a USGS

science for a changing world

Threatsto Desert Tortoise
Populations. A Critical
Review of the Literature

Prepared for:

West Mojave Planning Team,
Bureau of Land M anagement

U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY
WESTERN ECOLOGICAL RESEARCH CENTER



Threatsto Desert Tortoise Populations: A
Critical Review of the Literature

By William I. Boarman, Ph.D.*

U.S. GEOLOGICAL SURVEY
WESTERN ECOLOGICAL RESEARCH CENTER

Prepared for:

West Mojave Planning Team
Bureau of Land management

'San Diego Field Station

USGS Western Ecological Research Center
5745 Kearny VillaRoad, Suite M

San Diego, CA 92123

Sacramento, Cdlifornia
Aug 9, 2002



U.S. DEPARTMENT OF THE INTERIOR
GALE A. NORTON, SECRETARY

U.S. GEOLOGICAL SURVEY
Charles G. Groat, Director

The use of firm, trade, or brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.

For additional information, contact:

Center Director

Western Ecological Research Center
U.S. Geological Survey

7801 Folsom Blvd., Suite 101
Sacramento, CA 95826



TABLE OF CONTENTS

BN RO 5 1 LG I O\
USE OF DATA TO MAKE MANAGEMENT DECISIONS.....ccoiiiiieieeeee s
2SS0 B N N
0= T 0 1= 11 P
(O00]d (= F= 1110 o OO
DeSCriptioN/ODSEIVALION.......oeeiiereeeeeeeee e e et e e et e e s s ee e e s e e e e s seare e e s sesbeeeessbeeeessneeas
F N A T<i0i (0] (< TR
10108 U] = (]
SOURCE OF DATA oottt ettt et e e e e e e e e e e s e e e e bbb e e e e e e s e e s s bbb s eeeeeeesseasbbrneeeas
Peer ReVIeWed OPEN LIitEIatUIE .......ocveeeeieeeeee ettt e s e e s era e e e s sneeas
Technical Books, Theses, and DiSSErtationsS.........cccvveeeieeeiieeieeeeeeeeeee e eeeee e eerveee s
Non-peer Reviewed OpeN LIitEratUrE ........ocveieiieeiee e s e s
TECNNICAl REDOIES. ...eiieiieiieee ettt et e s e e e e e e e e e s s e e e s senree e e s sbeeeessenreneeas
UNPUDIISNEA DALA........eeeiiieieiee ettt e e e eee e e s srae e e s seabe e e s seabe e e e s sneeeessnreas
Professional JUAQEMENT .........ccuviiei ittt e s s e e e s esre e e e s sae e e e s snaeeessenreneeas
SOIBINCE LIttt e e ettt e e e e e e e e s et e e e s sabaeessassaeeessassaeesseseeessesseneesans
TWO FINAL CAVEATS .o iieiii ittt it ie e e e e ettt e e s e e s e b e e e e e e e s s e saabbbeeeeaseessssbbseeeeesessssssbbeseneas
DESERT TORTOISE BIOLOGY .oooiiiiiiieieieee ettt eette e s e e e s s saavane e e e s s e sennnns
SPECIFIC THREATSTO TORTOISE POPULATIONS.......ccooiiieeee e 10
RELATIVE IMPORTANCE OF THREATS . ..ot i ittt 11
Y AN ]ty = =, 11
COLLECTING BY HUMANS ....ttiiiiiee ettt e e e e saba s s e s e e e e s s eaabaa s e e s e s e s s snnarneeeeas 12
CONSTRUCTION A CTIVITIES tttttiiieeiiiiitreeieiessssssisssssesesssssssssssssesssssssssssssssessessssssssssseeses 13
DISEASE ..o 14
DROUGHT ...t 17
ENERGY AND MINERAL DEVELOPMENTS ....coiiiiieeieeeeeee ettt 18
[ T 19
GARBAGE AND LITTER ... ctttiiiiie e ittt e e e e e s aabae e e e e s s s s saabas s e s s s s e s sennbbbsseesesessennsbneeeeas 21
HANDLING AND DELIBERATE MANIPULATION OF TORTOISES.......oooiieieeieeeeeeeeeeeeeeeeeeee 21
TN Y2 = I N =T 24
[N N = IS 26
LIVESTOCK GRAZING .. .uutteiiiieeeiiietttriieeesssssssssssesessssssssssssseessssssssssssssesssssssssssssssessesssas 27
RedUCE TOrtOISE DENSILY......ueieiieeiiee et e et eeeee e s et e e s e e e s s eree e e s sraeeessenneeeesaae 27
= 1107 £ S 28
CRUSHING TORTOISES....cutttiiteeeiiteeeesstesesisesesssseessssesssssessssssessassssssssssssssssssssesssssssesasssssssessssssssessssssssesesssessssnes 28
CRUSHING BURROWS .......utiiiitiiiiitiee ettt stee sttt e s e tbe e s sbee s s ebaeesatbeeesabesesbaeesssbesesabesesasseesssbesesabeesabsesssabesesbesenses 29
LNAITECE EFFECES ...ttt ettt e e s e e e s be e e e s e e e e e s sbee e e s enreeas 30
SOIL COMPACTION ...uvvieeetreeeiteeeeitteeesstesesbesesassesasssesesasesssasseesassesssbesssassesssssesesasssesassssssssesessssssssssssssssesesnsesessnes 30
CHANGES IN SOIL TEMPERATURE .....ccitttieiteteiitteeessteeesbessssssesssssesessesessssssssssesessssssssssssssssesssssssssssssssssesssssssssnes 31
CHANGES IN VEGETATION .. iuttteitteeeitteeestesesessesssssessssessssssessassessssssssssssssssssesssssssssassssssssessssssssssssssssssesessssssssnes 32

