise and its habitat has been documented in the scientific literature for 

decades. Using this information, two recovery teams of scientists prepared a recovery plan 

(USFWS 1994b) and revised recovery plan (USFWS 2011a) with management actions that 

would recover the tortoise. To date, most of these management actions have not been 

implemented on public lands in the CDCA. Given BLM’s mandates under FLPMA and section 

7(a)(1) of the FESA, we believe BLM can and should be implementing the recovery actions on 

its lands regarding OHV use, road impacts, and habitat restoration. 

 



Information from: U.S. Fish and Wildlife Service. 1994. Proposed desert wildlife 

management areas for recovery of the Mojave population of the desert tortoise. An 

addendum to: U.S. Fish and Wildlife Service. 1994. Desert Tortoise (Mojave Population) 

Recovery Plan. 1994. Region 1, Portland, Oregon. 

 

• The current estimated average regional density of adult desert tortoises is 35 per square mile 

with stable populations occurring away from roads and highways (p. 9). 

• With growing recreation pressures in the East Mojave Scenic Area, desert tortoise mortality 

rates from collecting, vandalism, and road kills can be expected to rise (p. 9). 

• Areas designated as wilderness can offer significant protection for desert tortoises (p.11). 

 

• Fremont-Kramer DWMA (currently ACEC) 

Population declines since the late 1970s and early 1980s have been catastrophic and appear to 

be due almost entirely to human-related activities and Upper Respiratory Tract Disease 

(URTD) (Berry and Nicholson 1984, Berry 1984). In addition to declines in abundance, the 

proportion of juvenile and immature desert tortoises declined between the 1970s and 1980s, 

apparently due to excessive raven predation (BLM et al. 1989, Berry 1990, as amended). 

Collecting, vandalism, road kills, disease, raven predation, OHV activity, and other related 

human impacts have contributed to significant population declines (p. 65). 

 

Paved and unpaved roads, some of which are maintained by the counties, exist throughout the 

DWMA and are significant sources of mortality (p. 67). 

 

Table 12. Fremont-Kramer DWMA 

Management actions identified in the Recovery Plan for the Fremont-Kramer DWMA 

Sign and Fence Boundaries 

Restore Habitat 

Close Roads 

Withdraw Grazing (p. 70) 

 

• Ord-Rodman DWMA (p. 74) 

Collecting, vandalism, road kills, disease, OHV activities, livestock grazing, and other, 

human-related impacts have contributed to significant population declines. 

 

Within the DWMA, human uses include shooting, paramilitary activities, OHV use, general 

recreation, mining, powerline corridors, and hunting for upland game birds. Trails and routes 

from OHV use are common in the Johnson Valley Open Area, but not as common elsewhere 

(estimate of about 36 linear miles per township) (p. 74). 

 

Table 13. Ord-Rodman DWMA 

Management actions identified in the Recovery Plan for the Ord-Rodman DWMA. 

Sign and Fence Boundaries 

Restore Habitat 

Close Roads 

Withdraw Grazing  

Establish Ecological Reserve and Research Natural Area 



 

• Superior-Cronese DWMA (p. 78) 

Several roads create barriers and inhibit movement of desert tortoises 

Other unpaved roads dissect or fragment the DWMA, including Black Canyon, Opal 

Mountain, Coolgardie, Copper City, Indian Springs, Fossil Bed, Pipeline, and Arrowhead 

Trail roads. 

 

OHV use is expected to increase with population growth in the Barstow area and the north 

Victorville-Helendale area. With increased human use, the desert tortoise population will be 

exposed to increased collection for pets and commercial uses, vehicle kills, and vandalism (p. 

81). 

 

Table 14. Superior-Cronese DWMA 

Management actions identified in the Recovery Plan for the Superior-Cronese DWMA  

Sign and Fence Boundaries 

Restore Habitat 

Close Roads 

Withdraw Grazing (p. 82) 

 

• Pinto Mountains DWMA [originally part of the Joshua Tree DWMA] 

Most of the proposed DWMA lands … are managed by the BLM as part of the CDCA. BLM 

is mandated to manage these lands for multiple use and sustained yield and to conserve desert 

tortoise habitat (p. 87). 

 

Because this DWMA is isolated from other DWMAs, it should be as large as possible to 

maximize the long-term survival of desert tortoise of this desert tortoise population (p.86). 

 

Significant barriers exist outside or on the edges of the Joshua Tree DWMA which prevent 

movements of desert tortoises from this DWMA to the Chuckwalla DWMA or other DWMAs 

(p. 86). 

 

Urban development, highways, agricultural fields, and military and industrial complexes have 

severely fragmented and restricted adjacent tortoise habitats (p. 87). 

 

This DWMA is currently affected by a variety of human uses occurring both within and 

adjacent to its borders. Some uses include numerous urban developments, light industrial 

developments, military ground and air training, OHV use, mining, landfills, garbage dumps, 

grazing, and moderate and major vehicle traffic. Additional concerns include increased human 

access and use of the area (collection, vandalism, road kills of desert tortoises), the effects of 

accidental spills or derailments and clean-up efforts (degradation and loss of desert tortoise 

habitat), maintenance of the rail line, and the effects of noise on desert tortoise physiology and 

behavior, including movements (pp. 88-89). 

 

Desert tortoise habitats not protected within the DWMA would likely experience rapid 

degradation from many types of uses, including military ground training, OHV use, increased 



vehicle traffic, general recreation, grazing, mining, landfills, urban development, collecting, 

vandalism, and increased predation from wild and domestic predators (p. 89). 

 

Table 15. Joshua Tree DWMA (includes Pinto Basin DWMA) 

Sign and Fence Boundaries 

Restore Habitat 

Close Roads 

Withdraw Grazing (p. 90) 

 

Information from: U.S. Fish and Wildlife Service. 1994. Desert Tortoise (Mojave 

Population) Recovery Plan. 1994. Region 1, Portland, Oregon. 

 

P. 5:  Table 1.Partial summary of references relating to effects of human activities, off-highway 

vehicles, and grazing of domestic cattle and sheep on desert tortoise habitat and on the desert 

tortoise. 

 

The summary of effects of human activities, OHVs, and grazing on desert tortoise habitat and on 

the desert tortoise includes effects to tortoises from dirt roads, human vandalism (facilitated by 

road access), collection and trade (facilitated by road access), loss of soil, loss of annual native 

vegetation, loss of perennial vegetation, loss of tortoise burrows, crushing tortoises, long-term 

loss of soil, soil compaction, long-term loss of native vegetation, introduction of nonnative 

vegetation. 

