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The Desert Tortoise Council

James A. St. Amant

The Desert Tortoise Council, in its 2nd year of commitment
of assuring the continued survival of viable populations of the
desert tortoise throughout its existing range, has made major
strides toward this goal.

Growing in stature and number, the Council has stimulated
interest in saving the tortoises and the once neglected desert
habitat as an important part of our western heritage. The
C ouncil, functioning as a coordinator, has proved to be an un 
precedented example of effective combined efforts of state and
federal agencies, academies, zoos, institutions, museums, turtle
and tortoise clubs and societies and concerned citizens, to help
the tortoise.

The Council's main functions include:

1. To serve in a professional advisory manner, where ap
propriate, on matters involving management, conserva
tion and protection of desert tortoises

2. To support such measures as shall work to insure the
continued survival of desert tortoises and the main
tenance of their habitat in a natural state

3. To stimulate and encourage studies on the status and on
all phases of life history, biology, physiology, manage
ment and protection of desert tortoises, including
studies of native and exotic species that may affect
desert tortoise populations

4. To provide a clearinghouse of information among all
agencies, organizations and individuals engaged in work
on desert tortoises

5. To disseminate current information by publishing pro
ceedings and transactions of meetings and other papers
a s deemed use f u l

6. To maintain an active public information and conserva
tion education program

7. To commend outstanding action and dedication by individ
uals and organizations fostering the objectives of the
C ounci l .

We still have a long way to go, but through your efforts the
tortoise now has a chance. Keep up the good work. See you at
the Third Annual Desert Tortoise Council Symposium, 1-3 April
1978, in Las Vegas, at the Flamingo Capri.

California Department of Fish and Game
3 50 Golden Shor e
Long Beach, California 9 0802



The Second Annual Meeting and Symposium

Oar sincere thanks to keynote speaker, Dr. Kenneth S. Norris
of the University of California, Santa Cruz, for setting just the
right tone for our Second Annual Symposium with his thought
p rovok in g a d d r e s s , "The Subtle Desert--Conservation's Orphan."

Our deepest appreciation «iso to our after-dinner speaker,
Dr. Thomas H • Fritts of the San Diego Museum of Natural History,
for his very informative and entertaining slide presentation re
garding conservation efforts with the giant tortoises of the
Galapagos Islands.

Excerpts from the
Minutes of the Second Annual Business Meeting

Dr. Crawford G. Jackson, Jr., and David W. Stevens, members
of the Public Information Committee, reported that more than 200
copies of the Proceedin s of the 1976 S s ium we re mailed with
out charge to col ege and university lx rarxes, museum libraries,
and several community libraries throughout the United States.

Dr. Thomas H. Fritts recommended that, because the Bolson
tortoise (Gopherus flavomarginatus) is endangered and is being heavi
ly exploited, the Desert Tortoise Council write the Mexican
Wildlife Service endorsing research on and enforcement of laws
protecting this species. (Such a letter was sent to the appro
p ri a t e a g e n c i e s . )

RESOLUTIONS

RESOLUTION No. 1 (se n t to the appropriate Fish and Wildlife and
land management agencies)

RESOLUTION ON THE
MANAGEMENT OF THE FERAL BURROS

WHEREAS, feral burros are capable of damaging desert tortoise and
other indigenous wildlife habitats, and

WHEREAS, feral burros compete for limited forage available to
desert tortoises and other wildlife on arid lands where
plant productivity is low, and

WHEREAS, burro populations are not adequately maintained within
ecosystem carrying capacity, therefore, be it

RESOLVED, that the Desert Tortoise Council recommends control of
feral burro populations on public lands where burros are
protected by the Wild and Free-roaming Horse and Burro Act.
Burro populations should be maintained within the habitat
carrying capacity which must include provisions of forage
for resident native animal species, and be it further

RESOLVED, that burros should be excluded from national parks and
other reserves established for the protection of indigenous
wildlife.



Research ~Pro sa l ( r e l at ed t o Res o l u t i on N o. 2 )

The Halfway House has been an experiment in captive tortoise
rehabilitation, and has approximately 50 tortoises ready for
release. E a c h r e l eased tortoise must be closely studied to deter
mine the effectiveness of the rehabilitation program. Thus a for
mal research program must be approved to determine these results.

Dr. Glenn R. Stewart proposed that a research proposal re
viewed by the Research Advisory Committee be submitted to the Los
Angeles County Fish and Game Corrmission. This proposal is for
$4,950 to cover travel expenses and radiotelemetry equipment to
assist California State Polytechnic University (Pomona) graduate
student James C • Cook to research the released captives. Dr.
Stewart moved that a proposal with the Desert Tortoise Council's
endorsement be submitted to the Los Angeles County Fish and Game
Commission. David Stevens seconded the motion.

Discussion: Dr . N o rma J. Engberg recommended that the study
also include an evaluation of the Quarterway and Halfway Houses,
crowding, carrying capacity, and stress of the rehabilitation
areas. Dr. Stewart stated that these factors would be included
in the study. The motion was carried.

RESOLUTION No. 2 (se n t to the Los Angeles County Fish and Game
Commission )

RESOLUTION IN SUPPORT OF A STUDY
OF THE CALIFORNIA DEPARTMENT OF FISH AND GAME

CAPTIVE TORTOISE REHABILITATION PROGRAM

WHEREAS, The California Department of Fish and Game has been
developing a rehabilitation program for captive desert
tortoises for over two years, and

WHEREAS, a detailed study of the program, including intensive
radio tracking of tortoises released from the program, is
urgently needed to evaluate the program's effectiveness, and

WHEREAS, the first 50 tortoises to complete the rehabilitation
program are ready to be released in the Antelope Valley of
Los Angeles County in May 1977, and

WHEREAS, California State Polytechnic University graduate student
James Cook is prepared to carry out the needed study under
the direction of Dr. Glenn R. Stewart, and

WHEREAS, several potential sources of funding have not been able
to provide money for the study, and

WHEREAS, funds to purchase radio tracking equipment and cover
travel expenses are essential to carry out the study, now
therefore, be it

RESOLVED, that the Desert Tortoise Council, meeting in Las Vegas ,
Nevada, on 25 March 1977, herewith declares its full
support for the study and urges the Los Angeles County Pish
and Game Commission to provide the necessary funds.
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1977 Annual Aw a rd - A Pr o f i l e o f Rec i pi ent , Dr . Kr i s t i n H. Ber r y

Dr. Kristin H. Berry was born in Walla Walla, Washington,

in 1943. When she was just four years of age, her family moved

t o China Lake in the Mojave Desert o C a li f o rn ia . Th e r e s h e

developed an avid inter

est in desert natural

h is t o r y , an d , ov e r t h e

years, felt increasing

4 concern for desert flora

and fauna in the wake of

agricultural and urban

development, livestock

g razi ng , a n d g ro w i n g

off-road vehicle use.

D r. B e r r y at t en d e d

Occidental College for

t hree y e a r s , a n d w a s

graduated from Stanford
4

e h I 0 University in 1964. She

earned he r m a s t e r ' s d e

gree i n 1 9 6 8 u n de r D r .
4J
0 Kenneth S. Norris of the

University of California

Dr. K r i s t i n H. Be r r y at Los A n g e l e s . The

subject of her thesis

was the desert spiny lizard. Four years later she received her

Ph.D. at the University of California, Berkeley. Her disserta

tion, under the supervision of Dr, Robert C. Stebbins, was on

the ecology and social behavior of the chuckwalla.

In 1971 Dr. Berry undertook a three-year, $15,000 contract

for the State Department of Transportation (Division of High

ways) to study the feasibility of relocating desert tortoises

away from the highway corridor between Barstow and Mojave, to

find sites for the relocated tortoises, and to study the behav

ior of the transplanted tortoises. She gathered data on almost



160 marked wild tortoises at two study sites during this period,

on a small number of former captives, and several dozen trans

plants. Si n c e 1 974 she has been employed as the Lead B iologist

f or the California Desert Program, Bureau of Land Management .

During the course of her studies for the Division of High

ways, Dr. Berry became aware of human encroachment on many tor

toise populations. The population of highest known density was

threatened by off-road vehicles, and agricultural and suburban

development. In 1972 she approached the Bureau of Land Manage

ment and asked them to establish a preserve to protect the

desert tortoise. In April 1974, she organized, the Desert Tor

toise Preserve Committee which has the goal of establishing a

preserve or natural area. Through this Committee, she has

worked to establish a natural area north of California City to

protect that high-density population; has spearheaded a massive

letter-writing campaign; has developed — with noted wildlife

photographer Beverly F. Steveson — four slide programs (three of

which are being sold by the Committee) to educate the public;

and has lectured and given numerous programs on the subject.

She is now working through The Nature Conservancy to further the

goals of land acquisition, and is on the Board of Directors of

the Southern California Chapter.

In addition to the above accomplishments on behalf of the

desert tortoise, Dr. Berry has developed and produced transect

forms for determining relative densities of tortoises (with the

help of colleagues); has promoted the study of desert tortoises

through the Bureau of Land Management in Arizona; has estab

lished, through contracts with the Bureau of Land Management and

her own funding, several permanent study plots in the California

desert with the goal of determining the status of the desert tor

toise in California; and has generally tried to develop an aware

ness of the problems of the desert tortoise management among the

scientific community and land-use managers.

She is past co-chairman of the Desert Tortoise Council, and

has been its program chairman since the Council was formally

o rgani z e d .



T homas A . La d l e s

Stat e R e p o rt s - Ar i z o n a

Donal d J . Se i b e r t
Bureau of Land Management

Inventories of the desert tortoise populations of that por
tion of the West Beaver Dam Slope within Arizona and north of
the Virgin River were completed this past year.

An intensive study to determine the impact of livestock
grazing on the tortoise has been started in the same area. This
study is proposed as a long-term project of which the initial
phase will be 2 to 4 years in duration.

