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ABSTRACT
A program has been developed for the Yucca 
Mountain Project (YMP) to manage and study the 
desert tortoise (Gopherus agassizi), a 
threatened species that occurs at low 
densities at Yucca Mountain. The goals of 
this program are to better understand the 
biology and status of the desert tortoise 
population at Yucca Mountain, assess impacts 
on tortoises of site characterization (SC) 
activities, and minimize those impacts. The 
first steps we took to develop this program 
were to compile the available information on 
tortoise biology at Yucca Mountain, ascertain 
what information was lacking, and identify the 
potential impacts on tortoises of SC. We then 
developed a technical design for identifying 
and mitigating direct and cumulative impacts 
and providing information on tortoise biology. 
Interrelated studies were developed to achieve 
these objectives. The primary sampling unit 
for the impact monitoring studies is 
radiomarked tortoises. Three populations of 
tortoises will be sampled: individuals 
isolated from disturbances (control), 
individuals near major SC activities (direct 
effects treatment and worst-case cumulative 
effects treatment), and individuals from 
throughout Yucca Mountain (cumulative effects 
treatment). Impacts will be studied by 
measuring and comparing survival, 
reproduction, movements, habitat use, health, 
and diet of these tortoises. A habitat 
quality model also will be developed and the 
efficacy of mitigation techniques, such as 
relocating tortoises, will be evaluated.

INTRODUCTION

The desert tortoise is the only species 
listed as threatened or endangered under the 
Endangered Species Act of 1973 (Public Law 93- 
205, as amended) that is common in areas where 
SC activities for the YMP will occur.1 
Because of the requirements of this Act and 
the emphasis YMP has placed on protecting 
desert tortoises, a program has been developed 
to study and conserve this species at Yucca 
Mountain. The goals of this program are to 
develop a better understanding of the biology 
and status of the desert tortoise population 
at Yucca Mountain, to assess impacts of SC on 
that population, and to minimize those 
impacts. We present here the development of 
this program and a review of the studies 
designed to achieve the program objectives.

Three types of information are required 
to achieve the goals of this program. The 
first is an understanding of the ecology of 
tortoises at Yucca Mountain, particularly

those aspects of their ecology that may be 
affected by SC. Second, information is needed 
on the impacts of SC activities on the 
population. Third, the efficacy of management 
techniques for minimizing impacts must be 
determined. These information needs are 
interrelated. Causes of change in the 
population can be identified only if the ecology 
of that population is understood. Successful 
mitigation techniques cannot be developed 
without an understanding of the causes of those 
changes and their impacts on the species' 
ecology. Selection of ecological parameters to 
study is influenced by the types of impacts that 
may occur and the mitigation techniques needed.

Our first steps in developing this program 
were to evaluate information available on the 
ecology of tortoises, identify unavailable 
information needed to manage the Yucca Mountain 
population, and characterize the potential 
impacts of SC. The next three sections of this 
paper describes those steps. The program 
objectives, technical design, and studies 
developed to gain and use that information are 
then described.

SC ACTIVITIES
The SC Plan for YMP2 describes the 

activities that will occur on or near Yucca 
Mountain. About 180 ha will be disturbed for 
this project, including 18 ha disturbed for 
construction of the Exploratory Shaft Facility 
(ESF). Other disturbances will be scattered 
throughout Yucca Mountain and surrounding areas.

Site Characterization studies and support 
facilities can be divided into two categories 
based on the distribution and amount of land 
each activity will disturb. The first type is 
the numerous activities scattered throughout 
Yucca Mountain that will disturb <3 ha. This 
includes most trenches; drilling operations; 
geophysical surveys; water infiltration and 
water table studies; and the roads, powerlines, 
wells, and other support facilities for these 
studies. The second type is the few activities 
that will require disturbing >3 ha. Most of 
these disturbances, such as muck piles, shafts, 
and support buildings, are for the ESF and are 
concentrated in one area.

