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INTRODUCTION 
Decisions in resource management are generally based on a combination of 

sociopolitical, economic, and environmental factors, and may be biased by personal 
values. These three components often contradict each other resulting in controversy. 
Controversies can usually be reduced when solid scientific evidence is used to support or 
refute a decision. However, it is important to recognize that data often do little to alter 
antagonists’ positions when differences in values are the basis of the dispute. But, 
supporting data can make the decision more defensible, both legally and ethically, 
especially if the data supporting all opposing viewpoints are included in the decision-
making process. 

Resource management decisions must be made using the best scientific 
information currently available. However, scientific data vary in two important measures 
of quality: reliability and validity. The reliability of the data is a measure of the degree to 
which the observations or conclusions can be repeated. Validity of the data is a measure 
of the degree to which the observation or conclusion reflects what actually occurs in 
nature. How the data are collected strongly affects the reliability and validity of 
ecological conclusions that can be made. Research data potentially relevant to 
management come from different sources, and the source often provides clues to the 
reliability and, to a certain extent, validity of data. Understanding the quality of data 
being used to make management decisions helps to separate the philosophical or value-
based aspects of arguments from the objective ones, thus helping to clarify the decisions 
and judgements that need to be made. 

The West Mojave Plan is a multispecies, bioregional plan for the management of 
natural resources within a 9.4 million-acre area of the Mojave Desert in California. The 
plan addresses the legal requirements for the recovery of the desert tortoise (Gopherus 
agassizii), a threatened species, but also covers an additional approximately 80 species of 
plants and animals assigned special status by the Bureau of Land Management, U. S. Fish 
and Wildlife Service, and California Department of Fish and Game. Within the planning 
area, 28 separate jurisdictions (counties, cities, towns, military installations, etc.) seek 
programmatic prescriptions that will facilitate stream-lined environmental review, result 
in expedited authorization for development projects, and protect listed and unlisted 
species into the foreseeable future to avoid or minimize conflicts between proposed 
development and species’ conservation and recovery. All of the scientific data available 
concerning the biology and management of these approximately 80 species and their 
habitats must be evaluated to develop a scientifically credible plan. 

This document provides an overview and evaluation of the knowledge of the 
major threats to the persistence and recovery of desert tortoise populations. I was 
specifically asked to evaluate the scientific veracity of the data and reports available. 
summarize the data presently available with particular focus on the West Mojave Desert, 
evaluate the scientific integrity of those data, and identify major gaps in the available 
knowledge. I do not attempt to provide in-depth details on each study or threat; for more 
details I encourage the reader to consult the individual papers or reports cited throughout 
this report (many of which are available at most university libraries and at the West 
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Mojave Plan office in Riverside, California). I also do not attempt to characterize or 
evaluate the past or present management actions, except where they have direct bearing 
on evaluation of threats, nor do I attempt, for the most part, to acquire, generate, or 
evaluate new or existing, but uninterpreted data. 

Two Important Caveats 

Lack of scientific evidence supporting a purported impact should not be confused 
with automatically supporting the alternative, that there is no impact, and vice versa. Or 
as it is sometimes said: “absence of evidence is not evidence of absence.” It may just 
mean that credible or definitive studies testing the hypothesized effects have either not 
been conducted or not been reported adequately. 

Additionally, when I critique a particular study I am neither criticizing the 
scientist’s ability or intent. Often, studies have inherent weaknesses that are completely 
or largely out of the control of the researcher. For example, as discussed below, it is 
often very difficult to have a proper control for a study in nature and it is often too 
expensive or impossible to adequately replicate a natural study. Rather than abandoning 
the questions altogether, scientists forge ahead with the study in spite of its limitations 
and collect data that hopefully are useful for managers. I point out the weaknesses here 
so managers will understand the limitations of such data, not to criticize the researchers 
not to render the studies useless. Virtually all studies have some inherent value, but their 
utility falls at different points on the continuum of risk to managers depending in part on 
how they were conducted and reported. 

USE OF DATA TO MAKE MANAGEMENT 
DECISIONS 

Scientific investigations follow an orderly, repeatable process. Many such 
investigations begin with anecdotes from ranchers, recreationists, or casual observers of 
nature. These might include issues of concern to managers, such as “I’m seeing fewer 
tortoises these days” or “tortoises and cattle can coexist.” Anecdotes are useful for 
pointing out to researchers what critical problems may need to be solved through 
scientific investigation. Most scientific research follows up anecdotes that seem plausible 
with more craftily constructed hypotheses and direct observation by experienced 
observers. If such observations warrant further investigation, scientifically based 
observational studies are initiated. Most studies pertaining to desert tortoises fall into this 
category. However, observational studies may have problems, such as lack of adequate 
controls, insufficient sample sizes, or researcher bias in study design or interpretation. In 
a few cases, experiments are used to objectively test hypotheses that were developed 
from anecdotal or observational data. Experiments or carefully designed observational 
studies may lead to development of conceptual or mathematical theories that can then be 
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used to predict responses of valued resources to management actions. Theory can then be 
tested with further experimentation or well-designed observations. Very little theory has 
been applied to problems related to land-management practices in the Mojave Desert. 

Types of Data 

The quality of data depends on how the questions were formulated and how the 
data were collected. Research questions in tortoise biology and management rarely 
employ a standard scientific method called “strong inference” (Platt 1964). For strong 
inference, progress is generally made by devising clear, falsifiable alternative hypotheses 
and conducting experiments designed to test competing predictions of these hypotheses. 
The strongest support for one alternative comes from experimental results that exclude 
other alternatives. Studies that test only one hypothesis are weak because they fail to 
show that the same results cannot be explained by other hypotheses. In tortoise research 
we generally see studies that are designed to support a pre-determined “ruling theory” or 
“working hypothesis” (Chamberlin 1965) or to simply describe nature. Such studies do 
little to explicate the phenomenon and to truly advance the management objectives 
supported by the research. 

There are several types of studies that vary by how the data were collected. These 
categories are listed below in descending order from those generally providing the 
strongest, most valid conclusions to those providing the weakest, least reliable 
information. Value specifically refers to the level of risk a manager is taking when 
making a decision based on the data. The lower the value, the higher the risk. The actual 
conclusion may be right on target, but if it is from a risky type of data collection, the 
manager runs a higher risk of making an unsound decision. 

Experiment 

The strongest scientific data, those demonstrating cause and effect relationships, 
are generated via well-controlled and replicated experiments (Hairston 1989, Lubchenco 
and Real 1991). Such experiments involve manipulating one variable (treatment, such as 
presence of cattle) while holding all other variables constant (such as tortoise density or 
soil type). Such a design must have a control (or reference site) wherein ideally the only 
difference is the lack of the treatment. Any resultant change in the treatment area is 
likely to be caused by the particular treatment. However, one of many uncontrollable 
factors may occur that could result in a change independent of the treatment. These 
uncontrollable features, called random error, can fatally compromise the results. To 
reduce the effects of random errors (or chance), a properly designed study must have 
replicates - two or more sites that serve as control and two or more sites that serve as the 
treatment sites (Hurlbert 1984). The more replicates there are, the lower the chance that 
differences observed between treatment or control sites can be caused by random error. 
Another source of error that is mitigated by replication is uncontrollable (or 
unrecognized) differences among study sites (e.g., soil type, grazing history, and slope). 
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Any experiment that fails to have an adequate number of replicate treatment and control 
sites fails to satisfy an essential requisite for strong inference. Admittedly, it is often 
difficult or even impossible in natural settings to establish true control sites where the 
only difference is the lack of a treatment, not to mention have multiple replicates of the 
treatment and control. But having a proper control is an important feature and 
conclusions drawn from studies that lack a control suffer as a result. 

Furthermore, the strength of any experiment, its ability to be broadly applicable, 
is bolstered by sample size. However, when comparing a given treatment with a given 
control, the sample size is the number of replicate study sites, not the number of 
measurements taken within each site. It is all too common for studies, particularly non-
peer reviewed ones, to artificially inflate their sample sizes thus often reporting a 
significant effect (i.e., difference between treatment and control caused by the treatment 
factor) when in fact one did not occur or when the study was inadequately designed or 
carried out to discern a difference if one indeed existed. For example, when studying the 
effect of a factor like off-road vehicle (ORV) activity on desert habitat, it is common to 
measure number of plants and plant species within an ORV area versus outside of the 
area. If the researcher measured number of plants and plant species along ten transects 
within a single plot inside and ten transects within a single plot outside, the sample size is 
not 10 (nor 20) rather it is 1, because there is only one pair of plots being compared. Any 
differences observed may actually be caused by other factors such as different elevation 
or vegetation type. To avoid the random error of non-replication, multiple plots should 
be studied and these should be inside and outside of several ORV areas. 

Correlation 

Many studies in natural environments measure how a given factor (e.g., animal density) 
varies at different levels of some treatment (e.g., intensity of cattle grazing). This type of 
experiment can only show a correlation between the two factors. It provides no evidence 
that one factor causes a change in the other. Any correlation may just as well be from 
some unmeasured feature of the environment that affects both factors measured or it may 
be caused by chance. A cause and effect relationship can only be demonstrated if it can 
be shown that varying one factor (the independent variable) causes a predictable and 
consistent change in the other factor (dependent variable). Unfortunately, this is often the 
only means we have to study phenomena in the natural environment. 

Description/Observation 

Many studies simply describe a particular physical state or phenomenon (e.g. 
amount of trash or number of tortoises in a study area). The description can be simply 
qualitative (e.g., “a lot” or “many”) or may be quantitative involving complex statistics 
(e.g., means, standard deviations, confidence intervals). Such studies may provide 
excellent descriptions, but cannot test for cause and effect relationships. 
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Anecdote 

Generally, a non-quantitative description limited in scope (usually a single 
observation of the given phenomenon) and depth of detail is considered an anecdote. An 
example of an anecdote is: “in 1978 I saw a tortoise eat a balloon.” Anecdotes usually 
lack any formal documentation and are most often made by untrained, casual observers, 
but professionals often report anecdotal observations. Sample sizes are extremely 
limited. Anecdotes are highly risky for basing management decisions because of their 
lack of rigor, repeatability, and objectivity. 

Anecdotes need to be properly evaluated using sound scientific methodology. 
They can often form the basis for more formal observations, hypothesis development, or 
experimentation. Occasionally, there are attempts to legitimize anecdotes by compiling 
many into a single report and attempting a quantified or statistical treatment. These are 
misguided attempts because the extreme weakness and subjectivity of the basic data limit 
entire analyses: the anecdote. An appropriate expression is “the plural of anecdote is not 
data” (Green 1995). 

Speculation 

People will often make guesses about possibilities for which there are no hard 
data. When those guesses are based on clearly stated and well-founded assumptions, the 
guesses are called hypotheses and can help to direct future conceptual and experimental 
pursuits (Resnik 1991). When assumptions are weak or unstated the guesses are 
speculations. An example of a speculation is that fallout from nuclear tests in Nevada in 
the 1950s is responsible for the prevalence of disease in tortoises today. There is no 
evidence that fallout from nuclear testing can cause the diseases harming tortoises and no 
reports detailing the amount of fallout that occurred in tortoise habitat. There are no 
attempts to correlate probable fallout amounts with incidence of disease. The assertion is 
strictly a speculation because, on the face of it, it makes some sense. 

Speculations may be seductive; often they present a series of progressively 
dependent statements that have an internal logic of their own. The logic may appear 
compelling and is often bolstered by attempts to provide "proof" through analogies. Such 
argumentation often collapses when primary assumptions are nullified or when they are 
tested against real data, but too often the test is never made. Although they may 
sometimes form the basis for hypotheses and experiments, speculations are risky to base 
management decisions on because there is essentially no way to evaluate them and their 
predictive value is low. 

Source of Data 

Data sources fall into several categories with varying probabilities of adequate 
reliability and validity. The source of data provides some indication of its quality. 
However, it is possible that a particular conclusion based on data from a less reliable 
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source is more true or accurate than one from a more reliable source, but the likelihood of 
this being the case is low. Thus it is less risky to base judgements on data obtained from 
more reliable sources. The basic sources of data follow, in order of increasing risk to 
management (i.e., decreasing reliability): 

Peer Reviewed Open Literature 

Open literature refers to articles readily available in university and public libraries 
and published in professional, publicly available outlets. Easy availability allows anyone 
to obtain and evaluate the data on which decisions are made. 

Peer review is a cornerstone of the scientific process. Rigorous peer review has 
two essential components: 1) thorough review by two or more scientists (generally 
anonymous) knowledgeable on the topic and 2) the possibility of rejection if the report 
does not meet generally accepted scientific standards. The latter component is an 
important feature that is lacking in less reliable data sources. The review process helps to 
ensure (but does not guarantee) that: 1) only reliable data with valid conclusions are 
published because the reviewers make certain that data are presented in sufficient detail 
to allow adequate evaluation of the conclusions; 2) the collection and analysis methods 
followed modern scientific standards and were appropriate for making the tests reported, 
3) were reported in sufficient detail to allow someone to adequately evaluate and repeat 
the study; 4) the conclusions follow logically from the data; and 5) relevant related data 
(e.g., peer-reviewed publications), whether supporting or contradicting the study’s 
conclusions, are cited. Most professional scientific journals (e.g., Ecology, Range 
Management, Journal of Wildlife Management, Herpetologica, Bulletin of the Wildlife 
Society) are peer reviewed. The Desert Tortoise Council is now implementing an 
external review process for its annual symposium proceedings. 

Technical Books, Theses, and Dissertations 

Most technical books are peer reviewed, but often without the true possibility of 
rejection. They are often reviewed by an in house editor or panel of editors who may or 
may not be experts in the particular field. Opinions differ on whether master's theses and 
doctoral dissertations should be considered peer reviewed. They do not undergo the same 
blind review that papers in scientific journals do, but they probably receive a much higher 
level of scrutiny than most papers. Furthermore, there is much more at risk if the thesis 
or dissertation fails review: the student is not awarded the Masters or Ph.D. In this 
report, they are treated as technical books being reviewed by a panel (i.e., the student's 
graduate committee). 

Non-peer Reviewed Open Literature 

Articles from this source are often used to support decisions or recommendations 
probably because there are many of them available, the sources are widely available, and 
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the fact that they have been published adds a perception of respectability. However, there 
are often risks of using this type of data source. The authors and editors may not be 
specialists in the field they are writing about or are not scientists. Additionally, there is 
often no attempt at a logical, unbiased, rationally supported presentation. Occasionally, 
special interest groups that are pushing a specific interest and land ethic (e.g., Audubon 
Society, Rangelands, Desert Tortoise Council) publish outlets cited. 

By definition, non-peer reviewed sources do not follow the established methods 
of peer review: there is usually no independent, objective evaluation of the data 
presentation and no guarantee that articles will be rejected if they fail to meet accepted 
scientific standards. Often missing is information necessary to allow the reader to 
evaluate the reliability of data collection and analysis. Statements such as “many 
tortoises were killed by vehicles” or “tortoises depend on cow dung for nutritional needs” 
are made without details about how the author determined if a vehicle killed a tortoise, 
how often tortoises actually eat cow pies, or what are the nutritional needs of tortoises. 

Most proceedings of meetings (e.g., past issues of the Proceedings of the Desert 
Tortoise Council Symposium -) as well as abstracts from meetings are incompletely or 
not peer reviewed, and contents are usually printed verbatim with little or no editing and 
no possibility of rejection. Proceedings papers and abstracts often contain preliminary 
analyses of data and conclusions may change following the final complete analysis and 
rigorous peer review. The same criticisms holds for many official bulletins and 
newsletters of professional societies (e.g., Bulletin of the Ecological Society of America, 
Rangelands). 

Technical Reports 

Technical reports are generally written by agency and contract scientists and 
biologists and sometimes individuals untrained in the practices of science and biology. 
Technical reports are probably the most commonly used source of data for basing 
management decisions. Many agency biologists do not have the time, opportunity, 
encouragement, need, or training to publish their data. Sometimes reports are generated 
for the purpose of providing a quick analysis for management decisions that cannot wait 
for the one to two years often necessary to become published in a peer reviewed outlet. 
Such reports may not be subjected to review by competent scientists and are rarely 
rejected. “Draft” reports may never be finalized and become widely used even though 
they may be incomplete or fatally flawed. Because they do not appear in the open 
literature, refutations or critiques of the reports are rarely available. Finally, they may be 
difficult to locate, which prevents independent evaluation of their findings. 

Reports by government biologists and biological consultants are variable in 
quality. Many are well designed, researched, and written and draw adequately on the 
existing body of scientific knowledge. Others demonstrate a lack of knowledge of 
tortoise biology and common management practices; fail to properly cite previous 
studies, particularly when contrary to the conclusions or recommendations being made in 
the report; make recommendations that are untested or unwarranted; and have not been 
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peer reviewed. Such reports form the basis of many management decisions that have or 
are being made and may result in implementation of non-standard mitigation measures 
and speculative conclusions that were not tested for their efficacy. 

Unpublished Data 

There are many data sets (e.g., raw data, tables of compiled data, GIS maps, etc.) 
that are cited and used even though they may not have been checked for errors, analyzed, 
or adequately documented (e.g., data collection methods may be unknown). Reliance on 
such data for making decisions is risky particularly when there is no documentation (e.g., 
metadata) of how the data were collected and limitations of the data are not discussed. 

Professional Judgement 

When the proper research has not been conducted or completed, or time or 
expertise is not readily available, managers often rely on the professional judgement of 
staff biologists or other scientists. Reliance on professional judgement requires managers 
to use data that are unreliable if only because they cannot necessarily be independently 
evaluated or examined. The judgement may involve unsupported speculation, data that 
have been improperly or incompletely analyzed, or may involve faulty recall of the facts. 
On the other hand, professional judgements may be very sound, reliable, and based on an 
objective evaluation of the information available. The manager may not be able to 
separate good from poor judgements because there is generally too little information to 
evaluate. Judgements solicited from several competent professionals is advisable when 
possible. Also, the professionals chosen to provide input should provide citations and 
critical analyses of the data they are using to make the judgement. They should clearly 
state where the strengths and weaknesses in their judgements lie. Following steps like 
these can help to ensure the value of professional judgement. 

Science Lore 

Science lore, best defined as being the collective knowledge of the scientific, 
resource professional, or layperson community, is often based more on observation, 
assumption, and speculation than on scientifically-collected and analyzed data. Facts 
entrenched in science lore are not necessarily incorrect. They are unreliable because the 
connection between the hard data and the interpretation may be unknown. Common 
sources of Science Lore include Television programs, hobbyist journals, newsgroups, and 
casual conversations with professionals and laypersons. 

A common example of Science Lore is the statement that “tortoises live to be 100 
years old or more.” This may be true, but in fact the oldest tortoises for which any 
documentation exists were two captive animals; one was at least 67 years old and maybe 
in its mid seventies and the other was probably at least 74 and maybe older (the former 
was adult-sized when first captured 52 years earlier, Jennings 1981; and the later was 
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adult-sized when captured and grew little in the 59 years before it died, Glenn 1986). No 
one has followed marked animals in the field long enough to know the average or 
maximum longevity. In the pair of studies usually cited as evidence for long life, six 
marked tortoises, recorded as adults by Woodbury and Hardy (1948) in the early 1940’s, 
were refound still living in the 1960’s (Hardy 1976). They may have been over 100 or 
perhaps as young as 30 - 50 years when refound. Since they were of unknown (or 
unreported) age at the time of capture, we do not know their true age. Using scute annuli 
(age rings), Germano (1992) estimated that most desert tortoises live 25-35 years, but 
some live more than 40 years. The cohort of tortoises reported on in Turner et al. (1987a) 
is still being followed; these known-aged animals are now 40-41 years old (Medica pers. 
comm.). 

The onus is on the scientific community to identify statements that fall into this 
category. Researches should then investigate the underlying assumptions, find or collect 
supporting or refuting data and publish the results. Then, fact-based science lore can be 
elevated to known facts, and unsound lore can be modified or dropped from our lexicon 
of apparent facts. 

This report identifies the quality of the data available on the major threats 
confronting desert tortoise populations in the hope that the scientific-based components 
of the final decisions can be clearly separated from the value-based components. 

Two Final Caveats 

The citation of draft reports or completed but unpublished ones is not normal 
scientific practice. Because this is a critique of all data that may be relevant to decision 
making for the West Mojave Plan, draft and incomplete reports are cited. This was done 
because such documents are often relied upon heavily for making management decisions. 

Second, this report includes some papers and observations that are highly 
speculative or made by laymen, sometimes only in casual conversation. These were 
included here because they are often pervasive parts of the lore of the tortoise or desert 
communities and deserve some evaluation even if they were not made in scientific 
literature. 

DESERT TORTOISE BIOLOGY 
Knowledge of many characteristics of the basic biology of an organism is 

essential for making informed decisions concerning the management of that organism. 
Many aspects of tortoise biology are well known. The reader is referred to the following 
papers for general summaries of what is known: Berry (1978), Hohman and Ohmart 
(1980), Bury (1982), Bury and Germano (1994), USFWS (1994), Ernst et al. (1994), 
Grover and DeFalco (1995), and Boarman (2002). No comprehensive critical summary 
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of tortoise biology exists and is sorely needed. A recent summary of anthropogenic 
impacts to desert habitat is Lovich and Bainbridge (1999). 