A paper relating to both the inventories and the ongoing
study will be presented by Judy Hohman later on the agenda.

Bureau of Land Management
Arizona State Office
2 400 V a l l e y Ba n k Cen t er
Phoeni x , A r i zo n a 8 5 0 7 3



State Report — Ar i zona

T homas A . L i l e s
Game and Fish Department

State Law under Title 17 of the Ar i z o na Revi sed Statutes
allows for the possession of 1 desert tortoise (Gopherus a g a s s i z i )
per person. None may be killed or exported from the state, and a
person who possesses a desert tortoise must be age 14 or older and
must have a va lid Arizona hunting licen se . Ex ce p t i ons to this are
individuals who have been issued special permits (i.e., Scientific
Collector's Permit or Zoo Permit) by the A r i zona Game and F i sh
Commission. T hese individuals are then bound by the specific con
ditions set forth in their permits.

The Arizona Game and Fish Department has prepared a list of
"Threatened Wildlife of Arizona" which covers native mammals,
birds, reptiles, amphibians, and fish. I t is scheduled to be
revised during the summer of 1977. I f the revised edition is
approved by the Arizona Game and Fish Commission, it will then
become an official state list and not merely a department list as
a t p r e s e n t .

In an effort to get away from the terminology of "Rare and
E ndangered " o r "Threatened", species warranting concern were
placed in 1 of 4 groups. T hese categories are as follows:
Group I — species or subspecies formerly resident in Arizona that
may possibly be reestablished; Group II — species or subspecies
in danger of being eliminated from Arizona; Group III — species
or subspecies whose status in Arizona may be in jeopardy in the
foreseeable future; Group IV — species or subspecies sufficiently
limited in distribution in Arizona that major ecological distur
bances could jeopardize their existence in the state.

The present list includes 11 species of reptiles and 7 spe
cies of amphibians. All 7 amphibians (4 species of frogs and 3
species of toads) and all 9 species of snakes are listed in
Group IV . T he o t h e r 2 r e p t iles, the de s ert tortoise (Gopherus
agassi zi ) a n d t h e Gi l a mo n s t e r (He)odenna suspeceum) are listed in
Group I I I .

The Arizona Game and F ish Department is pr esently involved
in the preparation of a "Statewide Fish and W i ld life Plan" . W e
are due to complete the inventory phases 30 June 1977. T h is
phase has been primarily the compilation (for centralization) of
a ll past data . T hi s s h o uld aid greatly in d e l ineating data ga p s
a nd other areas of concern on a statew ide ba s i s .

The Arizona Game and Fish Department is not presently con
sidering to propose any changes in the regulations concerning the
desert tortoise. We are familiar with the difficulties the Cali
fornia Department of Fish and Game encountered when they first
prohibited collecting of the tortoise. H o wever, information gain
ed from the preparation of the "Statewide Fish and Wildlife Plan"
and input to the "Threatened Wildlife of Arizona" list may well
warrant revision of o ur present reptile regulations in the f ut ure .

Arizona Game and Fish Department
1420 West Beale Street
Kingman, A r i zo n a 8640 1



State Report — California

Kri s t i n H. Ber r y
California Desert Program, Bureau of Land Management

The Bureau of Land Management report for the California
deserts is subdivided into several parts: a st u dy of des ert tor
toise distribution and density in the Colorado Desert and eastern
Mojave region; the establishment of a permanent study plot in the
western Mojave Desert in an area used by off-road vehicles; proj
ects proposed for the desert tortoise during spring 1977 in the
California deserts; and a status report on the Desert Tortoise
Natural Area. D r . M ark Dimmitt and Jeff Aardahl will present
papers on the Colorado Desert study and Desert Tortoise Natural
Area , r e sp e c t i v e l y .

The wildlife staff of the California Desert Program has
identified the desert tortoise as one of the more important spe
cies occurring in the California deserts and plans several proj
ects to determine status and distribution. T h e g o als of the
staff during the next few years include: mapping quantitively
(and in detail) the distribution and relative densities of tor
toise populations in California; determining absolute densities
in 10 or more areas in habitats typical of large parts of the
desert; establishing several permanent trend study plots to
determine population density, age structure, sex ratios, popula
tion condition, and habitat condition; and studying impacts of
such human-related activities as effects of off-road vehicle
use, livestock grazing, and presence of highways and unpaved
roads •

Studies on Distribution and Relative Densit . D u ri n g 1 9 75 and
1976, over 40 transects were made xn the eastern Mojave Desert of
San Bernardino County in a study area called the East Mojave

planning unit. This area encompasses about 8,100 km [ = t w o
2

million acres ] and includes Cima Dome, the Granite, Providence,
New York, Ivanpah and Piute mountains, and Ivanpah, Fenner and
Lanfair valleys. C o n c e n trations of tortoises were found in the
Budweiser Wash area west of the Granite Mountains, in southern
and western Ivanpah Valley, and near Goffs . V i r t u a lly no tor
toises were found in areas above 1,220 m [ = 4000 f t ] i n e leva t i o n .

During 1976, 80 transects were made in the Colorado Desert
region by Marshall Yacoe, who worked for Dr. Mark Dimmitt on the
Sundesert Power Plant Project . M r . Y a coe found concentrations of
tortoises in some of the major washes with microphyll woodlands,
particularly in the region between the Chuckwalla and Chocolate
mounta i n s •

Permanent Stud Pl o t in W e s tern Kern Count . A p er m a n ent study

p lo t 2 . 5 9 k m [ = 1 squar e m i l e] in size was established in the
2

F remont Valley — Rand Mountain area of western Kern County . The
study plot lies in a region of high tortoise densities and also

10



Berry

in the Rand Open Area, an approximate 337 km [ = 130 squar e m i l e]
area of public land used intensively by off-road vehicle recrea
tionists. M a r s h all Yacoe (in a pr ivately funded study) marked
118 tortoises and collected 44 shells during a 20-day period in
May 1976. Data were recorded on size, sex, behavior, condition,
and locations of all tortoises . Tw e n t y - seven feeding observa
tions were made on 26 individuals. The population was found to
consist of 41% adults, 17% subadults, 34% immatures and 8% very
y oung individuals; there were no hatchlings . T h e s e x r a tio o f
a dults and subadults was 119 males: 100 females . Den s ity w a s
estimated at 58-77 per square kilometre [ = 15 0 - 2 0 0 t o r t o i s e s p e r
s quare mi l e ].

This study cost approximately $600 and produced valuable
results. S i m i lar study plots should be e s tablished both in
typical habitats and in disturbed areas throughout the range of
the desert tortoise.

Pro osed Studies for 1977. The C a l i f ornia Desert Program wild
life staff antxcxpates establishing 5 permanent trend study plots
in the Mojave and Colorado deserts of California during spring
1977. Each plot will be 2.59 square kilometres [ = 1 square milej
in size, Data will be collected on size, sex, behavior, and
location of every live tortoise, and on size, sex and condition
of every shell. Hopefully the data can be used for 2 purposes:
to establish base-line information on the condition of certain
desert tortoise populations, and to de termine densities, age
structure, sex ratios, and mortality factors in certain habitat
types.

More transects are planned • The staff anticipates under
taking transects in the northeastern, southeastern, central, and
western Mojave Desert . Ho w e v er , it is un l ikely that transect
data will be collected in the military reservations and National
M onuments .

Zoolog i s t
California Desert Program
Bureau of Land Management
3610 Central Avenue, Suite 402
Riverside, California 92506
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State Report — California

J ef f r e y B . Aa r d a h l
Bureau of Land Management

Thank you for inviting the Bureau to give a report on the
Desert Tortoise Natural Area, or I should say p ro o sed D e s e r t
Tortoise Natural Area. Yes, the area is still zn a proposed stage
but in reality the designation as such is not hindering the prima
ry objective of the proj ect which is habitat protection for all
wildlife species naturally occurring in the area.

As many of you know, the Bureau has been fortunate to receive
generous funding for management of the habitat in the natural
area. I n f i s cal year 1976, the Bakersfield District Office re
ceived $135,000 and this year we were allocated about $60,000.
With this money we have hired a full-time wildlife biologist to
work on development of the area, contracted for construction of a
protective fence around the area, contracted for an interpretive
plan and materials with the Desert Tortoise Preserve Committee, and
removed trash from the area. Dur i n g the next 2 mon ths we wil l
contract for construction of interpretive facilities and nature
trails and possible color infrared aerial photography of the area.

We are fortunate to have one of our Desert Rangers in the
Federal Law Enforcement Training Center in Georgia. I expect he
will be a valuable asset in enforcing the vehicle closure, grazing
closure, and helping in controlling vandalism. P resently, at
least one person from the Ridgecrest Office patrols the natural
area e v e ry d a y ex c e p t Mo n days .

The Habitat Management Plan is complete and will be sent to
the Department of Fish and Game for their final approval. Brief
ly, the plan will protect and enhance the habitat and wildlife
populations in the area by:

1) E l im inating vehicle use

2) E l im inating grazing

3) Acquiring private land

4) R e h a b ilitating disturbed areas

5) Managing public use, including scientific research

6) Withdrawing public lands from future appropriation and
mining laws. T h e w i t hdrawal is being resubmitted for
congressional approval under terms of the newly passed
" Organ i c Ac t " or Federal Land Policy and Management Act.
Congress will have 2 years to act on the proposal. As
you may recall, the original proposal was submitted in
1975 and no action was taken up to the end of last year.
We believe that the new congressional approval approach
will be superior to what has occurred in the past.

12
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Let m e e x p a n d o n t h e Land Acquisition Program. There are
about 300 private parcels o f land within the boundary. A cq u i s i 
tion priorities are based on wildlife habitat value as specified
in the Habitat Management P lan .