Site Characterization activities may impact 
the tortoise population directly and immediately 
when tortoises are buried during land clearing, 
run over by vehicles, or their habitat is 
destroyed. The population also may experience 
subtle negative effects from the cumulative 
impacts or the many, scattered activities 
affecting each tortoise. Fragmentation of home
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ranges; loss of foraging sices, burrows, or 
other important habitat features; and 
increased exposure to human activities may 
cause tortoises to move to less suitable 
habitat and may cause a decrease in 
physiological condition and reproduction. We 
concluded that direct negative effects and 
cumulative effects both must be addressed to 
achieve the goals of the YMP tortoise 
management program.

Impacts of some human activities (e.e.. 
livestock grazing, recreational off-road 
driving) on tortoises have been studied, 
although effects of these activities have not 
been clearly identified.3 No studies have 
analyzed the impacts of activities similar to 
SC; therefore, we concluded that studies must 
be conducted to monitor how SC affects 
tortoises so mitigation procedures can be 
developed.

INFORMATION AVAILABLE ON TORTOISE BIOLOGY

Numerous descriptive and quantitative 
studies of desert tortoises have been done,3’* 
including those to identify and monitor 
changes in relative abundance of 
populations,3,5 determine the effects of off­
road driving and cattle grazing,3 and 
understand adaptations for living in arid 
regions.6,7 Most of this work has been 
conducted in the Mojave Desert of California 
where tortoises are abundant.

There is little site-specific information 
available on the ecology of desert tortoises 
along the northern edge of their range near 
Yucca Mountain. Tortoises at Yucca Mountain 
may differ morphologically and genetically 
from those in parts of the Mojave Desert where 
most studies have been conducted.8,6,10 Because 
northern tortoises must cope with weather and 
vegetal conditions different from other parts 
of the species' range, tortoises at Yucca 
Mountain also may have behavioral adaptations 
different from other tortoises. Site- 
specific information on the ecology of 
tortoises therefore is important for 
understanding how SC activities will impact 
tortoises and for developing techniques to 
minimize those impacts.

Some studies of tortoises along or near 
the northern edge of their range may be 
applicable to the population at Yucca 
Mountain. Studies of the growth,11,12,13 
diet,7 and physiology7 of tortoises were done 
in Rock Valley, 20 km east of Yucca Mountain.
A long-term study of the ecology of tortoises 
was conducted along the northern edge of the 
species' range in Utah.1* Transect studies 
have been conducted in Nevada to determine 
relative abundance of tortoises.15,16,17,18

A transect study also was conducted at 
Yucca Mountain to determine the relative 
abundance of tortoises there. Over 400 km of 
transects were walked during 1981-1984. Nine 
tortoises were found and an average of 0.7 
sign/km was counted. These results are 
similar to counts in areas categorized as 
having a low abundance of tortoises. ,l Sign 
was found throughout the range of elevations 
searched (1,000-1,700 m) and was more common 
on slopes and above 1,300 m than previously

reported for Nevada.1* Searches for tortoises in 
1989 and 1990 at Yucca Mountain confirmed that 
the abundance of tortoises is low and that they 
are found throughout the area.

INFORMATION NEEDED ON TORTOISE BIOLOGY

Because of the paucity of site-specific 
information, we determined that studies must be 
conducted to develop a better understanding of 
desert tortoise biology at Yucca Mountain. 
Information needs for this program were dictated 
by the type of impacts that may occur, the 
parameters chosen to monitor those impacts, and 
the mitigation techniques that may be needed. 
The following six topics were Identified as 
being the most important needs at the outset of 
this program.

A. Current Status

Current information on the abundance, 
structure, and health of the tortoise population 
at Yucca Mountain is needed as a baseline for 
detecting impacts and to ensure that a viable 
population is maintained. The site-specific 
information available is inadequate for these 
needs . Information will be collected during the 
initial phase of this program on the relative 
abundance of tortoises throughout the Yucca 
Mountain area, sex and size/age class ratios, 
and the incidence of disease.

B. Habitat Quality and Use

To minimize impacts of SC activities on 
tortoises, it will be necessary to classify the 
quality of tortoise habitat in areas proposed 
for disturbances so plans can be developed to 
preserve the best habitat. It is also important 
to identify habitat features required by 
tortoises that should be protected.