 

P. 6: Desert tortoises are often struck and killed by vehicles on roads and mortality of desert 

tortoise due to… off-highway vehicles is common in parts of the Mojave region. 

 

P. 6: Between 1981 and 1987, 40 percent of desert tortoise found dead on a study plot in Fremont 

Valley, CA were killed by gunshot or vehicles travelling cross-country or on trails. 

 

P. 8: Habitat Destruction, Degradation, and Fragmentation: Habitat fragmentation is a major 

contributor to population declines. Desert tortoise require a great deal of space to survive. Over 

its lifetime, each desert tortoise may require more than 1.5 square miles of habitat and may make 

forays of more than 7 miles at a time. 

 

In drought years, desert tortoise forage over larger areas and thus have a greater probability of 

encountering potential sources of mortality. 

 

P. 27-28: Desert Tortoise Life History, Population Dynamics, and Other Factors: The life history 

strategy of the desert tortoise depends on longevity and iteroparity (reproduction many times per 

lifetime). Because adults normally live long enough to have multiple opportunities to reproduce, 

populations can grow or at least remain stationary (neither growing nor declining) if long periods 

with unsuccessful reproduction are punctuated occasionally with a few successful years. This life 

history strategy is advantageous where availability of resources is unpredictable and juvenile 

survival rates are highly variable, but even moderate downward fluctuations in adult survival can 

result in rapid population declines. Thus, sustaining high survivorship of adult desert tortoise is 

the key factor in the recovery of this species. 



 

No populations with rates of growth as low as these [i.e., 0.5% to 1.0 % per year] can stand loss 

rates of breeding adults as high as those reported in the population shown in Figure 1 [~50% in 

13 years] without serious threat of extinction. The desert tortoise is extremely vulnerable to 

extinction in areas in which the probability of adult survival has been significantly reduced 

[below the 98% normal survival rate per year]. Other species with similar life history strategies 

(e.g., California condor, black rhinoceros, blue whale) have been caught in altered environments 

in which the probability of adult survival has decreased dramatically. These species are all in 

danger of extinction. 

 

Other factors also affect recoverability of this species. For example, desert tortoises have 

complex social behaviors and intimate familiarity with their home ranges. Desert tortoise 

recovery is further complicated by the large area involved. There is considerable genetic and 

ecological variability within the desert tortoise throughout the Mojave region. Maintaining this 

variability is necessary for desert tortoises to adapt to these varied environmental conditions and 

possible future changes in the environment. 

 

P. 33: Comprehensive Considerations in Population Viability: The 1994 Recovery Plan 

recommended DWMAs at least 1,000 square miles as the target size. Reserves of this size will 

likely provide sufficient buffering from demographic stochasticity and genetic problems at low 

population densities and they are large enough to support recovered populations that have 

reasonable probabilities of persistence into the future. 

 

[definition of a reserve is a protected area; A site where human uses are restricted or prohibited 

and where conservation of biodiversity is a primary goal. 

http://sites.sinauer.com/groom/article21.html] 

 

P. 34: Reserve Architecture: Principles of reserve design indicate that the shape of DWMAs is 

also very important. 

 

P. 49: Blocks of habitat that are roadless or otherwise inaccessible to humans are better than 

blocks containing roads and habitat blocks easily accessible to humans. 

 

P. 50: Develop Reserve-level Management within DWMAs: Because the factors causing the 

decline of the desert tortoise are primarily human-related (see Section I.B.), many human 

activities within DWMAs will need to be strictly regulated or eliminated. Recommended 

management actions should be tailored to the needs of specific DWMAs and include activities 

such as eliminating burro, horse, and domestic livestock grazing; limiting vehicular access, 

including prohibiting new vehicular access and reducing existing access; and prohibiting new 

surface disturbances, except to improve the quality of wildlife habitat, watershed protection, or 

improve opportunities for non-motorized recreation… 

 

P. 51: Implement Reserve-level Management within DWMAs: Specific actions are 

recommended in Section II.E. and include activities such as partial fencing of DWMA 

boundaries to control livestock, burros, and horses; increased law enforcement; closure of 

vehicle routes and designation of vehicle ways; and construction of barrier fencing and highway 

http://sites.sinauer.com/groom/article21.html


underpasses that can be used by desert tortoises, thus reducing mortality of animals on and near 

roads and railroad tracks. 

 

Appendix F-32: Designate the Ord-Rodman DWMA as an Ecological Reserve or Research 

Natural Area. 

 

Appendix F-35: Fence the periphery of the DWMA as needed to enforce regulations and protect 

desert tortoises from human impacts. 

 

Information from: U.S. Fish and Wildlife Service. 2011. Revised recovery plan for the 

Mojave population of the desert tortoise (Gopherus agassizii). U.S. Fish and Wildlife 

Service, Pacific Southwest Region, Sacramento, California. 222 pp. 

 

P. 6: Between 1978 and 1983, BLM conducted desert tortoise triangular transects. To make 

efficient use of resources for the planning effort, most transects were placed in areas with 

vegetation and slope characteristics that were expected to support desert tortoises. Transects 

were spaced to cover larger areas fairly evenly, and were set away from dirt roads and even 

farther from paved roads. Thus, as early as 1978, BLM knew that where there were dirt roads 

nearby, these area were not likely to support desert tortoises. 

 

P. 15: Since the 1800s, portions of the desert southwest occupied by desert tortoises have been 

subject to a variety of impacts that cause habitat loss, fragmentation, and degradation, thereby 

threatening the long-term survival of the species (USFWS 1994a). Some of the most apparent 

threats are those that result in mortality and permanent habitat loss across large areas, such as 

urbanization, and those that fragment and degrade habitats, such as proliferation of roads and 

highways, off-highway vehicle activity, poor grazing management, and habitat invasion by 

nonnative invasive species (Berry et al. 1996; Avery 1997; Jennings 1997; Boarman 2002; 

Boarman and Sazaki 2006). 

 

P. 15: Off-highway vehicle activity, roads, livestock grazing, agricultural uses, and other 

activities contribute to the spread of non-native species (or the displacement of native species) 

and the direct loss and degradation of habitats (Brooks 1995; Avery 1998). 