SPECIFIC THREATS TO TORTOISE 
POPULATIONS 

Threats occur under two major categories, direct and indirect, although they are 
not necessarily mutually exclusive. Direct threats are those that affect the survival or 
reproduction of tortoises (e.g., road mortality, illegal collecting, disease, predation). 
Indirect threats affect tortoise populations through their effect on other factors, primarily 
habitat (e.g., drought, habitat alterations from livestock grazing, recreational activities, 
global warming, etc.). Direct threats are usually more easily measured and therefore 
more easily evaluated than indirect effects. 

To determine the impact of a specific threat on tortoise populations, it is 
insufficient to measure the threat solely (e.g., number of cars or density of mines in an 
area.) One must determine the effect the threat has on some aspect of tortoise 
reproduction or survival. Many parameters of tortoise biology can be measured when 
attempting to determine impacts of threats. Sometimes, the easiest and most intuitive 
response is mortality. It is difficult to deny that a motorized vehicle killed a fresh, 
smashed tortoise found on a paved highway. When tortoises die they leave behind a shell 
that can last for four years or more (Woodman and Berry 1984). Often that shell bears 
evidence of the cause of death (e.g., tooth marks, conchoidal fractures, fracture from 
blunt trauma, etc.). However, interpreting these signs is subjective and little scientific 
work that can aid interpretation has been conducted (but see, Berry 1985, 1986a) and 
most assumptions made in interpreting the evidence are not reported. Reproduction is 
more problematical, but at least clutch size and frequency can be measured with x-rays or 
sonograms or by locating nests and monitoring hatching success (Gibbons and Greene 
1979; Turner et al. 1986, 1987b; Rostal et al. 1994). Survival of the young is an essential 
component to understanding the effect of threats on tortoise populations, but is very 
difficult to measure (e.g., Turner et al 1987b, Morafka 1994). Growth (Medica et al. 
1975, Germano 1988, Turner et al. 1981, Patterson and Brattstrom 1972), behavior (Ruby 
and Niblick 1994, Ruby et al. 1994), and physiology (Nagy and Medica 1986, O’Connor 
et al. 1994a, Christopher et al. 1994) vary with environmental conditions and may be 
useful parameters for measuring the effect of impacts, but their efficacy at doing so has 
yet to be demonstrated. Modeling population demography (i.e., age-specific survival and 
reproduction), when using accurate measures from the population, can be an excellent 
way of evaluating the effects of threats and management actions on population growth 
(Congdon et al. 1993, Heppell 1998). 
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Relative Importance of Threats 

The rating of relative importance of different threat factors is a challenging 
undertaking for several reasons. First, it is very hard to determine the cause of death of 
animals and it is even harder to determine how much decline is really attributable to the 
various indirect causes of mortality (e.g., habitat alteration). Educated guesses can be 
made about causes of death (Berry 1984, 1985, 1986a, 1990 as amended), but most of the 
methods used have not been described or subjected to experimentation, independent 
evaluation, or peer review. Second, not enough is known about several potential threats 
to evaluate their absolute or relative impact. For example, it has been suggested that 
toxic chemicals may be responsible for a disease of the shell affecting some populations. 
However, it is not known if chemicals are the causative agent, which chemicals are the 
problem, or the source of chemicals. Also, little is known about neither the epidemiology 
of the disease nor how much mortality is actually caused by it. Third, which mortality 
factors are functioning is very site specific. Highway mortality is an important factor for 
populations along highways; it may drain populations two miles or more away (von 
Seckendorff Hoff and Marlow 1997). On the other hand, for populations away from 
highways, this may be a very low or non-existent threat. Regional differences occur, also. 
Urbanization and development are major factors in portions of the west Mojave, but are 
probably relatively unimportant in much of the east Mojave (outside of the Las Vegas 
and St. George areas). Finally, as discussed above, factors that caused the declines (e.g., 
disease) may not be the same factors that are preventing recovery (e.g., genetic or 
demographic consequences of small populations, fragmentation, and raven predation). 
For all of these reasons the controversial and subjective task of ranking impacts was 
avoided here. 

Specific threats are easy to discuss and identify, but more pervasive problems 
often exist when multiple threats interact to make for larger environmental problems. 
The three largest of these broader impacts affecting tortoise populations are habitat loss, 
degradation, and fragmentation; urbanization and development; and access by humans to 
tortoise habitat. I will first focus on specific threats then discuss three broader, more 
cumulative types of threats. There are virtually no published studies looking specifically 
at the effect of these general factors on tortoise populations. 

Agriculture 

Probably the greatest affect agriculture has on tortoise populations is through loss 
of habitat: when tortoise habitat is converted for agricultural use it becomes mostly 
unusable by tortoises for foraging or burrowing. Indirect impacts could include 
facilitation of increases in raven population, drawdown of water table, production of 
fugitive dust, possible introduction of toxic chemicals, and introduction of invasive plants 
along corridors and when the fields go fallow. 

I found no substantiated references in the literature indicating that desert tortoises 
use agricultural fields, although alfalfa, with its high nitrogen content, could be a healthy 
source of food for tortoises (Bailey, 1928, provides an anecdotal account from untrained 
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observers of “tortoises eagerly eating alfalfa.”). Berry and Nicholson (1984a) cited one 
anecdotal report from an individual with unreported credentials as evidence that 
“tortoises are known to enter...alfalfa fields” (p. 3-21). Disking, plowing, mowing, and 
baling would destroy burrows and kill tortoises (as they do the marginated tortoise, T. 
marginata, in the Mediterranean region; Stubbs 1989). There are no reports of desert 
tortoise burrows in agricultural fields. 

The Common Raven, a predator on juvenile desert tortoises, makes considerable 
use of agricultural fields in the west Mojave Desert (Knight et al. 1993, 1999, Knowles et 
al. 1989). Agricultural fields probably are important sources of food (i.e., insects, 
rodents, and seeds) and water for ravens during times of the year when those resources 
are generally in low abundance elsewhere, thus resulting in more ravens surviving the 
summers and winters (Boarman 1993, unpubl. data). See “Predation,” below, for more 
discussion. 

Pumping of ground water for irrigation can result in a major change in vegetation 
or habitat type. Koehler (1977) reported that the drawing of water for irrigation from 
Koehn Dry Lake, near Cantil in the Western Mojave, lowered the water table by 240 ft 
between 1958 and 1976. Berry and Nicholson (1984a) state that this lowering of the 
water table has approached the Desert Tortoise Natural Area (DTNA) and imply that it 
may affect tortoise habitat, although no data were presented to support the implication. 
Closer inspection of the maps provided in Koehler (1977) show that the water-level 
decline is lower (30 - 180 ft) near tortoise habitat south and southeast of Koehn Dry 
Lake. There are no data to indicate what effect this lowering of the water table has on 
mesquite, other vegetation, or tortoise habitat in the area, but there are data on the effect 
water table lowering has on mesquite in other arid regions (Nilsen et al. 1984). 

Agricultural fields cause dust storms, called fugitive dust (Wilshire 1980). 
Fugitive dust coats plants, which in turn may reduce photosynthesis and water-use 
efficiency (Sharifi et al. 1997). The end result is lower productivity of forage plants. 
Their study did not specifically look at agricultural dust, but the results are probably 
generalizable. 

The finding of “hundreds of...tortoise shells” (with no indication of how long the 
tortoises had been dead) was reported anecdotally and second hand by Berry and 
Nicholson (1984a) and was correlated with application of an unspecified pesticide to kill 
jackrabbits in a nearby (distance unspecified) alfalfa field. Aside from this single 
unsupported speculation, there are no references to possible toxic effects on tortoises of 
pesticides, herbicides, and other chemicals used in agriculture. Pesticide use, particularly 
aerial applications apparently are now very limited in the desert. 

Collecting by Humans 

Humans collect turtles and tortoises for several reasons, and these activities are 
responsible for population declines in several of the threatened and endangered species 
throughout the world (Stubbs 1991). Collecting desert tortoises for pets was probably a 
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major activity in the recent past (Berry and Nicholson 1984a), although most evidence is 
anecdotal in nature. Since 1961, it has been illegal under State law to collect tortoises in 
California and since 1989 collecting has been a Federal offense (USFWS 1994). The 
Desert Tortoise Recovery Plan (USFWS 1994) cites several documented instances of 
illegal collecting more recent than those in Berry and Nicholson (1984a), including the 
unauthorized removal of marked study animals from known study areas. It must be 
cautioned that some of the examples cited in the Recovery Plan are circumstantial or 
speculative. For instance, Stewart (1993) reported one strongly supported (tortoise found 
in a car in Idaho) and one speculative (transmitter and human footprints found on ground 
and tortoise was missing) example of poaching. Berry (1990 as amended) gives purely 
speculative and circumstantial evidence for poaching (namely, marked drop in estimated 
density on a study plot over a 5-year period with relatively few carcasses being found 
coupled with observations of possibly human-excavated burrows nearby and other 
evidence for poaching several miles away). The available evidence suggests that 
collecting for pets is still occurring, but perhaps at a level lower than previously, although 
this statement is speculative at present. Evaluating the extent of the problem is very 
difficult because of the cryptic nature of the activity. 

A newly documented problem is the collection of wild tortoises by recent 
immigrants for cultural observances (USFWS 1994, Berry et al. 1996). Berry et al. 
(1996) reported that 7.7% of tortoise burrows found showed evidence of being excavated 
by humans and that the number of such burrows is greater near versus far from dirt roads. 
Their study suggests that poaching tends to occur near roads, even lightly maintained 
ones, thus the presence of roads may help to facilitate poaching. However, there was no 
statistically significant difference in distance from roads for disturbed versus undisturbed 
burrows and the method for determining if a burrow was excavated was circumstantial 
and subjective. 

The bottom line is that there is little evidence to suggest that illegal collecting is 
currently a widespread problem, but there is also little evidence to the contrary. 

Construction Activities 

Construction activities here refer specifically to the generally short-term effects of 
actual construction (clearing land, movement of heavy equipment, presence of 
construction crews, etc.). The lasting effects of the constructed facility, once in place, are 
discussed in “Urbanization and Development,” “Energy and Mineral Development,” 
“Utility Corridors,” and “Habitat Loss, Degradation, and Fragmentation” sections below. 
In many ways, most construction projects have similar impacts on tortoises and their 
habitat, regardless of what is being constructed. Those impacts may include: loss of 
habitat by the project footprint; incidental destruction of habitat in a buffer area around 
the footprint; damage to soil and cryptogams on the periphery; incidental death of unseen 
tortoises along roads, beneath crushed vegetation, or in undetected burrows; destruction 
of burrows; handling of tortoises; entrapment of tortoises in pits or trenches dug for 
transmission or fiber optic lines, water, and gas pipelines and other utilities; attraction of 
ravens and facilitation of their survival by augmenting food or water; and fugitive dust 
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(Olson et al. 1992, EG&G 1993, Olson 1996). There are little data on the extent of these 
potential impacts. But, Olson (1996) reported that a construction of a natural gas pipeline 
had the greatest impact on tortoises and habitat, construction of a transmission line had 
intermediate impacts, and a fiber optic line was the most benign. The differences are 
largely related to the scale of the project, ability of crews to avoid disturbing burrows, 
and timing of construction to avoid peak activity periods of tortoises (e.g., spring). In an 
analysis of 171 Biological Opinions issued by the USFWS in California and Nevada, 
Circle Mountain Biological Consultants (1996, see also LaRue and Dougherty 1999) 
found that the majority of tortoise mortality occurred along linear construction projects 
(e.g., pipeline, fiber optic, and transmission lines) with the extensive Mojave-Kern 
Pipeline causing the greater number of deaths (38). Tortoise mortality also occurred on 
mining, landfill, and military projects. The total number of deaths reported on the 
projects was well below the level authorized by the USFWS (59/1096 = 5.4%). This 
study was strictly an evaluation of known tortoise mortalities occurring during projects 
authorized by the USFWS under Section 7 of the Endangered Species Act. It therefore 
likely underestimates actual tortoise mortality (e.g., tortoises buried during construction 
or otherwise not found, accidentally killed but not reported, etc.) that occurred. 

Disease 

Disease in general is a normal and natural phenomenon within wild animal 
populations. Diseases can weaken individuals, reduce reproductive output, and cause 
mortality. Epidemic outbreaks of some diseases can become catastrophic, particularly in 
small or declining populations (Dobson and Meagher 1996, Biggins et al. 1997, Daszek 
et al. 2000). Sometimes disease can be controlled by wildlife managers by attacking the 
pathogen; isolating diseased from non-diseased individuals, populations, or species; 
immunizing healthy individuals; or facilitating habitat conditions that increase 
individual’s immune systems. Other times there may simply be nothing a manager can 
do. It is important to understand disease etiology and epidemiology before effective 
management actions, if any, can be determined. 

Two diseases have been identified as possibly affecting the stability of some 
desert tortoise populations: Upper Respiratory Tract Disease (URTD; Jacobson et al. 
1991) and cutaneous dyskeratosis affecting the shell (Jacobson et al. 1994). A third 
disease, a herpesvirus, was recently identified and may have population-level 
consequences, but very little is known about it (Berry et al. 2002, Origgi et al. 2002). 
URTD has been found in several populations that have experienced high mortality rates, 
including some in the west Mojave (Jacobson et al. 1996, Berry 1997). Much is published 
in peer reviewed journals about the etiology of this disease, which has been found in 
captive turtles of this and several other species (Jacobson et al. 1991) and in wild 
populations of the gopher tortoise (Gopherus polyphemus; Jacobson 1994). Brown et al. 
(1994a) showed definitively that URTD can be caused by a bacterium, Mycoplasma 
agassizii. It is likely transmitted by contact with a diseased individual or through 
aerosols infected with M. agassizii.  The organism attacks the upper respiratory tract 
causing lesions in the nasal cavity, excessive nasal discharge, swollen eyelids, sunken 
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eyes, and in its advanced stage, lethargy and probably death (Jacobson et al. 1991, 
Schumacher et al. 1997, Homer et al. 1998, Berry and Christopher 2001). It must be 
noted, however, that some of these clinical signs may also be characteristic of other 
health condition such as dehydration, allergy, or infection with herpesvirus or the bacteria 
Chlamydia or Pasteurella (e.g., Pettan-Brewer et al. 1996, Schumacher et al. 1997). 

Malnutrition is known to result in immunosuppression in humans and turtles 
(Borysenko and Lewis 1979) and is associated with many disease breakouts. It is 
possible that nutritional deficiency in tortoises caused by human-mediated habitat change 
and degradation may be partly responsible for the apparent spread of URTD and its 
perceived impact on tortoise populations (Jacobson et al. 1991, Brown et al. 1994a). 
Short-term droughts may temporarily reduce immune reactions and increase 
susceptibility to URTD (Jacobson et al. 1991), although this is speculative. Whereas 
animals may become debilitated by chronic immune stimulation, no biochemical 
indicators of stress have been identified in diseased compared to non-diseased turtles 
(Borysenko 1975, Grumbles 1993, Christopher et al 1993, 1997). 

Although evidence indicates a correlation between high rates of mortality and 
incidence of URTD within populations (Berry 1997), there is little direct evidence that 
URTD is the cause of the high rates of loss. In two preliminary analyses (Avery and 
Berry 1993, Weinstein 1993), animals exhibiting clinical signs of (both studies) or testing 
positively for (latter study) URTD were no more likely to die over a one year period in 
the west Mojave than were those not exhibiting signs or testing positive. This may be 
because factors other than disease caused much of the mortality or many animals not 
showing clinical signs of disease in the field were still infected. A serological test for 
presence of antibodies against M. agassizii has been developed and is now being used to 
document presence and spread of the disease (Schumacher et al. 1993). But, the test, an 
enzyme-linked immunosorbent assay (ELISA) does not indicate present infection, only a 
probability of past exposure. A polymerase chain reaction (PCR) test, which has been 
developed for M. agassizii is more effective for determining active infection (Brown et 
al. 1995). Lance et al. (1996) reported that infected tortoises had significantly lower 
testosterone and estradiol levels and that diseased females tended to lay eggs less often. 
Finally, there is some evidence that animals at the DTNA, where URTD breakout has 
been particularly intense, may recover from infection (Brown et al. 1994a, b). 
Interestingly, Berry (2002) reported that none of 119 wild tortoises tested at 9 locations 
throughout the California deserts in 2000 and 2001 tested positive for URTD. No 
discussion of this result was provided. A thorough epidemiological study is badly needed 
to identify the factors involved in the incidence, spread, and virility of the disease in wild 
populations (D. Brown pers. comm.). 

A shell disease, cutaneous dyskeratosis (CD), has been identified in desert tortoise 
populations (Jacobson et al. 1994). CD consists of lesions along scute sutures of the 
plastron and to a lesser extent on the carapace. Over time, the lesions spread out onto the 
scutes. This disease may be caused by the toxic effect of chemicals in the environment, 
but evidence is lacking to test this hypothesis. Naturally-occurring or human-introduced 
toxins such as selenium, chlorinated hydrocarbons, organophosphates, nitrogenous 
compounds, and alkaloids have all been implicated (Homer et al. 1998), but there are no 
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data showing a direct link. The disease may also be caused by a nutritional deficiency 
(Jacobson et al. 1994). It is not known whether or not CD is caused by an infectious 
pathogen or if secondary pathogens act to enhance the lesions (Homer et al. 1998, Homer 
pers. comm.). It is unclear if the disease is actually lethal or responsible for declines in 
infected tortoise populations (Homer et al. 1998). Only one documented case of CD from 
the West Mojave Desert was found in the literature (Homer et al. 1998). 

If the shell diseases are toxicoses, toxic responses to environmental toxins (e.g., 
heavy metals, chlorinated hydrocarbons, organophosphates, and selenium), then there 
may be a direct link between these diseases and human activities unless the toxin is a 
natural component of the physical environment. Chaffee et al. (1999) found no significant 
correlation between elevated levels of metals in organs of ill tortoises and in the soil 
where the tortoises came from. If there is a link to human activities, then we can consider 
solutions that would reduce levels of input of the toxic chemical. However, this link is 
currently highly speculative. 

There is some recent, albeit weak, preliminary evidence linking heavy metals to 
disease in tortoises. In necropsies of 31 mostly ill tortoises, Homer et al. (1994, 1996) 
found elevated levels of potentially toxic metals and minerals in the liver or kidney of 
one or more of the animals. Since most of the animals were ill to begin with, an 
association was made between the presence of the toxicants and presence of the disease. 
However, that study is strictly correlative, and fails to demonstrate a cause and effect 
relationship. Berry (1997) claims that “the salvaged tortoises with cutaneous 
dyskeratosis had elevated concentrations of toxicants in the liver, kidney, or 
plasma...and/or nutritional deficiencies.” However, closer examination of the data 
presented in Homer et al. (1994, 1996) and cited in Berry (1997) reveals a remarkably 
low association with only 1 out of 12 tortoises with CD having at least one toxicant 
concentration greater than two standard deviations above the mean. Four other animals 
also had unusually high levels of at least one toxicant, but did not suffer from CD. 
Furthermore, Homer et al. (1994, 1996) identified abnormally high levels as being those 
concentrations that are greater than two standard deviations from the average 
concentration found in the 31 tortoises. In a normally distributed set of 20 randomly 
selected values, 1 will, by definition, fall outside of 2 standard deviations from the mean, 
because 2 standard deviations is defined as including only 95% of the samples. So if 100 
comparisons are made, then 5 levels will be considered abnormally high or low just by 
chance. In the study, 689 values would be reported, thus 34 (or 95%) would be expected 
to be greater than twice the standard deviation from the mean just by chance. In fact, 32 
were identified as falling outside this range of two standard deviations. These data are in 
need of a thorough statistical analysis. Homer (pers. comm.) has found significantly 
higher levels of iron (in liver) and cadmium (in kidneys and liver) of tortoises with 
URTD compared to those in a control group. It is not known if the levels identified by 
Homer et al. (1994, 1996, pers. comm.) as being abnormally high are biologically 
significant. Homer (pers. comm.) has found significantly reduced levels of calcium in the 
livers of tortoises with CD, which suggests a nutritional deficiency may be involved in 
the disease. 
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Several other diseases and infections have been identified in desert tortoises 
(Homer et al. 1998). These include a poorly known shell necrosis, which can result in 
sloughing of entire scutes; bacterial and fungal infections; and urolithiasis, a solid ball-
like deposition of urate crystals in the bladder (i.e., bladder stones; Homer et al. 1998). 
There is no evidence to suggest that any of these diseases are at this time widespread, 
threatening population stability, or hindering population recovery. 

Beyond taking precautions to avoid spreading the disease when handling many 
animals (Rosskopf 1991, Berry and Christopher 2001), educate the public against 
releasing potentially-diseased captive animals (Berry 1997), include only healthy 
individuals in translocation efforts (Brown 1994a), the practical management 
implications of the disease data are unclear. Tully (1998) states, without explanation, 
that URTD infections are not likely to be controlled by immunizations. Improving 
habitat conditions may help reduce stress-induced immunosuppression (Brown 1994a), 
but the link between stress from poor habitat quality and susceptibility to URTD is only 
speculative. 