-iv -



TRAMPLING OF VEGETATION AND SEEDS
PLANT COMMUNITY CHANGES
INVASIVE PLANTS ..o
COMPETITION .veevveeiieeieeseeeeeee e

Construction, Operation, and Maintenance of Bases and Support Facilities....... 39
Development of Local Support Communities
FIEld MANEUVETS.........eeiieeieie ettt e e et e e s st e e e s st e e e e s eabeeeessbaeeessesseneesanes
Distribution Of CHEMICAIS ........coveiee ettt e e e e s srae e e s s ereeeeseaes
NUclear WeAPONS TESLING ....cceeeeveieeiireiieeieeteeeeseieeeessseeeessessesesssseeeessesseeessesenessanes
NOISE AND VIBRATION ...cciiiiiiiee ettt
(@] A A ot 1 AV =5
RedUCE TOrtOISE DENSILY......veeeeieeeiee et ee e e e ettt s et e e e s s e e e s ebae e e s sraeeesseaneeessene
D<ol = 1 OO

CRUSHING TORTOISES AND BURROWS......cutiiiieiieciteesite st e steesteesteeteesaeesseeeteesseessseessesssessnsesnsesssessssesssesssesssenn
INdirect EFfECtS......coviieececeeeceeeeeeeeee e

COMPACTION OF SOIL wuveeveeireesreeieestessneesseesseesssesssesssessns

DESTRUCTION OF CRYPTOGAMIC SOILS.
CHANGES IN VEGETATION ....vveiieeteesteesireeeeesseesseessseenseesns
EROSION AND L 0SS OF SoIL
[T O Y U 1 S OSTS

ROADS, HIGHWAY'S, AND RAILROADS......cittiiiiiiiieeeeeieeeeeeeeeeeeeeeeeeeeeeseeseeseeeseeeeeeeeeeeeeeeeees
UTILITY CORRIDORS ... .uutttiiiieeiiiiitttrieiesssssssssssssesesssssssssssssssssssssssssssesssssssssssssssessesssas
270 S
WILD HORSESAND BURROS........cooiiiiiiiiiiie ettt
CUMULATIVE THREATSTO TORTOISE POPULATIONS ....uuttiiiieeiie et eeveee e 57

HUMAN ACCESSTO TORTOISE HABITAT .coee e 57
HABITAT LOSS, DEGRADATION, AND FRAGMENTATION ...coooviieiieeeeeeeeeeeeeee e 58
URBANIZATION AND DEVELOPMENT ..cciiiiiiiictttteiiiee e e s s isbree e e e s s e s ssassssseesssssssssssssnessesseeas 60
ACKNOWLEDGMENTS ...ttt e e e s s s e e s ssar e e e e e s e s e esanes 61

LITERATURE CITED ... s 62



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 decison more defensible, both legally and ethically,
especialy 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 datais a measure of the degreeto
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 potentialy 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. | 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,
evauate the scientific integrity of those data, and identify major gaps in the available
knowledge. | do not attempt to provide in-depth details on each study or threat; for more
details | 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



Mojave Plan office in Riverside, California). | 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 | attempt, for the most part, to acquire, generate, or
evaluate new or existing, but uninterpreted data.

Two I mportant 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 | critique a particular study | 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 atogether, scientists forge ahead with the study in spite of its limitations
and collect data that hopefully are useful for managers. | 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. Virtualy 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 critica 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, scientificaly 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



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 aternative 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 specificaly 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).



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 aresullt.

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 artificialy 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 asingle plot inside and ten transects within a single plot outside, the sample size is
not 10 (nor 20) rather it is 1, because thereis 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, thisis often the
only means we have to study phenomenain 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., “alot” 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.



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 | 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 testsin Nevadain
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 rea 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 valueis low.

Source of Data

Data sources fall into severa 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



source is more true or accurate than one from amore reliable source, but the likelihood of
this being the caseislow. Thusit islessrisky 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 refersto 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 islacking in less reliable data sources. The review process helpsto
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 alow 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 expertsin 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 papersin 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



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. Additionaly, 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 usualy 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 anaysis. 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
newsl etters 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, faill 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



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 specul ative 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 generaly 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.

Sciencel ore

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 journal's, 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



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 usualy cited as evidence for long life, six
marked tortoises, recorded as adults by Woodbury and Hardy (1948) in the early 1940’s,
were refound gtill 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 thisis 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 isreferred 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 a. (1994),
Grover and DeFalco (1995), and Boarman (2002). No comprehensive critical summary



of tortoise biology exists and is sorely needed. A recent summary of anthropogenic
impacts to desert habitat is Lovich and Bainbridge (1999).

SPECIFIC THREATSTO 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 minesin 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 |eave 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 a. 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 a. 1994), and physiology (Nagy and Medica 1986, O’ Connor
et al. 1994a, Christopher et a. 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 | mportance of Threats

The rating of relative importance of different threat factors is a challenging
undertaking for several reasons. Firgt, 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 epidemiol ogy
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). Finaly, 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 controversia 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 10ss,
degradation, and fragmentation; urbanization and development; and access by humans to
tortoise habitat. | 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.

| 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...afalfafields’ (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 fieldsin 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 generaly 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) afalfa 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
aeria 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 tortoisesin
Cdlifornia and since 1989 collecting has been a Federal offense (USFWS 1994). The
Desert Tortoise Recovery Plan (USFWS 1994) cites severa documented instances of
illegal collecting more recent than those in Berry and Nicholson (19844), 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 acar 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 severa miles away). The available evidence 