Models that predict tortoise habitat 
quality usingeasily measured features have been attempted.5,20,21 These models were developed to 
predict habitat quality for large areas of the 
Mojave Desert in California. Because most SC 
activities will be <2 ha, a habitat model for 
this program must be site specific and have a 
scale useful for differentiating among small 
areas. Therefore, a model will be developed to 
predict quality of tortoise habitat at Yucca 
Mountain that is based on site-specific 
information from relatively small sample plots.

A number of habitat features have been 
identified as being important for tortoises: 
burrows and winter dens 14 drinking 
depressions,22 washes,23,24 and large shrubs.24 
Because some of these features may be destroyed 
at Yucca Mountain, it will be important to know 
what habitat features are essential for 
tortoises and the consequences of destroying 
some of those features. This can be assessed by 
studying the behavior of tortoises to determine 
if they seek or frequently use habitat features 
that are rare.

C. Behavior

Tortoises may respond to a disturbance by 
moving away from it or restricting their 
movements to undisturbed portions of their home 
range. They may also be forced to spend more



time above ground seeking needed resources or 
an unusual amount of time underground avoiding 
the disturbance. These functional and 
behavioral responses can be used to assess 
impacts. Information on movements, activity 
patterns, and interactions with other 
tortoises also is important for developing 
techniques to search for tortoises and to 
monitor the efficacy of relocating tortoises. 
Information on movements and behavior useful 
for evaluating relocation techniques has been 
reviewed.25 Although this information is 
helpful, site-specific information is needed 
to evaluate whether behavioral patterns are 
similar at Yucca Mountain.

D. Diet

SC activities may affect the diet of 
tortoises by directly destroying important 
foraging sites or causing a change in the 
composition of vegetation. For example, 
accidental fires may cause an increase in 
annual grasses and a decrease in plant species 
more beneficial to tortoises. Composition of 
tortoise diets have been studied throughout 
most of their range and diets vary 
substantially among areas because of 
differences in the availability of forage 
species. Many of the plants commonly eaten in 
other parts of the range of tortoises are rare 
or not found at Yucca Mountain. It is 
therefore necessary to know what plants are 
important for tortoises at Yucca Mountain to 
adequately assess effects of changes in 
vegetative composition. This information also 
is needed to identify plant species to be used 
for reclaiming disturbed sites.

E. Disease

An outbreak of a virulent respiratory 
disease was one of the primary reasons the 
desert tortoise was classified as 
threatened.26 Very little is known about the 
cause or transmission of URDS or its impacts 
on populations. It has been suggested that 
tortoises stressed by drought, loss of 
habitat, or human presence may be susceptible 
to URDS.27 The incidence of this disease 
therefore must be monitored at Yucca Mountain 
so appropriate technology, if available, can 
be used to prevent the spread of the disease 
if it is found to be common.

F. Predators

An increase in raven populations was 
another reason why desert tortoises were 
listed as threatened.J-26 Raven populations 
are believed to have increased in the Mojave 
Desert because of an increase in feeding, 
roosting, and nesting sites provided by human 
development.3,28 This increase in raven 
abundance may have caused a decrease in 
survival of juvenile tortoises and decreases 
in some tortoise populations. Facilities to 
be developed at Yucca Mountain, such as 
powerlines, a sewage lagoon, and a landfill, 
are thought to be beneficial to ravens.
Current status of the raven population at 
Yucca Mountain and changes in that population 
as facilities for SC activities are 
constructed must be assessed. If the 
abundance of ravens or other predators 
increase at Yucca Mountain, a study of -

predation rates on tortoises may be needed. 

PROGRAM OBJECTIVES

After characterizing the potential impacts 
of SC, reviewing information available on the 
biology of tortoises at Yucca Mountain, and 
identifying information needed on tortoise 
biology, we identified the following six 
objectives to achieve the goals of this program.

1. Determine the current status (e.g., 
abundance, distribution, population structure, 
occurrence cf disease) of the desert tortoise 
population at Yucca Mountain.