Drought 

A drought is an extended period of abnormally low precipitation. Unlike 
kangaroo rats and some other desert vertebrates, tortoises acquire much of their water, 
and maintain and overall positive energy balance, from standing sources (Peterson 1996). 
O’Connor et al. (1994a) showed that water deprivation in a group of semi-wild tortoises 
caused higher levels of physiological stress (using several blood assay profiles) compared 
to a group of semi-wild tortoises with water supplements and a group of free-ranging 
tortoises. Peterson (1994a) recorded abnormally high levels of mortality in two tortoise 
populations (west and east Mojave) during a three-year period of an extended drought. 
The deaths in one population (Ivanpah Valley) were attributed to drought-induced 
starvation and dehydration and occurred in the third year of study. Ken Nagy (pers. 
comm.) has stated that tortoises can probably survive 1-2 years without drinking water 
but will start dying of dehydration after that. The primary source of mortality, which 
occurred throughout the three-year study, at the DTNA was coyote predation. The 
coyotes may have switched to the less desirable tortoises following hypothesized 
drought-induced reduction in coyotes’ normal prey (black-tailed jackrabbits; see also 
Jarchow 1989). Alternatively, tortoises may have been in a weakened condition due to 
URTD, but Peterson (1994a) found little evidence of disease in his study animals. Low 
rainfall can also reduce reproductive output with tortoises producing fewer eggs or 
suspending egg-laying altogether in low-rainfall years (Turner et al. 1984, Lovich et al. 
1999). Avery et al. (2002) documented higher survival and reproduction among females 
at higher elevation site that received more rain than a lower one in Ivanpah valley. 
Tortoises may survive drought periods by eating less nutritious cacti and shrubs (Turner 
et al. 1984, Avery 1998). 

Much of the desert experienced short-term drought conditions in the late 1980s 
(Corn 1994a, Hereford 2002), a period when rapid declines and high mortality were 
reported in some tortoise populations (Berry 1990 as amended, Corn 1994a, Peterson 

- 17 -



1994a). However, Corn (1994a) reported that, between 1977-1989 there was no 
correlation between winter precipitation and relative abundance of large (≤ 180 mm 
median carapace length [MCL]) or small (<180 mm MCL) tortoises, but there was a 
significant correlation between summer precipitation and relative abundance of small 
tortoises. Some reports exist of dehydrated and emaciated tortoises being found (Berry 
1990 as amended, Peterson 1994a, Homer et al. 1996). 

Drought is a normal phenomenon in the Mojave Desert (Peterson 1994a, Hereford 
2002). Desert tortoises have lived in the Mojave Desert for over 10,000 years and 
probably have evolved under similar boom-bust conditions (Peterson 1994 a,b, 1996; 
Henen 1997; Nagy and Medica 1986). It is possible that drought can cause episodic 
mortalities punctuated by periods of low mortality during years with more abundant 
rainfall. It is reasonable to speculate that drought-induced stress in concert with other 
threats (e.g., disease, predation) resulted in significant mortality (Peterson 1994a), but 
there are little data to test this hypothesis. An epidemiological study is needed to 
evaluate the effect drought has on tortoise populations. 

Energy and Mineral Developments 

Energy and mineral development includes: presence of utility lines, transmission 
lines, and gas pipelines; development of land for oil and gas leases; geothermal and solar 
energy generation; and digging exploratory pits for and extraction of minerals. Impacts 
from energy and mining developments can include habitat destruction and direct 
mortality from off-road travel to explore and access sites; habitat loss to road and 
development construction, leachate ponds, tailings, rubbish, etc.; introduction of toxins; 
fugitive dust and soil erosion; and urban-type developments to support large mining 
operations. The extent of area directly affected by energy and mining is difficult to 
assess because the data are not readily available. According to Luke et al. (1991), as of 
1984, 41% of high density tortoise habitat rangewide was leased or partially leased for oil 
or gas and 2% was directly impacted by mining operations or leased for geothermal 
development. However, no indication was given for how these figures were obtained. 
Most mining operations are point sources of disturbance with potentially little effect 
beyond the immediate site of development. The greatest effect may come from the 
cumulative impact of many relatively small mining-related disturbances combined with 
facilitation of rural or urban development (e.g., Randsburg) to support the mining 
operations in a given area. However, large-scale operations that depend on frequent haul 
trucks to transport excavated minerals may also present vehicle-related impacts such as 
increased road kills and air pollution. 

There are few data on the effects of energy and mineral development on tortoise 
populations. Mortalities have occurred in association with mining activities (LaRue and 
Dougherty 1999). Hard rock mining, particularly pit mining and operations in dry 
lakebeds, can be a major source of fugitive dust (Wilshire 1980). Loss of habitat and soil 
and vegetation disturbance can be substantial and major, depending on the size of the 
area. Although illegal, cross-country travel to drill and access test pits, stake claims, and 
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evaluate mineral potentials still occur (pers. obs.) and needs to be properly documented 
and evaluated. 

Energy development has similar impacts, particularly direct and indirect loss of 
habitat, fragmentation of habitat and population, and effects of access roads, which are 
likely to be relatively light once construction has ended (Brum et al. 1983). Construction 
of transmission lines requires grading of new roads for construction of towers and 
maintenance of the lines, and clearing or terracing of habitat for tower placement. Not 
only is habitat lost (0.16 to 0.24 mi2 per mile of transmission line; Robinette 1973, cited 
in Luke et al. 1991), but the new road may help to fragment the population and provide 
access to areas for other human-related impacts (see “Utility Corridors” section, below). 
The access roads are also an important source of windblown dust and attendant erosion 
(Wilshire 1980). The presence of new utility lines, necessary to distribute the electricity, 
may help facilitate nesting by ravens in specific areas they did not nest in before, if those 
areas did not have adequate nesting substrates before the new towers were erected 
(Boarman 1993, Knight and Kawashima 1993). For more discussion, see “Utility 
Corridors” section, below. 

Aside from loss of habitat and other consequences associated with access roads 
and transmission lines, there is little evidence that energy generation negatively impacts 
tortoise populations. If designed and managed properly, wind generation may be 
compatible with tortoise populations (Lovich and Daniels 2000). Tortoises made 
extensive use of wind turbine pads for burrow cover and, by restricting access, the wind 
park served as a de facto reserve that minimized several other harmful human activities 
such as ORV travel, vandalism, and illegal collections. The only study found on solar 
energy impacts showed that here were only very small changes in air temperature, wind 
speed, and evaporation rates downwind from a solar power plant in the western Mojave 
Desert (Rundel and Gibson 1996). They did not study impacts to tortoise populations. 

Fire 

Fire, once considered a rare event in the Mojave Desert (Humphrey 1974), now 
occurs with ever-increasing frequency causing a greater threat to tortoises and their 
habitat (USFWS 1994, Brooks 1998). Fire frequency has increased with the proliferation 
of introduced plants, particularly the grasses, red brome (Bromus rubens) and split grass 
(Schismus barbatus and S. arabicus), which provide fuel for fires (Brown and Minnich 
1986, Brooks 1999b). These plants help to spread fire because they are often common, 
tend to grow in large relatively dense mats, and fill the intershrub spaces, which are 
largely devoid of native vegetation (Brown and Minnich 1986, Rundel and Gibson 1996, 
Brooks 1999b). Fires cause direct mortality when tortoises are burned or inhale lethal 
amounts of smoke, which can happen both in and out of burrows. Documented cases of 
tortoises being burned by fires are uncommon, but do occur (e.g., Woodbury and Hardy 
1948 - circumstantial, secondhand account of 14; Homer et al. 1998, reports 1; Esque et 
al. in press, reports 5, which is 4-13% of the study population; Lovich, pers. comm., 
found 1). Fires are probably most hazardous to tortoises when they occur during the 
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active season for tortoises (e.g., spring in the West Mojave). Previously rare, frequency 
of spring fires are now on the increase (Brooks 1998). 

There are several possible indirect impacts of fires. Fires remove dry and some 
living forage plants. They facilitate proliferation of non-native grasses (Brown and 
Minnich 1986, Brooks and Berry 1999). The effect this has on tortoises is as yet 
unresolved. There is some evidence that tortoises may selectively avoid exotic grasses 
(Jennings 1993, Avery 1998), but Esque (1994) showed that tortoises may choose to eat a 
majority of non-native plants, particularly in drier years. The physiological consequences 
of foraging on non-native grasses is also not entirely known, but, in a manipulative study 
with semi-captive tortoises, Nagy et al. (1998) showed that grasses, native and non-
native) provided tortoises with much less nitrogen than did forbs and tortoises tended to 
loose water when eating them. Avery (1998) also showed that tortoises eating only split 
grass lost weight, assimilated less protein, and were in a negative nitrogen balance, 
whereas those that were fed a native forb (Camissonia boothii) maintained their weight 
and experienced a positive nitrogen balance. Those tortoises that fed on both plat types 
maintained their weight but experienced a net loss of protein. By removing vegetation, 
fires may alter the thermal environment by increasing temperature extremes experienced 
by seeds, plants, and burrowing tortoises (Esque and Schwalbe 2002). Soil erosion is 
enhanced by the loss of stabilizing vegetation, roots, and cryptogamic crusts (Ahlgren 
and Ahlgren 1966). Fires fragment tortoise habitat by creating patches of unusable 
habitat, at least over the short term. There is some evidence of an increase in availability 
of nitrogen and other nutrients for a short while following fires (Loftin 1987), but none 
demonstrating that plant growth is stimulated by this nutrient flush. Overall effects on 
vegetation are variable, and may depend in large part on the intensity of the fire, 
characteristics of the plants, and post-fire precipitation (Esque and Schwalbe 2002). 
Brown and Minnich (1986) found an increase in annual vegetation following a fire during 
an unusually rainy period. On the other hand, O’Leary and Minnich (1981) found no 
difference during a drier year. 

The structural characteristics of vegetation in years following fires has been 
studied. Following burns in creosote scrub community in the Colorado Desert, Brown 
and Minnich (1986) found 23% higher cover by annual forbs, most of which were 
exotics. Cover by some native forbs, including ones preferred by tortoises, were also 
higher in burned vs. unburned areas. They also found that perennial plants, particularly 
creosote bush, were damaged and exhibited low levels of stump sprouting and 
germination following more intense fires. A change in dominant shrub type resulted, but 
the study only reported on 3-5 years post-burn; no data were presented on possible long-
term successional changes or recovery. Dense cover by annuals, particularly introduced 
grasses, provides higher fuel loads, which results in more fires that are also hotter (Brown 
and Minnich 1986, USFWS 1994, Brooks 1999b). 

The amount of tortoise habitat burned by recent fires is relatively low, but 
increasing. For example, between 1980 and 1990, 243,317 acres burned in the Mojave 
Desert in California, which is an average of 38 mi2 per year (USFWS 1994). The increase 
in number of fires per year over the ten-year period was statistically significant. Tracy 
(1995) reports that fires occur much more frequently near roads and towns, but no data 
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were presented in this abstract. Duck et al. (1995) reported that tortoises may be killed 
by fire-fighting activities, including by large fire trucks driving off of roads in tortoise 
habitat, and recommended training and fire management techniques to reduce the 
problem. 

Through its destructive effect on woody shrubs, fire has been used to manage 
(i.e., improve for cattle foraging) desert grasslands. In desert grassland of southern 
Arizona, fire removed 9-90% of targeted shrubs (i.e., mesquite, Prosopsis juliflora; 
burro-weed, Aplopappus tenuisectus; prickly pear cactus, Opuntia occidentalis; and 
cholla, Opuntia sp.; Reynolds and Bohning 1956). This work was not conducted in 
tortoise habitat and the efficacy of using fire in similar ways has not been tested in the 
Mojave Desert nor has its effectiveness at improving habitat for tortoises been tested. 

Garbage and Litter 

Garbage illegally dumped in the desert is unsightly, may cause local habitat 
alteration, and may affect individual tortoises. Indeed, in a popular article, Burge (1989) 
cited an instant of a tortoise losing its leg after getting it caught in the string of a disposed 
balloon. She also reports finding foil and glass chips in tortoise scat. No details were 
provided. There are no data to suggest that litter is a widespread or major problem for 
tortoise populations. The relationship between organic litter and raven predation on 
tortoises is covered under “Predation,” below. 

Illegal dumping of hazardous wastes is an increasing problem in the California 
deserts (John Key, pers. comm.) Toxins are known to cause a myriad of problems for 
wildlife (Jacobson et al. 1994), and presumably elevated levels (see “Disease” section, 
above) of certain metals (e.g., cadmium, copper, molybdenum, mercury, lead) have been 
found in the tissues of desert tortoises (Homer et al. 1994, 1996, 1998). The distribution 
and limited size of illegal dumps and hazardous spills suggests that this is a minor 
problem for tortoise populations as a whole, but they may be of concern on a localized 
basis. Metals and other pollutants may enter the environment from other sources 
including mining and air pollution, but their effects on tortoise populations remain 
speculative. 

Handling and Deliberate Manipulation of Tortoises 

Handling and deliberate manipulation of tortoises includes curious members of 
the public picking them up and sometimes removing them from the wild, biologists 
relocating and translocating them to new sites, pet owners releasing captive tortoises into 
the wild, and researchers manipulating tortoises for scientific experimentation. The 
effects can be manifold, depend on the type of handling, and remain largely unstudied. 

Members of the public will sometimes pick up tortoises when they find them on 
roads or alongside trails. They do so out of curiosity or to remove the animal from 
harm’s way (Ginn 1990; picking up a tortoise to cause harm is covered in the 
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“Vandalism” section, below). Any such handling or even disturbance of a tortoise is 
illegal under the Endangered Species Act, although it is unlikely that USFWS would 
prosecute a person who moves a tortoise out of harm’s way (pers. obs.). 

There are several possible effects of this type of well-meaning handling, but most 
of them fit into the realm of speculation or science lore. First, when tortoises are handled 
they sometimes void the contents of their bladder, which may represent loss of important 
fluids and it is thought this loss could be fatal (Averill-Murray 1999). Averill-Murray 
(1999) provided some evidence that handling-induced voiding may jeopardize 
survivability, although usually relatively small amounts of fluid are discharged. Smaller 
animals were more likely to void, but, if the animal was recaptured at a later date, its 
growth was not inhibited as a result of voiding previously. The statistical significance of 
his results may be compromised by his decision not to adjust the level of significance to 
account for making multiple tests (a problem similar to that noted about Homer 1994, 
1996, in the “Disease” section above). Nonetheless, the results suggest there may indeed 
be a trend towards voiding affecting tortoise survival, particularly in drought years, and 
this should be followed up with more experimentation. 

Other problems with handling tortoises can occur. Diseases might be transferred 
between tortoises if people handle more than one tortoise without sterilizing their hands 
or using different clean or sterilized gloves for each handling (Rosskopf 1991, Berry and 
Christopher 2001). It is claimed that turning over a tortoise to look at its underside will 
harm its internal organs, break eggs, or cause shock (Rosskopf 1991), but there is no 
evidence to support this contention. It may be detrimental to a handled tortoise if it is 
released outside of its home range, far from known burrows, or away from shade (e.g., 
Stewart 1993). This could be particularly hazardous during hot, dry weather or late in the 
afternoon, but again no data exist to support this likely speculation. Finally, the 
disruption of behavior by handling or just approaching the tortoise could be harmful if the 
disruption causes the animal to withdraw into its shell long enough to prevent it from 
being able to eat, drink, or retreat to a safe cover site (e.g., burrow, pallet, or shrub) for 
the night, thus leaving it exposed to predators or harsh environmental conditions. The 
probability of this disruption being hazardous to the tortoise is likely low, unless 
disruptions occur extremely frequently. Tortoises can go many months without eating or 
drinking (Peterson 1996), so a few minutes of disruption is not likely to alter their 
nitrogen, energy, or water balance. All of these claims need further study to substantiate 
their validity. 

Relocation of animals to a new area is frequently recommended, and is 
occasionally implemented to save tortoises from construction and other ground disturbing 
activities. Possible problems with translocation efforts include increased risk of 
mortality, spread of disease, and reduced reproductive success. There have been a few 
studies of the effectiveness of relocation efforts, and most of the relocations generally 
have been marginal to unsuccessful. A study summarized in Berry (1986b) found that 
22% (13/43) of the animals translated 16 to 88 km from their capture sites stayed at their 
relocation sites for more than several days, but only five remained for 15 months to 6 
years. Few mortalities were observed, but many disappearances from unknown causes 
occurred; these animals may have died or wandered away. In another relocation effort, 
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91% (10/11) stayed within the relocation area, which was only about 450 m from where 
they were moved, for at least 3 months and at least 36% (4/11) were present after 16 
months (Stewart and Baxter 1987). In a third effort, 56% (9/16) of relocated tortoises 
stayed in the area (5.6 km from their original home ranges) for at least 1.5 years (Stewart 
1993). At least 25% (4/16) died within about 2.5 years. A fourth relocation effort was 
conducted in Nevada. Several tortoises were moved to an area immediately adjacent to a 
development site (Corn, 1994b, 1997). These 13 animals were moved to areas 2 km 
away, which was still within or very close to their pre-translocation home ranges. There 
was no difference in survival, but displaced animals had larger home ranges than did the 
residents. A preliminary analysis of a fifth study showed that mortality was significantly 
greater among guests (tortoises moved to a pen immediately adjacent to their capture 
sites) than hosts (resident tortoises; Weinstein 1993). All of these relocation studies 
covered short time periods and only measured movements and survival. None of them 
looked at reproductive success or long-term survival, two of the most important measures 
of success. 

An ongoing project translocating tortoises many miles from their capture site 
apparently is showing success, but no reports or publications (other than abstracts) are 
available. Apparently, survivorship and reproduction are equivalent between relocated 
tortoises and resident tortoises (Nussear et al. 2000). Relocated tortoises did move more 
during their first year in the new site, but after that their movements were not 
significantly different than those of resident tortoises. Tortoises released in Utah also 
moved more than did resident tortoises there (Wilson et al. 2000). Both of these studies 
need further analyses and complete presentations before their results can be adequately 
evaluated. The success of desert tortoise relocations probably depends on distance of 
relocations, habitat quality, density of host population, rainfall, and health condition of 
the relocated and host animals. 

Probably tens of thousands of desert tortoises are held in captivity throughout 
southern California, Nevada, and elsewhere, some were taken from the wild, others were 
reared in captivity. There are several documented cases of captive tortoises being 
released into the wild (Howland 1989, Ginn 1990), an activity that is now illegal. 
Release of captives may be detrimental to both captives and resident tortoises. Released 
captive tortoises may die (Berry et al. 1990) because they do not know how to fend for 
themselves in the wild; will not initially know where to find cover sites, good forage, 
sources of water, or essential minerals; and may not have genetic adaptations necessary to 
survive in the particular area. However, 25 formerly-captive tortoise were released in 
Nevada (Field et al. 2000). The animals were equipped with radio transmitters and 
followed for 14 months. The unpublished results indicate that movements and weights 
did not differ between released and resident tortoises. No adults died (released or 
resident) and 2 (out of 8) released juveniles died compared to neither of the two residents 
studied. 

Of greater concern for the stability or recovery of tortoise populations is the 
possible impact of the released captives on resident (host) tortoises. The greatest likely 
effect is the introduction of disease to the wild population. URTD, the disease presently 
believed by many to have detrimental effects on several wild tortoise populations (see 
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“Disease” section, above), is commonly found in captive tortoises (Berry et al. 2002, 
Johnson 2002). Releasing into the wild tortoises that are infected with URTD may 
introduce the disease-causing bacterium, Mycoplasma agassizii, to previously uninfected 
individuals and populations. There is some evidence that the incidence of disease is 
greater in areas of known releases of captives and around urban areas where release or 
escape of captives is likely to be relatively frequent (Jacobson 1993, Berry pers. comm.). 
However, data on the rangewide incidence of disease have not been peer reviewed and 
are not generally available, so it is not possible to evaluate this hypothesis. 

Desert tortoises have been manipulated in many ways as part of scientific studies. 
They have been probed, stuck with needles, affixed with transmitters, implanted with 
transponders, weighed, measured, pulled and sometimes dug out of burrows, tom name a 
few. All manipulative research involving desert tortoises must be permitted by USFWS 
to ensure that risk of harm to the tortoises is minimized. USFWS closely evaluates 
methods and qualifications of researchers before issuing a permit. There is very little 
written on the effects of research manipulation. In a preliminary analysis from one study, 
Weinstein (1993) reported that significantly fewer animals whose blood was sampled on 
a regular basis subsequently died compared to those whose blood was not sampled. In an 
evaluation of the possible effects of one research tool, Boarman et al. (1998) summarized 
from the literature on possible impacts to turtles of different ways of attaching radio 
transmitters. They concluded that there is little evidence of negative impacts of 
transmitters on turtles and particularly tortoises. Their concluded this partly because of 
paucity of published accounts of problems experienced. There are a few undocumented 
reports of individual animals dying from excessive bleeding following blood extraction 
and possible excessive mortality of animals that had blood extracted 3-4 times per year 
for several years, but none of this is reported in the literature and thus remains anecdotal. 
Kuchling (1998) hypothesized that X-rays, used to measure reproductive success, are 
hazardous to turtles. Using empirical data, Hinton et al. (1997) argued that x-rays are 
safe when extremely low dosages of radiation are employed, which can be accomplished 
with use of rare earth screens. 

