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FEW REPTILES OF THE DESERT SOUTH-
west garner as much attention as
the desert tortoise (Gopherus

agassizzii). Unfortunately, one reason for
this attention is the dramatic decline of
tortoise populations throughout a large
portion of the species’ range (U.S. Fish
and Wildlife Service 1994). Reductions of
up to 20% per year have been reported
(U.S. Fish and Wildlife Service 1994),
causing alarm within the biological
community. Reasons for the decline are
not completely understood, but urban de-
velopment, off-road vehicle use, livestock
grazing, poaching, increased
predation by common
ravens (Corvus corax), and a
recently discovered upper
respiratory disease are likely
contributing factors (U.S.
Fish and Wildlife Service
1994). In 1990, the U.S. Fish
and Wildlife Service listed as
threatened the entire Mojave
Desert population (fig. 1), de-
fined as all individuals north
and west of the Colorado
River. The Sonoran popula-
tion, south and east of the
river, remains a candidate for
listing as a threatened spe-
cies.

RESEARCH BY PARKS

Within national parks, the
desert tortoise is protected
from many of the human in-
fluences that may be causing
its decline. Parks serve as a
control framework with
which to evaluate declines
elsewhere in the species’
range. For example, if the tor-
toise is declining due to direct human fac-
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tors, these declines are
less likely to be seen in parks. If declines
are observed in parks, the causes may be
attributable to influences not limited by
park boundaries, such as atmospheric or
global effects. Tortoise research in parks
may help elucidate other, as yet unknown,
factors that contribute to the decline of
tortoise populations.

The role of the National Park Service
in managing the desert tortoise region-
ally expanded in 1994 with the initiation
of a three-year research project funded
by the Natural Resources Protection Pro-
gram (NRPP). One of the main objectives

was to implement
several of the rec-
ommendations in
the 1994 Desert
Tortoise Recov-
ery Plan to pro-
tect the tortoise
and its habitat
and ensure future
viable popula-
tions throughout
the southwestern
deserts. These
r e c o m m e n d a -
tions include sur-
veys to determine
the location and
density of tor-
toises; establish-
ing long-term
monitoring plots;
improvement ,
restoration, and
protection of
habitat; and
s t r eng then ing
public awareness
and environmen-
tal education.
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Five parks are participating in the re-
search: Lake Mead National Recreation
Area, Nevada and Arizona; Joshua Tree
and Death Valley National Parks, Califor-
nia; and Organ Pipe Cactus National
Monument and Saguaro National Park,
Arizona. Staff from each of these parks
assisted in the design and establishment
of the study. However, because the ex-
tent of information and research on the
tortoise varied considerably among the
parks at the onset of the study, each park
developed its own study design.

LIFE HISTORY OF THE DESERT

TORTOISE

Research and monitoring of the desert
tortoise is difficult because of the species’
unusual life history. The reptile is adapted
to living in a harsh and variable environ-
ment. It retreats into burrows and reduces
its metabolism during periods of adverse
environmental conditions. Thus, it spends
much of its life underground, hibernating
during the winter and escaping from the
hot temperatures of summer (Woodbury
and Hardy 1948). Its active period is
largely confined to the mild spring and
fall, and even at these times, it may re-
duce its activity if the season is unusually
extreme as during the recent drought in
the Mojave Desert. Thus, biologists must
concentrate their efforts into a few months
for any research that requires seeing the
animals above ground.

The longevity and reproductive strat-
egy of the tortoise also complicate moni-
toring. With a potential life span of many
decades, the desert tortoise can compen-
sate for variable reproductive success by
breeding many times throughout its life,
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and one year of reproductive success may
offset several years of failure. In order to
get a realistic idea of population trends,
biologists must not only make an accu-
rate determination of popu-
lation size (a difficult task in
itself ), but also follow popu-
lation recruitment for many
years (Doak et al. 1994). One
year of successful reproduc-
tion is no more indicative of
population recovery than
several years of reproductive
failure is of extinction.