2. Monitor and assess the impacts of SC 
activities on tortoises.

3. Develop and test the efficacy of mitigation 
techniques.

4. Mitigate impacts of SC activities to the 
maximum extent possible.

5. Obtain site-specific information on the 
biology of the species needed to achieve these 
other objectives.

6. Ensure compliance with relevant federal and 
state regulations.

TECHNICAL DESIGN

The studies developed to achieve these 
objectives were designed to maximize efficiency 
of data collection and ensure that all 
parameters studied were temporally and spatially 
related so causal relationships could be 
evaluated. This will be achieved by using the 
same sampling unit for most studies and 
collecting as much information as possible from 
each sample.

The technical design evolved from the need 
to monitor and mitigate the direct, immediate 
impacts of each SC activity and the long-term, 
cumulative impacts of SC. It also was 
influenced by the need to determine current 
status and obtain information on tortoise 
biology. To monitor all impacts, each SC 
activity must be evaluated separately and in 
context with all other activities. There will 
be many types of SC activities, most of which 
will be small, scattered throughout Yucca 
Mountain, and probably have little direct or 
obvious impact. Cumulative impacts can be 
assessed more efficiently with a study design 
that monitors the combined impacts of all 
activities rather than sampling each type of 
activity separately. Because effects may be 
subtle, the sampling should be done over a long 
period at many levels of measurement, including 
the population, individual tortoises , and their 
habitat. To identify causal relationships, a 
sample of unaffected measures from control sites 
also is needed.

Two primary sampling units were selected 
initially for studies of impacts, population 
assessment locations and radiomarked tortoises. 
Population assessment locations were to be 
randomly and systematically located plots where 
the abundance of tortoises would be monitored 
and availability of habitat features measured.



As explained later in this paper, it was 
determined that measuring abundance annually 
is not an efficient method for monitoring 
impacts of SC because the density of tortoises 
at Yucca Mountain is too low. Radiomarked 
tortoises therefore will be used as the 
primary sampling unit for impact studies.

Radiomarked tortoises will be selected 
from three sampling populations. First, 
tortoises will be systematically selected from 
areas to be disturbed so direct impacts can be 
monitored and mitigated and the most severe 
cumulative impacts can be studied. Second, 
tortoises will be randomly selected from 
throughout the potentially affected area in 
Yucca Mountain to identify, monitor, and 
mitigate cumulative impacts affecting the 
entire population. Third, tortoises will be 
randomly selected from an unaffected, control 
area and will be used as a control population 
for impact studies and for studies of the 
ecology of tortoises in the region. Survival, 
behavior, diet, health, and other parameters 
will be measured and compared among these 
three groups to identify impacts. If 
differences are detected, additional studies 
will be conducted, if necessary, to find the 
causes of those changes.

Separate plans will be developed to 
mitigate the potential impacts of each SC 
activity. These plans will consider the 
direct impacts of the activity being evaluated 
and the impacts of surrounding activities. If 
cumulative impacts are detected, area-wide 
mitigation plans will be developed and studies 
will be conducted to determine if those plans 
are effective.

TORTOISE STUDIES
We developed the following studies to 

meet the objectives of this program. These 
studies are interrelated and most are designed 
to achieve more than one objective. The first 
two deal primarily with mitigating direct 
impacts. The next four are studies of 
cumulative impacts and the ecology of 
tortoises at Yucca Mountain. Two others are 
studies of habitat quality at Yucca Mountain 
and an evaluation of an important mitigation 
technique. Other studies of the environment 
at Yucca Mountain29 will be used to evaluate 
current status and changes in predator 
populations and monitor levels of human 
activity and associated disturbances. 
Additional studies will be developed as 
factors affecting tortoises and mitigation 
needs are identified.