Invasive Plants 

The introduction and proliferation of invasive plants is a continuing and 
increasing problem in the desert. The most common invasive plants found in tortoise 
habitat in the west Mojave Desert are cheatgrass (Bromus tectorum), red brome (foxtail 
chess, Bromus madritensis rubens), split grass (Schismus barbatus, and S. arabicus), 
redstem filaree (Erodium cicutarium), Russian thistle (tumbleweed, Salsola tragus), 
Sahara mustard (Brassica tournefortii), and fiddleneck (Amsinckia tessellata; Kemp and 
Brooks 1998). Fiddleneck is a native species to the U. S., but others are natives to 
Eurasia, Africa, or South America (Kemp and Brooks 1998, Esque et al. in press). By 
one estimate, alien annuals comprised 9-13% of all annual plant species but 3 species 
(red brome, split grass, and redstem filaree) comprised 66% of all annual plant biomass in 
one wet year (Brooks 1998, 2000). Other less common weedy species are listed in 
USFWS (1994, p. D21) and Kemp and Brooks (1998). 
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Invasive grass species (e.g., split grass) tend to have thin, filamentous roots that 
spread quickly and easily through shallow compacted soil where the surface crust has 
been broken (Adams et al. 1982a, b). The root structure allows plants with filamentous 
roots to quickly take advantage of small amounts of water in the soil following light rains 
and may allow them to outcompete native, non-weeds, which often grow slower, have 
thicker tap roots that are less efficient at pushing through dense, compacted soil (Adams 
et al. 1982a, b). There is some empirical evidence that split grass and red brome inhibit 
or prevent the growth of native plants, including fiddleneck (Brooks 2000), indicating 
that competition may be occurring and that the native plants are less available to foraging 
tortoises. However, in Nevada, Hunter (1989, cited in USFWS 1994, p. D22) found no 
correlation between native plant density and density of red brome. 

In general, invasive plants tend to proliferate in areas of disturbance (Hobbs 
1989), but the effect of disturbance may be weak compared to that of rainfall and soil 
nutrient levels. Density or biomass of weedy plants in the Mojave Desert may be higher 
in areas disturbed by ORVs (Davidson and Fox 1974), livestock (Webb and Stielstra 
1979, Durfee 1988), paved roads (Frenkel 1970, Johnson et al. 1975), and dirt roads 
(Brooks 1998, 1999a). In a strictly correlative study, Brooks (1999a) found that the 
biomass of two annual exotic plants was weakly associated with levels of disturbance 
(disturbance was from ORVs and sheep grazing). Biomass of the introduced plants was 
also positively associated with soil nutrient levels and the proportion of total biomass and 
species richness (number of species in a given area) comprising exotic species was 
negatively associated with annual rainfall (i.e., relative proportion of exotic annuals was 
greater in years with low annual rainfall). 

An additional factor that may facilitate proliferation of alien plants is increased 
nitrogen deposition from airborne pollutants (Allen et al 1998). Nitrogen, in the form of 
nitric acid and nitrate from automobile exhaust, deposits on plants and soil downwind 
from urban areas (Fenn et al. 1998) and perhaps from roads. Brooks (1998) has shown 
experimentally that the addition of nitrogen to west Mojave soil increases the biomass of 
brome and split grass thereby potentially increasing their competitive advantage over 
native plants (Eliason and Allen 1997). The effect ORV-based exhaust has on desert 
vegetation has not been established. 

It is often stated that non-native plants are of lower nutritional quality than native 
species preferred as forage by tortoises, but this is not always the case. The difference in 
nutritional quality may have more to do with the type of plant (e.g., grass versus forb, 
Nagy et al. 1998) or annual differences in nutritional quality related to precipitation 
(Oftedal 2001). For example, the non-native split grass, which is often eaten and 
sometimes preferred by tortoises (Esque 1994), has been shown empirically to deplete 
tortoises of nitrogen and phosphorus and water and cause weight losses (Avery 1998, 
Nagy et al. 1998, Hazard et al. 2001), but so does the native Indian rice grass 
(Achnatherum hymenoides, Nagy et al. 1998). Avery (1998) also demonstrated that split 
grass was lower in overall quality, crude protein, essential amino acids, water, and 
vitamin concentrations and higher in fiber and heavy metal concentrations than three non-
grass species measured (one introduced and two native forbs). The introduced forb, 
redstem filaree, had higher aluminum and iron concentrations, but was otherwise similar 
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to native forbs. Where lower-quality weedy grasses can outcompete preferred higher-
quality forbs (Brooks 2000), forbs may be less available to tortoises, tortoises would have 
to eat the lower quality invasives, and they would then suffer from a nitrogen and 
phosphorus (or other nutrient) deficiencies (Hazard et al. 2001). This speculation 
requires further testing. 

Mechanical injury from invasive grasses has been observed with instances of the 
sharp awn of Bromus rubens being stuck in the nares of tortoises as well as impacting the 
food in the upper jaws of the tortoises (Medica, pers. comm.). The interactive effect that 
invasives and fires have on tortoises was discussed in the "Fire" section, above. 

Landfills 

There are approximately 27 authorized sanitary landfills and an unknown number 
of unauthorized, regularly used dumpsites in the California deserts. In the West Mojave 
Desert, there are 11 authorized landfills. The potential impacts landfills have on tortoise 
populations include: loss of habitat, spread of garbage, introduction of toxic chemicals, 
increased road kills from vehicles driving to or from the landfill, proliferation of 
predatory raven populations, and possible facilitation of increases in coyote and feral dog 
populations. Other than for raven predation, there are virtually no data to evaluate most 
of these possible threats. 

Loss of habitat to landfills is relatively minor except when viewed in the context 
of habitat degradation and fragmentation caused by the myriad of human developments 
that are proliferating in the desert. Spread of garbage probably poses a very small 
problem for tortoise populations (see “Garbage and Litter” section, above), but there are 
no data available to evaluate this. The possible effect of toxic chemicals in general is 
treated in the “Disease” section, above, but toxins from sanitary landfills are likely to 
have very little effect on tortoise populations. Modern sanitary landfills are designed to 
prevent the seepage of toxic chemicals and present a very low level (or probability) of 
risk, and any seepage from these or less optimally operated landfills would probably 
affect a very small proportion of tortoises. Landfills do generate methane gas, but 
because desert landfills are so dry, the generation of methane is extremely low and not 
likely to affect tortoises. Fugitive dust is probably a localized problem and generally 
minimized through frequent sprinkling of the dirt. Increase in road kills is probably 
proportional to the level of traffic, speed of vehicles, density of tortoises, and length of 
road. For most landfills, these factors are relatively low, so the impact of road kills on 
tortoise populations from vehicles going to landfills is probably relatively minor, but they 
do happen (LaRue and Dougherty 1999). However, several landfills are slated to be 
closed and converted to transfer or community collection stations. The garbage would be 
deposited into dumpsters or large compactors at these stations, then transported to a small 
number of larger regional landfills. This activity could increase the amount of traffic at 
these fewer landfills thereby increasing the number of road kills. 

The greatest potential impact landfills have on tortoise populations is through 
their probable role in facilitating increased predation by ravens, and perhaps coyotes. 
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Ravens make heavy use of landfills for food (Engel and Young 1992, Boarman et al. 
1995, Kristan and Boarman 2001). The food eaten probably helps ravens to survive the 
summer and winter, when natural sources of food are in low abundance (Boarman 1993, 
in prep.). As a result, more ravens are present at the beginning of their breeding season 
(February - June) to move into tortoise habitat, nest, raise young, and feed on tortoises. 
Healthier ravens are more likely to raise chicks successfully, who in turn will move to the 
landfills and experience higher than normal levels of survival, and the cycle continues. 
Predation by ravens is probably relatively low immediately around landfills where 
tortoise populations are relatively low, but increase as ravens disperse to distant nest sites 
(Kristan and Boarman 2001). See the “Predation” section, below, for more details. 

Livestock Grazing 

Grazing by livestock (cattle and sheep) is hypothesized to have direct and indirect 
effects on tortoise populations including: mortality from crushing of animals or their 
burrows, destruction of vegetation, alteration of soil, augmentation of forage (e.g., 
presence of livestock droppings, and stimulation of vegetative growth or nutritive value 
of forage plants), and competition for food. 

Reduce Tortoise Density 

There are very few data available to determine if grazing has caused declines in 
tortoise populations. The Beaver Dam Slope, Utah, was grazed heavily by sheep until 
1950’s and cattle are still grazing there today (Oldemeyer 1994). Tortoise populations on 
the Beaver Dam Slope were estimated at 150 tortoises/mi2 (Woodbury and Hardy 1948), 
but, using very different methods, the population apparently dropped to 34-47/mi2 in 
1986 (Coffeen and Welker 1987, cited in Bury et al. 1994). The reductions have been 
attributed to grazing, but another cause may include the potential spread of disease from 
captive tortoises released in the area (Luke et al. 1991). High mortalities and population 
declines in Piute Valley, Nevada, have also been attributed to grazing (Mortimer and 
Schneider 1983, and Luke et al. 1991), but 1981 was a drought year and a high level of 
recent mortalities may have occurred. Such was the case in Ivanpah Valley where 18.4% 
of radio-transmittered tortoises died (Turner et al. 1984). It is interesting to note that 
there appeared to be more tortoise mortalities in the section of the Piute Valley study area 
that experienced lower levels of recent cattle grazing (Mortimer and Schneider 1983), but 
the data are insufficient to make a definitive judgement. No population trends in 
California have been attributed with hard data to livestock grazing. 

An alternative hypothesis, proposed by Bostick (1990), is that tortoise population 
declines paralleled declines in cattle grazing throughout the West that began in 1934 with 
the implementation of the Taylor Grazing Act. Unfortunately, there are no reliable data 
to test this hypothesis. But its underlying assumption, that tortoises depend on cattle 
dung for protein, has no empirical support (see “Cow Dung as a Food Source” section, 
below). 
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Direct Impacts 

CRUSHING TORTOISES 

Some observations of tortoises being crushed by livestock exist in the literature, 
but often with little or no data to allow in-depth evaluation. Berry (1978, p. 28) stated 
that “smaller tortoises can be crushed easily by cattle or sheep,” but provided no data to 
support the statement. Berry (1978, pp. 19-21) also reported that “a small two-to-three-
year old tortoise with a hole through its shell was found near a temporary watering trough 
near the DTNA. It appeared to have been killed by sheep within the last few days; the 
hole in the shell was about the size and shape of a sheep’s hoof.” Ravens also peck holes 
in the shells of young tortoises; insufficient information was provided to know if the hole 
was inconsistent with raven predation. Ron Marlow (pers. comm., cited in Berry 1978) 
described the disappearance of a marked juvenile tortoise and its small burrow by the 
trampling by sheep. Apparently the marked tortoise was never observed again, so 
Marlow determined the sheep killed it. The tortoise may have been killed when sheep 
trampled the burrow. However, marked juveniles are often never seen again, so the 
tortoise either survived or died from one of many causes. Any one of these anecdotes 
may be a true indicator of the nature of tortoise-cattle interactions, but the information 
provided is inadequate to allow for rigorous evaluation and are very susceptible to 
alternative explanations. 

Sheep and cattle may not step on tortoises because they are very cautious of 
stepping on uneven ground (rocks, bushes, etc.) for fear of losing their footing. This 
view is supported by the paucity of documentation of tortoises being crushed by cattle 
and sheep. One published paper (Balph and Malecheck 1985) reported a test of a related 
hypothesis: cattle will avoid stepping on clumps of bunchgrass because the clumps form 
an uneven surface that may cause the cow to trip. Cattle significantly avoided crested 
wheatgrass (Agropyron cristatum) tussocks, avoidance was independent of cattle density, 
and taller tussocks were less apt to be trampled than short ones. Out of 288 hoofprints 
recorded, 15 (5%) were on tussocks. This well designed study lends support to the 
contention that cattle will try to avoid stepping on tortoises, at least large tortoises, but 
clearly tortoises are not grass tussocks. However, this speculation can be countered by 
the equally plausible contention that the study's results only shows that cattle will avoid 
stepping on food; they have no bearing on the propensity for sheep to step on non-food 
items (e.g., juvenile tortoises). 

Sheep, on the other hand, may step on many juvenile tortoises, but appear to 
avoid stepping on subadult and adult tortoises. Tracy (1996) provides an analysis of data 
from an aborted BLM study. Without providing details of methods, Tracy (1996) 
reported that 20% of the Styrofoam model juvenile tortoises placed in natural habitat 
were trampled by sheep, 87% of those trampled models were crushed. Sheep damaged 
only about 3% of the subadult models and about 2% of the adult models. 
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CRUSHING BURROWS 

No one has rigorously evaluated whether livestock crush a significant proportion 
of tortoise burrows. Few cases in the literature document livestock trampling actual 
burrows and a small number of studies shows increased number of collapsed burrows 
following grazing. Nicholson and Humphreys (1981) measured impacts of sheep grazing 
immediately after a band of 1000 sheep passed through their West Mojave study site for 
12 days. Sheep trampled and partly collapsed a burrow with an adult female inside; 
apparently the tortoise was unharmed. Sheep completely destroyed the burrow of a 
juvenile tortoise while the animal was inside; the field workers extracted the unharmed 
tortoise. The burrow of an adult male was damaged probably with no tortoise inside. On 
re-examination of burrows found prior to grazing, 4.3% (7/164) were totally destroyed 
and 10% were damaged after sheep grazed in the area. Most damaged burrows (86%) 
were in moderate to heavily grazed areas and were relatively exposed. Most burrows 
placed beneath shrubs escaped damage (Nicholson and Humphreys 1981). This was an 
observational study. Webb and Stielstra (1979) reported observing crushed tortoise 
burrows on the south slope of the Rand Mountains in the western Mojave, but gave no 
data or additional details. In a report on grazing near the DTNA, Berry (1978) reported 
that sheep trampled most shallow burrows and pallets that were in the open (no numbers 
were given), and they also crushed and caved in those near the edges of or within shrubs. 
Berry (1978) also reported that “cattle and sheep frequently trample shallow tortoise 
burrows,” but provided no data. She further speculated that damage to burrows might be 
deadly to a tortoise that reaches it on a hot morning only to find it unusable. This is a 
reasonable expectation based on tortoise behavior and thermal ecology, but no supporting 
data are available. Avery (1997) found significantly more damaged burrows outside of a 
cattle exclosure versus inside and also found that tortoises outside the exclosure spent 
more nights in the open, presumably because many of their burrows were collapsed. 
There is one account of a tortoise burrow being collapsed by a cow in Utah (Esque pers. 
comm.). A tortoise was found crushed inside. 

Tracy (1996) provided an analysis of data from 2 unpublished BLM studies on the 
effects of sheep grazing on tortoise burrows: the Tortoise and Burrow Study (TABS 
study) and Styrofoam model tortoise study (Goodlett unpubl.). The TABS study (cited in 
Tracy 1996) evaluated the condition of tortoise burrows before and after grazing inside 
and outside of areas grazed by domestic sheep in the Mojave Desert. They found that 
2.5% (8/315) of the tortoise burrows were completely destroyed, which was significantly 
more than before grazing and more than were destroyed outside the grazing area. In the 
Goodlett study (unpubl.; cited in Tracy 1996), 3.7% (36/969) of the artificial burrows dug 
to look like desert tortoise burrows were destroyed after grazing. Significantly more 
juvenile and immature burrows were destroyed compared to adult burrows and 
destruction was greatest in the open spaces between shrubs. The proportion of burrows 
destroyed in these two studies and Nicholson and Humphreys (1981) were not 
significantly different (Tracy 1996). 
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Indirect Effects 

A commonly held assertion is that the Mojave desert plant species and 
communities evolved in the presence of, and are probably adapted to, a rich fauna of 
Pleistocene herbivores (Edwards 1992a, 1992b). Therefore, the argument continues, 
livestock grazing is compatible with present day plant assemblages, in part because 
Mojave plants respond to grazing by producing more vegetative material, thus becoming 
more vigorous in the presence of grazing. This argument has several flaws. First, most 
large herbivores that coexisted in the Mojave desert region 10,000-20,000 years ago 
likely primarily browsed leaves from woody shrubs, they did less grazing of grasses and 
herbaceous annual vegetation, like cattle, sheep, and tortoises primarily do (Edwards 
1992a). Second, the mammals of the Late Pleistocene and Early Holocene Mojave 
existed under considerably different vegetative and climatic conditions ago (Van 
Devender et al. 1987). A major climatic and vegetative transition occurred between 
11,000 and 8,000 years ago. It was more mesic and the area was not a desert. The present 
vegetation assembly, dominated by creosote shrub, did not arrive in the Mojave Desert 
region until approximately 8000-10,000 years ago (Van Devender et al. 1987). Third, no 
one has any idea what density the Pleistocene grazers existed at, so grazing intensity is 
completely unknown. Thus, there is little justification for arguing that tortoises evolved 
in the presence of grazers and their survival is thus dependent on cattle, as a surrogate for 
their coevolved grazing species. 

SOIL COMPACTION 

Grazing can affect soils by increasing soil compaction and decreasing infiltration 
rate, the capacity of the soil to absorb water. A lower infiltration rate means less water 
will be available for plants and more surface erosion may occur. In a review of studies 
investigating the hydrologic effect of grazing on rangelands, Gifford and Hawkins (1978) 
concluded that grazing at any intensity reduces the infiltration rate of the soil. Heavy 
grazing reduced infiltration rate by 50% and light to moderate intensities reduced 
infiltration by 25% over ungrazed; the differences are statistically significant. Contrarily, 
Avery (1998) found significantly greater compaction at a livestock water source, but no 
difference between protected and grazed areas away from the water source. 

Soil compaction affects vegetation by reducing water absorption (thereby 
availability to plants) and making it more difficult for plants to spread their roots, 
particularly tap roots (Adams et al. 1982a, b). Growth and perhaps spread of split grass 
(Schismus barbatus and S. arabicus) is facilitated by compaction because of root 
structure. This may lead to a conversion in the vegetation community type and increased 
fire hazard. Although, fire spreads slowly and discontinuously with split grass compared 
to Bromus grasses (Brooks 1999b). 

Empirical evidence shows that infiltration is higher in grazed areas. , Rauzi and 
Smith (1973) conducted a comparative experiment in the central plains of Colorado. 
They demonstrated that infiltration rate was significantly reduced by heavy grazing (vs. 
moderate and light grazing). Infiltration rate was significantly correlated with total plant 

- 30 -



material on the surface (standing crop) in two of the three soil types tested. Species 
composition was different. Experimental water run-off tests showed moderate grazing 
areas had 7 times the runoff of light grazing areas and heavily grazed areas had 10 times 
the runoff as lightly grazed areas. In the Mojave Desert of Nevada and Arizona, signs of 
increased soil compaction were evident in grazed areas compared to ungrazed areas 
between highway and highway right-of-way fences (Durfee 1988). Avery (1998) 
measured soil type, bulk density, and infiltration in an exclosure that cattle were excluded 
from for approximately 12 years and compared them to grazed areas outside the 
exclosure. He demonstrated that soil in heavily trampled areas near water tanks was 
coarser, had higher bulk density, greater penetration resistance, and lower infiltration 
rates (all are measures of compaction) than in the protected area. 

Although they did not measure compaction or infiltration, Nicholson and 
Humphreys (1981) quantified the proportion of soil disturbed after a band of 1000 sheep 
spent 12 days foraging and bedding within a 1.6 km2 study plot. They estimated that 
80% of the soil in bedding areas was disturbed, 67% in watering areas, 37% in grazing 
areas, and 5% in areas not used by sheep. Soil was considered disturbed if the surface 
crust was broken or missing and was independent of cause. This non-replicated 
observational study had a control, did not document what effect the measured disturbance 
had on vegetation or soil parameters, but did suggest the extent of surface disturbance 
caused by the grazing. 

In a comparison of soil conditions following sheep grazing in the Western 
Mojave, Webb and Stielstra (1979) noted disruption of soil crusts in intershrub spaces 
and on the coppice mounds of creosote bushes. Surface strength (a measure of 
compaction) was significantly greater in grazed vs. ungrazed areas, particularly in the 
upper 10-cm of the soil. Bulk density and moisture content did not differ, perhaps 
because of the high gravel content of the soil or compaction in both areas from grazing 
activity in previous years. 