 

P. 70: The following is a list of illegal activities known to negatively affect the desert tortoise 

and warrant increased enforcement: Unauthorized off-road vehicle travel. Across all recovery 

units, this aspect of law enforcement is the most important. Impacts from off-highway vehicle 

use include mortality of desert tortoises on the surface and below ground; collapsing of desert 

tortoise burrows; damage or destruction of plants used for food, water, and thermoregulation; 

damage or destruction of the mosaic of cover provided by vegetation; damage or destruction of 

soil crusts; soil erosion; proliferation of weeds; and increases in numbers and locations of 

wildfires. Unauthorized off-highway vehicle use also results in increased human access and 

associated impacts such as deliberate maiming, killing, and removal of tortoises. 

 

Effects of OHVs: PP. 71-73: Restrict, designate, close, and fence roads. Paved highways, 

unpaved and paved roads, trails, and tracks have significant impacts on desert tortoise 

populations and habitat. In addition to providing many opportunities for accidental mortality, 



they also provide access to remote areas for collectors, vandals, poachers, and people who do not 

follow vehicle-use regulations. Substantial numbers of desert tortoises are killed on paved roads. 

Roads also fragment habitat and facilitate invasion of non-native vegetation. Collectively, the 

actions described below are of relatively high priority in all recovery units. 

 

● Establishment of new roads should be avoided to the extent practicable within desert tortoise 

habitat within tortoise conservation areas; tortoise conservation areas should have a minimum 

goal of no net gain of roads. 

● Existing roads should be designated as open, closed, or limited. This action is especially 

pertinent for closed or limited designations, which can help mitigate impacts mentioned above. 

Maintenance of route designation signs may also be required due to vandalism. Route 

designation is a particularly high priority in all recovery units except Upper Virgin River 

(moderate priority). 

● Non-essential or redundant routes should be closed, especially within tortoise conservation 

areas. Emergency closures of dirt roads and routes may also be needed to reduce human access 

and disturbance in areas where human-caused mortality of desert tortoises is a problem. Road 

closures are a particularly high priority in all recovery units except Upper Virgin River 

(moderate priority). 

 

Consideration should also be given to posting speed limits on appropriate rural paved and all 

unpaved roads at 40 kilometers per hour (25 miles per hour). This speed limit will reduce the 

likelihood of vehicles hitting tortoises on the road, reduce the need for road grading due to wash-

boarding, and allow law enforcement to cite people for speeding or driving off-road in 

conservation areas. 

 

PP. 75-76 Restrict off-highway vehicle events within desert tortoise habitat. This action 

refers to large- or small-scale competitive races or non-competitive events involving up to 

thousands of motorcycles and other recreational off-highway vehicles. Prior to the 

implementation of current permitting and management practices (see for example BLM 1998), 

competitive off-highway vehicle events led to the widening of old routes, creation of new routes, 

camping and staging by race participants and observers in unauthorized areas, littering, and 

inability of race monitors to prevent unauthorized activities. 

 

This action entails prohibiting or demonstrably minimizing the effects of such events within 

tortoise habitat; limiting the number of events per year, limiting events to the winter season, and 

limiting the number of participants per event; and ensuring all participants stay on designated 

roads. Event planning should avoid existing tortoise conservation areas to the extent practicable. 

 

PP. 127 – 136: Increasing human populations result in corresponding increases in impacts to 

desert tortoise habitat not only through direct habitat loss. Impacts to desert tortoise habitat also 

occur as more people recreate in or otherwise spread into the desert and as greater infrastructure 

is needed to support growing communities and increased desire for access. Lovich and 

Bainbridge (1999) identified various types of anthropogenic impacts from which desert 

ecosystems may take 50 to 300 years to recover to pre-disturbance plant cover levels. 

 



2. Paved and Unpaved Roads, Routes, Trails, and Railroads. Vehicular roads, routes, and 

trails are the most common type of human disturbance observed in desert ecosystems, and much 

emphasis has been placed on understanding the impacts these linear features have on arid 

environments (Brooks and Lair 2005). Brooks and Lair (2005) cite vehicular routes as one of the 

biggest challenges to land managers in the desert southwest, especially as they relate to the 

conservation status of the desert tortoise. 

 

Direct and indirect impacts of roads and railroads on desert tortoise populations are well 

documented and include habitat and population fragmentation and degradation as well as 

mortality of individual tortoises (USFWS 1994a, Boarman 2002). Paved and unpaved roads 

serve as corridors for urbanization and dispersal of invasive species and provide access to 

recreation; railroads also facilitate urbanization and the spread of non-native plants. Roads and 

railroads also act as barriers to movement. Railroads are similar to roads as sources of mortality 

for desert tortoises, as tortoises can become caught between the tracks causing them to overheat 

and die or be crushed by trains (U.S. Ecology 1989). 

 

Direct effects to desert tortoise habitat from roads, routes, trails, and railroads also occur during 

initial stages of construction or off-highway vehicle route/trail establishment when vegetation 

and soils are lost or severely degraded. Construction of these features can result in physical and 

chemical changes to soils within unpaved roadways as well as in adjacent areas (Brooks and Lair 

2005). In addition, roadside vegetation is often more robust and diverse because water that 

becomes concentrated along roadside berms promotes germination, which attracts tortoises and 

puts them at higher risk of mortality as road-kill (Boarman et al. 1997). Raised roadbeds or other 

types of linear human infrastructure also affect water runoff patterns across the landscape, 

decreasing soil moisture on upland areas between channels downslope of the linear structure and 

resulting in lower shrub density and biomass (Schlesinger and Jones 1984; Brooks and Lair 

2009). 

 

von Seckendorff Hoff and Marlow (2002) demonstrated that there is a detectable impact on the 

abundance of desert tortoise sign adjacent to roads and highways with traffic levels from 220 to 

over 5,000 vehicles per day. The extent of the detectable impact was positively correlated with 

the measured traffic level; the higher the traffic counts, the greater the distance from the road 

reduced tortoise sign was observed (Hoff and Marlow 2002). This supports LaRue (1992) and 

Boarman et al. (1997), wherein depauperate desert tortoise populations were observed along 

highways. Subsequent research shows that populations may be depressed in a zone at least as far 

as 0.4 kilometers (0.25 miles) from the roadway (Boarman and Sazaki 2006). Hoff and Marlow 

(2002) also surmised that unpaved access roads with lower traffic levels may have significant 

effects on tortoises.  