A. Preactivity Surveys

Preactivity surveys will be used to 
evaluate direct impacts and develop mitigation 
plans for each SC activity. Areas to be 
disturbed and a buffer around them will be 
searched shortly before any SC activity occurs 
that may disturb tortoises or other biological 
resources. Burrows and other important 
resources will be flagged and tortoises found 
will be radiomarked and monitored during the 
disturbance. Mitigation recommendations will 
be developed to protect tortoises and other 
important biological resources. These 
recommendations may include avoiding flagged

resources, altering or moving the SC activity, 
or closely monitoring potentially endangered 
tortoises during the activity. Tortoises will 
be relocated to undisturbed areas only if all 
other mitigation options are not feasible.

B. Impact Monitoring and Mitigation

The preactivity survey process works well 
for identifying and preventing impacts of 
isolated, short-term, or small-scale 
disturbances. Preactivity surveys do not work 
as well for long-term and large-scale 
disturbances, or for many smaller disturbances 
concentrated in an area, because there usually 
is too little time to collect needed information 
on the movements and habitat use of tortoises 
that may be impacted. An Impact Monitoring and 
Mitigation Study (IMMS) therefore has been 
developed to assess and mitigate impacts of 
large-scale, long-term, or concentrated 
activities such as the ESF that are planned for 
areas where tortoises are believed to be 
abundant.

Areas to be disturbed by such activities 
and a large buffer around them will be searched 
six to twelve months before the activities 
begin. All tortoises found will be radiomarked 
and their movements, habitat use, and behavior 
will be measured. A plan then will be developed 
to protect the tortoises and their habitat and 
mitigate activity effects. All tortoises that 
may be harmed will be monitored closely during 
construction activities. Behavior, survival, 
and other parameters measured before, during, 
and after the activity will be compared to 
determine success of mitigation efforts. These 
parameters also will be compared to measures 
from the control population.

C. Population Monitoring

The initial objective of the population 
monitoring study was to detect area-wide, 
cumulative impacts of SC on the relative 
abundance and structure (i.e., sex and age 
ratios) of the tortoise population at Yucca 
Mountain. A split-plot design of treatment and 
control population assessment locations within 
four vegetation associations was to be used to 
compare relative abundance of tortoises. We 
selected counts of tortoises as an index of 
abundance because of the weak correlation and 
poor understanding of the relationship between 
abundance of tortoise sign and density of 
tortoises.

To determine if an annual count of 
tortoises in sample plots was a feasible method 
for monitoring relative abundance, we conducted 
a pilot study in fall 1990. Two 24-ha (400 X 
600 m) population assessment locations were 
randomly located within each of the four 
vegetation associations. Plots were searched 
for tortoises by crews of 5-10 people walking 
contiguous belt transects. Four tortoises and 
74 tortoise burrows were found. It took an 
average of six person-days to set up and 12 
person-days to search each plot. Based on this 
data, we calculated that >100 tortoises must be 
counted annually to detect a 40» change in the 
population. This would require searching >3,200 
ha and would take >1,600 person-days annually. 
Because of these high costs, we concluded that 
measuring relative abundance was not an



efficient method for monitoring impacts on the 
population.

The alternative method ve selected for 
evaluating impacts of SC on the tortoise 
population is to monitor and compare survival 
and reproduction of the three sampling 
populations of radiomarked tortoises.
Survival and reproduction of tortoises 
radiomarked for the IMMS will be used as 
estimates of the greatest impacts on 
tortoises, i.e., as the worst-case estimate of 
impacts. The assumption that tortoises in the 
IMMS study sites experience the greatest 
impacts is valid because these sites are 
located where the largest and highest 
concentrations of SC activities will occur. A 
second sample of tortoises will be radiomarked 
in randomly selected areas located throughout 
Yucca Mountain to be searched for the Habitat 
Evaluation Study. Survival and reproduction 
of these tortoises will be used as measures of 
cumulative impacts affecting the entire 
population. Survival and reproduction of 
tortoises in an undisturbed area will be used 
as control measures.

These measures of population 
demographics also will be used to better 
understand the current status and ecology of 
the tortoise population at Yucca Mountain. 
Baseline information on distribution, 
abundance, and population structure already 
has been obtained from systematic searches of 
>500 ha and will be supplemented by other 
searches to be conducted before impacts of SC 
activities occur.