No land has been acquired by the Bureau as yet . Sho r t ly , we
will program for manpower and money for next year for acquisition
of our first priorities. The acquisition program will be very
costly under the traditional exchange program because all parcel
exchanges require mineral, land, archaeological, and environmen
tal reports. Un d e r e x i sting manpower we could acquire 1 to 2
parcels per year. We hope to acquire land under the Land and
Water Conservation Funds as authorized under the Organic Act . W e
also hope for assistance from the Department of Fish and Game in
our Land Acquisition Program.

We are very pleased that our Land Acquisition Program is
being bolstered by assistance from The Nature Conservancy . T he y
are in the process of acquiring private land in the northern
extension which will be added to the proposal.

As far as scientific research is concerned, we have develop
ed guidelines for evaluation and the permitting of research. T he
Research Advisory Committee of the Council and Department of Fish
and Game will jointly review and evaluate proposed research for
the natural area. The following guidelines will be used in the
e valua t i o n p r o c e s s :

1) R e s e arch will be permitted to the extent that natural
conditions are not adversely altered.

2) Research must be based on scientific principles.

3) Results of research should make a significant contribu
tion to science.

4) R e s earch should provide needed information on life his
t ory and habitat requirements of plants and animals .

5) Research should provide needed information for habitat
management.

6) R e s e a rch must not unnecessarily duplicate or conflict
wit h o t h e r r e se a r c h .

7) I f th e same results can be ob tained, the research will
be conducted outside the natural area.

Our office initiated the review process of research proposed
by Mr. and Mrs. Ron Marlow of the University of California at
Berkeley. I b el i eve Dr. Glenn Stewart has received correspon
d ence r e g a r d i n g t hi s .

The Bakersfield District received the research paper "Respi
ratory Disease in the Desert Tortoise" completed under contract

13



A ardah l

with Murray Fowler, D.V.M., University of California, Davis. One
of Dr. Fowler's findings was that he does not believe respiratory
disease in captive tortoises is contagious. de believes respira
tory disease results from undernourishment which allows infection
by opportunistic bacteria. D u r ing the next year Dr. Fowler will
continue this research by testing the susceptibility of healthy
tortoises to bacteria isolated from diseased tortoises •

In closing, I would like to say thank you to the Desert Tor
toise Council for its support of our program and the assistance
provided, especially in evaluation of research proposals. I do
not have any details for next year's funding for the natural area
but I would expect it to be similar to this year's figure.

Bureau of Land Management
R idgecres t R e s o u rc e A r e a
P . 0 . Bo x 2 1 9
R idgecrest, California 935 5 5
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Special Report — California

Tortoise Adoption Program of the
California Turtle and Tortoise Club

Mary Ann L e w is

Evolving from the simple exchange of turtles and tortoises
between members of the California Turtle and Tortoise Club, the
Tortoise Adoption Program for Region 5 of California is now a
strong and viable force.

As evidenced by these figures, the California Turtle and
Tortoise Club Adoption Program has been gathering momentum year
by year. I n 1 9 7 4 , 104 Gopherus agassizi tortoises were adopted.
In 1975, 222 were adopted and in 1976, 389 were a dopted. Whi le
our State Reptile is the foremost consideration in our adoption
program, we also offer for adoption other species; for example,
in 1976 we placed 76 Gopherus berlanderi, 27 box turtles, 32 aquatic
and 8 miscellaneous. And do n ot f orget the hatchlings; 84 of
t hese w e r e p l a c ed .

As you undoubtedly know, permits are required for all
Gopherus species. I n a d d i t i on to the 726 G. agassi zi and 76 G.
beriandieri permits f i lied in and sent to Sacramento, we also
handle permit registration at the various turtle and tortoise
club shows. F o r example, in 1976 at the California Turtle and
Tortoise Club, Foothill Chapter, show we gave out 32 permits to
the public and registered 75 tortoises, and at the Pomona Fair
we gave out 26 permits and registered 56 tortoises, while at
the Westchester Chapter show we gave out 72 permits and regis
tered 162 tortoises.

We must have help in the Adoption Program . A t t h e p r e sent
t ime we need 25 team workers around Region 5 to a s sist us . Tea m
workers are chosen for their ability to : ( 1 ) d ea l w ith people ,
(2) recognize sick tortoises, (3) answer questions about turtles
and tortoises, (4) identify different turtles and tortoises, and
(5) give out care sheets on turtles and tortoises . I f s o m e one in
San Francisco or San Diego adopts a turtle or tortoise, we can
usually find someone to do the transporting for us.

The Adoption Program is not a status-seeking program or an
undercover pet store program, but has a very definitive place in
the chain of events regarding the health, habitat, and security
of cap t ive Gogherus agassi zi .

Although a program is underway to relocate the captive tor
toise in his pristine habitat, results so far indicate only a
qualified success. O ve r c rowding, stress factors and various
degrees of illness all contribute to the welfare of the tortoise.

The tortoise is by nature a partly solitary creature and
requires individual attention . T h e A d o p tion Program stresses
this one need above all other requirements.
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T he turtles and tortoises we receive are given to us by p r i 
vate individuals and by a few agencies . Wh e n w e r e ce ive them, we
de"ermine their sex, measure and weigh them, and record this in
fo wation along with other pertinent facts. They are then checked
healthwise and treated, if required. W e d o no t knowingly place
sick tortoises unless the adopting person is advised and agrees to
the added responsibility. We actively endeavor =o choose people
in the drier areas of Region 5 who desire to adopt tortoises. W e
ask these people to contact us if they have any problems thereby
reducing the work load of others, and to return ihe tortoises to
us if they move or do not wish to keep them any longer.

At the time of the adoption a permit is completed in the
presence of the Adoption Committee by the person adopting the
animal. This permit is later sent to the Department of Fish and
Game in Sacramento.

We try to satisfy most requirements of people as to size and
s ex of the tortoise they request — but not always . O n e bo y r e 
quested 2 female tortoises, one of whom had to be pregnant. T h i s
requirement we could not guarantee.

While we are in sympathy with all programs regarding the
welfare of the desert tortoise, we believe the Captive Adoption
Program helps to assure the health and longevity of Gopherus
dgBSSLZ1 .

3245 Military Avenue
Los A ngeles, California 9 00 3 4
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Special Report — Ca li fornia

Desert Tortoise Preserve Comm ittee

Elizabeth W. Forgey

The Desert Tortoise Preserve Committee welcomes this oppor
tunity to present a report: at this second annual meeting of the
Desert Tortoise Council, for it has been an e f f ectual and produc
tive year for the Commi ttee. Bu t f i r s t, a b r i ef s ummary of the
group's commitment is in order.

The Committee, now a 16-member group, was organized 2 April
1974, just 3 years ago, to establish a preserve as a natural area
on the Mojave Desert in eastern Kern County for the protection
and welfare of the desert tortoise. Additional goals were to
raise funds for the purchase of private land, to purchase fencing
for the area, and to develop public use facilities. Coupled with
the Committee's goals was its undertaking to publicize uses of
the preserve, and to give the public an understanding of the
desert tortoise in the wild.

This reporter noted at the 1976 Desert Tortoise Council
Symposium that on 22 Ma rch 1 976 the Comm i ttee had re ceived the
contract from the Bureau of Land Management to develop recommen
dations for interpretive facilities and structures on the pre
serve/natural area and to propose locations for same; to lay out
nature trails and parking areas; to develop a long range plan for
a road system in the natural area; to design a natural history
brochure and natural history summary pamphlet and general use
pamphlet; to prepare the interpretive material for the interpre
tive centers; and lastly, to submit slide programs for elementary,
general, and special interest groups.

T hat was a large order for a 16 -member comm ittee . Suf f i c e
it to say, the past several months have been studded with activ
ity. B u t t h er e were o t her stellar events occurring almost month
ly. T h e a p p r o p r iation received by the Bak er sfield office of the
Bureau of Land Management early in 1976 benefited the Committee in
that the group will receive $9,500 for developing the Interpretive
Contract. T hen in April, the Bureau of Land Management purchased
45 kilometres [ = 28 m i l e sJ of fencing material, and reported at
the August meeting of the Desert Tortoise Council held in Baker,
California, that the fencing construction contract had been let
for February of this year. T h is freed the Desert Tortoise Pre
serve Committee of the fencing responsibility, allowing it to
focus on the critical task of acquiring land within the preserve
b oundar i e s .

This was perfect timing, for in July a special meeting of the
Committee was called to meet with a Western Regional representa
tive of The Nature Conservancy to discuss the advantages of becom
ing a Project Comm ittee of The Nature Conservancy to expedite land
acquisition. T his was a landmark decision to be affiliated with,
and have the expertise of, this national conservation organization
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Forgey

whose objective is to preserve and protect environmentally signif
i cant land and the diversity of life it supports . S o n o w t h e
Committee is under the wing, so to speak, of the prestigious
S outhern California Chapter of The Nature Conservancy. T o d a t e
6 5 hect a r e s [ = 160 ac r e s ] of private land have been purchased at a
cost of $14,600, and the Committee has transferred an additional
$23,000 to the Conservancy account for land acquisition •

This past November there was more good news, at which time
B LN distributed their El Paso <anagement Framework Plan . It w a s
stated that the preserve, 80 square kilometres [ = 31 s q u a r e
miles ] in size when the Desert Tortoise Preserve Committee was
formed, had been expanded to approximately 98 square kilometres

I = 38 squar e m i l es ]. Also, pending acquisition of 7.8 square
kilometres I = 3 squar e m i l es] of private land, a critical 13
square kilometres I = 5 squar e m i l es ] on the northeastern edge of
the preserve would be considered for inclusion . Th i s a r ea , aside
from having worthy natural values, is desperately needed as a
b uffer zone between the preserve and the nearby Rand open area ,
an intensive off-road vehicle use area. The 6 5 h e ctares the Com
mittee has acquired is in the 7.8 square kilometre section men
tioned above, and BLM is negotiating land exchanges in the
remaining 2 parcels.