 

Desert tortoise populations may also be indirectly affected by road corridors that fragment 

habitat and limit an animal’s ability to migrate and disperse (Boarman et al. 1997). 

Subsequently, populations may become isolated and at higher risk of localized extirpation from 

stochastic events or from inbreeding depression (Boarman et al. 1997; Boarman and Sazaki 

2006). Data suggest fences may reduce mortality of desert tortoises as well as other wildlife 

species (Boarman et al. 1997), and tortoises have been documented to use culverts to cross 



beneath roadways (Boarman et al. 1998), although the degree to which this use mitigates 

population-fragmenting effects has not been investigated. 

 

(a) Spread of Invasive Plants. Construction and maintenance of roadways facilitates changes in 

plant species composition and diversity. Non-native, invasive species and edge associated 

species often become dominant along these linear features, which serve as corridors for weed 

dispersal (Boarman and Sazaki 2006; Brooks 2009). Vegetation removal and manipulation and 

addition of soils in preparation for road construction, as well as grading of unpaved roads, create 

areas of disturbance that allow weedy species to become established and proliferate (Gelbard and 

Belnap 2003). Brooks and Berry (2006) found that the density of dirt roads was the best 

predictor of non-native plant proliferation as measured by non-native species richness and 

biomass of Erodium cicutarium. Vehicles serve as a major vector in dispersal of non-native 

species along roadways (Brooks and Lair 2005). 

 

Near Canyonlands National Park in Utah, cover of the non-native grass Bromus tectorum (cheat-

grass) was three times greater along paved roads than four-wheel-drive tracks, and richness (the 

number of species) and cover of non-native species were more than 50 percent greater and native 

species richness 30 percent lower at interior sites along paved roads than four-wheel-drive tracks 

(Gelbard and Belnap 2003). There also appears to be a correlation between the level of road 

improvement (i.e., paved, improved, unpaved) and the level of invasion by non-natives (Gelbard 

and Belnap 2003). As previous studies show (LaRue 1993; Boarman et al. 1997; Hoff and 

Marlow 2002; Boarman and Sazaki 2006), the greater the distance from the road, the more desert 

tortoise sign is observed. Similarly, the cover and richness of non-native species decreases as 

distance from the road increases (Boarman and Sazaki 2006). 

 

As natural areas are impacted by linear features such as roads, routes, trails, and railroads, 

previously intact, contiguous habitats become degraded and fragmented, and non-native invasive 

species play a more dominant role in ecosystem dynamics. For instance, increases in plant cover 

due to the proliferation of non-natives have altered fire regimes throughout the Mojave Desert 

region (Brooks 1999; Brooks and Esque 2002; Esque et al. 2003; Brooks et al. 2004) (see 

sections A(4)(b) and A(5) on Invasive Species and Increasing Fuel Load and Fire). 

 

(b) Predator Subsidies. In the desert southwest, common raven populations have increased over 

the past 25 years (greater than 1000 percent), probably in response to increased human 

populations and anthropogenic changes to the landscape, including roads, utility corridors, 

landfills, and sewage ponds (Knight and Kawashima 1993; Boarman and Berry 1995; Boarman 

et al. 1995; Knight et al. 1999; Boarman et al. 2006). See section C(3), Predation, for a detailed 

description of the effects of predator subsidies on the desert tortoise. 

 

3. Off-Highway Vehicles. Off-highway vehicle activities take many forms, from organized 

events, small- or large-scale competitive races involving up to thousands of motorcycles, to 

casual family activities. Organized events and off-highway vehicle tours are now reviewed and 

permitted by land managers. Generally, an education component and speed limitations are 

requirements of the permit. Nonetheless, unauthorized off-highway vehicle use continues to be 

of concern, for instance south of Interstate 10 in the Colorado Desert and adjacent to the Johnson 

Valley Open Area in the Western Mojave Recovery Unit, and present a variety of threats to the 



desert tortoise. Repeated off-highway vehicle trail use leads to new routes that are not included 

in road databases (Brooks and Lair 2009), a difficulty we found in trying to compile these data 

for the spatial decision support system described elsewhere in this plan. 

 

Impacts from off-highway vehicle use include mortality of tortoises on the surface and below 

ground, collapsing of desert tortoise burrows, damage or destruction of annual and perennial 

plants and soil crusts, soil erosion and compaction, proliferation of weeds, and increases in 

numbers and locations of wildfires (Brooks 2009; Lei 2009). Despite the many observations that 

have been documented and reported, statistical correlation between off-highway vehicle impacts 

and reduced desert tortoise densities continues to be lacking (Boarman 2002). However, it is 

evident that off-highway vehicle activities remain an important source of habitat degradation and 

could result in reductions in desert tortoise densities (Boarman 2002). 

 

Damage to or destruction of shrubs and burrows can lead to disruption of desert tortoises’ water 

balance, thermoregulation, and energy requirements, and the loss of annual plants reduces the 

availability of food (USFWS 1994). One of the most significant ecological implications of off-

highway vehicle routes is the exacerbation of erosion and changes in drainage patterns (Brooks 

and Lair 2005). 

 

Bury and Luckenbach (2002) compared habitat, abundance, and life history features of desert 

tortoises on one unused, natural area and a nearby area used heavily by off-highway vehicles. 

The unused, natural area had 1.7 times the number of live plants, 3.9 times the plant cover, 3.9 

times the number of desert tortoises, and 4 times the number of active tortoise burrows than the 

area used by off-highway vehicles. The two largest tortoises in the off-highway vehicle use area 

weighed less than would be expected based on what is known about season-to-season 

fluctuations. Despite the lack of pre-disturbance data for the off-highway vehicle area and the 

patchy distribution of tortoises, the areas furthest from concentrated off-highway vehicle activity 

(pit areas) still reflected the least amount of habitat impact and supported more tortoises (Bury 

and Luckenbach 2002). 

 

Jennings (1997) found that desert tortoises are vulnerable to negative effects from off-highway 

vehicles because of their habitat preferences. Tortoises in a study at the Desert Tortoise Natural 

Area spent significantly more time traveling and foraging in hills and washes than on the flats. 

Tortoises use washes for travel, excavation of burrows, and foraging, and at least 25 percent of 

their forage plants were found to occur within washes. Hills and washes are also favored by users 

of motorcycles, trail bikes, all-terrain vehicles, and other four-wheel vehicles. Because tortoises 

prefer washes and hills, they are more vulnerable to direct mortality from off-highway vehicles. 