TRANSECTS AND PLOTS

ESTABLISHED AT LAKE

MEAD

At Lake Mead National
Recreation Area, we have
established 14 1-km2 (247-
acre) study plots over three
years to begin population
monitoring. In addition to
the plots, we have also estab-
lished over 400 1.5-mile tri-
angular transects in which
biologists identify tortoise
habitat and map tortoise dis-
tribution (fig. 2). Transects
and plots are separate tech-
niques that provide us with
different types of informa-
tion. Transects involve a
single visit to a site in which
biologists look for live tor-
toises, burrows, scat, and
shell remains. The findings
give us a preliminary idea of relative tor-
toise population density, and by spread-
ing the transects across the park’s 1.3
million terrestrial acres, a once patchy
notion of tortoise distribution has become
more complete. Plots, on the other hand,
provide a way to monitor a localized
group of tortoises for a long period of
time. By making repeated visits to a plot
and conducting intensive searches for tor-
toises and other sign, we can collect valu-
able ecological and life history data on
the animals. Over the long term, this in-
formation may allow us to determine
population trends, if only at a very local-
ized scale.
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Our transect work was highly success-
ful in helping us determine which areas
of the park contain desert tortoises. The
400 transects surveyed translate into
roughly 960 km (600 mi) of surveyed
ground. While most of Lake Mead’s ter-
restrial acreage could be considered po-

tential tortoise habitat, distribution of the
animals is quite patchy. A few “hot spots”
of high tortoise density have been found,
as have several medium-density areas. Still
other areas of the park show little or no
evidence of tortoise occupation, even in
what appears to be suitable habitat.

From our work on plots, we have es-
tablished a baseline data set that we can
follow for years. All tortoises found on
the plots have been permanently marked.
Thus, future sightings of these individu-
als will provide data on survival and
movement patterns. Even as the NRPP
project draws to a close, we have plans to
extend our work and continue adding to
our rapidly growing database.

iologists have established 16 permanent stu
00 1.5-mile triangular transects in Lake Mea
 Area to learn about tortoise distribution.
dy plots
d National
LIMITATIONS ARISE

Where the transect monitoring method
has provided new information about tor-
toise distribution, plot monitoring has
posed at least as many questions as an-
swers. One problem is the relatively short
amount of time spent monitoring each

plot. Our method consists of
inventorying the plots within
a series of parallel, 10-m (33
ft) wide transects (fig. 3). Be-
cause of such a short window
of tortoise activity in the
spring, we must concentrate
our work into a 10-week pe-
riod. During this time, biolo-
gists make two four-day
passes over each plot for a
total of eight days of sam-
pling per plot. Do these days
adequately represent the
spring activity season? If not,
the number of tortoises ob-
served may differ greatly be-
tween the two passes, which
makes population estimates
based on this particular
mark-recapture technique
extremely difficult.

All plot-based methods
suffer from the problem of
limited inference. While in-
tensive effort on a plot may
lead to robust density esti-
mates and can possibly iden-
tify certain population trends,
the results of such efforts are
site-specific and do not nec-
essarily indicate what is hap-
pening regionally. As with
any threatened species, the

critical need is for information on the tem-
poral and spatial trends of population
abundance over the entire range of the
species’ habitat. Plot monitoring is time
consuming, requires repeated visits, and
is not likely to provide this information.

MONITORING METHODS

PIONEERED AT JOSHUA TREE

At Joshua Tree National Park, we also
dealt with some of these issues and found
that years of data proved invaluable in
helping determine the preferable method
of studying tortoises. Beginning in 1991,
before the NRPP study, we spent four
years monitoring tortoises in a known hot
spot (the Barrow site) and 12 other plots.