D. Movements and Habitat Use

The objectives of this study are to 
measure the normal movements and behavior 
(e.g., use of cover sites, activity patterns) 
of desert tortoises at Yucca Mountain, measure 
the behavioral responses of tortoises to 
disturbances, monitor impacts of SC on 
tortoises by measuring movements and behavior, 
and identify habitat features that may be 
important to tortoises. Measurements of 
movements and behavior of radiomarked 
tortoises taken before SC begins and of 
control tortoises taken during SC will be used 
to determine normal behavior. This 
information is needed as a baseline for 
measuring the response of tortoises to 
disturbances and for identifying impacts.

Behavior of radiomarked tortoises in 
IMMS sites during disturbances will be 
monitored to determine how tortoises react to 
human disturbances and loss of habitat. This 
information will be used to refine future 
mitigation recommendations and develop 
criteria for determining when tortoises should 
be relocated.

Use of habitat features such as burrows, 
wash banks, and rock outcrops will be measured 
and compared to the availability of those 
features to determine if there are any 
uncommon habitat resources at Yucca Mountain 
important to tortoises that should be 
preserved.

E. Food Habits

Other than fragmentation of home ranges and 
destruction of cover sites, changes in the 
availability and quality of forage may be the 
greatest indirect impact of site 
characterization on desert tortoises. This 
potential impact will be measured by comparing 
content and quality of foods eaten and their 
availability among the treatment and control 
study groups. Fecal samples will be collected 
seasonally from radiomarked tortoises and 
forage-species content will be analyzed. 
Availability and quality of forage will be 
measured as part of other studies of the 
environment at Yucca Mountain, if possible. If 
such measures are not applicable, forage 
availability and quality will be measured within 
home ranges of radiomarked tortoises.

F. Health Monitoring

Because adult desert tortoises are long- 
lived and have a low reproductive rate, subtle 
impacts of human activities may not cause 
immediate changes in population dynamics or 
behavior. These impacts may be more apparent by 
measuring physiological condition of tortoises. 
Techniques to evaluate the health of tortoises 
are currently being developed and tested by a 
number of researchers. When acceptable 
techniques are available, samples may be 
collected from radiomarked tortoises and 
compared among treatment and control groups. 
Presence of disease also will be monitored as 
part of this study.

G. Habitat Evaluation

The objective of this study is to develop a 
model of desert tortoise habitat quality at 
Yucca Mountain. To plan the location of 
activities so they have a minimum impact on 
desert tortoises, YMP must have information on 
the spatial distribution of desert tortoises at 
Yucca Mountain. This information can be used to 
identify areas that should be preserved because 
tortoises are abundant and areas where 
activities should be located because tortoises 
are absent or uncommon. This can be done best 
by developing a predictive model and map of 
habitat quality useful for land-use planning.

Measures of the relative abundance of 
tortoises will be taken on small (ca. 4 ha) 
plots randomly located throughout Yucca 
Mountain. Measures of habitat features that may 
be useful for predicting tortoise abundance will 
be measured from aerial photographs or other 
remote sensing techniques. Multivariate 
analyses will then be used to develop a model 
that best predicts relative abundance of 
tortoises. This model will be field tested and 
then extrapolated to all of Yucca Mountain so a 
map of relative abundance can be developed.

H. Relocation Efficacy

The last alternative for mitigating impacts 
of a SC activity is to relocate endangered 
tortoises away from areas to be disturbed. 
Relocating a tortoise may decrease its 
probability of survival and also may affect 
tortoises in the relocation area. Therefore, a 
study will be conducted to determine if 
tortoises can be relocated successfully to new



areas, determine the eitects of these 
relocations on tortoises residing in the 
relocation area, and identify ways to improve 
this technique.

Areas chosen for this relocation 
efficacy study will be searched and all 
tortoises found will be radiomarked and their 
movements and behavior monitored for at least 
six months prior to the relocation.
Immediately after a relocation, the introduced 
tortoise will be intensively monitored and 
interactions with other tortoises will be 
recorded. Movements, survival, behavior, and 
health (if techniques are available) of 
resident tortoises before and after the 
relocation will be compared to identify 
impacts of introducing a new tortoise. 
Relocated tortoises will be monitored for a 
long period to determine if their survival is 
lower than other tortoises. Physical and 
biotic features of the areas a relocated 
tortoise settles into will be compared to 
features in their relocation site to identify 
habitat features that should be considered 
when selecting relocation sites.