Additionally, off-highway vehicle use in these habitats causes degradation of vegetation and loss 

of forage species important in the desert tortoise diet (Jennings 1997). 

 

Surface disturbance from off-highway vehicle activity can cause erosion and large amounts of 

dust to be discharged into the air. Recent studies on surface dust impacts on gas exchanges in 

Mojave Desert shrubs showed that plants encrusted by dust have reduced photosynthesis and 

decreased water-use efficiency, which may decrease primary production during seasons when 

photosynthesis occurs (Sharifi et al. 1997). Sharifi et al. (1997) also showed reduction in 

maximum leaf conductance, transpiration, and water-use efficiency due to dust. Leaf and stem 



temperatures were also shown to be higher in plants with leaf-surface dust. These effects may 

also impact desert annuals, an important food source for tortoises. 

 

Off-highway vehicle activity can also disturb fragile cyanobacterial-lichen soil crusts, a 

dominant source of nitrogen in desert ecosystems (Belnap 1996). Belnap (1996) showed that 

anthropogenic surface disturbances may have serious implications for nitrogen budgets in cold 

desert ecosystems, and this may also hold true for the hot deserts that tortoises occupy. Soil 

crusts also appear to be an important source of water for plants, as crusts were shown to have 53 

percent greater volumetric water content than bare soils during the late fall when winter annuals 

are becoming established (DeFalco et al. 2001). DeFalco et al. (2001) found that non-native 

plant species comprised greater shoot biomass on crusted soils than native species, which 

demonstrates their ability to exploit available nutrient and water resources. Once the soil crusts 

are disturbed, non-native plants may colonize, become established, and out-compete native 

perennial and annual plant species (D’Antonio and Vitousek 1992; DeFalco et al. 2001). 

 

Invasion of non-native plants can affect the quality and quantity of plant foods available to desert 

tortoises (see section A(4)(a), Invasive Plants and Nutrition) and can contribute to increased fire 

frequency (see sections A(4)(b) and A(5), Increasing Fuel Load and Fire). Brooks and Lair 

(2009) provide a comprehensive overview of the ecological effects of various types of vehicular 

routes in the Mojave Desert. 

 

4. Invasive Plants. Proliferation of invasive plants is increasing in the Mojave and Sonoran 

deserts, largely as a result of human disturbance, and is recognized as a significant threat to 

desert tortoise habitat (Brooks 2009). Many species of non-native plants from Europe and Asia 

have become common to abundant in some areas, particularly where disturbance has occurred 

and is ongoing. As non-native plant species become established, native perennial and annual 

plant species may decrease, diminish, or die out (D’Antonio and Vitousek 1992). 

 

Land managers and field scientists identified 116 species of non-native plants in the Mojave and 

Colorado deserts, including Erodium cicutarium (red-stem filaree), Bassia hyssopifolia (bassia), 

Ambrosia acanthicarpa (sand bur), Ambrosia psilostachya var. californica (western ragweed), 

Hemizonia pungens (common spikeweed), Matricaria matricarioides (pineapple weed), 

Amsinckia intermedia (fiddleneck), A. tessellata (bristly fiddleneck), Descurainia sophia 

(flixweed), Sisymbrium altissimum (tumble mustard), S. irio (London rocket), Salsola iberica 

(Russian thistle), Eremocarpus setigerus (turkey mullein), and Marrubium vulgare (horehound) 

(Tierra Madre Consultants, Inc.1991; Brooks and Esque 2002). Annual grasses include: Bromus 

rubens (red brome), B. tectorum, Hordeum glaucum (smooth barley), H. jubatum (foxtail barley), 

H. leporinum (hare barley), Schismus barbatus (split grass), and S. arabicus (Arab grass). 

Brassica tournefortii (Sahara mustard) and Hirschfeldia incana (Mediterranean mustard) are 

rapidly spreading, non-native winter annuals invading the desert southwest, especially in sandy 

soils (LaBerteaux 2006). 

 

Brooks and Berry (2006) found that while non-native plant species comprised only a small 

fraction of the total annual plant flora (i.e., a small fraction of the total number of plant species), 

they were the dominant component of the annual plant community biomass. For instance, in 

1995, a high rainfall year in the Mojave Desert, non-native species comprised 6 percent of the 



flora and 66 percent of the biomass; in 1999, a low rainfall year, non-natives comprised 27 

percent of the flora and 91 percent of the biomass. Annual species dominate the non-native flora, 

with Bromus rubens, Schismus barbatus, and Erodium cicutarium comprising up to 99 percent of 

the non-native biomass. 

 

Increased levels of atmospheric pollution and nitrogen deposition related to increased human 

presence and combustion of fossil fuels can cause increased levels of soil nitrogen, which in turn 

may result in significant changes in plant communities (Aber et al. 1989; Allen et al. 2009). 

Many of the non-native annual plant taxa in the Mojave region evolved in more fertile 

Mediterranean regions and benefit from increased levels of soil nitrogen, which gives them a 

competitive edge over native annuals. Studies at three sites within the central, southern, and 

western Mojave Desert indicated that increased levels of soil nitrogen can increase the 

dominance of non-native annual plants and promote the invasion of new species in desert 

regions. Furthermore, increased dominance by non-native annuals may decrease the diversity of 

native annual plants, and increased biomass of non-native annual grasses may increase fire 

frequency (Brooks 2003). 

 

(a) Nutrition. Nutritional intake affects growth rates in juvenile desert tortoises (Medica et al. 

1975) and female reproductive output (Turner et al. 1986, 1987; Henen 1992). Invasion of non- 

native plants can affect the quality and quantity of plant foods available to desert tortoises, and 

thereby affect nutritional intake. Desert tortoises are generally quite selective in their choices of 

foods (Burge 1977; Nagy and Medica 1986; Turner et al. 1987; Avery 1992; Henen 1992; 

Jennings 1992, 1993; Esque 1992, 1994), and in some areas the preferences are clearly for native 

plants over the weedy non-natives. 

 

As native plants are displaced by non-native invasive species in some areas of the Mojave 

Desert, non-native plants can be a necessary food source for some desert tortoises. However, 

non-native plants may not be as nutritious as native plants. Recent studies have shown that 

calcium and phosphorus availability are higher in forbs than in grasses and that desert tortoises 

lose phosphorus when feeding on grasses but gain phosphorus when eating forbs (Hazard et al. 