CHANGES IN SOIL TEMPERATURE 

Another potential indirect effect of livestock grazing on tortoise habitat is 
alteration of soil temperature due to change in vegetation structure or soil compaction. 
Steiger (1930 cited in Luke et al. 1991) measured a significant increase in soil 
temperature at depths of 2.5, 7.5, and 15 cm in clipped versus unclipped plots. Browsing 
of shrubs may also alter soil temperature, but in unexpected ways. Using models that 
accurately duplicated the thermal profiles of desert tortoises, Hillard and Tracy (1997), a 
graduate student from University of Nevada, Reno, found that soils were cooler beneath 
shrubs with sparse and open undercanopies and hotter when the undercanopy was entirely 
closed. Apparently, the open undercanopy allowed cooling by both shade and wind, 
whereas closed undercanopies trapped hot air. Hence, if livestock browse, graze or 
otherwise reduce density of the undergrowth of a shrub while leaving the canopy with 
intact shading properties, then soil temperatures may be reduced. Alternatively, if 
grazing also reduces the shrub’s canopy, then soil temperatures may increase. It is 
unknown what effect grazing-induced changes in soil temperature might have on 
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tortoises. The temperature during incubation (Spotila et al. 1994) determines sex of 
tortoises: incubation temperatures above 89.3°F result in females, and below result in 
males. Although this has not been tested in the field, it is possible that significant 
increases in soil temperature resulting from grazing-induced vegetation changes may 
significantly skew the sex ratio of the tortoise population in favor of females and vice 
versa. Also, Spotila et al. (1994) found that hatching success was highest for eggs 
incubated between 78.8°F and 95.5°F. 

CHANGES IN VEGETATION 

Grazing by cattle can alter vegetation in several ways: damage from trampling, 
change in species composition perhaps resulting in type conversion (change in plant 
community type), and introduction of invasive plants. 

TRAMPLING OF VEGETATION AND SEEDS 

Livestock may cause direct damage to vegetation when they step on or push into 
shrubs and herbaceous annuals, and this impact was measured in a few studies. In the 
west Mojave Desert, none of the perennials on plant transects where sheep grazed were 
trampled, whereas 17% found in the bedding area were trampled (Nicholson and 
Humphreys 1981). Webb and Stielstra (1979) reported that sheep trample creosote bush 
when seeking shade to bed in. Annuals, which are prevalent on coppice mounds beneath 
creosote, were also trampled or eaten. As noted above, Balph and Malechick (1985) 
provided empirical evidence that cattle usually avoided stepping on clumps of crested 
wheatgrass, but still stepped on them 5% of the time. 

Trampling by livestock may help to bury seeds and improve germination through 
their trampling action. In sagebrush scrub of northern Nevada, Eckert et al. (1986) found 
that light trampling increased germination of perennial grasses, but not perennial forbs, 
and heavy trampling decreased emergence of perennial grasses while increasing 
emergence of sagebrush and perennial forbs. Cattle grazing in Chihuahua Desert 
grassland enhanced revegetation by non-native grasses, but rain may have confounded 
the results (Winkel and Roundy 1991). Unfortunately, no similar studies from the Mojave 
Desert are available. However, biomass of seeds in the soil seed bank was significantly 
higher inside compared to immediately outside the DTNA, a 38 mi2 fence enclosed 
preserve, where sheep grazing and ORVs had been excluded for 15 years (Brooks 1995); 
this in spite of there being more seed-eating rodents inside the DTNA. The biomass of 
annual vegetation, including the introduced species, was also greater inside the DTNA, 
but the total biomass of natives was proportionally higher inside than outside. Several 
other uses occurring outside the DTNA were absent from inside the preserve, thus the 
differences cannot be attributed solely to grazing. However, the changes noted are the 
expected effect of removal of surface disturbance from the reserve. 

Near the DTNA, sheep trampled and uprooted perennial shrubs, such as 
burrobush (Ambrosia dumosa), goldenhead (Acamptopappus sphaerocephalus), and 
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Anderson thornbush (Lycium andersoni). “Even large creosote bushes (Larrea 
tridentata) were uprooted” (Berry 1978, p 512). “In many areas near stock tanks [in 
Lanfair Valley, California] the ground is devoid of vegetation for hundreds of meters. 
Trailing is heavy and damage extensive within 4.6 to 6.4 km of the tanks” (Berry 1978, p. 
512). These reports are anecdotal; no data or additional details were provided. 

PLANT COMMUNITY CHANGES 

As early as 1898, range scientists observed that cattle ranges in the southwest 
were becoming overgrazed and urged that restorative actions were necessary (Bentley 
1898). Since then, several studies have documented vegetation changes over the past 
century by comparing photographs or field notes taken in both centuries (Humphrey 
1958, Humphrey 1987). The dominant change was a conversion from grass- to shrub-
dominated communities (type conversion). Whereas livestock grazing has been 
implicated as an important cause for these changes, separation of the effect of grazing 
from the effects of fire suppression, rodents and other herbivores, competition, and 
climate changes is difficult (Humphrey 1958, 1987). Several studies compared grazed 
areas to nearby ungrazed areas particularly in southeast Arizona. They generally show a 
similar reduction in grass species in the grazed areas. Unfortunately, none of these 
studies occurred in the Mojave Desert and, because the grass-dominated ecosystem of 
southeast Arizona is very different from the non-grass deserts of California, there is little 
value in extrapolating from one to the other. 

In 1980, the BLM created a 672-hectare cattle exclosure in Ivanpah Valley, 
eastern Mojave Desert of California, to determine the effects of cattle grazing on desert 
tortoises and their habitat. In the study establishing baseline data for a long-term 
comparison, Turner et al. (1981) found no significant differences between plots in 
biomass of annuals, weight or length of tortoises, proportion of reproductively active 
females, and tortoise home range sizes. Sex ratios and size classes of tortoises were 
comparable between the two plots. The lack of differences could be attributed to: (1) low 
use by cattle of the non-excluded area in both years of the study; 2) tortoise and 
vegetation recovery, if they are to happen, are likely to take much longer to be 
observable; and (3) sample size (n=1) too small to detect differences. Changes in tortoise 
weight with time, estimated clutch sizes, and concentrations of some nutrients in some 
plant species differed between plots, indicating that some differences existed between 
control and treatment at the start of the study. Over so short a time frame, differences are 
likely due to prior spatial differences in habitat or populations rather than grazing 
treatment. There was a similar level of differences between control and treatment plots 
one year later (Medica et al. 1982). 

Avery (1998) conducted a follow up study at the Ivanpah study plot in the early 
1990’s. Avery (1998) compared vegetation inside and outside the exclosure. Compared 
to the ungrazed exclosure, the grazed area had significantly larger creosote bushes, more 
dormant or dead burrobush, Ambrosia dumosa (a perennial shrub), fewer and smaller, 
galleta grass, Pleuraphis [=Hilaria] rigida  (a native, perennial grass) representing less 
biomass, more of the disturbance-loving shrub, Hymenoclea salsola, and lower diversity 
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of winter annuals. They found significantly more desert dandelions (Malacothrix 
glabrata), a plant preferred by both cattle and tortoises, and a greater increase in basal 
area but not density of the native perennial galleta grass, P. rigida, in the protected area. 
P. rigida did increase in basal area over a 12 year period in the grazed area, indicating 
that level of grazing (0.31 - 2.60 animal unit months) does not cause mortality in P. 
rigida. Biomass, cover, density, and species richness of annuals did not differ. Recovery 
of Mojave Desert vegetation following alteration by cattle grazing could be very slow 
(Oldemeyer 1994), so 12 years of exclusion may be insufficient to detect a more 
significant effect. 

A recent study compared soil characteristics, vegetation, and tortoise density 
within and around three exclosures in the Mojave Desert, including 2 in the west Mojave 
(Larsen et al. 1997). They reported finding few differences between “grazed” and 
“ungrazed” plots in percent canopy cover, and the differences found were relatively 
minor. Grazing reduced native forb density and increased soil compaction. Numbers of 
live tortoises, tortoise carcasses, and tortoise burrows were no different between grazed 
and ungrazed areas. Details provided were insufficient to adequately evaluate the 
methods or results and virtually no statistical analyses were provided. 

Durfee (1988) compared structural features of the plant community between 
ungrazed areas along fenced highways and grazed areas outside of the right-of-way 
fences. A greater proportion of introduced plants, more bare ground, fewer perennial 
grasses, and lower spatial heterogeneity in species composition occurred in the grazed 
areas (see also Waller and Micucci 1997). 

As cited above, Brooks (1995) found significantly higher annual plant and seed 
biomass in the DTNA, an area protected from sheep grazing, compared to an area outside 
the preserve. Berry (1978) characterized the qualitative effect of sheep grazing near the 
DTNA: “sheep removed almost all traces of annual forbs and grasses; the desert floor 
appeared more devoid of herbaceous growth than in drought years.” No further data 
were provided in the latter report. 

In all of these studies, spatial differences obtained in soil, weather, and vegetation 
may be independent of cattle grazing. Furthermore, the size of exclosures may be 
insufficient to allow the ecosystem to function independent of grazing activities outside 
the exclosure (which is probably not a big problem at the DTNA, studied by Brooks 
1992). Furthermore, many of the above studies, particularly the older and observational 
ones, were reporting on the effects of long-term heavy grazing, whereas grazing regimes 
being implemented today are generally much lighter (Oldemeyer 1994). 

Water for cattle is usually provided at specific points, at either springs or troughs. 
Because they will only wander a certain distance from the water source, affect of cattle 
on the environment will be greatest immediately around the water source and will 
decrease with distance (e.g. Avery 1998). Fusco (1993), Fusco et al. (1995), Bleecker 
(1988), and Soltero et al. (1989) recorded significant increases in biomass and density of 
grasses and other species with distance from water sources. Changing the location of 
water sources would have the effect of reducing the intensity of impact around each water 
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source, but may increase the impacts at other sites. It is unknown if impacts would be 
below the (unknown) threshold for significant effect on the environment. 

The impact of sheep grazing has been studied only once. In an observational 
study, Nicholson and Humphreys (1981) noted that areas not grazed by sheep had 2.3 
times more cover and 1.6 times higher frequency of annual plants than in sheep bedding 
areas and 1.8 times more cover and 1.3 times higher frequency than grazed areas. Annual 
plant cover decreased by 70% in a heavy-use area compared to 50% in a light-use and 
40% in a non-use area before grazing versus after grazing one month later. They also 
found a 96-99% reduction in annual plant cover between April and June in areas 
receiving heavy and light grazing by sheep. None of the perennials on plant transects 
where sheep did not graze showed damage after sheep left the area; 18% in the grazed 
area were damaged and 91 to 99% in the bedding areas were damaged. Apparently, 
trampling caused most of the damage in the bedding areas whereas most in the light-use 
area was from browsing. However, differences may be caused by other factors such as 
soil that may have differed between the sites independent of grazing pressure. Rather 
than using exclosures, the sheep and herder were allowed to select the areas they grazed. 
Hence, the sheep avoided ungrazed treatments for this study. This may have biased the 
results since there may be inherent differences in these areas that caused the sheep to 
avoid them. 

An often cited benefit of grazing is “compensatory growth,” growth of plant 
tissue following clipping, removal, or damage to plants resulting in increased growth or 
vigor (e.g., Bostick 1990, McNaughton 1985, Savory 1989). The concept is 
controversial, has gained little empirical support in semi-arid grasslands and ranges 
(Detling 1988, Bartolome 1989, Weltz et al. 1989, Wilms et al. 1990), may only be viable 
in wet, fertile, monocultural environments (Painter and Belsky 1993), and has not been 
tested in the Mojave Desert (e.g., Painter and Belsky 1993). What little evidence exists 
from the Mojave Desert fails to support the compensatory growth hypothesis. Avery 
(1998) found that Pleuraphis [=Hilaria] rigida, a native grass consumed by both cattle 
and desert tortoises, was significantly smaller in grazed versus ungrazed areas. More 
Ambrosia dumosa, which is sometimes eaten by cattle in drought years (Medica pers. 
comm.), was found dead or dormant in the grazed compared to ungrazed plots. Creosote 
(L. tridentata) was larger in grazed areas, but is consumed by neither cattle nor tortoises 
(Avery 1998). 

INVASIVE PLANTS 

Grazing has been implicated in the proliferation of invasive plants in the Mojave 
Desert (Mack 1981, Jackson 1985, Brooks 1995). Webb and Stielstra (1979) noted that 
Schismus and Erodium densities remained unchanged between a grazed and ungrazed 
area probably because they have an adaptive tolerance to environmental disruption such 
as soil compaction thus giving them a competitive edge over many native annuals. Berry 
(1978) reported that the heavily grazed Lanfair Valley “now contains a high percentage 
of weedy, invader, perennial species typical of overgrazed desert lands,” but provided no 
data. Bostick (1990) argued that cattle grazing helped tortoise populations by aiding the 
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spread of cacti. Some evidence from outside the Mojave suggests that grazing does aid in 
the spread of cacti, but the evidence is equivocal. Also, tortoises do eat cacti, which may 
be an important source of water and nutrition during drought periods (Turner et al. 1984, 
Avery 1998). But, the evidence in support of Bostick’s hypothesis is weak. 

COMPETITION 

An important effect livestock grazing may have on tortoise populations is 
competition for food. Because of the enormous differences in size and energy 
requirements of the two species, the competition, if it occurs, is likely to be heavily 
asymmetric, with cattle affecting the tortoise populations, but probably not the converse. 
Three conditions must be met for asymmetric competition to occur: overlap in use of 
some resource (e.g., food), the resource must somehow limit or constrain one or both 
species in question, and use of the resource by one species must negatively affect the 
other species (Begon et al. 1990). Some data exist to help determine if competition for 
forage exists between cattle and tortoises, but less exist for sheep. 

Many studies provide qualitative insights into forage species of tortoises 
(Woodbury and Hardy 1948, Burge and Bradley 1976, Hansen et al. 1976, Hohman and 
Ohmart 1980, Luckenback 1982, Nagy and Medica 1986) and three major studies 
quantified diet and forage selection in desert tortoises (Jennings 1993, Esque 1994, and 
Avery 1998). Tortoises primarily eat annual herbs in the spring and switch to grasses, 
perennial succulents (cacti), and dried annuals later in spring and early summer (Avery 
1998). Tortoises are active again in the late spring and early fall as temperatures cool. 
As a result of localized late summer rains, sporadic green up of the vegetation can occur. 
At this time annuals germinate and bunch grasses (e.g., Hilaria rigida) green up and set 
seed. Cattle then eat the bunch grasses (Medica et al. 1992). In a drought year, tortoises 
in Ivanpah Valley consumed little food other than cacti during the latter part of the season 
(Turner et al. 1984). Thus, cacti may serve as a reserve supply of energy, more 
importantly as a potential source of water. 

Four studies quantified plant foods eaten by cattle in the Mojave Desert (Coombs 
1979, Burkhardt and Chamberlain 1982, Avery and Neibergs 1997). Avery and Neibergs 
(1997) followed cattle on horseback in the eastern Mojave Desert. By recording the 
species of plant and number of bites taken by the free-ranging cattle they found that foods 
chosen by cattle varied with season. In winter cattle primarily ate the perennial grass, big 
galleta grass (Pleuraphis [=Hilaria] rigida) and dried annuals from the previous spring 
(Medica et al. 1982, documented that cattle and tortoises eat perennial grasses in fall). 
Contrarily, Burkhardt and Chamberlain (1982) found perennial shrubs to predominate the 
diet of cattle in winter, annual grasses and green forbs did so in spring. Coombs (1979) 
found that cattle in the eastern Mojave of Utah particularly ate Bromus sp., 
Ephedranevadensis, and Eurotia lanata and ate perennial grasses considerably more 
often than expected based on their relatively uncommon presence. All of these studies 
illustrated that cattle in the desert eat diverse foods and that the foods eaten vary with 
season, locality, and availability. 
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Several studies provided evidence that tortoise and cattle diets overlap (Coombs 
1979, Sheppard 1981, Medica et al. 1982, Avery and Neibergs 1997, Avery 1998), three 
of which did so quantitatively. Coombs (1979) and Sheppard (1981) used fecal samples, 
which are biased because they overestimate food items that contain large undigestible 
parts (e.g., silica-containing stems of grasses) and underestimate items that are highly 
digestible (e.g., moist forbs). Sheppard (1981) showed that plaintain (Plantago 
insularis), filaree, and Schismus experienced the highest levels of overlap , but overlap 
varied considerably between months and years. Coombs (1979) found that overlap 
existed, but neither study provided a species-by-species comparison or an explanation of 
how overlap was calculated. Camassonia boothii, Malacothrix glabrata, Rafinesquia 
neomexicana, Schismus barbatus, and Stephanomeria exigua were major forage items of 
both cattle and tortoises in Ivanpah Valley (Avery and Neibergs 1997, Avery 1998). Diet 
overlap between the two herbivores was greatest in early spring (38% Vs 16% in late 
spring, Avery and Neibergs 1997, Avery 1998). 

Three studies provide data on forage overlap between sheep and tortoises. Webb 
and Stielstra (1979) reported that in the western Mojave Desert, sheep primarily ate 
herbaceous vegetation from the coppice mounds around the base of perennial shrubs. By 
comparing biomass of plants in a grazed area versus a nearby ungrazed area, they 
determined that three species were primarily removed: Phacelia tanacetifolia, 
Thelypodium lasiophyllum, and Erodium cicutarium.. Shrubs browsed by the sheep 
included Ambrosia dumosa , Grayia spinosa , Haplopappus cooperi , and Acamptopappus 
sphaerocephalus. Cover, volume, and biomass of these shrubs were significantly lower 
in grazed vs. ungrazed areas. However, because measurements were not taken before 
grazing it is possible that some differences may have existed before grazing commenced. 
Hansen et al. (1976) estimated that 15% of sheep diet in the western Mojave was 
composed of grasses and 52% of desert tortoise diets was composed of grasses. 
Nicholson and Humphreys (1981) reported several species of plants, particularly 
flowering annuals and burrobush (Ambrosia dumosa), that were highly used by sheep, but 
provided no quantitative data. Several species eaten by sheep were also eaten by 
tortoises including: split grass (Schismus arabicus), checker fiddleneck (Amsinckia 
tessellata), desert dandelion (Malacothrix glabrata), filaree (Erodium cicutarium), 
Fremont pincushion (Chaenactis fremontii), Parry rock pink (Stephanomeria parryi), 
chickory ((Rafinesquia neomexicana), snake's head (Malacothrix coulteri), red brome 
(Bromus rubens). 

Only two studies directly tested for competition between tortoises and livestock. 
In an extensive study, Avery (1998) showed that cattle and tortoise diets overlap (38% in 
early spring, 16% in late spring). He also demonstrated that tortoise foraging was altered 
in the area where both species co-occurred. In late spring in the absence of cattle, 
tortoises primarily ate herbaceous perennials (91% of diet), whereas in the grazed areas, 
tortoises primarily ate annual grasses (59%) followed by herbaceous perennials (21%). 
The species of herbs also differed: in the exclosure tortoises preferred desert dandelion 
(Malacothrix glabrata), whereas in the grazed areas they ate primarily the exotic grass, 
splitgrass (Schismus barbatus). The availability of desert dandelion was significantly 
higher in the ungrazed area, which indicates a response to grazing, and of splitgrass was 
equivalent in the two areas. In one dry year, tortoises spent significantly more time 
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(approximately three times more) foraging in the grazed than in the protected areas, 
presumably in search of nutritionally-adequate food to fill up on. Thus, two of the three 
conditions necessary to confirm that cattle compete with tortoises for food were clearly 
supported empirically. The final condition, that one species must negatively impact the 
other, was also demonstrated, but more indirectly. In a separate, independent study, 
tortoises eating primarily Schismus barbatus have been shown to be put in a negative 
water and nitrogen balance (Nagy et al. 1998), which could increase mortality 
particularly during periods of extended drought (Peterson 1994a, Avery 1998). 
Furthermore, Henen (1997) demonstrated that lower nitrogen intake reduces reproductive 
output in female tortoises. A long-term comparison of differential survival and 
reproductive success of tortoises within and outside an exclosure would be an excellent 
empirical test of the effect cattle grazing has on tortoise populations. 

Tracy (1996) found that in years of very low annual productivity, tortoises lay 
fewer eggs. They also found that cattle foraging reduced tortoise forage abundance 
enough to cause tortoises to lay fewer eggs than normal. The conclusion is that, in low 
rain years, cattle may remove enough forage to reduce tortoise reproductive output, thus 
competition occurs in those years. The authors did not track hatchling success to 
determine if the fewer eggs still resulted in the same number of successful hatchlings. 

COW DUNG AS A FOOD SOURCE 

Bostick (1990) argued that declines in tortoise populations is caused by a 
reduction in the availability of cow dung which has declined with the reduction in 
numbers of cattle grazing in the southwest. He argued that cow dung is an important 
source of food for tortoises. However, Avery (1998) studied tortoise foraging behavior 
where tortoises coexisted with cattle. He observed over 30,000 bites of items and 
observed only 231 bites of cow dung. Esque (1994) also observed over 30,000 bites on 
food objects. He reported that 107 of them were of feces, but none were from livestock. 
Furthermore, Allen (1999) evaluated the nutritional quality of cow dung and found it to 
be deficient for tortoises. In fact, even when cow pies were their only choice of food for 
one month, most tortoises (71%) refused to eat. Those that did eat, assimilated virtually 
none of the nitrogen. Thus, whereas Bostick (1990) presented an intriguing alternative 
hypothesis for tortoise population declines, there is no empirical support for its basic 
assumptions. 