Figure 3. Biologists use GPS (global
positioning systems) units to record tortoise
locations within the study plots.
For the first few years, we found many
new tortoises during each survey, suggest-
ing that tortoises are easily missed by bi-
ologists. Initially, we were not sure if this
was due to tortoises hiding underground
or moving in and out of the study area.
However, after six years, two of which
coincided with the NRPP study, we
learned that tortoises exhibit extreme site
fidelity, with 72% of tortoises not seen for
one year or more ultimately being recap-
tured within 300 m of their original cap-
ture point, and 22% within 100 m of that
point. The ease with which tortoises can
escape observation is an important rea-
son why we sought new methods.

At Joshua Tree we pioneered the use
of distance sampling for tortoise surveys.
In distance sampling, straight-line
transects of precisely calculated length are
surveyed by teams of observers. We mea-
sure the perpendicular distance to the
transect line of any tortoises found. This
method, championed by Dr. Ken
Burnham and Dr. David Anderson of
Colorado State University, has been suc-
cessfully used on dozens of other animals
including whales at sea, but only recently
for tortoises. The method gives an accu-
rate population estimate even if 70-80%
of the animals present are missed.

During the present NRPP study, we
abandoned all the plots except the Bar-
row site, using instead, these 4-km long
distance sampling transects in the shape
of a square to survey nearly the entire
eastern half of the park. Most NRPP funds
were expended on a work leader and a
team of five Student Conservation Asso-
ciation (SCA) resource assistants each
spring. The SCAs, in turn, supervised
teams of two to eight volunteers recruited
through newspaper and radio ads. These
teams, usually two teams of 10 people
each, walked the transects. In 1995, ap-
proximately 90 transects were surveyed
and nearly as many in 1996. The only
problem was that 1995 was a “good” year
with plenty of rain, whereas 1996 was a
drought year with less than 100 mm (3.9
in) of rain recorded at Twentynine Palms.

By using both plots and transects as
corroborative methods, we gained many
insights into tortoise surveying and moni-
toring. One of the most important find-
ings was the significance of variability in
rainfall and its effect on our ability to find
tortoises. During years of high rainfall
(and subsequent high forage production),
tortoises will spend much of the spring
above ground. During droughts, tortoises
may remain underground to conserve
water and energy. This can have a pro-
found influence on the number of tor-
toises seen during the season. In 1995, a
relatively wet year, our team walked 300
km (186 mi) of transects and found 203
tortoises. In 1996, an extremely dry year,
we surveyed a similar number of transects
and found only 30 tortoises with the same
expenditure of effort. This discrepancy
was also evident on the plots, and dem-
onstrates the need to consider environ-
mental parameters when conducting
tortoise surveys, regardless of the survey
method used.

Our findings indicate that a single year
of surveys may yield questionable results,
especially if weather conditions have been
unfavorable for tortoises. Indeed, research
suggests that surveys performed in
drought years may not be valid. This
problem could be overcome by develop-
ing a set of decision rules that would de-
termine whether surveys should be
conducted in any given year. For example,
V O L
a certain minimum amount of rainfall or
annual biomass production would need
to be reached before a season is deemed
acceptable for tortoise inventory and
monitoring.

During the spring of 1997, Joshua Tree
continued distance sampling, but also
made a large effort to equip tortoises with
radio transmitters in order to improve the
sampling technique. Since tortoises often
remain underground, depending on a va-
riety of factors such as time of day, time
of year, and temperature, many tortoises
will not be observed during surveys. Ra-
dio-telemetry data can be used to estimate
the proportion of tortoises underground
at any given time; this information can
then be used to adjust and improve fu-
ture density estimates derived from dis-
tance sampling. This is the combination
of methods presently recommended by
the U.S. Fish and Wildlife Service for tor-
toise surveys.

DEATH VALLEY

Very little was known about the desert
tortoise in Death Valley National Park,
California, before the NRPP project.
However, since 1994, 248 transects have
been surveyed to determine the presence
of the tortoise and to gather general den-
sity data. Tortoise sign was found along
60 transects, and sign counts indicate that
population levels may be in the range of
20 to 50 animals per square mile in the
Greenwater Valley area of the park. Else-
where in the park, densities are much
lower, and for the park as a whole, tor-
toise densities appear to be low when
compared to other areas of the Mojave
Desert.