2010). Nagy et al. (1998) conducted feeding trails on four plant species (native and non-native 

grasses Achnatherum hymenoides [Indian ricegrass] and Schismus barbatus [split grass] and 

native and non-native forbs Malacothrix glabrata [desert dandelion] and Erodium cicutarium 

[red-stemmed filaree]) to compare the nutritional qualities for the desert tortoise. The 

digestibility of the nutrients in the two forbs were similar. The dry matter and energy digestibility 

of the two grasses were much lower than the forbs, providing little nitrogen, and tortoises lost 

more water than they gained while processing grasses. Results of these feeding trials suggest that 

the proliferation of non-native grasses such as Schismus to the exclusion of forbs (D’Antonio and 

Vitousek 1992) places desert tortoises at a nutritional disadvantage. Furthermore, if, instead of 

eating to obtain a given volume of food, tortoises consume just enough food to satisfy their 

energy needs (as commonly noted in other vertebrate groups), then the native forbs provide 

significantly more nitrogen and water than the non-native forbs (Nagy et al. 1998). 

 

Changes in the abundance and distribution of native plants also may affect desert tortoises in 

more subtle ways. In the Mojave Desert, many food plants are high in potassium (Minnich 

1979), which is difficult for desert tortoises to excrete due to the lack of salt glands that are 



found in other reptilian herbivores such as chuckwallas (Sauromalus obesus) and desert iguanas 

(Dipsosaurus dorsalis) (Minnich 1970; Nagy 1972). Reptiles are also unable to produce 

concentrated urine, which further complicates the ability for desert tortoises to expel excess 

potassium (Oftedal and Allen 1996). Oftedal (2002) suggested that desert tortoises may be 

vulnerable to disease as a result of physiological stress associated with foraging on food plants 

with insufficient water and nitrogen to counteract the negative effects of dietary potassium. Only 

high quality food plants (as expressed by the Potassium Excretion Potential, or PEP, index) allow 

substantial storage of protein (nitrogen) that is used for growth and reproduction, or to sustain the 

animals during drought. Non-native, annual grasses have lower PEP indices than most native 

forbs (Oftedal 2002; Oftedal et al. 2002). Oftedal et al. (2002) found that foraging juvenile 

tortoises favored water-rich, high-PEP, native forbs. Much of the nutritional difference between 

available and selected forage was attributable to avoidance of abundant, non-native split grass 

(Schismus spp.) with mature fruit, which is very low in water, protein, and PEP. Of the species 

eaten, Camissonia claviformis, a native Mojave desert primrose, accounted for nearly 50 percent 

of all bites, even though it accounted for less than 5 percent of the biomass encountered, and was 

largely responsible for the high PEP of the overall diet. Impacts to vegetation (such as livestock 

grazing, invasion of non-native plants, and soil disturbance) that reduce the abundance and 

distribution of high PEP plants may result in additional challenges for foraging desert tortoises 

(Oftedal et al. 2002). 

 

Tracy et al. (2006) also quantified the rates of passage of digesta (food in the stomach) in young 

desert tortoises in relation to body size and diet quality. They observed that, compared to adults, 

young, growing tortoises need higher rates of nutrient assimilation to support their higher 

metabolic rates. Juvenile desert tortoises also forage selectively by consuming plant species and 

plant parts of higher quality (Oftedal et al. 2002) and pass food through the gut more quickly 

(Tracy et al. 2006). Hence, these findings of differential passage rates suggest that it is beneficial 

for young tortoises to specialize on low-fiber diets, as this would allow for more efficient uptake 

of nutrients. In addition, habitat disturbances (e.g., invasion of annual grasses) that favor species 

with little nutritional value and preclude access to low-fiber foods may negatively impact the 

physiological and behavioral ecology of young desert tortoises. Adults, on the other hand, may 

be better adapted to tolerate low-quality foods for a longer period of time because of their lower 

metabolism, more voluminous guts compared to subadults, and consequent longer retention 

times (Tracy et al. 2006). 

 

(b) Increasing Fuel Load. The proliferation of non-native plant species has contributed to an 

increase in fire frequency in tortoise habitat by providing sufficient fuel to carry fires, especially 

in the inter-shrub spaces that are mostly devoid of native vegetation (Brown and Minnich 1986; 

USFWS 1994b; Brooks 1998; Brooks and Esque 2002). Invasive, non-native annual grasses and 

forbs increasingly spread over the desert floor, resist decomposition, and provide flash fuel for 

fires. Brooks (1999) found that non-native annual grasses contributed most to the continuity and 

biomass of dead annual plants and to the spread of summer fires compared to native forbs. Red 

brome in particular has contributed to significant increases in fire frequency since the 1970s 

(Kemp and Brooks 1998; Brooks et al. 2003). 

 

Fire also appears to affect the spread of non-native plants. Brooks and Berry (2006) found that 

proliferation of non-native plants was best predicted by disturbance, specifically frequency and 



size of recent fires for biomass of Bromus rubens. Once fires occur, opportunities for invasion 

and proliferation of non natives increase because they regenerate on burned areas more quickly 

than native plants (Brown and Minnich 1986). Changes in plant communities caused by non-

native plants and recurrent fire negatively affect the desert tortoise by altering habitat structure 

and species composition of their food plants (Brooks and Esque 2002) (see also section A(5), 

Fire). 

 

5. Fire. Fire has the potential to be an important force governing habitat quality and persistence 

of desert tortoises. Tortoises can be killed or seriously injured by burning and smoke inhalation 

during fire events. The extent of the direct impacts experienced by tortoises is influenced by 

tortoise activity at the time of fire (whether inside or outside burrow), depth of burrow (to afford 

through an area), and patchiness (extent of an area burned) (Esque et al. 2003). Early-season 

fires may be more threatening than summer fires because desert tortoises are active above ground 

and more vulnerable to direct effects of fire at that time. Fire can also compromise the quality of 

tortoise habitat by reducing the vegetation that provides shelter, cover, and nutrition (key forage 

plants) for tortoises (Brooks and Esque 2002; Esque et al. 2003). 