Summary 

Surprisingly little information is available on the effects of grazing on the Mojave 
Desert ecosystem (Oldemeyer 1994, Rundel and Gibson 1996, Lovich and Bainbridge 
1999). Differences in rainfall patterns, nutrient cycling, and foraging behavior of 
herbivores and how these three factors interact make applications of research from other 
areas of limited value in understanding the range ecology of the Mojave Desert. The 
paucity of information is surprising given the controversy surrounding grazing in the 
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Mojave and the importance of scientific information for making resource management 
decisions affecting grazing. Studies mostly from other arid and semi-arid regions tells us 
that grazing can alter community structure, compact soil, disturb cryptogamic soils, 
increase fugitive dust and erosion. Some impacts to tortoises or their habitat have been 
demonstrated, but the evidence is not overwhelming. 

Military Operations 

The California deserts were used for military exercises as far back as 1859 when 
Fort Mojave was first built (Krzysik 1998). The most extensive use was for World War 
II training when 18400 mi2 (47105 km2) in California and Arizona were designated as the 
Desert Training Center and used extensively for training with tank and armored vehicles. 
Today, four major, active military installations occur within the West Mojave and 
comprise a total of 4165 mi2 (10663 km2): Naval Air Weapons Station (“China Lake;” 
1731 mi2, 4432 km2), National Training Center (“Fort Irwin;” 1016 mi2, 2600 km2), Air 
Force Flight Training Center (“Edwards Air Force Base;” 476 mi2, 1218 km2), and 
Marine Corp Air Ground Combat Center (“MCAGCC” or “Twentynine Palms;” 943 mi2, 
2413 km2). 

As outlined in the Recovery Plan (USFWS 1994), impacts to tortoise populations 
come from four basic types of military activities: 

“(1) construction, operation, and maintenance of bases and support 
facilities (air strips, roads, etc.); (2) development of local support communities, 
including urban, industrial, and commercial facilities; (3) field maneuvers; 
including tank traffic, air to ground bombing, static testing of explosives, littering 
with unexploded ordinance, shell casings, and ration cans; and (4) distribution of 
chemicals.” (USFWS 1994, p. D14) 

A fifth potential impact is above ground nuclear weapons testing, which took 
place in Nevada in the 1950s and 1960s. 

Construction, Operation, and Maintenance of Bases and Support Facilities 

All four major military bases in the west Mojave Desert each have facilitated the 
growth or development of large internal support communities. The development of these 
communities destroyed tortoise habitat and likely brought with them all of the other 
impacts generally associated with large human settlements (fragmentation, ORVs, release 
of disease, facilitation of raven population growth, domestic predators, etc.), each of 
which are discussed elsewhere in this report. There is some evidence that the tortoise 
population around China Lake declined within four decades following development of 
the base at China Lake (Berry and Nicholson 1984a). However likely this conclusion 
probably is, the data used were based solely on anecdotal observations (Bury and Corn 
1995); and the data only show a correlation, not a cause and effect. Removal 
(translocation) of tortoises from construction sites, runways, and other heavy use areas to 
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other parts of the desert occurs and may affect the tortoises moved (Berry and Nicholson 
1984a; see "Handling and Deliberate Manipulation" section, above). Another impact is 
the fragmentation of the habitat by the apparent haphazard placement of facilities 
throughout major portions of habitat (pers. obs.). 

Development of Local Support Communities 

The four major military bases in the west Mojave Desert have facilitated the 
growth or development of large external support communities: Ridgecrest, Barstow, 
Lancaster, Palmdale, and Twentynine Palms, which each have problems for tortoises 
typical of large suburban areas in the desert (see "Urbanization and Development" 
section, below). 

Field Maneuvers 

Tank maneuvers cause some of the most drastic and long-lasting impacts to the 
Mojave Desert habitats. Extensive tank training operations were conducted in the 1940’s 
and in 1964 over 17,500 mi2 of desert (Lathrop 1983, Prose and Metzger 1985, Krzysik 
1998) and even more intensive maneuvers are currently taking place within an 819 mi2 

area on Fort Irwin (Krzysik 1998) and on MCAGCC (Baxter and Stewart 1990). Direct 
mortality to tortoises is relatively rare or not often reported, but does occur (Stewart and 
Baxter 1987, Quillman pers. comm.). Tanks damage vegetation, compact soil, cause 
fugitive dust, and run over tortoise burrows and tortoises. The results are largely denuded 
habitat, and altered vegetation composition, abundance, and distribution (Wilshire and 
Nakata 1976, Lathrop 1983, Baxter and Stewart 1990, Prose et al. 1987, Krzysik 1998). 
Natural recovery can take a long time; 55 year old tank tracks can still be seen throughout 
many parts of the desert (Wilshire and Nakata 1976, Krzysik 1998). Krzysik (1998) 
reported a significant reduction in tortoise densities (62-81% over six years) in active 
training areas of Fort Irwin and no change or increases in densities in areas with light and 
no activity. The effect of tank maneuvers was highest in valley bottoms and 
progressively less in high bajadas, talus slopes, and rugged mountain ranges where 
training activities were considerably lower. 

Bombing and other explosive ordinance cause impacts in some areas, but no 
documentation was found of their effect on tortoise populations or habitat. 

Distribution of Chemicals 

It has been suggested that diseases affecting tortoise shells may be caused by 
residual chemical remains left over from military operations, but the evidence is highly 
speculative (See “Disease” section, above). 
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Nuclear Weapons Testing 

Between 1951 and early 1963, the U. S. Atomic Energy Commission detonated 100 
atomic devices above ground at the Nevada Test Site, Nevada (U. S. Department of 
Energy 1994). From mid 1960s to early 1990s only underground tests were conducted. 
Resource Concepts Inc. (1996) argued that radiation released into the atmosphere during 
these tests might explain tortoise declines. They cited two anecdotal accounts, one of 
many sheep getting sick near Cedar City, Utah, and another of high Geiger counter levels 
around the mouth of a cow in the same area. They suggested that nuclear fallout might 
explain the presence of disease in tortoise populations. Beatley (1967) found only very 
low levels of radiation at a plant study plot 8 km east of a below-ground test blast and 
attributed vegetative defoliation to dust from heavy vehicular traffic on a nearby dirt 
road. 

The University of California, Laboratory of Nuclear Medicine and Radiation 
Biology conducted experimental radioecology research studies in Rock Valley located 
along the southern boundary of the Nevada Test Site. These irradiation studies involved 
the chronic exposure of plants and animals from a centrally located 137 cesium source 
located atop of a 50-ft tower within a 21-ac fenced plot. Rundel and Gibson (1996) 
provided a brief summary of the results of the Rock Valley irradiation experiment. 
Beyond direct mortality from the test blasts, there was very little persistent effect of 
radiation on the surrounding lizard populations. Little long-term effect on the pocket 
mouse, Perognathus formosus, was found (Turner 1975). On the other hand, female 
lizards at Rock Valley were found to be sterile several years after the experiment began 
(Turner 1975, Turner and Medica 1977). There were five adult tortoises present 
throughout most of the study and four still remained in 2001 (Medica pers. comm.). 

I could find no data that bear directly on the potential effects of nuclear weapons 
testing on tortoise populations. The map in Gallagher (1993) suggests that fallout was 
nearly nonexistent in the west Mojave (which is consistent with predominant wind 
patterns), where URTD is rampant (Berry 1997). Therefore, if there is an effect from 
testing, it probably cannot be a universal explanation for rangewide declines nor can it 
explain the markedly high losses and levels of disease documented in the west Mojave. 

Noise and Vibration 

The following is largely paraphrased from my contribution to the Desert Tortoise 
Recovery Plan (USFWS 1994). Anthropogenic noise and vibrations may impact tortoises 
in several ways including: disruption of communication, and damage to the auditory 
system. A body of peer reviewed scientific literature exists demonstrating how 
background noise may mask important vocal signals in insects and amphibians (e.g., 
Bushcrickets, Conocephalus brevipennis, Bailey and Morris, 1986; Green Treefrogs, 
Hyla cinerea, Ehret and Gerhardt, 1980). Hierarchical social interactions, hearing, and 
vocal communication have all been identified in desert tortoises (Adrian et al. 1938, 
Campbell and Evans 1967, Patterson 1971, 1976, and Brattstrom 1974, Bowles et al. 
1999). Patterson (1976) identified eleven different classes of vocal signals used by desert 
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tortoises in various of social interactions, but he did not demonstrate that animals who 
hear the signals react or change their behavior in any way, a necessary component in 
identifying communication. The signals are relatively low amplitude, have fundamental 
frequencies 200 Hz or lower, and harmonics that reach as high as 4500 Hz (Patterson, 
1976). 

The portions in the following excerpt from USFWS (1994) pertaining to desert 
tortoises is purely speculative with no direct empirical support for desert tortoises: 

“ Many anthropogenic noises, such as automobile, jet, and train noises, 
cover a wide frequency bandwidth. When such sounds propagate through the 
environment, the high frequencies rapidly attenuate, but the low frequencies 
may travel great distances (Lyon, 1973). The dominant frequencies that 
remain after propagation correspond closely to the frequency bandwidth 
characteristic of desert tortoise vocalizations. Therefore, masking of these 
signals may significantly alter an animal's ability to effectively communicate 
or respond in appropriate ways. The same holds true for incidental sounds 
made by approaching predators; masking of these sounds may reduce a 
tortoise's ability to avoid capture by the predator. The degree to which 
masking by noise affects tortoise survival and reproduction depends on the 
physical characteristics (i.e., frequency, amplitude, and short- and long-term 
timing) of the noise and the animal signal, propagation characteristics of the 
sounds in the particular environment, auditory acuities of the tortoises, and 
importance of the signal in mediating social or predator interactions. There 
are no studies to test the masking effect of noise on tortoise behavior, but the 
effect is likely to be relatively low given that vocal communication is 
probably not extremely important in mediating social interactions and that 
noises loud enough to mask sounds important to tortoises are generally 
uncommon and short in duration. The only place the noise would be 
continuous enough may be alongside heavily traveled roads, where tortoise 
abundance is generally quite low. 

"Loud noises (and associated vibrations) may damage the hearing 
apparatus of tortoises. Little research has been performed on tortoise ears, but 
it is clear that tortoises are able to hear, and the relatively complex vocal 
repertoires demonstrated by tortoises suggests that their hearing acuity is 
similarly complex. Brattstrom and Bondello (1983) experimentally 
demonstrated that off-highway vehicle noise can reduce the hearing thresholds 
of Mojave Fringe-toed Lizards (Uma scoparia). Relatively short, single 
bursts (500 sec) of loud sounds (95 dBA at 5 meters) caused hearing damage 
to seven test lizards (Brattstrom and Bondello, 1983). Comparable results 
were obtained when desert iguanas (Dipsosaurus dorsalis) were exposed to 
one to ten hours of motorcycle noise (Bondello, 1976). It is likely that 
repeated or continuous exposure to damaging noises will cause a greater 
reduction in auditory response of these lizards. It is not unreasonable to 
expect loud noises to similarly impact the auditory performance of desert 
tortoises.” 
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A study conducted by Bowles et al. (1999) showed very little behavioral or 
physiological effect on tortoises of loud noises that simulated jet over flights and sonic 
booms. They also demonstrated that tortoise hearing is fairly sensitive (mean = 34 dB 
SPL) and was most sensitive to sounds between 125 and 750 Hz, well within the range of 
the fundamental frequency of most of their vocalizations. The authors concluded that 
tortoises probably could tolerate occasional exposure to sonic boom level sounds (140 dB 
SPL), but some may suffer permanent hearing loss from repeated long-term exposure to 
loud sounds such as from ORVs and construction blasts. 

ORV Activities 

Like most other threats, off road vehicle (ORV) activities may affect tortoise 
populations in multiple ways: direct mortality by crushing tortoises on the surface or in 
burrows, or indirect mortality through habitat alteration from soil compaction, vegetation 
destruction (direct or indirect via dust), or toxins from exhaust. However, different types 
of ORV activities will likely have different effects on tortoise populations. There are 
basically four categories of activity that may have very different impacts: free play 
where vehicles are not restricted to designated routes and cross travel or off-road and off-
trail activity probably occurs regularly; non-competitive recreational uses outside of free 
play areas are limited to designated roads and trails with any driving off of those routes 
being illegal; competitive events are organized races that are restricted to designated open 
areas; and unauthorized cross-country travel for recreational or commercial (e.g., mining 
exploration) purposes. Hence in this report, ORV refers to motorized vehicle travel off of 
paved and graded dirt roads whether they are on ungraded dirt roads, trails, or cross 
country driving. ORVs can include dirt bikes, sport utility vehicles, all-terrain vehicles, 
sand rails, and any other type of motorized vehicle that travels such roads. 

Reduce Tortoise Density 

A number of reports document ORVs may directly kill tortoises (see below), 
however the data are insufficient to evaluate the extent of its overall impact on tortoise 
populations. We must rely more on other measures such as differences in tortoise 
densities between areas used by ORVs and those free from such activity. For example, 
Bury and Luckenback (1986) compared tortoise densities inside and outside of an ORV 
free-play area. They found 3.8 times more tortoises in a control area lacking ORV 
activity compared to a nearby open area and the animals were significantly heavier 
(p<0.01) in the control area. They also found 2.8 times the number of burrows, more of 
which were active, in the control area. Most of the burrows in the ORV area were in the 
section most lightly used by vehicles. The denser vegetation in the control area made 
searching much slower, hence 3.6 times more effort was spent searching the control area. 
The differences in number of tortoises are not likely to be a consequence of differences in 
search time because identical and consistent methods were used to sample each area 
(Bury and Luckenbach 1977). As this study was unreplicated (only one control, and one 
treatment area were surveyed), it is conceivable that the differences detected are due to 
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causes other than ORV activity (e.g., soil or habitat differences or natural patchiness of 
tortoise populations). 

Berry et al. (1986) compared tortoise populations inside of the DTNA and 
immediately outside where heavy ORV activity occurs. Using methods that are of 
questionable validity (Corn 1994a), they noted that significant declines occurred over a 
six-year period among juveniles and immatures in both areas, but that the declines were 
significantly greater in the adjacent area with more ORV activity. 

Berry et al. (1994; for published abstract see Berry et al. 1996), compared 
evidence of human activity and tortoise sign (i. e., number of tracks, scat, and burrows, 
which is positively correlated to tortoise density; Turner et al. 1985) along 100 transects 
conducted in 1977-79 and 150 in 1990. They found that vehicle trails in 1990 were 
positively associated with areas classified as having low to medium densities of tortoises, 
but that numbers of vehicle trails and tracks were not directly correlated to actual number 
of tortoise sign. In one area, ORV activity had been stopped by BLM one year prior to 
the study, so vehicle tracks had been obliterated or were aged and did not accurately 
reflect the level of ORV activity the tortoise population had experienced over the past 
several years. Furthermore, the study lacked an adequate control site, but it is difficult to 
have good controls in a broad field study like this. 

An indirect piece of evidence that ORVs reduce tortoise population density comes 
from Nicholson (1978). She reports on the findings of sets of transects walked at varying 
distances from the edges of several paved roads and highways in the Mojave desert. The 
study was designed to measure the effects of paved roads, not dirt roads or ORV travel on 
tortoise populations, thus is of little relevance to evaluating ORV impacts. She found that 
counts of tortoise sign increased with distance from paved roads. However, along 
Shadow Mountain Road, she found a reduction in tortoise sign 880 meters from the road 
edge, in an area with “excessive ORV use.” She provided no statistical analysis of this 
observation, nor did she comment on the presence or absence of ORV activity along any 
of the 39 other transects she walked. 

Direct Effects 

CRUSHING TORTOISES AND BURROWS 

Several accounts occur in the non-scientific literature of tortoises being crushed 
by ORVs, but most of these are anecdotal or unique incidents. In a popular account of 
ORV impacts to the desert environment, Luckenbach (1975) states: “I have personally 
found horned lizards, whiptails, zebra-tails, sand lizards, and tortoises crushed by 
ORVs;” no documentation or quantification was provided. Similar anecdotal statements 
were made in Berry and Nicholson (1984a) and Bury and Marlow (1973). 

Berry and Nicholson (1984a) observed dead tortoises that were crushed in 
burrows that were apparently collapsed by ORVs, but no data or details were provided. 
Bury and Marlow’s (1973) popular article about general impacts of ORVs on tortoises 
also makes the claim that burrows are crushed by ORVs, but provide no data. Fifteen 
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burrows found in 1976 and 1977 in an ORV-use area were collapsed in 1985, their 
collapse being “related to ORV activity from trails through the area” (Bury and 
Luckenback 1986), although they gave no further indication of how they determined the 
cause of collapse. Woodman (1986) and Burge (1986) found no crushed burrows 
following the Parker 400 and Frontier 500 races, respectively. 

Four studies quantified vehicle-related mortality on study sites with frequent ORV 
traffic. In her preliminary analysis of 1357 tortoise carcasses found on 14 permanent 
study plots for studying tortoise populations, Berry (1990 as amended) attributed 
approximately 57 (4%) to vehicles (some of the data were presented in Berry et al. 1986). 
It must be noted that 787 (58%) of the shells were not evaluated or were unclassifiable 
either because they bore no diagnostic characteristics or were too fragmented to analyze. 
Campbell (1985) found 2 vehicle-killed tortoises, one apparently killed by a 4-wheel 
vehicle on a dirt road inside the preserve and another killed outside the preserve by a 
sheep watering truck. In their comparative study of ORV impacts, Bury and Luckenback 
(1986) indicated that one immature tortoise was found crushed in a motorcycle trail. In a 
review of tortoise population dynamics, Marlow (1974) states that “nine recently crushed 
tortoises were observed in an area supposedly closed to ORVs. From tracks surrounding 
most of the carcasses there was little question as to the cause of their deaths.” 

It is the correspondence between tortoise and ORV enthusiasts’ habitat preference 
that is likely responsible for some of the conflicts between the two. Jennings (1997) 
showed that tortoises spent significantly more time in washes, washlets, and on small 
hills. This is because their preferred food plants occurred in these habitats and they tend 
to burrow and travel more in washes and washlets than in other habitats. Jennings (1997) 
claims these habitats are also preferred disproportionately by ORV recreationists, but 
presented no supporting data. 

Indirect Effects 

COMPACTION OF SOIL 

Soil becomes compacted, at least temporarily, when a motorized vehicle passes 
over it, and that compaction changes with the weight of the vehicle, soil type, and 
moisture content of the soil (Webb 1983). But, the affect this compaction has on tortoise 
populations depends on the lasting effect of compaction, its effect on vegetation and 
burrow digging abilities, how widespread the compaction is, and the respective effects on 
tortoise survival and reproduction. 

Davidson and Fox (1974) investigated the effect a motorcycle dual sport race had 
on Mojave vegetation and soil. The soil, which was of similar type at both sites, was 
significantly denser and less porous at a pit area and alongside a trail than at a control site 
several hundred meters away. Significantly fewer plant species, fewer individuals, and 
less cover were found in impacted areas compared to the control site. However, the study 
was unreplicated. An increase in bulk density of the soil was measured in an evaluation 
of the impacts of the 1974 Barstow to Vegas Race (BLM 1975). However, many of the 
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measurements were taken one week after a rain, so, because compaction is intensified on 
wet and moist soil (Webb 1983), the results may be unreliable. 

Babcock and Sons (1973) found 10% or more increase in bulk density in 
disturbed versus undisturbed sites in alluvial wash, alluvial fan, and desert flat areas, but 
only a 3% increase in compaction in disturbed sand. Similarly, Wilshire and Nakata 
(1976) found sand dunes to be more resistant to compaction than playas or alluvial fans. 
Compaction was relatively light in heavily used dry washes and heavy in well used 
alluvial fans. Dry playas, which dry out fast after rains, resist compaction more than do 
wet playas (Wilshire and Nakata 1976), which are moist on or near the surface. 
Compaction on wet playas was measurable down to 15 cm or more. 

In their manipulative experiment on the effect of vehicle type, number of passes, 
soil type, and soil moisture, Adams et al (1982a, b) measured soil compaction with a 
penetrometer. They found that compaction by a SUV was greater than that of a 
motorcycle. The SUV compacted wet soil significantly after only one pass on wet soil 
and after five passes on dry soil. The motorcycle compacted wet soil after 20 passes. 
Single passes by motorcycles on wet soil and SUVs on dry soils did not differ significant 
from the controls. The great variability in environmental conditions makes it difficult to 
make unambiguous generalizations. 

Greater temperature extremes occurred in more compacted soils in heavy ORV 
use areas, probably from removal of vegetation and changes in soil characteristics from 
compaction (Willis and Raney 1971, Webb et al. 1978). This possible effect on soil 
temperature not only affects plant germination and growth, but may have interesting, if 
unexplored, implications for tortoise growth, development, and morphology. A further 
likely, but untested potential impact of soil compaction may be to make it difficult for 
tortoises to burrow, which would not only affect tortoises directly but would also reduce 
tortoises’ role in reducing compaction through soil turnover (Prose et al. 1987). 

Infiltration rate is a measure of the soil's ability to absorb moisture. More 
compacted soils have a lower infiltration rates so less water is available for plants (Webb 
1983). Babcock and Sons (1973) found much lower infiltration rates on disturbed versus 
undisturbed desert sites, except in very sandy areas (dunes and washes). Webb (1983) 
measured 73% lower infiltration rate compared to a control site after 200 vehicle passes 
over wet sandy loam. The greatest decrease occurred after the first few passes. 
Infiltration rates of sands and clays are least affected by compaction, whereas loamy 
sands and gravelly soils are with a mixture of particle sizes are most affected. 