The Committee has addressed its objective of educating the
public in several ways. T h e P r ogram Chairman traveled nearly
6,400 km [4,000 mi . ] in the past year to present the Desert Tor
toise Preserve slides to over 3,000 viewers . Dur ing the spring
months of 1976, 6 organizations were given guided tours of the
preserve. (Because it was a poor year due to the dry season, the
Committee did not encourage tours.) Ano t he r 1 0 ,000 brochures
were printed and distributed, and now have a fund-raising prod
u ct s i n s e r t .

There was sparse publicity for several months, the Committee
n ot being endowed with a member versed in journalism . Ho w e v e r ,
when an unauthorized and inaccurate article appeared in a turtle
and tortoise oriented publication in the Bay Area and was repeat
ed in a conservation leaflet for western readers, the Committee
was aroused and a spark was drawn in several members to remedy
the situation. A s o f t his writing, the Committee's efforts to
protect the tortoise and bring to fruition the tortoise preserve/
natural area has received excellent publicity in several conser
vation magazines, periodicals, Ecology Forums in newspapers, 2
feature articles in San Diego daily papers, a "sto ry " i n D ese r t
Maga z i ne, and a feature a:ticle in the Lcs a~sa l es Times. An d
lastly, the Committee's historian prepared a 3-page history de
lineating the group's activities and accomplishments from the
time of their organizational meeting through January 1977 . Sev 
eral hundred of these brief histories have been distributed, and
a supply is on hand at this symposium for all who would be inter
e sted i n a copy .

Inasmuch as the deadline for the Interpretive Contract pro
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posals i s a t hand , making this a total-involvement situation for
the Committee at the time of this writing, this reporter is
prompted, in closing, to list the subjects that will be depicted
on each of the 8 panels of the principal interpretive structure:

P anel 1 ) A distribution map of the desert tortoise in the
Southwest, and more specifically the Mojave
Desert, with densities color-coded and a legend
on the rationale for the Preserve

Panel 2 ) The life cycle of the tortoise with drawings (by
a Committee artist) tracing the life span

Panel 3) S e a s o nal activities

Panel 4) Daily activities

P anel 5 ) Spring wildflowers and favored foods of the
desert tortoise

Panel 6) S o m e r e p tiles of the Natural Area

PaneL 7) S o m e b i rds and mammals of the Natural Area

Panel 8) C o n s e rvation problems of the desert tortoise.

Secre t a r y
Desert Tortoise Preserve Committee
P. O . B o x 3 0 7
Boron, California 93516



State Report — Ca lifornia

J ames A . S t . Ama n t
Department of Fish and Game

California discovered when it started to develop a desert
tortoise program there were two " populations" to manage : c ap t i v e
tortoises and wild tortoises.

The captive tortoise program developed due to increased en
forcement of the then existing regulations and the addition of
new regulations. The main intent cf the regulations is to assist
in reaching the same goal as the De sert Tortoise Council : To
maintain viable desert tortoise populations in its native range.
More specifically, the regulations are directed to prevention of
tortoise collecting from the wild, without preventing people from
possessing legally acquired animals — consequently, the permit
system. At this time last year 4,406 permits had been issued.
T he number issued is now 8,290 . A b i g p o r t ion of these now ar e
tortoises hatched in captivity. A lthough we believe there are
still a number of unregistered captive tortoises, there is a
definite increased awareness by the public of the regulations;
mainly, that it is illegal to collect tortoises from the desert.

A s a result of our regulations, we did have a number of to r 
toises turned in to the Department. We now have a program to
handle these unwanted captives. We have found that survival of
captive tortoises released directly to the desert is very low.
In addition, there is a threat to wild tortoise populations by
introducing diseased or exotic species, and overcrowding popula
tions that may already be under stress,

T he Department, working with the Desert Tortoise Council ,
has a program for acclimating captive tortoises for eventual
release to the desert.

Tortoises turned in are taken to our f ield station at Chino
f or identification and are checked for tagged individuals. T h e
desert tortoises, Gopherus agassi zi, are then transported to hol d
ing pens at the Palm Desert Living Preserve (Quarterway House) .
Here, diseased tortoises are quarantined and treated under a
veterinarian's supervision. Those invididuals that appear
healthy are placed in a fenced enclosure for additional observa
tion. A t t h is point the de-programming of domestic behavior of
the tortoise begins. This includes attempting to reduce associ
ation with humans to a bare minimum, limiting contact to viewing
them from a distance. It also includes a reduction in availabil
ity of water and the changing of diet from lettuce-type foods to
desert vegetation. We believe this de-domestication program is
necessary if tortoises released back to the wild are to survive.

Following a suitable observation period at the Quarterway
House, the tortoises are then moved to the Halfway House at Fort
Soda for further adjustment to desert living. After a full year
at. this site, they will be released back to the wild. Only those
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that are in good health will be selected for re lease. We p la n t o
include X-raying as part of the physical examination. The first
"graduates" completing the course will be released this spring .
Dr. Glenn Stewart is directing this study,

In addition to this study to obtain additional data on
survival of released captives, areas where tortoises have been
released in the past will be .''nvestigated. This includes Anza
Borrego State Park and Joshua State Park .

As with other state fish and game agencies, our Department
is funded mainly by the sale of hunting and fishing licenses
and, therefore, is severely limited in funding and manpower.
Recently some additional funding has been made available to work
exclusively with nongame species. A l t h o ugh most attention must
be given to species that are now on either the federal endangered
or threatened list or the state rare and endangered list, some
funding is available for inventory of other nongame species such
as the desert tortoise. What this means is manpower assistance
will be given to our area biologists to conduct surveys to de
termine more accurately the status of our desert tortoise popu
lations. Cooperating with state and federal land management
agencies, we will work toward suitable habitat protection.

California Department of Fish and Game
3 50 Golden Shor e
Long Beach, California 9 0802
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S tat e Re p o r t — Ne v a d a

Richa r d E . En r i q u e z
Bureau of Land Management

Preliminary inventories have begun on the tortoise popula
tions in southern Nevada.

A survey was conducted on a population found in the Coyote
Springs Valley which is 88 kilometres [ = 55 mi l e s ] northeast of
L as Vegas. T h i s a rea l ies w i t hin the Ca liente Planning Un i t ,
which is scheduled for the District's first grazing impact
statement.

concentrating on walking washes with relatively high banks of
c onsolidated gravels . A l s o t o d e r ive an indication of a c r ud e
density estimate of tortoise, if possible.

Co ote S rin s Va ll e L inco l n C o un t , Ne vada. T h e ha b i t at i s
varuna e a v zng was es, gently rolling x 1s with desert pave
ment and scattered rock.

Vegetative cover consists primarily of creosote bush,
Larrea di vari cata; burrobush, Ambrosia dumosa; globemal low,
Sphaeraicea ambi gua; desert trumpet, Friogonum i nfiatum; f ilaree,
trodi um cicutarium; and c h e a t g r a s s , Bromus tectorum.

Date: 23 Februar 1 9 77. Time walking and recording burrows
4 hours. Number o g ood burrows located was 18. C o llapsed
and/or excavated (by predators) was 11, 6 of which were probably
used this winter. D ensity of burrows calculated at 4.5 burrows
p er ho u r .

One tortoise was found in a burrow and was measured. M e as
urements of the tortoise were 80-61-32 mm. The tortoise was
also marked with the number 3 50 . Th e t o r t o ise was located in
burxow facing in. B u rrow was 40 cm long facing south under dead
Larrea at base of gentle sloping NE bank of wash. T he tortoise
had 6-7 growth ridges with the last 2 being wider than the
others. Betty Burge did the notching and she also took photo
graphs .

The topography and suitability of burrow sites is quite
similar to Betty's study area (Arden Study Area).

Rough estimate of tortoise density rona b e i n d i c at ed by com
paring rate of sighting burrows at this site to Betty Burge's
rate at her study area where study was co n centrated over 1 4
years • On the first. transects of Arden Study Area:

1) Sample size 73 cumulative hours 433 burrows found
calculated at 6 burrows per hour
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2) T o r t o ise density calculated at 45 per square kilometre

[ = 117 pe r s q u a r e m i l e ].
My thanks to Betty Burge for devoting her time to helping

me make this preliminary inventory.

Bureau of Land Management
4765 Vegas Dr i v e
L as Vegas , N e v ad a 8910 8

/
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S tat e R e p o rt — Ne v a d a

P aul L u ca s
Department of Fish and Game

Nevada La w a n d R e u l a t i on

Nevada law and regulation remain the same as reported last
year. The captive tortoise question remains unanswered. A
proposal that would allow for possession of tortoises presently
in captivity but strongly discourage future capture is being
worked up by biologists and enforcement personnel for adminis
trative consideration. O u r p r o posal is being patterned after
California's system. If the proposal is determined to meet
Department needs adequately, additional input will be obtained
before any new regulations are established.

Maximum protection of viable wild populations remains the
Department's main goal.

Biolo ical Surve s

The lack of data on desert tortoise distribution, status
and trend in Nevada has been the biggest problem in establishing
an adequate program. The Department's nongame program still has
only 2 people. Emphasis continues on raptors because of the
numerous species in the group, their relationship in the food
chain and their ability to act as indicators of environmental
health. Limited funding has been allocated this year from
an over-stressed budget to gather tortoise data, but funding
from additional sources will be necessary before intensive in
v ento r i es c a n b e c o n d u c t e d .

An early May survey s p la n n ed for t he Flat T op — Mormon
Mesa area in an effort to collect more data on the Be aver Dam
Slope population. A Be l l 4 7 G 3B1 helicopter will be te sted for
u se in delineating distribution and key use ar e as . I f f o u n d
feasible, the helicopter could become a va luable tool for some
aspects of desert tortoise censusing. We have determined from
other wildlife surveys that the helicopter is much faster and
usually cheaper than ground coverage. It will be quite a job to
s urvey all the desert tortoise habitat in Nevada .