THE FUTURE

The work being conducted by the five
parks is already contributing to the knowl-
edge of the desert tortoise regionally. The
methods pioneered at Joshua Tree, in
conjunction with radio-transmitter stud-
ies, have been adopted by the U.S. Fish
and Wildlife Service for tortoise sampling.
At Lake Mead, we are continuing to ex-
pand our knowledge of the distribution
of tortoises and their habitat using transect
methods. Death Valley, Organ Pipe Cac-
tus, and Saguaro will continue with sur-
vey and monitoring to develop a regional
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runoff from a nearby
road. Additionally,
water from all springs,
where measurements
were possible, was
well oxygenated and
had near neutral pH
values.

We also found dif-
fuse seeps of ground-
water throughout the
park (fig. 5). The seeps
are located at, or near, headwaters of
streams, along valley bottoms, and along-
side streams. The locations of the seeps
coincide with wetland maps that were
previously generated for the park and are
stored in the park’s geographic informa-
tion system.

Several springs that were flowing in
May were dry in August. More work
needs to be done to quantify why these
springs dry up while others remain flow-
ing; but it is likely related to topographic
position and the aquifer material. The
water from the springs was generally
warmer, and had slightly lower dissolved
oxygen in August than in May, indicat-
ing that the water is influenced by sea-
sonal climatic changes. The pH and
specific conductance were relatively un-
changed between the May and August
observations, suggesting that the overall
chemistry of most springs did not change
over the time period.

Water from eight selected springs was
analyzed for chlorofluorocarbon com-
pounds in order to determine modeled
recharge dates. The dates from the five
springs range from recent (within the past
two years) recharge events to recharge
that occurred in 1980.

Management of the biodiversity and
ecological integrity of the park depends,
in large part, on the quantity and quality
of surface and groundwater flowing in,
and through the park. This reconnais-
sance study indicates that groundwater
that feeds streams within the park can be
influenced by off-park and within-park ac-
tivities. In order to effectively plan for the
management of these resources, a more
complete understanding of the shallow
aquifer system within, and around, the
park is needed. This would provide a
framework from which relationships of
the various local hydrologic environments
to the presence and viability of specific
targeted organisms (e.g., northern iso-
pods) could be developed in context with
potential influencing factors.

Michael Focazio, Ph.D., is a Hydrologist
with the USGS Water Resources Division,
Office of Water Quality, Reston, Virginia.
He is currently on detail with the
Environmental Protection Agency in
Washington, D.C., and can be reached at
(202) 260-3080; e-mail
focazio.mike@epamail.epa.gov.

Figure 3 (left). George
Washington Spring, where
the general’s encampment
got its water, is one of many
springs surveyed during the
study.
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Figure 5 (below). Different
than springs, seeps can be
entire hillsides or other
large plots of land where
groundwater discharges to
the land surface. Springs
are confined to limited
areas, often where small
void spaces in the aquifer
coincide with land surface.

Figure 4 (above). Water
from most springs flows
through a shallow aquifer
system that is
predominantly composed of
fossil shell material.
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database. Continued research is of para-
mount importance for the future, and a
reliable data set is needed to guide future
research objectives. This will help us im-
prove our ability to monitor populations
of the desert tortoise and play a more ef-
fective role in securing its future.

Michael Boyles is a biologist with the
USGS Biological Resources Division,
Cooperative Park Studies Unit at the
University of Nevada, Las Vegas. He has
been working with the desert tortoise at
Lake Mead since graduating from UNLV
in 1994 with a master’s degree in biology.
He can be reached at (702) 293-8978 or
michael_j._boyles@nps.gov. Dr. Jerry
Freilich is former Ecologist at Joshua Tree
National Park. He is now Director of
Conservation Science for The Nature
Conservancy in Lander, Wyoming, and can
be reached at (307) 332-2971 or
jfreilich@rmisp.com.
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