DESTRUCTION OF CRYPTOGAMIC SOILS 

Cryptogamic soils are important for reducing soil erosion, controlling water 
infiltration, regulating soil temperatures, fixing (catching and converting) atmospheric 
nitrogen, and accumulating organic matter (Cline and Rickard 1973, Pauli 1964, Rogers 
et al. 1966). Cryptogamic soils are collections of mostly symbiotic bacteria, algae, fungi, 
and lichen that live on or slightly below the soil surface and create a semi-permeable soil 
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surface. They often occur in the open spaces between desert shrubs and help to facilitate 
seedling establishment and plant growth (St. Clair et al. 1984, DeFalco 1995). 

ORVs, livestock, and other surface disturbances easily damage cryptogamic soils 
(Belnap 1996). Damage from compaction, even minor, can greatly reduce nitrogen 
fixation by the crust, an effect that sometimes increases rather than decreases with time 
since compaction (Belnap 1996). It is not certain how tortoises are affected by damage to 
cryptogamic soils and a 1980 review of the effects of ORVs on desert soils was 
inconclusive (Rowlands 1980). DeFalco (1995) found that, in the one season studied, 
tortoises selectively avoided foraging on plants growing on crusts. Although crusts fix 
nitrogen and the nitrogen can then be transferred to plants growing in close proximity to 
the crusts (Maryland and McIntosh 1966), concentration of nitrogen in tortoise forage 
plants were generally lower on cryptogamic soils (DeFalco 1995). However, many other 
nutrients are important to tortoises, and it is unknown if their concentrations are 
augmentated by cryptogams in associated tortoise forage plants. In non-tortoise habitat 
in southwest Utah, Belnap and Harper (1995) showed that nitrogen, phosphorus, 
potassium, calcium, magnesium, and iron concentrations were higher in some plant 
species growing on encrusted soils compared to those growing where there were no 
crusts. The primary importance of cryptogamic soils to tortoise populations could be in 
stabilizing the soils against wind and water erosion (Belnap and Gardner 1993, DeFalco 
1995), but more research is clearly needed. 

CHANGES IN VEGETATION 

Several studies measured the effect ORVs have on vegetation; most of them 
evaluated damage from competitive events. Burge (1986) described how many perennial 
shrubs were damaged along the edge of the Frontier 500 competitive race. She counted 
1170 uprooted or crushed shrubs (no species identified) after the race. Davidson and Fox 
(1974) measured plant diversity, number of individuals, and amount of cover in a pit area 
(where vehicles were parked), alongside a dual sport race trail, and “several hundred 
yards away” (i.e., control area). They found significantly lower values for all three 
parameters in the pit area, moderate values alongside the trail, and the highest values at 
the control site. Woodman (1986) recorded the destruction of several creosote and 
burrobushes around the periphery of the pit area for the 1981 Parker 400 race. A BLM 
report detailing damage to vegetation caused by the 1974 Barstow to Vegas Motorcycle 
Race (BLM 1975) showed that 0 to 76% of the plants, particularly seedlings and small 
shrubs, were damaged in each of 26 sites. 

Berry et al. (1990) measured habitat changes over a six-year period inside and 
outside of the DTNA where ORV non-race activity occurred. They found a 23% increase 
in habitat loss around a staging/pit area and that ORV trails increased in width by 130% 
and 157% in area. 

Vegetation is clearly degraded by heavy ORV activity. Bury and Luckenback 
(1986) compared vegetation inside (treatment) and outside (control) an ORV use area 
south of Barstow. There were 1.7 times the number of live perennials on control, and 2.4 
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times number of dead ones (mostly Ambrosia dumosa ) on the treatment area. Plant 
cover was 3.9% higher in the treatment area. This study suffers from a lack of 
replication. Comparing aerial photographs taken at the same points 19 to 25 years apart 
in six different locations in the Mojave and Colorado Deserts, Lathrop (1983) measured 
an average of 49% reduction in shrub density in ORV areas. Ground-based transects in 
control and treatment (disturbed) sites yielded 48-97% reductions in perennial plant cover 
in the ORV use areas. Thirty-four to 46% reductions in density resulted from single race 
events at two separate locations (Lathrop 1983). Luckenbach (1975) reports, that "in one 
Hounds-and-Hare race, an estimated 140,000 creosote bushes (Larrea tridentata), 64,000 
burro-weed (Franseria dumosa), and 15,000 Mojave yuccas (Yucca schidigera) were 
destroyed or severely damaged over a stretch of 100 miles." No additional details were 
provided. 

Rowlands et al. (1980) and Adams et al. (1982b) conducted one of the only 
manipulative experiments on ORV effects on Mojave desert vegetation. They studied the 
effect that different numbers of passes over the same area by a motorcycle and a 4-wheel 
drive sports utility vehicle (SUV) had on plant growth. They also looked at the 
interactive effects of soil moisture and soil type. Plant density, biomass, and cover 
generally were reduced following any level of disturbance with motorcycles requiring a 
greater number of passes to equal the reduction caused by the SUV. Grama grass 
(Bouteloua barbata), appeared to respond positively to light disturbance, but less so to 
heavy disturbance. The introduced weed, split grass (Schismus barbatus), was 
significantly more abundant within tracks than in control areas, probably because the 
fibrous nature of their roots allowed them to become better established than more tap-
rooted natives in compacted soil. 

Vollmer et al. (1976) found annual plant density to be significantly lower within 
experimentally created tracks from two 4-wheel drive vehicles compared to the hump 
between the tracks and in an area randomly covered by the same vehicles. No difference 
in density occurred between the randomly driven area compared to the control site. 
Shrubs in the regularly driven area (42 passes by vehicles) suffered twice as much 
damage as those in the randomly driven area. This study lacked replication and proper 
controls, but data collection and analysis were well executed. 

Kuhn (1974, cited in Lathrop 1983) reported a reduction in plant density of 24% 
and plant cover of 85% in ORV-disturbed plots compared to undisturbed controls in 
foredunes at Kelso Dunes. Similarly, comparing aerial photographs taken 21 years apart, 
Lathrop (1983) measured a 50% reduction in shrub density in the same foredunes. 

EROSION AND LOSS OF SOIL 

ORV activity can increase erosion, which removes soil nutrients and soil that is 
penetrable to roots (Adams and Endo 1980a, Wilshire 1980). ORVs modify various 
features that help to stabilize the soil against erosion including surface crusts, coarse 
particles, desert pavements, and vegetation (Hinckley 1983). They also alter the 
configuration of the ground surface thus affecting water runoff patterns (Hinckley 1983). 
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The net loss of soil at specific ORV-use areas has been documented. Wilshire 
and Nakata (1976) estimated 150 metric tons of dirt were lost to erosion from one 68-
meter long western Mojave hillside trail with a 44-58% slope. Total estimated loss for 
the portion of hill used for an unspecified number of years was 11,000 metric tons. 
Snyder et al. (1976) estimated that 150-230 mm of soil was lost per year along transects 
in an ORV use area over two to five years at Dove Canyon. That amount is compared to 
estimates of natural erosion rates of 1.0 to 4.6 mm per year in arid areas (reported in 
Hinckley et al. 1983). No control or low-impact reference sites were established in this 
study. Webb et al. (1978) reported a loss of 0.3 to 3.0 metric tons per m2 from an ORV 
trail in arid land at a heavily used ORV park in central California. They further reported 
that erosion was greatest on sand loam and gravelly sandy loam and least on clay and 
clay loam. 

In artificial rain trials, Iverson (1979) found greater sediment yield (soil runoff) in 
vehicle-disturbed versus undisturbed slopes from loosening of soil and alteration of flow 
patterns. The difference was thought to be from increased water flow velocity and more 
channeling of the flow, not from reduced filtration. Consequently the effect would be 
more pronounced during intense thunderstorms than during more mild winter frontal-type 
storms. Also using artificial rain, Eckert et al. (1977) looked at infiltration and 
sedimentation rates at two Mojave desert sites in Nevada following single and multiple 
passes of truck and motorcycle. Single passes made no measurable difference. Multiple 
passes increased rates of infiltration and sedimentation, particularly in interplant spaces 
versus beneath plants. However, the artificial rainfall rates were similar to rare very 
heavy thunderstorms; they were unlike the winter cyclonic rainfall that is more typical of 
the western Mojave desert. Furthermore, Reicosky (1979) suggested that movement of 
water towards vehicle tracks compensates for decreased infiltration rates. Hinckley et al. 
(1983) suggested that water erosion would be the least in areas that are relatively flat, 
experience short, low-intensity storms, and have a coarse (gravelly) surface. 

Fugitive dust, dust blown from the ground by wind and vehicle activity, can 
potentially be a problem for desert tortoises. Fugitive dust is related to vehicle speed, 
surface texture, surface moisture, and probably vehicle type (with heavy four-wheel drive 
vehicles causing the most dust followed by light four-wheel drive vehicles followed by 
motorcycles; Adams and Endo 1980b). The threshold velocity for wind erosion (TV), the 
lowest wind speed necessary to create dust, is highest for desert pavement and areas with 
hard surface crusts. Soils with a large proportion of fine particles will be more 
susceptible to wind erosion. Disturbances that lower the TV will increase the incidence 
of dust storms. Disturbance of sand dunes and sandy washes does not alter their TV. 
Areas protected by cryptogamic soils and desert pavement had greatest reduction in TV 
following disturbance, and more so with siltier versus sandy soils (Adams and Endo 
1980b, Gillette and Adams 1983). Winds of 20-30 mph at 6 ft above ground caused 
fugitive dust in these areas. Erodibility also varies with width of disturbed area up to 
about five meters (Wilshire pers comm., cited in Adams and Endo 1980a) 

Satellite images taken on January 1, 1973, captured dust storms from Santa Ana 
wind conditions (Bowden et al. 1974, Wilshire 1980). Many of the dust plumes, which 
were 10 to 30-km long and covered 300 km2, originated in areas of intensive ORV 
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activity in the western Mojave. BLM (1975) measured three to five times more 
suspended particulate density for fugitive dust during the 1974 Barstow to Vegas race site 
compared to before the race. 

The main effect of wind erosion on productivity is removal and redistribution of 
surface nutrients, not reduction in soil depth. Loss of soil nutrients found in the top 5 to 
10 cm of soil significantly reduced perennial cover in a similar arid environment in 
Australia (Charley and Cowling 1968). Sharifi et al. (1997, 1999) showed that 
photosynthesis and plant productivity are hampered by dust on the leaves of desert 
shrubs, but that the effect may be ameliorated by heavy summer rainfall. 

LIGHT ORV USE 

Most of the foregoing discussion relates specifically to competitive events and 
heavy use like what now occurs within open use or freeplay areas. They are of limited 
applicability to understanding the effect of lighter travel in areas where traffic is legally 
restricted to designated routes (i.e., dirt roads). Indeed, very little data are available to 
evaluate these impacts primarily because the focus of most research has been on the 
effects of heavier ORV use. There are a few studies that demonstrated that occasional 
vehicles riding off of roads (including for parking or camping within 100 ft of roads, 
which is currently permitted, Bureau of land Management 1980), can damage the soil and 
vegetation, the amount of damage being less than heavier off road travel. Webb (1983) 
found that the greatest increase in compaction occurred the first few time a motorcycle 
crossed an area and compaction increased with more crossings, but at a lower rate. 
Similarly, Adams and Endo (1980a) discovered that just a few passes by an SUV were 
sufficient to significantly increase compaction and a single pass did so in some wet soils. 
Vollmer et al. (1976) found that there was damage to plants in an area subjected to 
random four-wheel drive activity, but that damage was higher in areas that were 
repeatedly driven over. Bury and Luckenbach (1977) reported little difference in the 
number of creosote shrubs in moderate use versus undisturbed plots, but did find that half 
were broken or damaged in the moderate use area. Likewise, a “sparsely” used ORV 
area within the Jawbone Canyon Open Area showed 35% less perennial plant cover than 
an unused control area (Lathrop 1978). Finally, just stepping on cryptogamic crusts can 
damage and decrease nitrogen fixing activities of the crusts (Belnap 1996). 

All of these studies indicate that some damage is likely to occur when vehicles 
stray off of established roads. Goodlett and Goodlett (1993) demonstrated that ORV 
enthusiasts will not always obey signs indicating routes are closed, nor do they always 
stay on designated routes. However, their study was conducted in an area that had 
recently changed from an open free play area to a limited use one. Although it is likely 
that number of tracks will be highest in close proximity to roads (e.g., LaRue, pers obs.), 
no studies have tested for this pattern. Many of the problems associated with light ORV 
use likely relate to increased human access the roads and trails afford (see "Human 
Access to Tortoise Habitat" section, below). 
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Summary 

Although each study comparing tortoise densities inside and outside of ORV 
areas has limitations, they all lend evidence to reductions in tortoise population densities 
in heavy ORV use areas. The causes for these declines are less certain. Tortoises and 
their burrows are crushed by ORVs, although it is difficult to evaluate the full impact this 
activity currently has on tortoise populations, partly because there are probably relatively 
few tortoises in most open use areas. ORVs damage and destroy vegetation. Density, 
cover, and biomass are all reduced inside versus outside of ORV use areas, particularly 
following multiple passes by vehicles. Split grass (Schismus barbatus), a weedy 
introduced grass, in particular appears to benefit from ORV activity. Very light, basically 
non-repeated, vehicle use probably has relatively little long-term impact. Soil becomes 
compacted by vehicles. The compaction increases with moisture content of the soil, 
weight of vehicle (particularly high weight to tire surface area ratio), and soil type. 
Cohesionless sand, such as in sand dunes and washes, are largely immune to compaction 
while moist soils are much more susceptible than dry ones. Compaction, lower 
infiltration rates, loss of plants and cryptogamic soils all contribute to increased wind and 
water erosion and fugitive dust, particularly when such areas are several meters in width. 
More research is needed to understand the effect light ORV use has on tortoise 
populations and habitat. 

Predation/Raven Predation/Subsidized Predators 

Desert tortoises have several natural predators including: coyotes, kit foxes, feral 
dogs, bobcats, skunks, badgers, common ravens, and golden eagles. The dominant 
predator probably varies temporally, spatially, and with size of the tortoise (Berry 1990 
as amended). Few studies have attempted to quantify or estimate the relative proportion 
of mortality attributable to the various predators at specific sites, and none attempt to 
characterize it regionally. 

One of the earliest publications reporting that ravens are potentially important 
predators on desert tortoises was Campbell (1983). He found 140 shells of juvenile 
tortoises (36 to 103 mm MCL) at the base of fence posts along the 30.5 miles of fencing 
surrounding the DTNA. He attributed 136 to raven predation, but gave no indication 
why. Berry (1985) evaluated 403 juvenile tortoise shells found on 27 desert tortoise 
study plots throughout the Mojave Desert. She determined that ravens killed 35%. Her 
evaluation was based on circumstantial evidence because the reference collection was 
shells found beneath perch sites that may have been used by other predators or 
scavengers. Although the patterns of shell damage she used are consistent with the 
patterns Boarman and Hamilton (in prep.) obtained from 266 shells collected from 
beneath raven nests. Also, ravens are scavengers as well as predators, so some of the 
shells attributable to raven predation may actually have been found and eaten after death 
(Boarman 1993). 

During the first 5 to 7 years of life, the tortoise shell is incompletely ossified; it is 
soft and easy to puncture and rip open. When pecked open by a raven, the soft shell will 
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bend then dry in place leaving parts of the shell pushed in or pulled out. Carcasses found 
in this condition were likely pried open when the tortoise was alive or shortly after death. 
The shell soon dries after death. Once this happens the shell will fracture when pecked 
open, giving a different appearance. Although based on sound knowledge of the biology 
of tortoises, this scenario has not been subjected to quantification or controlled 
experimentation. 

Woodman and Juarez (1988) reported finding 250 shells, probably killed over a 
four year period, dead beneath one raven nest near the Kramer Hills. Some of the 
carcasses found were of young animals found alive and individually marked by the same 
researchers several weeks earlier and apparently in healthy condition. This provided the 
first hard evidence that ravens almost certainly were killing some tortoises, not just 
scavenging them. Since that time, several observations have been made of ravens 
carrying away live juvenile tortoises (Boarman 1993). One researcher reported finding a 
tortoise eviscerated, but still alive, beneath a raven nest (R. Knight pers. comm.). These 
reports all remain anecdotal, but, because observing the act of predation by a predatory 
bird is notoriously difficult, it is unlikely we will ever be able to acquire an adequate 
number of good hard data on the phenomenon. One published account evaluated food of 
ravens in the Mojave desert by looking at pellets, indigestible portions of food that were 
coughed up at their nests (Camp et al 1993). They found tortoise remains in only 1.3% of 
the pellets. However, they did not report the 19 shells they found at several of those nests 
because they only reported on pellet contents (Camp pers. comm., Boarman pers. obs.); 
shell fragments usually are not found in pellets. They also did not establish whether all 
nests studied were in tortoise habitat. 

The fact that ravens do kill some tortoises does not alone indicate that the losses 
are serious enough to warrant management action. We must understand the extent of 
predation and if it is having an impact on tortoise populations. Evaluating raven 
predation is perplexing because of the difficulties in finding small carcasses over such a 
large area of desert and in monitoring small, hard to find young tortoises (Berry and 
Turner 1986, Shields 1994). The extent of predation can be estimated by evaluating 
juvenile tortoise carcasses found throughout the desert. Berry (1985) and Boarman and 
Hamilton (in prep) analyzed the characteristics of 150 and 266, respectively, juvenile 
tortoise shells found in the deserts of California. Their reports indicate that primarily 
animals less than 100 mm MCL (less than approximately 5-7 years old) are taken 
throughout most portions of the desert in California. Beneath 23 transmission towers in 
Nevada, McCullough Ecological Systems (1995) found the remains of 78 juvenile 
tortoises, many showing signs consistent with raven predation. 

A common argument made against raven predation being of management concern 
is that we must concentrate on protecting adult female tortoises (Doak et al. 1994). This 
is partly because adult females are the ones actually reproducing, thus contributing most 
to the persistence of the population and partly because juvenile animals typically 
experience high mortality, so losses to ravens are natural and the population can sustain 
the losses. This is a correct prediction from life history theory for many animal species, 
but not for long-lived ones that first reproduce later in life (approaching 20 years), like 
the desert tortoise (Congdon et al. 1993, 2002). Life history theory predicts that stable 
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populations of such animals can sustain annual mortality of juveniles of 25%. However, 
when adult populations are declining, juvenile mortality must be reduced to 
approximately 5% to ensure recruitment of new individuals into the breeding population 
(Congdon et al. 1993). This finding is based on well developed life history theory. 
Therefore, in tortoise populations that are experiencing overall declines, additional losses 
of juveniles to ravens may decrease the stability or at least prevent recovery. 

A survey of tortoise remains found beneath raven nests was recently completed 
(Boarman and Hamilton in prep.). It showed that ravens prey on tortoises throughout the 
Mojave Desert in California, but probably not all ravens nesting in tortoise habitat ate 
tortoises. The most shells found at one nest in one year between 1991 and 1997 was 28, 
which were found beneath each of two nests in the eastern Mojave Desert. The results 
are preliminary and conservative because they pertain only to remains dropped beneath or 
near the raven nests. Many shells are found at locations well away from nests. During 
the raven breeding season, however, most foraging is probably done near the nest 
(Sherman 1993) and most food is likely brought back to or near the nest, so the results are 
probably relatively accurate if conservative. 

There are little data available to determine the effect other predators might have 
on desert tortoise populations. For example, finding shells chewed by mammals, 
probably canids, and tortoise remains in coyote scat, Berry (1990 as amended) reported 
evidence of canid or felid predation at four out of twelve study plots in California. 
Proportion of deaths attributable to mammalian predators over all 12 plots was 53.% 
(ranged = 1.8% to 45.3% among the 4 plots where mammal-related mortality 
determined). Turner et al. (1997b) determined that most tortoise nests that failed were 
dug up by coyotes or kit foxes, but no data were presented. In 1998 and 1999, 47% and 
12%, respectively, of nests studied at Twentynine Palms (MCAGCC) were dug up, 
probably by kit foxes (Bjurlin and Bissonette 2001). Bjurlin and Bissonette (2001) also 
believed that feral dogs cause a significant amount of mortality among adult tortoises in 
the area, but presented evidence for only one such death. They did report a high 
incidence of canid-like shell damage to live tortoises and the presence of feral dogs and 
dog packs within their study site. The effect that feral dog predation has on tortoise 
populations appears to be an emerging problem that warrants further documentation. 