Nongame Biologist
Department of Fish and Game
P. 0 . B ox 1 1 0 9
Ely , N e v a d a 8 93 0 1



Report of Nevada Ad Hoc Committee

E. C. Thoemmes, Chairman

At its June 1976 meeting, the Council, at the request. of
Nevada members, appointed an ad hoc committee to assist Nevada
State Department of Fish and Game i.n formulating and implementing
a species management plan for the desert tortoise in Nevada. A s
part of its supportive role, this committee could assist in the
identifying and inventorying of wild populations, could help edu
c ate the general public to leave wild tortoises in the wi ld ,
could bring pressure on the state legislature to set asi de funds
for the establishment of desert tortoise preserves, and could
educate citizens in the conservation of t he tortoise.

Also effected at the June meeting was the acceptance by the
Council of a draft version of a letter, prepared by the Nevada
members, to be sent by the Co-Chairmen, to the Director, Nevada
State Department of Fish and Game . In t h i s l e tter, which was
mailed 20 August, the Council recommended that Fish and Game
begin studies on the desert tortoise, leading to the formulation
of a species management plan . Inv e n t ory of wild populations in
order to identify portions of tortoise habitat in need of pro
tection was of special concern. In addition, the letter advo
cated the hiring of additional nongame biologists within the
state. I t f u rther emphasized that tortoises currently being held
in captivity should be given legal status, perhaps by means of a
permit system with Fish and Game having the right of inspection .
The granting of such legal status would also permit citizens to
proceed openly to find new homes for captives whose owners could
no longer keep them. T h e l e t ter promised that the Counc il's ad
hoc committee would work with Fish and Game to cre ate public
support for these goals.

The answering letter from Fish and Game was received on 3
September • The Council was informed that Fish and Game had onl y
$ 2,500 in its budget to use in acquiring information on the d i s 
tribution of the desert tortoise in the state . It c o n c u rred in
the need for some change in the legal status of the captive tor
toises and in the need for education of citizens; however, since
implementation required money, the agency could foresee no defi
nite timetable for carrying out these desirable goals,

Meanwhile, Nevada State Fish and Game corresponded with
representatives of the California State Fish and Game, asking
about California's experience with the permit system for captives.

The ad hoc committee discussed various possibilities for
immediate action. O n e s u g g estion was to invite prominent citi
z ens t o f o r m a "Committee for the Conservation of the Nevada
Desert Tortoise." Th i s comm ittee would then bring po litical
pressure on individual members of the state legislature during the
upcoming session to fund studies leading toward the desired spe
cies management plan, to fund the hiring of nongame biologists and
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to alter the current wording of the law so as to recognize and
distinguish the large captive tortoise population in the state •

In November, members of the ad hoc c ommi ttee met with repre
sentatives of Fish and Game. Va ri o us a l t ernatives to a permit
system were discussed. These ranged from simply removing the
tortoises from the "Protected-Rare" category to a possession
system which might tie the number of tortoises held in a given
household to the number of persons residing in that household.
Another possibility was that the Commission could make a change
in its own regulations to legalize the ho lding of tortoises which
were already in captivity and to distinguish them from those
presently in the wild.

Members of the ad hoc committee, after the November meeting ,
were left uncertain as how best to proceed. It seemed inadvisa
ble to contact a legislator and attempt to have him introduce a
bill in the upcoming session when we could not be sure that Fish
and Game would like to have in the bill.

As of the first of January 1977, the ad hoc committee is
continuing to accommodate those tortoises which are handed over
to Fish and Game either by individual owners who no longer want
them or by persons who find them wandering in the streets. Mem
bers have had to house these animals in their own yards and
have been forced to accept numbers of these animals, way in
excess of the carrying capacity of their yards. As a result, a
very high percentage of these animals have succumbed to a respi
ratory infection, due probably to the stress associated with
overcrowding. As long as possession of the captives is illegal
in the state, the committee cannot openly advertise for persons
willing to take these animals into their homes. Consequently
t he high death rate is likely to continue .

The legislature met in Ja nuary, but t he plight of the desert
tortoise was not brought to its attention . C it i z ens of Nevada
desiring to support the desert tortoise will apparently have to
wait another 2 years until the next se ssion of the legislature.

3 166 Russel l Ro a d
L as V e g a s , Ne v a da 8 9 12 0



State Report - Utah

Dale K . Ar h a r t
Bureau of Land Management

Last year the Bureau of Land Management financed studies of
desert tortoises and other species on the Beaver Dam Slope and
other portions of Washington County. The Utah Division of Wild
life Resources carried out the studies under contract for BL 4f.

We have just recently received a rough draft of the written
report. I ' ll limit my discussion to some general comments about
the study. E r i c C o ombs, who did most of the work for the Divi
sion of Wildlife Resources, will be discussing some of the find
ings in greater detail later in the agenda.

The study gave us a good picture of our tortoise population
in terms of total numbers, age and sex classification, and geo
graphical distribution .

One of the goals of the study was to define the food habits
of the Beaver Dam Slope population to better understand the rela
tionship between tortoises and livestock use . In t h i s regard the
study was only marginally successful.

To augment the data from our contracted study, we, that is
the BLM, began some fecal analysis studies of both tortoise and
cattle fecal samples from the Beaver Dam Slope. We send the
samples to the Composition Analysis Laboratory at Colorado State
University where they are analyzed microscopically at 100-power
magnification.

Because we decided to start the fecal analysis studies so
late in the ' 75- ' 7 6 g r a z i n g se a s o n , we were unable to collect
seasonal samples. We collected only 1 set of samples at the end
of the grazing season from each of 3 of the ma jor tortoise
d enning a r e a s .

Each of the tortoise seats was examined separately, but the
cattle samples were analyzed as composites consisting of at
least 25 subsamples . Tw e n t y - five tortoise seats from each of
t he 3 a r e a s we r e a n a l y z ed .

The analyses indicated that the tortoises rely primarily on
Erodi um cicutari um and grasses, including annual Bromvs species,
I'ri dens pu1chellus, and some Sti pa. I n all, 16 species o p lan t s

were found in the tortoise seats .

Similarity indices comparing cattle diets to tortoise diets
in each area indicate dietary overlaps of 34 to 40'4.

These figures, of course, must be used cautiously, especial
ly because we did not sample seasonally. It is possible that the
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similarity indices are much different in certain seasons than our
samples indicate.

During t he '76-'77 grazing season we collected fecal samples
from cattle seasonally. W e d o no t h ave the results yet, but hope
we will get better data on seasonal use by cattle.

We hope to have more tortoise seats analyzed this year also,
but unfortunately we are not sure we can find su fficient tortoise
s eats for seasonal sampling . Eve r y t o r toise scat found was co l 
lected last year so, if suitable samples can be found this spring,
perhaps we can at least get a good spring sample.

In addition to the studies, we have some significant changes
in management of the Beaver Dam Slope to report, plus an update on
the status of the Livestock Grazing Livestock Impact Statement
c over i n g t h a t a r ea .

The BLM's Dixie Resource Area Manager from St. George, Mr.
Frank Rowley, will discuss these topics.

Bureau of Land Management
P . 0 . Bo x 7 2 9
Cedar Ci t y , Ut a h 84 7 20
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Stat e R e p o rt 
' 'ah

F rank R o w l e y
Bureau of Land Management

General Descri tion. The d e s e rt tortoise ("c "beaus agassizii) in
Utah is located in the southwest corner of the state in the area
known as the Beaver Dam Slope. This area is approximately 180
square kilometres [ = 70 squar e m i l es ] i n s i ze . The vege t a t i ve
aspect for the area is a Joshua tree-creosote bush type with a
variety of annual forbs and grasses.

Hot Desert Grazin En v i r onmental Statement. A dr a f t r eport for
Chapters 1 and 2, description of the ex>sting situation and
description of the existing environment, is complete.

Chapters 3, 4, and 5, which anlyze associated impacts, miti
gating measures, and adverse impacts which cannot be mitigated, is
c urren t l y bei n g w o r k e d o n .

T he preliminary draft is scheduled to be completed by 1 5
June 1977. Fi n a l environmental statemer,t for public review will
be completed and published this fall.

Pro se d M a na ement of Desert Tortoise Area. An al l o t ment manage
ment plan has been developed for the desert tortoise area. The
grazing system is a three-pasture rest rotation, modified to miti
gate heavy cattle concentrations and limit competition for green
forage during the spring grazing period. This plan covers the
entire desert tortoise area on the Beaver Dam Slope .

Two management areas have been established for the desert
t ortoise with Highway 91 acting as the division line . T h e a r e a
west of Highway 91 will be managed for multiple use purposes, but
with the following stipulations:

1) C a t tle grazing will continue, but under the guidance
of an allotment management plan.

2) Vehicle use will be restricted to existing roads and
t r a i l s .

3) Oi l and gas exploration or development work will not be
allowed between 1 April and 1 November .

4) No s u r face disturbing activities wi'' occur within 150
metres [about 500 feet ) o f w ' nt e r den s .

5) S h eep trailing through the tortoise area will be elimi
n ated .

6) Removal of predators from active denning areas will be
recommended to the Fish and Wildlife Service for control
work.
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In addition to the above st ipulations, an interim manage
ment stipulation for grazing will be required until the allotment
management plan can be implemented . Th i s a d d i tional stipulation
requires the removal of cattle from the area by 15 March.

Management of the area east of Highway 91 will be mu ltiple
use management except for the proposed Research Natural Area
which will restrict some uses . Th i s p r o posal includes an addi
tion of approximately 1,200 hectares { about 3 , 000 ac r e s ) t o t he
existing Joshua Tree Natural Area, making the size of the total
area approximately 1,600 hectares [ about 4 , 0 0 0 a c r e s ). I t wi l l
a lso include the Hardy-Woodbury "tin can" study area . The a r e a
will be established as "The Woodbury Desert Study Ar ea," with the
following restrictions being placed on the area:

1) E l im ination of l ivestock grazing

2) Withdrawal from mineral activity

3) V e h i cle use re stricted to de signated roads and trails

4) No removal or sale of vegetative products

5) Prohibit rights-of-way, etc., in the area

6 ) F e n c i n g t h e a r e a

7) Establishment of base-line studies for both wildlife
and vegetative species for a comparison with the mul ti
ple use management area west of Highway 91.