 

Natural fire regimes have been altered due to profuse invasions of non-native grasses throughout 

much of the range of the desert tortoise. The biomass of weedy species has increased remarkably 

in the desert Southwest as a result of disturbance from vehicles, grazing, agriculture, 

urbanization, and other human land uses (Brooks and Berry 1999; Brooks and Esque 2002; 

Brooks et al. 2003; Brooks and Berry 2006; Brooks and Matchett 2006). Fuel loads that consist 

of dense annual grasses rather than sparse cover of native species make it more likely for fire to 

become hot enough to damage native shrubs, which are poorly adapted to survive and/or 

regenerate quickly after fire and are poor colonizers (Tratz and Vogl 1977; Tratz 1978). 

Ultimately, recurrent fire can result in conversion of shrublands to annual grasslands, which can 

be devastating for desert tortoises that depend upon shrubs for cover (Brooks and Esque 2002). 

Conversion to grassland also tends to create a self-perpetuating grass/fire cycle as fuels 

continuously reestablish in burned areas (D’Antonio and Vitousek 1992). 

 

Years of high rainfall promote the growth of invasive annuals that increase the fine fuel loads, 

but high rainfall also increases food and water availability for desert tortoises. Desert tortoise 

reproduction also increases in high rainfall years. Small hatchlings are more vulnerable to fire 

than larger tortoises, and tortoises in general are more vulnerable to fire when they are above 

ground foraging. Thus, the high rainfall episodes that are important to maintaining healthy desert 

tortoise populations may also create the highest fire risk (Brooks and Esque 2002). Plant litter 

produced by non-native annual grasses decomposes more slowly than native annuals and 

accumulates during successive years, thus providing an excess of fine fuels that sustains and 

spreads fires throughout the desert ecosystem (Brooks 1999). Historical fire intervals of 30 to 

greater than 100 years have been shortened to an average of 5 years in some areas of the Mojave 

Desert, due to the invasion of non-native grasses. Additionally, fires can increase the frequency 

and cover of non-native annual grasses within 3 to 5 years of a fire event, thus promoting the 

continuity of this grass/fire cycle that shortens the fire interval (Brooks et al. 1999; Brooks and 

Esque 2002; Brooks and Minnich 2006). Increased levels of surface-disturbing activities, 

rainfall, and atmospheric nitrogen and carbon dioxide may also increase the dominance of non-

native plants and frequency of fires in the future (Brooks and Esque 2002; Brooks et al. 2003). 



 

The most striking changes in fire frequency in the Mojave Desert have been observed in the 

middle elevations dominated by Larrea tridentata (creosote bush), Yucca brevifolia (Joshua 

tree), and Coleogyne ramosissima (blackbrush), at the upper limits of desert tortoise distribution, 

where most of the fires occurred between 1980 and 2004 (Brooks and Matchett 2006). The 

combination of enough cover of native vegetation to carry a fire and the accumulation of fuels 

from non-native annual grasses following years of above average rainfall may result in 

significantly larger fires at shorter return intervals than normally expected in this zone. Bureau of 

Land Management, U.S. Forest Service, and California Department of Forestry geospatial data of 

the extent of fires in 2005, the wildfires burned over 58,208 hectares (140,000 acres) of critical 

habitat that year (Table A-2). The Bureau of Land Management’s geospatial fire data depict 

slightly different acreages than have been reported elsewhere. According to McLuckie et al. 

(2007), 3,191 hectares (7,885 acres) burned within the Red Cliffs Desert Preserve, which 

encompasses the majority of the Critical Habitat within the Upper Virgin River Recovery Unit. 

  

Effects of Roads on Wildlife and Wildlife Populations 

 

Roads have a generally negative overall impact on native biological diversity and ecological 

integrity (Brocke et al., 1988; Jalkotzy et al. 1997; Gucinski et al. 2001). This includes the 

deterioration/loss of wildlife habitat, hydrology, geomorphology, and air quality, increased 

competition and predation (including by humans), and the loss of naturalness or pristine qualities 

(Forman et al. 1997; Jalkotzy et al. 1997). Roadless areas and areas with low road density are 

more likely to have greater ecological integrity and/or wildlife habitat value than similar areas 

with more roads (Noss 1995; Rudis 1995, as cited in Beazley et al. 2004). 

 

Though roads comprise only 1 percent of surface area, an estimated 19 percent of the total land 

within the United States is ecologically affected by roads due to indirect effects that extend 100–

800 meters beyond the physical footprint of the road (Forman 2000, as cited in Nafus et al. 

2013). 

 

Roads have been described as the single most destructive element in the process of habitat 

fragmentation (Noss 1993), and their ecological effects are considered the sleeping giant of 

biological conservation (Forman 2002:viii, as cited in van der Ree et al. 2011). 

 

There are five major categories of primary road effects to wildlife: (1) wildlife mortality from 

collisions with vehicles, (2) hindrance/barrier to animal movements thereby reducing access to 

resources and mates, (3) degradation of habitat quality, and (4), habitat loss caused by 

disturbance effects in the wider environment and from the physical occupation of land by the 

road, and (5) subdividing animal populations into smaller and more vulnerable fractions (Jaeger 

et al. 2005a, 2005b; Roedenbeck et al. 2007). Road establishment is often followed by various 

indirect effects such as increased human access causing disturbance of breeding sites, increased 

exploitation via activities such as hunting (McLellan and Shackleton 1988; Kilgo et al. 1998), 

and the spread of invasive species (Parendes and Jones 2000). For the tortoise, increased human 

access includes encounters with vehicles that result in collection or vandalism as this removes 

the tortoise from the populations = mortality, spread of invasive species (e.g., non-native plants 



affecting nutrition, plant species cover and density, fire frequency and size; increase in roadkill 

that subsidizes tortoise predators increasing predator numbers and increasing tortoise mortality).  

 

Certain Animals Are Vulnerable to Road Mortality. Certain characteristics or behaviors make 

animals vulnerable to road mortality. In one study, the combination of the Northern Leopard 

Frog’s apparent inability to avoid roads and their slow rate of movement make them highly 

vulnerable to road mortality (Bouchard et al. 2009, as cited in van der Ree et al. 2011).  