Non-ORV Recreation 

Non-ORV recreation in the Mojave Desert includes camping, nature study, rock 
collecting, sight-seeing, hunting, horseback riding, mountain biking, and target practice. 
There are no studies concerning their impacts on tortoise populations: hence, there may 
or may not be impacts. Likely impacts include handling and disturbance of tortoises; loss 
of habitat to campgrounds, picnic areas, scenic pull outs, vandalism, and other support 
facilities; increase in road kills; and support of ravens when organic garbage is left 
behind. There could also be soil compaction and damage of vegetation and cryptogamic 
crusts from off-trail travel by mountain bikes, horses, and hikers. All of these impacts are 
related to the problems with increased access to tortoise habitat (discussed in "Human 
Access to Tortoise Habitat" section, below). Given the increased interest in non-
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motorized recreation in the deserts, this is an important area for future research. There 
are no studies that directly measured the impacts of non-motorized recreation on tortoise 
populations or their habitats and only one that showed that hiking off of trails can 
significantly damage cryptogamic crusts (Belnap 1996). 

Hunting and target practicing are two additional recreational activities that may 
impact tortoises. One of the primary anthropogenic causes for wildfire in the desert is 
from bullets striking rocks (R. Franklin, BLM Fire Management Officer, pers. comm.), 
which can occur while hunting or target practicing. The California Department of Fish 
and Game has constructed an array of small- and big–game guzzlers to help facilitate 
growth of game species populations. Not only can ravens sometimes access water at the 
big game guzzlers, but tortoises can get caught and die in some types of small game 
guzzlers. Hoover (1996) found the remains of 26 tortoises in 89 of the upland game 
watering devices in California. Finally, people target practicing, which is a very different 
activity than hunting, might also illegally use tortoises as targets (Berry 1986a, see 
“Vandalism,” below). 

Roads, Highways, and Railroads 

Roads, highways, and railroads have several impacts on desert tortoises and their 
habitat. Direct impacts may include mortality through road and train kills and destruction 
of habitat (including burrows). Possible indirect effects include degradation of habitat 
because they serve as corridors of dispersal for invasive plants, predators, development, 
recreation, and other anthropogenic sources of impact. Roads, highways, and railroads 
also serve to fragment the habitat and populations (see “Habitat Degradation, 
Fragmentation, and Destruction,” below). 

Many tortoises fall victim to road kills. For instance, Boarman and Sazaki (1996) 
reported finding 115 tortoise carcasses along 28.8 km of highway in the west Mojave. 
This represents a conservative estimate of 1 tortoise killed per 3.3 km of road surveyed 
per year. This source of mortality primarily affects subadults and adults, although the 
results are partially skewed by the difficulty of finding smaller carcasses and their 
quicker loss to scavengers and decay. The figures cannot be extrapolated to all roads and 
highways to estimate total losses to road kills in the desert because mortality rate likely 
depends on traffic speed and volume, density and demography of surrounding tortoise 
population, and perhaps width and age of road. The results also cannot be applied to 
lightly traveled paved or dirt roads because of a four-way relationship between tortoise 
density, road conditions, traffic volume, and road kill rate. A tortoise depression zone 
exists along highway edges and extends to 0.4 km or further (Nicholson 1978, Berry and 
Turner 1987, Berry et al. 1990, LaRue 1993, Boarman and Sazaki 1996, von Seckendorff 
Hoff and Marlow 1997, cf. Baepler et al. 1994). The cause is probably primarily road 
kills, but illegal collections, noise, and other factors may also contribute although there 
are no data to evaluate their likely or relative effects. 

A common mitigation for the impacts of roads and highways is a barrier fence, 
which has been shown to be highly effective at reducing mortality in tortoises and other 
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vertebrates in the west Mojave (Boarman and Sazaki 1996). However, fences only 
increase the fragmenting effects of roads. Preliminary results of an eight-year long study 
indicate that culverts are used by tortoises to cross highways (Boarman et al. 1998), but it 
is unknown whether their use is sufficient to ameliorate the fragmenting effects of fenced 
highways (Boarman and Sazaki 1996). 

Roads are also major attractants for common ravens, which are predators on 
juvenile tortoises (Knight and Kawashima 1993, Boarman 1993). Ravens, being partly 
scavengers, are known for cruising road edges in search of road kills (Boarman and 
Heinrich 1999), but risk of predation is not increased near roads (Kristan and Boarman 
2001). 

The flush of vegetation that grows alongside roads (Frenkel 1970, Johnson et al. 
1975) as a result of rainwater runoff and collection may benefit tortoises by providing a 
more consistent source of food over a more extended period of time, even in relatively 
dry years (Boarman et al. 1997). Alternatively, the abundance of food may bring them 
into harms way if (1) they wander onto the road, (2) vehicles pull onto the vegetated 
shoulder of the road, (3) grading or mowing activities occur during times of tortoise 
activity, (4) herbicides are applied to control growth of weeds along the road shoulder, or 
(5) they are seen and caught by passers-by. Brooks (1998) found a significant positive 
correlation between number of alien annual plant species near roads and density of dirt 
roads., and the species richness and biomass of alien annuals is higher near roads than 
away from them (Brooks pers. comm.). 

Railroads may also impact tortoise populations through train kills and perhaps by 
tortoises getting caught between the rails (Mount 1986). No published studies were 
found that looked for train-killed tortoises along extensive sections of railroad tracks. 
However, Ron Marlow (pers. comm.) found eight carcasses between the rails along 
approximately 100 km of railroad tracks in the eastern Mojave. Noise or vibration may 
also affect tortoises that live alongside railroads, but has not been studied (see “Noise and 
Vibration,” above). Railroads provide a positive benefit: tortoises regularly build 
burrows in railroad berms that are not covered with gravel. It is not known if train noise 
negatively affects the behavior, audition, or reproductive success of these tortoises. 

Utility Corridors 

Corridors formed by utility and energy rights-of-way cause linear impacts to 
populations and may have levels of impacts well beyond those of many point sources of 
impacts. In a retrospective evaluation of results of 234 Biological Opinions issued by 
USFWS in California and Nevada (LaRue and Dougherty 1999), 80% (47/59) of the 
tortoises reportedly killed in California and Nevada were killed along utility corridors. 
Most of those were along the Kern-Mojave Pipeline (Olson et al. 1993, Olson 1996). 
Considerable habitat destruction or alteration occurs when pipelines and transmission 
lines are constructed and the impacts are repeated as maintenance operations or new 
pipelines or power lines are placed along existing corridors. Trenches opened for laying 
or maintaining pipes may serve as traps for tortoises and other animals (Olson et al. 
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1993). Dirt roads used for maintenance-related access create dust (Wilshire 1980) and 
provide access to less disturbed habitat (Brum et al. 1983). The habitat conversions 
during early stages of post-construction succession along pipeline corridors (Vasek et al. 
1975) not only may suppress regular use by tortoises, but may function to reduce 
dispersal across the corridor thus effectively fragmenting a previously intact population 
(this view is speculative). 

The presence of transmission towers in areas otherwise devoid of other raven 
nesting substrates (e.g., Joshua trees, palo verdes, cliffs), may introduce heavy predation 
to an area previously immune to such predation (Boarman 1993). Most raven predation 
on tortoises appears to occur during the raven breeding season (April - May, pers. obs.). 
By one estimate, ravens probably do most (75%) of their foraging within 400 m of their 
nest (Sherman 1993) and raven predation pressure is notably intense near their nests 
(Kristan and Boarman 2001). Therefore, ravens nesting on transmission towers, where 
no other nesting substrate exists within about 800 m, may significantly reduce juvenile 
tortoise populations within 400 m of the corridor, but this effect is quite localized. 
However, recent unpublished data on the distribution of raven depredated juvenile 
tortoises suggests that not all ravens nesting within tortoise habitat actually eat tortoises 
(at least they do not bring the shells back to the nest; Boarman and Hamilton in press). 

Data collected along paved highways indicate that road kills can substantially 
reduce tortoise populations within at least 0.4-0.8 km of such roads (see “Roads, 
Highways, and Railroads” section, above), and their impact is likely lower along newer 
and more lightly traveled roads (Nicholson 1978). But, there are no data on the impact of 
lightly traveled dirt roads (e.g., utility maintenance/access roads) on tortoise population 
densities. 

Vandalism 

Vandalism is the “purposeful killing or maiming of tortoises” (Luke et al. 1991, p. 
4-61). Reports of tortoises being vandalized include shooting, crushing, running over, 
chopping off heads, and turning them over (Berry and Nicholson 1984a, Berry 1986a, 
Bury and Marlow 73). Most reports of specific incidents are anecdotal, but sometimes 
substantial. The most quantitative accounts are for gunshot deaths (Berry 1986a, 1990 as 
amended), but are mostly based on postmortem forensic analysis. Berry (1986a) found 
91 tortoises carcasses (14.3% of those collected at 11 sites) showing evidence of being 
shot. The proportion of carcasses showing evidence of gunshots was significantly higher 
from west Mojave sites (20.7%) than from east Mojave (1.5%) and Colorado (2%) desert 
sites. Eleven of the 58 (19%) tortoise found dead on the Beaver Dam Slope, Utah, 
showed signs of traumatic injury. This category included individuals exhibiting gunshot 
wounds. These ranged from pellet wounds through .22 caliber holes to one individual 
exhibiting a .44 caliber bullet wound. 
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Wild Horses and Burros 

Wild burro and tortoise ranges overlap in some places, but the overlap is quite 
low in the West Mojave. No published studies were found that investigated the impact 
burros or horses (neither of which are native to North America) have on tortoise 
populations. The primary effect is likely to be habitat alteration through soil compaction 
and vegetation change. Burro populations are probably not extensive enough in most 
areas to pose a major threat to tortoise populations, but this is speculative. 

CUMULATIVE THREATS TO TORTOISE POPULATIONS 

Human Access to Tortoise Habitat 

Perhaps the most important general threat to tortoise populations relates to actual 
human presence in tortoise habitat and thus refers primarily to access. Many of the 
individual threats discussed above relate to the level of access to tortoise habitat afforded 
to people. For instance, law enforcement officials have documented illegal collecting of 
tortoises for food or cultural ceremonies on a few occasions (USFWS 1994). One study 
supported the intuitive impression that poaching occurs close to roads (Berry et al. 1996), 
but the methods employed were not very precise (counting burrows that appeared to have 
been dug up with shovels) making the results weak at best. Since roads likely provide 
access to poachers, a logical conclusion of their study is that a larger proportion of the 
tortoise population will be under the risk of being poached where more roads intrude on 
tortoise habitat. 

The presence of a road poses potential harm to tortoises and their habitat and the 
more roads there are the greater is the proportion of the tortoise population that is under 
the threat of illegal off-road activity. Boarman and Sazaki (1996) demonstrated that 
tortoises regularly die from collisions with automobiles and Nicholson (1978) showed 
that the rate of mortality probably increases with traffic volume. So, road kill is probably 
proportionally lower on lightly traveled dirt roads, but may still exist. However, because 
tortoise populations are probably less depressed alongside lightly traveled roads 
(Nicholson 1978) and if tortoises are less inhibited from crossing narrower, dirt-covered 
roads (for which there are no data), we may speculate that proportionally more tortoises 
may cross lightly traveled roads. The possibility does exist that ORVs may crush 
tortoises or their burrows on or off of roads (Marlow 1974, Bury and Luckenbach 1986, 
Berry 1990 as amended). 

Mortality on roads is not the only type of vehicle-related impact; ORVs 
sometimes drive off of established routes, including within 100 ft to camp and park 
(Bureau of Land Management 1980). One study has supported the hypothesis that off-
road activity is high near dirt roads even in an area that was heavily signed (Goodlett and 
Goodlett 1993). For example, they counted an average of one track every 31 feet along 
transects walked perpendicular to authorized routes. As expected, the density of tracks 
decreased with distance from the road from an average of 2.1 per 20 ft near the road to 
0.5 per 20 feet 250 to 300 feet away. No statistical analyses were made. Goodlett and 
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Goodlett (1993) also demonstrated that ORV recreationists ignored BLM signs indicating 
trails and roads were closed to vehicles in the Rand Mountains. An average of 11.5 new 
tracks was counted along 17 trails 6 to 7 days after the trails were raked. An average of 
10.0 tracks was found along 20 unmarked routes (again, no statistical analyses were 
provided), which suggests that the signs were essentially ineffective at preventing people 
from riding on closed trails. The motorcycle activity occurred over Thanksgiving 
weekend, 1991. 

Furthermore, there is ample evidence that occasional driving off of roads 
compacts soil and damages vegetation (Vollmer et al. 1976, Webb 1983, Adams et al. 
1982a, b, see also “ORV” section, above). The greatest increase in compaction can occur 
after a single or very few passes by a vehicle over unimpacted soil (Webb 1983), or at 
least soil strength (a measure of compaction) is significantly increased after a very few 
passes by an SUV (Adams et al. 1982a, b). Any driving or even walking over 
cryptogamic crusts damages the crust (Belnap 1996). As discussed in the "ORV 
Activities" section, above, there are very little data to indicate how these habitat 
alterations might affect tortoise populations. ). 

Other potentially harmful activities that likely occur in greater numbers near roads 
include: mineral exploration, illegal dumping of garbage and toxic wastes, release of ill 
tortoises, vandalism, anthropogenic fire, handling and harassing of tortoises, and trailing 
of sheep (Berry and Nicholson 1984a). Invasive plants also proliferate near roads and 
where road densities are higher (Brooks 1995, 1999a). The threat posed to tortoise 
populations by all of these factors likely increases with increased access afforded by the 
proliferation of roads, even very lightly traveled ones. Furthermore, some of these 
individual threats may be relatively low, but their cumulative impact may be great. Berry 
(1990 as amended, 1992), presents data that suggests a correlation between tortoise 
population declines and density of roads, trails, and tracks on tortoise study plots, but the 
results have not been treated to statistical analysis. This important association between 
access and tortoise wellbeing needs further study. 

Habitat Loss, Degradation, and Fragmentation 

One of the most pervasive problems for desert tortoise populations is also among 
the most difficult to evaluate: habitat loss, degradation, and fragmentation from the 
myriad activities that take place in the desert. This is the cumulative result of several of 
the individual threats discussed above. 

Habitat loss is generally quite apparent (e.g., loss of useable habitat when paved 
for a parking lot or plowed for agriculture), but is sometimes less than obvious (e.g., a 
given area may be rendered unusable by tortoises after soil is heavily compressed and 
vegetation is destroyed after many vehicles drive over the area). Previously useful 
habitat may be rendered unusable, but may appear superficially similar to useable habitat. 

Habitat degradation consists of human-mediated changes in habitat characteristics 
that render an area less valuable to, but still potentially usable by, tortoises. The 
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degradation may be manifested in altered soil structure, increased exotic plants, lower 
abundance of preferred forage plants, reduced availability of effective cover sites, or a 
combination of these traits. The degradation may not directly cause increased mortality 
in tortoise populations, but may reduce reproductive output or cause some animals to 
leave the area in search of less degraded habitat. Although these responses have been 
hypothesized, there have been no studies on tortoise habitat choice or preference patterns 
changing as a result of habitat changes. 

Many of the impacts discussed above fit easily into the category of habitat 
degradation that may significantly reduce habitat quality for tortoises. A single vehicle 
driving over a section of ground may have little impact by itself (Adams et al. 1980a, b), 
but when that is added to a pile of trash nearby, compaction from grazing (Avery 1998), 
and reduced primary productivity of plants because of dust from a nearby dirt road 
(Sharifi et al. 1997), the cumulative habitat degradation may significantly reduce quantity 
or quality of forage for tortoises. The cumulative effects of factors leading to habitat loss 
and habitat degradation have been implicated as causes in the extirpation and drastic 
reductions in tortoise populations from the Antelope, Searles, and Indian Wells valleys, 
and in the vicinity of several other communities in the West Mojave (e.g., Barstow, 
Mojave, and Victorville; Berry and Nicholson 1984a, Feldmeth and Clements 1990, 
Tierra Madre Consultants 1991, USFWS 1994). 

Fragmentation is the process by which solid blocks of habitat and populations 
depending on the habitat are broken up into smaller subunits with limited dispersal 
between habitat blocks (Meffe and Carroll 1997). Rivers, mountain ranges, major 
changes in soil or habitat type all represent natural causes of fragmentation. Highways, 
railroad tracks, towns, and other developments, isolated and conglomerated, are examples 
of anthropogenic factors that fragment desert tortoise habitat in the West Mojave Desert. 
Smaller populations are more susceptible to local extinctions as a result of both genetic 
and demographic (population) processes. A smaller population has fewer individuals 
available for interbreeding, which may result in genetic deterioration: inbreeding 
depression and loss of genetic diversity within the population (Frankham 1995). Genetic 
deterioration can result in the inability to adapt to short- or long-term environmental 
changes, which makes the population more vulnerable to extinction. Small populations 
are also susceptible to extinctions from random fluctuations in birth rate, death rate, age 
distributions, and sex ratios (Opdam 1988). Small populations suffer from the Allee 
Effect, the fact that it is harder to find a mate when there are fewer individuals in a 
population (Allee et al. 1949). Finally, smaller populations are more vulnerable to 
catastrophic events (e.g., disease epidemics, earthquakes, and floods) and random 
environmental fluctuations in such things as food resources. These processes (genetic 
deterioration and demographic consequences of small populations) are theoretical 
possibilities, but have not been documented empirically in desert tortoises populations 
(see USFWS 1994 for a theoretical analysis). 

An additional problem associated with fragmentation is that the negative effects 
of habitat edges are increased considerably (Murcia 1995, Meffe and Carroll 1997). 
Edges, or boundaries, are problems for ecosystems because the microenvironment in the 
edge is different than in the interior: temperature, humidity, light, chemical inputs, etc., 
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may all differ in edge regions. The distribution and persistence of many plant and animal 
species are often strongly affected by these microenvironmental conditions, so the 
communities are usually different along edges. Furthermore, edge conditions often 
facilitate the introduction, establishment, and spread of exotic species that may become 
predators or competitors with plants or animals in the interior (Janzen 1986, Wilcove et 
al. 1986). For desert tortoises, the edge effect is a theoretical possibility, but it has not 
been well documented in tortoise populations. Furthermore, some edge effects may only 
function over relatively short distances (e.g., tens of yards) or not at all (Ratti and Reese 
1988, Murcia 1995). 

There are little data that directly test this hypothesized cumulative effect of 
multiple impacts on tortoise populations. Berry and Nicholson (1984a) do cite anecdotal 
evidence of the loss of previously-existing populations in now heavily-populated areas of 
Antelope, Lucerne, and Yucca valleys. Berry et al. (1994) present correlative data 
showing that declines in tortoise populations in the Rand Mountains and Fremont Valleys 
correlate with increases in a suite of human impacts. The Desert Tortoise Recovery Plan 
(USFWS 1994) provides data that show significant declines occurred in populations 
exhibiting high rates of human-caused mortality. 

Urbanization and Development 

Whereas construction activity (treated as an individual threat, above) has impacts 
specific to the activities of building new structures (e.g., temporary compaction of 
vegetation and soil, fugitive dust, disturbance and possible death of tortoises), these 
impacts largely cease once construction has been completed (although for some impacts, 
such as soil compaction, there is a residual effect caused by delayed recovery, Lovich and 
Bainbridge 1999). The result of the construction activity is the presence of new 
structures, which are called here "developments," and which have its attendant impacts. 
These impacts include long-term or permanent loss or alteration of habitat, impacts from 
maintenance activities, disruption of tortoise behavior, and road kills (Berry and 
Nicholson 1984a, Luke et al. 1991). 

Developments may be relatively isolated from each other, but “Urbanization” 
refers to cumulative effects of multiple and nearly contiguous developments including 
construction of permanent residences that cover large areas. Urbanization has several 
impacts associated with the presence of many people in the area, not, all of which are 
well documented. Urbanization results in considerable fragmentation, loss of habitat, and 
habitat alteration to the point of being largely useless to tortoise populations (Berry and 
Nicholson 1984a, Feldmeth and Clements 1990, Tierra Madre Associates 1991, section 
titled “Habitat Loss, Degradation, and Fragmentation”). Some recreational activities may 
emanate directly from urban areas. Wild dogs may be more prevalent (e.g., Bjurlin and 
Bissonette 2001) and collecting, handling and vandalism of tortoises could increase 
where there are more people. Captive tortoises, potentially infected URTD (see 
"Disease" section, above), are more likely to escape and help spread disease to the native 
population (Jacobson 1993, Berry pers. comm.). Illegal dumping is prevalent (pers. 
obs.), raven populations are larger (Knight et al. 1993), and exotic plants predominate 

- 60 -



(Humphrey 1987, Brooks 1998) around urban developments. Urban areas and associated 
flood control channels in the desert are often the source of much fugitive dust (Wilshire 
1980). Many of these impacts may be relatively minor by themselves, but their 
cumulative effects on nearby tortoise populations may be great. 

There is some evidence that tortoise populations can persist in the presence of 
light industrial developments. In the 1980s 460 wind turbines and 51 electrical 
transformers were erected in tortoise habitat at Mesa, California. Approximately 10-20 
years later, there were still tortoises living and reproducing in the same area; some 
burrow beneath and rest upon concrete support pads for the turbines (Lovich and Daniels 
2000). Reproductive output is higher than at any other site studied to date (Lovich et al. 
1999). However, there are no data available to determine if the population has increased, 
decreased, or remained stable since construction. Tortoises may persist in this area 
because of the relatively low level of actual human activity in the wind park and the high 
productivity in the area, which is in the ecotone between creosote scrub and coastal sage 
scrub habitat. 
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