Managers in Utah feel that they have been responsive to the
problems and needs of the d e s ert tortoise. We wa n t t o t h a nk you
for the opportunity of outlining our management objectives.

Bureau of Land Management
P . O . B ox 7 2 9
Cedar C i t y , Ut a h 8 4 7 2 0
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Native Animal Habitat Protection:
A Solution Becomes a Problem

Pete r G. Sa n c h e z

Burros, Equus asinus, compete with native animals for

food, water, and space. Changes in native plant community
composition are occurring and may threaten rare and endemic

species of plants and animals. Soil erosion resulting from

tracking and trailing is locally severe. D i sturbances have

d egraded s p r i n g s a n d w a t e r ho l es . Bur r os r an g e o ve r

2,070 km [= 512,000 acres ] within Death Valley National
2

Monument and number 1,600 animals. Unless controlled, im

pacts by feral burros will result in the continued decline
of native spec.ies and the alteration of natural habitats,
which national parks are mandated to protect. There are

few technical difficulties involved in managing burros;

obstacles to ecologically sound management are sociopoli
tical. United States National Park Service habitat manage

ment problems and efforts to control burro impacts in Death

Val ley ar e d i sc us s e d .

The burro zquus asinus ranks with the House Sparrow and Starling
as one of the most successful introductions of exotic species into
North America. M o s t f r ee-roaming burros are descendants of pack
animals abandoned by prospectors and miners during the heyday of
mining activity in the late 1800s and early 1900s (Hansen, 1973) .
The burro (a native of Africa) is preadapted to a desert. climate
and terrain, and has no natural predators or diseases capable of
controlling its numbers . Lar g e ly because of their legal status as
a protected species, burros are increasing in numbers and range
throughout the Southwest . F in d ing an acceptable remedy to burro
overpopulation has become a problem .

The impact of burros on the desert — mountain ecosystem of
Death Valley National Monument has been known for more than 40
years (Sumner, 1959). S t u d ie s stress the competitive nature of
burros toward native species for food, water, and space. It has
been estimated that burros in Death Valley consume ~ 6 ,600 k g
[ = 14,500 l b ] of forage daily or ~ 2 ,408,000 k g [ = 5 , 31 0 , 000 l b ]
per year (Sanchez, 1974) . Pr ior to introduction of burros this
vegetation was available to native wildlife and as so il-stabilizing
c over .

Changes in the plant community are occurring. G ra s s es are the
first species to decline on burro ranges because grasses are a
preferred diet item of burros (Hansen, 1973). In areas of Death
Valley used by native animals (but not by burros), native grasses,
chiefly Indian ricegrass oryzopsis hymenoides, desert speargrass Stipa
speciosa, and galleta grass Hilaria jamesii, a re abundant. Na ti v e
grasses on burro range are overgrazed and locally absent (near
springs ) .
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Burros expanded their range onto the floor of Death Valley in
1 969. W i t h i n 5 y e a r s ~ 80% of the alkali sacaton grass sporobolis
airoides at Eagle Borax historic site was cropped to root l evel by
herds of up to 50 bur ros . A por t ion of Eagle Borax Spring and
nearby Tule Spring was fenced in January 1976. One year after
fencing the enclosure, grass clumps not completely killed sprouted
and pro duced s e e d .

Other indications of burro impact on vegetation can be seen in
Wildrose Basin, an area formerly u sed by 75 to 1 80 burros. A bur r o
exclosure was built in February 1972 3.2 km east of Wi ldrose Spring
at an elevation of 1,463 m in the g oldenhead — spiny hopsage
(Acamptopa ppus — Gra yea) commun i ty. Samp 1 ing of veg et at ion i n 1 9 7 3 a n d
1974 showed differences in plant density and biomass on transects
inside and outside the fenced exclosure (Fisher, 1974) .

As expected there was a slight increase in plants within the
exclosure. N at i v e g r a s ses remained low inside the exclosure and
were absent outside . Out s ide the exclosure Anderson thornbush
Lyci um andersonii an d b la c k b r u s h Col eogyne ramosi ssima, not a p r e f erred

burro browse species, increased in numbers. Sh ockley goldenhead
accoun t e d fo r 2 4 % o f t o t a l p l an t v o l ume a n d ) 5 0 % o f t he t o t a l
number of perennial plants inside the exclosure. Ou tside the ex
closure goldenhead declined from 47% of the total number of plants
to 20%. Results indicate changes in plant community composition
are occurring with certain shrub species being preferentially re
moved ( F i s h e r , 197 4 ) .

Vegetation changes probably would have been greater if burro
use had not been curtailed. During this period burros were removed
f rom Wildrose Basin by 2 m e thods : ( 1) b ur r o s we r e t r a p p e d a n d d i s 
tributed as pets to Ca l ifornia permit holders (under this program
161 animals were removed — 47 in 1973 and 114 in 1 9 7 4); and (2) ac
cess to water was re stricted by closure of a part of Wi ldrose
Spring, causing 50 to 60 burros to disperse out of the basin.

Relict plants may be a f fected by burros . Tra m p l ing may be the
cause of low reproduction among bristlecone pines ainus loryaeva
above 3,000 m on Te lescope Peak in the Panamint Mountains (L. John
son, personal communication) . Co n cern has been expressed about the
survival of other relict or rare species of plants which inhabit
burro ranges . In D e a t h V a l ley National Monument alone, there are
20 endemic plant species; 12 of these have very li mited distribu
tion and 6 of these occur within burro range.

There are 51 species of native mammals within the Monument.
Four species or subspecies of mammals are endemic and share habitat
with burros . The s e ar e the Panamint chipmunk Eutami as panamintinus,
pigmy pocket gopher rhomomys umbrinus oreocus, Panamint pocket gopher
Thomomys umbri nus scapterus, an d t h e P a n am i n t k a n g ar o o r a t oip odomys

panaminti nus panami nti nus.

Of the 38 species of native reptiles and amphibians in the
Monument, 1, the Panamint alligator lizard Gerrhonotus panami nti nus,
iS rare and OCCurS On burrO range . T he d e S er t tOrtOiSe Gopherus
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agassi zi occurs in very small numbers. Th e i m p a c ts of burros on
these animals have not been studied.

New endemic species continue to .oe discovered. A qu a tic mol
lusks are an example. Of the 15 species of mollusks known from
the Death Valley area, 2 are new genera and 12 are new species, yet,
undescribed (Landye, 1973). T w o ne w species were discovered in
1975 (J. J. Landye, personal communication ) . To date ~ 4 ' t o f t h e
n early 300 springs in the Monument have been examined . On l y 1
spring used by burros has been studied and it was found to contain
an endemic snail. Th r e ats to aquatic invertebrates include changes
in water turbidity by trampling, changes in water chemistry by the
addition of urine and feces, and alteration of the substrate.

Environmental alteration is severe at and near. springs because
burros tend to congregate around water holes . So i l s are trampled
and plants are broken or absent. Ponded springs are polluted with
urine and feces. Co n t am ination of water by burros does not pre
clude use by large animals such as bighorn but does severly limit
hikers' and backpackers' use of large areas of Death Valley because
drinking this water is unsafe and objectionable.

Burros usurp available water at the expense of native wild
life. Many springs go dry or nearly dry in summer; summer is the
time of stress in the desert . O ne o f the main factors attributed
to the decline of bighorn in Death Valley is the competition for
available water.

Experiments aimed at reducing competition for water between
bighorn and burros are underway . T h e s u r face flow of Quartz Spring
in the northern Cottonwood Mountains ceased more than a decade ago.
A collection box, buried pipeline, and storage tank were construct
ed to store and deliver water to wildlife . Bur r o s began to dis
place bighorn at the spring and twice severed the pipeline. In
1975 the spring was fenced to exclude burros but allow bighorn to
enter the fenced area and drink . Fen c e r a ils are spaced to permit
bighorn to go under the fence or between the rails. Iron pipes
(5.08 cm diameter) are used to prevent burros from riding down the
rails. An alternate design, using smooth wires with the same spac
ing as the rails, is being tested at Eagle Borax site.

In the 1930s, bighorn were regularly seen watering at many
springs (Sumner, 1959). Since the proliferation of burros, bighorn
have disappeared from some springs in the Cottonwood and Panamint
m ountains. Bi g h orn fed and watered in Butte Valley in he e a r l y
1930s; by 1935 herds of more th an 200 burros displaced the bighorn
(Sumner, 1959). Co t t onwood Spring and smaller springs in the upper

Cottonwood drainage basin are used by at least 203 burros . At
least 273 additional burros range northward from the Cottonwood
basin, according to a 1975 census . O n e h u n dred twenty- ive bighorn
also share this space but in recent decades have not been using
Cottonwood Spring, the largest in the area (Hansen, 1972).

Animals must travel frequently to drink at springs and just as
regularly move away to feed and seek shade or shelter from storms.
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The results of tne two-way traffic are obvious landscape features .
Burro trails give hillsides a terraced appearance reminiscent of
priental rice paddies . Tra i l ing on steep h i llsides is accelerating
soil loss by water and wind erosion . T ho u s a nds of ac res in the
Panamint and Cottonwood mountains are terraced . T ra i l ing is severe
on the Naval Weapcns Center southwest of Death Valley and e lsewhere
in the Southwest.

E nti r e ecosystems — soils,water, plants, and animals — are
being altered. Th i s i s occurring in units of the National Park
System (Death Valley, Grand Canyon, Lake Mead, Bandelier) which
were established to retain representative areas of primitive
A merica and to be sanctuaries for indigenous forms of l i fe .

There are 1, 600 burros in Death Valley National Monument which

r ange ove r 2 , 0 7 0 k m (= 512,000 a c r e s o r 800 sq u a r e m i l es ], c hi e f l y2

on the western side of Death Valley .