I. Other Studies

Abundance of ravens and other potential 
predators of desert tortoises is being 
measured quarterly as part of other studies of 
the environment at Yucca Mountain.
Information collected prior to initiation of 
SC activities will be used as a baseline to 
determine if predator populations are 
increasing. If increases are detected, 
studies will be initiated to evaluate the 
effects on the tortoise population.

Measures of human activity and habitat 
disturbances also are being taken as part of 
other environmental studies. Many of these 
measures are taken on the same areas searched 
for the sample of radiomarked tortoises 
representative of the Yucca Mountain region. 
Changes detected in the studies of cumulative 
impacts therefore can be related to levels of 
human activity to develop a better 
understanding of the causes of those changes.

REFERENCES

1. U. S. GOVERNMENT PRINTING OFFICE. 
"Endangered & Threatened Wildlife and Plants,” 
50 CFR 17.11 & 17.12 (1990).

2. U. S. DEPARTMENT OF ENERGY, "Site 
Characterization Plan, Yucca Mountain Site, 
Nevada Research and Development Area, Nevada," 
DOE/M-O199, Nevada Nuclear Waste Storage 
Investigations Project (1988).

3. U. S. FISH AND WILDLIFE SERVICE, 
Assessment of Biological Information for 
Listing the Desert Tortoise as an Endangered 
Species in the Mojave Desert, U. S. Fish and 
Wildlife Service, National Ecology Research 
Center, Fort Collins, Colorado. (1990)

4. J. P. HOHMAN, R. D. OHMART, AND J. 
SCHWARTZMANN, An Annotated Bibliography of the 
Desert Tortoise (Gopherus Agassizi), Desert 
Tortoise Council Spec. Publ. No. 1, Desert 
Tortoise Council, Inc., Long Beach, California

(1980).

5. R. A. LUCKENBACH, "Ecology and Management 
of the Desert Tortoise (Gopherus agassizii) in 
California," pages 1-37 in R. B. Bury (ed.), 
North American Tortoises: Conservation and 
Ecology, U. S. Fish and Wildlife Service 
Wildlife Research Report 12 (1982).

6. S. M. MCGINNIS and W. G. VOIGT, 
"Thermoregulation in the Desert Tortoise, 
Gopherus agassiziiComp. Biochem. Physiol., 
40A, 119-126 (1971).

7. K. A. NAGY and P. A. MEDICA, 
"Physiological Ecology of Desert Tortoises in 
Southern Nevada," Herpetologica, 42, 73-92 
(1986).

8. M. WEINSTEIN and K. H. BERRY, 
"Morphometric Analysis of Desert Tortoise 
Populations," CA950-CT7-003, U. S. Bureau of 
Land Management, Riverside, California (1987).

9. T. LAMB, J. C. AVISE, and J. W. GIBBONS, 
"Phylogeographic Patterns in Mitochondrial DNA 
of the Desert Tortoise (Xerobates agassizi) , and 
Evolutionary Relationships among the North 
American Gopher Tortoises," Evolution, 43, 76-87 
(1989).

10. W. J. RAINBOTH, D. G. BOTH, and F. B. 
TURNER, "Allozyme variation in Mojave 
Populations of the Desert Tortoise, Gopherus 
agassizii," Copeia, 1, 115-123 (1989).

11. P. A. MEDICA, R. B. BURY, and F. B. 
TURNER, "Growth of the Desert Tortoise (Gopherus 
agassizi) in Nevada, Copeia, 4, 639-643 (1975).

12. F. B. TURNER, P. A. MEDICA, and R. B. 
BURY, "Age-Size Relationships of Desert 
Tortoises (Gopherus agassizi) in southern 
Nevada," Copeia, 4, 974-979 (1987).