Roads pose the greatest risk to species that are highly vagile, have large home ranges, large body 

mass, low reproductive rates, and long generation times (Carr and Fahrig, 2001; Gibbs and 

Shriver, 2002; Karraker and Gibbs, 2011; Rytwinski and Fahrig, 2011, 2012). Road effects may 

be particularly damaging to species with low reproductive rates and long generation times 

because such species have a low intrinsic ability to recover from population declines (Gibbs and 

Shriver, 2002; Rytwinski and Fahrig, 2012, as cited in Nafus et al. 2013). Species with life 

history traits tied to low lifetime reproductive rates do appear to be at the greatest risk for road-

related declines (Nafus et al. 2013). 

 

Effects of Roads on the Desert Tortoise. Tortoise mortality along unfenced roads has been well 

documented (Boarman 2002). Boarman and Sazaki (1996) compared fenced and unfenced 

sections of Highway 58 and found that fencing with tortoise-proof materials reduced the number 

of road-killed tortoises by 93 percent (Boarman and Sazaki 1996). Radio-transmittered tortoises 

making long-distance movements were not able to cross the fence (Sazaki et al. 1995), 

supporting the interpretation that reduced road kill was due to the reduction in tortoises crossing 

the road.  

 

Reduced densities of tortoises along roads suggest that road mortality is sufficient to affect 

population sizes (von Seckendorff Hoff and Marlow 2002). The size classes of tortoises killed by 

traffic include larger, reproductive individuals (Boarman et al. 2005) which are most important 

for population viability in this species (Doak et al. 1994). Support for considering roads a threat 

to desert tortoises, therefore, is strong at the individual and population levels (Boarman and 

Kristan 2006).  

 

Road Configuration and Animal Behavior: Jaeger et al. (2005a) examined whether or not the 

configuration of road networks has an influence on the degree to which roads detrimentally 

affect wildlife populations and identified characteristics of road network configurations that 

make road networks less detrimental to the persistence of animal populations. They found that 

for animals that do not very strongly avoid roads (e.g., desert tortoise), it is more important to 

preserve core habitats at a sufficient distance from roads (e.g., individuals located in the habitat 

patches far away from any road (i.e., located in core habitat) would survive during their next 

movement because they cannot encounter a road). Even though a population may show no 

negative response to a certain number or density of roads, a different configuration of the road 

network (with the same total length of roads) may cause the extinction of the population. Note 

that density is different from configuration. 

 

The degree to which a road network affects a wildlife population depends on the configuration of 

the road network and the behavior of the animals at roads (Jaeger et al. 2005b). In general, if a 

species is affected by road mortality, its core habitat should be maximized; large un-dissected 



areas of habitat should be protected from [the presence of] roads. If animals do not avoid roads 

but are often killed by traffic (e.g., amphibians), minimize the number of roads. For animals 

exhibiting low road avoidance (e.g., desert tortoise), the effect of roads is determined by the 

density of roads and the shape of the habitat patches (Jaeger et al. 2005b). 

 

A population very sensitive to traffic mortality (or any form of additional mortality) will be most 

vulnerable to roads if individuals do not avoid crossing roads (Jaeger et al 2005b). Because 

tortoises do not avoid crossing roads, they are sensitive to traffic mortality. For wide-ranging 

species (e.g., desert tortoise), their persistence depends on cumulative management of road 

effects over expansive areas. Wider-ranging animals require analysis over larger areas. 

 

Applying Ecological Research When Planning Roads. Although there is a growing body of 

evidence of the negative impacts of roads on wildlife (Trombulak and Frissell 2000; Underhill 

and Angold 2000; Forman et al. 2002; Sherwood et al. 2002; Spellerberg 2002, as cited in 

Roedenbeck et al. 2007), ecological research has had comparatively little effect on decision 

making in transportation planning (OECD 2002; UBA 2003, as cited in Roedenbeck et al. 2007). 

In part, this reflects the fact that, in the face of compelling economic and social arguments for 

road siting, design, and construction, the effects on ecological values are usually considered of 

secondary importance (Caid et al. 2002; Bratzel 2005, as cited in Roedenbeck et al. 2007). 

 

For questions concerned with landscape-scale ecological effects and long-term consequences, a 

control-impact (CI) design study may be the best one can do in these situations (Roedenbeck et 

al. 2007). A control-impact (CI) design can be used in which the population is surveyed in sites 

with and without a road present (Roedenbeck et al. 2007). 

  

For road ecology, and especially those issues relevant to landscape-level planning and 

management, a strong weight of evidence or the standard of proof required for consideration in 

the planning process must be comparatively low. The task of the road ecologist is to provide 

scientific answers with the highest inferential strength possible; the task of decision makers is to 

recognize and make decisions in the face of the inherent limitations and uncertainties in these 

answers (Roedenbeck et al. 2007). 

 

The synergistic effects of roads and other factors that operate simultaneously need to be 

investigated and considered. This lack of knowledge is often used as a justification to create 

more roads by arguing that not enough is known and more research is needed before road 

construction may slow down. This constitutes a fragmentation spiral (Jaeger 2002), because 

research has been unable to catch up with the ecological effects of the rapid increase in road 

densities. This situation is contrary to the precautionary principle and flies in the face of the 

principles of sustainability (all from van der Ree et al. 2011). 

 

BLM has an ongoing control-impact experiment on landscape-scale ecological effects and long-

term consequences from roads (and from grazing) on the desert tortoise. The DTRNA serves as 

the control area and nearby Fremont Valley serve as the impact area. The DTRNA, about a 

25,000-acre area, has been mostly protected from OHV activity and grazing for a few decades 

because BLM fenced the DTRNA to exclude these uses in 1978-79. Near to the date it was 

established, the DTRNA had an estimated tortoise density of 50 tortoises per square kilometer in 



1979 and the adjacent Fremont Valley has 43 tortoises per square kilometer 1980 (Berry et al. 

2014). Currently the DTRNA has a tortoise density of 14.8 tortoises per square kilometer and the 

Fremont Valley critical habitat has a density of 2.4 tortoises per square kilometer (Berry et al. 

2014). This experiment indicates that an area of 25,000 acres or more that is secured on the 

ground from OHV and livestock use will have substantially more tortoises and greater tortoise 

densities (in this case, six times greater density). It also indicates that despite environmental 

impacts (e.g., climate change) densities of tortoise remained viable with effective land 

management practices that eliminated OHV activities and grazing. We recommend that BLM use 

information from this experiment when designating open and limited use routes and grazing in 

DT ACECs. 

 

Reducing the negative effects of roads and traffic will only be possible if more dialogue is 

achieved between the scientific community and the planners and political decision makers (van 

der Ree et al. 2011). 
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