R eduction of burros in Death Va lley began in 19 39 . A t t h a t
time the population was 1, 500 animals and their range included
m ountainous areas on beth sides of Death Va lley . By 19 4 2 a l l
burros were removed f om the east side of the va lley and the re
maining population was 700 . Bur r o r em o val continued with variable
intensity until 1968 . Be t w een 1939 and 1 9 68 , 3,578 burros were
removed frcm the Mor.ument and may have been as high as 4 , 130 if
u nrec o r d e d t r a p p er r e p o r t s a r e a d d ed (Ha n s e n , 1 9 7 3 ) . By 1 9 7 2 b u r r o
numbers had again risen to 1,500 with most of the animals concen
trated on the western side of the va lley . Li v e t r a p p ing of burros
resumed in 1973 as ar. interim control measure and to date (March
1 977) 1 9 9 b u r r o s h a v e b e e n r em o v e d.

The U.S. National Park Service requires each of its parks and
monuments to prepare a management plan to pe rpetuate its natural
resources. Pri o r to Death Valley's plan preparat'on and in accord
with National Envircr.mental Policy Act of 1 969 guidelines, an en
v ironmental assessment was prepared in 1 97 6 (NPS, 1976) . Pub l i c
workshops were held in 3 ci t ies and about 7 00 copies of the envi
ronmental assessment and companion workbook were distributed . The
assessrrent discussed 38 alternatives pertaining to natural and
cultural resources and research. Ten a l t e r n atives discussed
management of burros. The a l t e r natives listed possible solutions
developed by the agency and received from the public at in formal
d iscussions, field trips, and letters from 1 971 to 1 9 7 6 .

Most of the pub' ic interest centered around what to do about
burros. T h e a s s essment explained National Park Service policies
and objectives which serve as the gu idelines for management of
Death V al l e y .

Nationwide NPS policy (NPS, 1975) regarding exotic plants and
animals is as follows:

"Natural Zones — Plant and animal species, non
native and exotic to a pa rk, may not be introduced into
n atu r a l z o r. e s.
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" Historic Zones — In historic zones , exotics that
are a desirable part of the h i storic scene may be in tro 
duced and maintained .

"Control of Noxicus or Exo tic Sp ec ies — Control or
eradication of noxious or exotic plant and animal species
will be undertaken when they are un d e s irable in terms of
public health, recreational use and enjoyment, or when
their presence threatens the fa ithful presentation of
the historic scene or the perpetuation of significant
scientific features, ecological communities, and native
species, or where they are significantly harmful to the
interests of adjacent landowners. Ca r e sh o u ld be t aken
that control programs do not result in significant
damage to native species. "

Death Valley National Monument is c l a s s ified as a na tural zone
containing local historic sites .

Death Valley resources management objectives are as follows:

1) T o m a i n tain, preserve, and perpet uate the aesthetic
setting and the natural and cu l tu ral resources of Dea th
Valley National Monument

2) To restore conditions conducive to the perpetuation of
the natural processes as they functioned before disruption
by technological man or compe t ition from non-native plants
a nd an ima l s

3) T o r e s tore native plants and an im als to their or iginal
range

4) T o r e s tore to na tural appearance the land surfaces di s
turbed by man, recognizing that significant cultural values
must b e p r e s er v e d

5) To ensure perpetuation of rare and endangered plants and
animals and those species endemic to Death Valley National
Monument

6) T o p e r petuate the Devils Hole pu p f ish in the detached
D evils Hole section of the Monumen t

7) T o m i n im ize the adverse effects of m i ning and pro specting
that conflict with the preservation and public apprecia
tion of natural and cultural va lue s

8) To develop and execute continuing research programs for
n atural and cultural resources .

Environmental workbook public responses (r.= 241) g e n e r a l l y
agreed with the stated natural resources objectives (Table 1).
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TABLE 1. P u blic responses to Death Valley resources management objectives

( percen t o f 241 r esp o n se s c h e c k i n g w o r k b oo k b o x e s )

Management Ful l y Partially Not Not
objec t i v e agree agree Disagree concerned "hecked

Aesthetic setting 85.9 13.7 0.0 0.0 0.41

N atura l pr oc e s s e s 63.9 28.6 6.2 0.0 1.20

Restor e n a t ur e 65.6 31.1 2.5 0.0

Dist u r be d s u r f ac e 61.4 31.9 5.8 0.0 0.83

Rare p l a n t s and
84.2 13.7 0.41 0.0 1.70

animal s

Devil s H o le 83. 8 3.3 2.5 2.90

Mining effects 78.8 14.1 5.4 0.0 2.50

Research 79.3 15.7 2.1 0.83 2.50

See text for full statement of objective.

Burro management alternatives discussed in the environmental
a ssessment ( N PS, 1 9 76 ) ar e :

1. No action. Nothing will be done to manage burro popula
t i o n s ,

2. C o n t rol the feral burro population . E li m i n a t ion of feral
burros by trapping and relocation of animals in the care
of persons willing to care for them as pets or pack
a nimals .

3. Control the feral burro population. E limination of feral
burros by live trapping and killing by professional
recommended humane pharmacological agents.

4. Control the feral burro population. Elimination of
burros by shooting with rifles by qualified National Park
S ervic e p e r s o n n e l ,

5. C o n trol the feral burro population . E li m i n ation of
burros by shooting with capture gun and immobilizing
drugs by qualified National Park Service personnel.

6. Disposal of carcasses. Carcasses will be left to recycle
i n the natural environment .

7. Exclusion of feral burros. F ence portions of the l4onu
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ment boundary to prevent re-entry of burros. nc lude s
internal drift and barrier fences.

8. R e t e n tion of managed burro herds . Bur r o populations
would be reduced in n u mber but not eliminated. Abo ut
150 burros would be ma intained in number but not elimi
nated. A b o u t 15 0 burros would be ma intained throughout
areas where they are now present. Increases will be
controlled by removal of excess animals on a co ntinuing
b asis .

9, R e t ention of managed burro herds . Est a b l ish a burro
viewing area in Wildrose basin containing a managed
herd. R e m ov e and exc lude burros from other areas of the
Monument.

10. Control of feral burro population. Sterilize burros to
eliminate annual population increment and allow natural
attrition to reduce burro populations .

Workbook r e sp o n s e s ( n =214) are listed in Table 2.

TABLE 2. P ublic responses to burro management alternatives

( percen t o f 241 r e sp o n s e s c h e c k i n g w o r k b oo k b o x e s )

Alternative* Select Reject Undeci de d Modify No t cnec k ed

N o ac t i o n 2.1 89.2 1.7 2.5 4.6

T rappi ng 28.1 39.3 2.1 26.4

Live t r ap /
e uthanas i a 24.1 50.2 4.1 15.4

Ri f les 52.7 25.3 6.2 11.2

C apture g u n 19.1 52.5 7.9 13.2

Carcass d i s po s a l 50 . 6 15.4 21.9 5.8

Fencing 42.3 41.5 5.4 7. 5 3.3

Retention of

m anaged he r d 24.5 3.7 9.5 2.5

V iewing a r e a 20.6 57.4 13.2 5.8

Sterilization 13.3 73.8 3.7 3.7 5.4

See text for full statement of alternative.
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Numerous respondents recommended modif ications of the listed
alternatives. Su g g e s ted was a comb ination of bu rro reduction
methods, specifically, removal by live trapping and shooting the
remainder which canrot be trapped .

Grand Canyon National Park announced a p lan to e l iminate
burros in February 1977. Public reactions to the plan were im
rnediate, numerous and largely opposed to removal of burros. On
4 February 1977, three organizations filed jointly for an injunc
tion to stop implementation of the announced plan to shoot
burros. ( T h e p lan was w ithdrawn pending comp letion of additional
research and preparation of an environmental impact statement.)

Reasons given for wanting to retain burros in the national
p arks are (1) the animals are innocent and have a r i ght to live ,
(2) they are a symbol of the Old West and to some h ave a re li
gious importance, and (3) they are a vanishing species. The pub
lic seems to be unaware of the provisions of the Wild Horse and
Burro Act of 1971 (Public Law 92-195), which protects animals on
hundreds of thousands of acres of federal lands adm inistered by
the Bureau of Land Planagement and the Fo r est Service and mandates
t hese agencies to manage herds .

Because national parklands were established for a s i ngle
purpose , " . • .which purpose is to conserve the scenery and the
natural and historic objects and the wi ld life therein . .." (NPS
Organic Act, 1916) the National Park Service was not included in
the text of P.L. 92-195 . Inc l u s ion would make d i f ficult if not
impossible the Congressional mandate " • ..to provide for the en
joyment of the (parks) in such manner and by such means as will
leave them unimpaired for the enjoyment of fu ture generations."
(NPS Orga n i c Ac t . )

It is the impairment of natural ecosystems that concerns
park managers and some of the public . T he r e ar e m any factors,
all directly or indirectly man-caused, which have been or are
d egrading the integrity of national parks and monuments . T he
uncontrolled impacts of feral animals is but one factor . The
concept of preservation of a total environment, opposed to pro
tection of an individual feature or species, is a d i stinguishing
feature of national park management .

The search for a viable alternative, ecologically beneficial
and publicly acceptable, continues . A n e n v i ronmental impact
statement is being prepared . T o w a i t it out and let the problem
solve itself — by starvation — is unsatisfactory from any view
p oi n t .

If the animals we e feral cows, proposed solutions might be
similar but public responses to the alternatives would undoubted
ly be different. Facing reality, the fundamental problem is that
burros, not cows, have been introduced into a desert ecosystem
operating since the Pleistocene without them . In a r e g ion of low
plant productivity and where water resources are at best limited,
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the system is unable to ab sorb the addition of a la rge he rbivore
without large scale adjustments.