13. D. J. GERMANO, "Age and Growth Histories 
Using Scute Annuli," Copeia, 4, 914-920 (1988).

14. A. M. WOODBURY and R. HARDY, "Studies of
the Desert Tortoise, Gopherus agassizii," 
Ecological Monographs, 18, 145-200 (1948).

15. A. KARL, "Distribution and Relative 
Densities of the Desert Tortoise in Nevada," 
Proc. Desert Tortoise Council Symp., 1980, 75-87 
(1980).

16. A. KARL, "The Distribution and Relative 
Densities of the Desert Tortoise, Gopherus 
agassizii, in Lincoln and Nye Counties, Nevada," 
Proc. Desert Tortoise Council Symp., 1981, 76-92 
(1981).

17. J. GARCIA, K. H. BERRY, and P. B. 
SCHNEIDER, "The Distribution and Relative 
Abundance of the Desert Tortoise (Gopherus 
agassizii) in Coyote Spring Valley, Nevada, with 
a Discussion of Possible Impacts of the MX 
Project Development," Proc. Desert Tortoise 
Council Symp., 1982, 12-35 (1982).

18. P. B. SCHNEIDER, R. J. TURNER, and K. E. 
BOHUSKI, "Distribution and Relative Density of 
Desert Tortoises at Six Selected Sites in 
Southern Nevada," Proc. Desert Tortoise Council 
Symp., 1982, 36-50 (1982).



19. E. COLLINS, T. P. O’FARRELL, AND M. L. 
SAULS, "Survey for Desert Tortoise on the 
Possible Site of a High-level Nuclear Waste 
Repository, Nevada Test Site," Proc. Desert 
Tortoise Council Symp., 1983, 19-26 (1983).

20. M. L. SCHAMBERGER and F. B. TURNER,
"The Application of Habitat Modeling to the 
Desert Tortoise (Gopherus agassizii),m 
Herpetologica, 42, 134-138 (1986).

21. M. N. WEINSTEIN, Hodeling Desert 
Tortoise Habitat: Can a Useful Management Tool 
Be Developed from Existing Transect Data?,
Ph.D. Thesis, University of California, Los 
Angeles (1989).

22. P. A. MEDICA, R. B. BURY, and R. A. 
LUCKENBACH, "Drinking and Construction of 
Water Catchments by the Desert Tortoise, 
Gopherus agassizii, in the Mojave Desert," 
Herpetologica, 36, 301-304 (1980).

23. B. L. BURGE, "Physical Characteristics 
and Patterns of Utilization of Cover Sites 
Used by Gopherus agassizi,' Proc. Desert 
Tortoise Council Symp., 1978, 80-111 (1978).

24. R. J. BAXTER, "Spatial Distribution of 
Desert Tortoises (Gopherus agassizii) at 
Twentynine Palms, California: Implications for 
Relocations," in Management of Amphibians, 
Reptiles, and Small Mammals in North America: 
Proc. of the Symp., General Technical Report 
RM-166, USDA Forest Service (1988).

25. K. H. BERRY, "Desert Tortoise (Gopherus 
agassizzi) Relocation: Implications of Social 
Behavior and Movements," Herpetologica, U2, 
113-125 (1986).

26. Federal Register 55, 12178-12191 
(1990).

27. JACOBSON, E., ana J. GASKIN,
Clinicopathologic investigations on an Upper 
Respiratory disease of free-ranging desert 
tortoises, Xerobates aeassizii. CA950-CT9-23,
U. S. Bureau of Land Management, Riverside, 
Calif. (1990).

28. U. S. DEPARTMENT OF THE INTERIOR,
BUREAU OF LAND MANAGEMENT, Raven Management 
Plan for the California Desert Conservation 
Area, Draft, prepared by the Bureau of Land 
Management, California Department Of Fish and 
Game, and the U. S. Fish and Wildlife Service 
(1990).

29. U. S. DEPARTMENT OF ENERGY, 
"Environmental Field Acticity Pain for 
Terrestrial Ecosystems," DOE/NV-10576-14, 
Nevada Nuclear Waste Storage Investigations 
Project, (1988).

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof.