Overpop~lations of large animals have occurred in the United
States before and humane control techniques are well known.
There are few technical difficulties involved in controlling
burro populations. The only real barriers to burro control are
sociopolitical ones.

George Laycock, in his book "The Alien Animals", wrote "Too
often we ask whether or not the foreign species can live in this
country, and too seldom question whether or not native species
can live with them." (Laycock, 1970). Until this question is
answered by weighing the ecological trade offs required when
exotic species are introduced into a natural system, we may fi n d
that both the foreign and our unique native species are in
t roub l e .
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The Desert Tortoise in the Late Pleistocene
with Comments about Its Earlier History

Thomas R. Van Devender and Kevin B. Moodie

Gopher tortoises separated from their emydine pond turtle

ancestors by the early Eocene, but the desert tortoise

(Gopherus agassi zi ) and its relatives may have only differ

entiated in the middle to late Pleistocene. The desert
tortoise presently lives in the Mohave and Sonoran deserts

from southern Nevada and southwestern Utah, south to north

ern Sinaloa, Mexico. In the late Pleistocene its range

extended from coastal California to southeastern New

Mexico. The oldest fossil records for the desert tortoise

are 3 3 , 5 9 0 + 15 0 0 B . P . (D ry Ca v e , N e w Me x i c o ) a nd gr eat er
than 34,000 B.P. (Hueco Mountains, Texas) and are in the
northern Chihuahuan Desert. P l ant fossils in early Holocene

and late Pleistocene packrat middens containing tortoise
bones document that it formerly lived in juniper woodland

(Arizona and California) and pinyon — juniper woodland (New
Mexico and Texas). I t became restricted to the Mohave and

Sonoran deserts when the modern desert scrub communities

formed 80 00 y e a r s ago .

The desert tortoise (Gopherus agassi zi) lives in the Sonoran and
Mohave deserts west of the Continental Divide. The evolution of
these deserts began about Miocene times and culminated in the mid
dle Pliocene (Axelrod, 1950) . How e v er , the desert tortoise and
its relatives may have evolved as recently as middle to late
Pleistocene and are recent invaders of the deserts.

Evolution of o her tortoises. Go pher tortoises evolved from pond
turtles (Emydxdae) by the early Eocene (Bramble, 1971). The liv
ing gopher tortoises are divided into 2 groups of closely related
SpeCieS . T h e Gopherus pol yphemus g r O up in C l u d e S t h e B O 1 SO n tO r tO i Se

(G. flavomarginatus) Of nOrth-Central MeXiCO and the gOpher tOrtOiSe
(G. polyphemus) of the southeastern United States. T he G. agassi zi

group includes the Texas tortoise (G. herlandieri) of south Texas
and adjacent Mexico, the desert tortoise (G. agassi zi) of the south
western United States and northwestern Mexico, and Auffenberg's
t OrtOi S e (G. auffenhergi ) frOm the late PleiStOCene Of AguaSCaliente,
MeXiCO (MOOSer, 1972) . Bramble (1971) plaCed the G . agassizi grOup
into the genus Scaptochelys, but Auf fenberg (1974, 1976) and Van
Devender et al. (1976) have not followed him. The criteria for the
separation of Scaptochelys from Gopherus have not been formally pub
lished; we will use Gopherus in the present paper.

The fossil history of the desert tortoise and closely related
species has been interpreted in 2 very different ways. Bramble
(1971) derives his Scaptochelys in the late Eocene with species
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present in the middle Oligocene (Gopherus lati cunae), Miocene (G.
mohavense G. mohavetus in Auf f enberg 1974 and Des Laur iers 1965)
and middle to late Pleistocene (G. hexagonata) . Auf fenberg (1974
and earlier) and Williams (1950) view these species as not being
in the lineage leading to G. agassizi and would derive the desert
tortoise group from a n unknown middle Pleistocene tortoise. T he
desert tortoise itself is a late Pleistocene form that appeared
long after the deserts it inhabits.

Late Pleistocene desert tortoises. Fo ss i l s of d es ert tortoises
have been found in Ice Age a lso termed late Pleistocene,
Rancholabrean Land Mammal Age, Wisconsinan Glacial Epoch ] depos
its from as far east as Dry Cave, 24 km west of Carlsbad, New
Mexico (Van Devender et al., 1976; Harris, 1970), to as far west
as the McKittrick tar pits (L. Miller, 1942) and the Los Angeles
Basin (W. Miller, 1971), California. The fossils have been pre
served in tar pits, dry caves (Gypsum Cave, Nevada: B rattstrom,
1954; Rampart Cave, Arizona : W il s on , 1942; Van Devender et al.,
1977; Schuiling Cave, California: D o w n s et. al., 1959); wet caves
(Robledo Cave, Shelter Cave, Conkling Cavern and Dry Cave, New

Mexico: Br a t t s trom, 1961, 1964; Van Devender et a l., 1976;
Harris, 1970) sedimentary deposits (Los Angeles area, California:
W. Miller, 1971), and indurated, packrat middens (Arizona, Cali
fornia, New Mexico and Texas : V a n D e v e nder et a l . , 1977; Van
Devender and Me a d, in press; T. R. Van Devender and K. B. Moodie,
personal observations.) The oldest radiocarbon dat es associated with
fossil desert tortoise bones are 33,590 + 1500 B .P . (Tx-1773 on
bone carbonates) from Dry Cave, New Mexico (Van Devender et al.,
1976) and greater than 34, 000 years ago (A-1644 on zuni perus) from
Navar Ranch No . 1 packrat midden, Hueco Mountains, Texas (T. R.
Van Devender and K . B. Mood ie, personal observations).

and Mohave deserts from southern Nevada and southwestern Utah,
south through Arizona, California and Sonora in to northern
Sinaloa. T h e e a s t ern limits of its present range in Arizona are
between Tucson and Benson and are coincident with those of several
characteristic Sonoran Desert plants including the saguaro (cereus
giganteus) and foothills paloverde (Cerci di um m'crophyll um) . Western
range limits of Chihuahuan forms such as the Texas horned lizard
(phrynosoma cornutum) and tarbush (Flourensi a cernua) are in the same
area. The Sonoran Desert generally has mild winters and the east
ern limit of the saguaro, foothills paloverde and desert tortoise
are probably controlled by winter minimum temperatures. Increases
in summer rainfall and decreases in winter precipitation also
occur to the east but a similar gradient to the south in Sonora
does not limit them.

The late Pleistocene distribution of the desert tortoise ex
tended from farther west in California than it occurs today, east
ward to southeastern New Mexico . Th i s i n c l udes the present Mohave,
Sonoran and northern Chihuahuan deserts and ranges from mostly win
ter to mostly summer precipitation. The fossil sites for desert
tortoises in New Mexico and Texas presently support Chihuahuan
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desert. scrub communities . How e v e r , desert tortoise bones, scutes
and dung have been .ound in Ice Age ,"ackrat middens with Colorado
pinyon (Pi nus edulis), j uniper ( zuni per' s sp. ) and scrub oak (guercus
pungens) o n Bishop' s Cap, New Mexico «.nd in the Hueco Mountains,
Texas (T. R. Van Devender and K . B . Mood ie, Personal observations) .
Only the greater than 34 ,000 B .P. radiocarbon date previously
mentioned is presently available but late glacial ages of
12,000 B.P. are expected . P la n t m a c r o fossils preserved in indu
rated packrat middens and cave f i '1 deposits in the nor thern
Chihuahuan Deser t r e co d a pi n yon — jun i pe r w o o d l a n d a t 600- 1 4 9 5 m
elevation prior to 1 1 ,000 years ago and a juniper — oak woodland
u ntil 8000 years ago (Wells, 1966; Van Devender and Everitt ,
1 977; V a n De v e n d e r , 1 9 7 6 , 1 9 7 7 ) .

Today the desert tortoise is restricted to desert scrub
habitats in the Mohave and northern Sonoran deserts and thorn
scrub in central and southern Sonora and is rarely found in wood 
land habitats . In n o r t h -central Sonora, junipers and oaks enter
the desert and grow w ith saguaros, paloverdes, organpipe cactus
(Lamai rocereus thurbe i ) and palms because mountains to the north
b lock winter f rontal storms and am e l iorate winter temperatures .
D esert tortoises are common in t h i s "mixed" community and absent
from the northe n Ch ihuahuan Desert with its cold w inters . Ice
Age winters in southeastern New Mex ico and Trans-Pecos Texas must
have been milder than today without occasional, extremely low
temperatures during "blue northers" . Bry s o n and We nd land (1 967)
suggested that mild winters can be exp lained as a r e s ult of the
Arctic air mass being trapped north of the continental glacier.
If so, the desert tortoise was probably extirpated from th e
northern Chihuahuan Desert as the co ntinental glacier melted and
allowed Arctic air t o move s outhward.

In Arizona, California and Nevada , fossil packrat middens
again record juniper woodlands in areas that are now de sert scrub
as late as 8000 years ago . A s i n t h e C h i huahuan Desert, late
Pleistocene and early Holocene desert tortoises were living in
xeric woodland habitats . T h e y b e c ame re stricted to de sert scrub
habitats in the Mohave and Sonoran de serts as the present desert
s crub communities formed 8000 years ago (Van Devender, 1977) .
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Status of the Desert Tortoise in the Colorado Desert

Mark A. Dimmitt

INTRCDUCTION

The desert tortoise (Gopherus agassi zii) is declining through
o ut its range as a result of habitat deterioration and i t s
popularity as a pet; the specie" is fully protected by the Cali
fornia Department of Fish and Game . T h e B u r eau of Land Manage
ment contracted for a tortoise survey in part of the Co lorado
Desert as part of the Environmental Impact Statement for the Sun
desert Nuclear Project.

METHODS

The survey was conducted during June 1976 . E ig h t y - one
transects were distributed mainly around the northern, eastern,
and southern perimeter of the Col orado Desert ( Fig. 1). Eac h
transect was 2.4 km long and ~ 15 m wide . Tr an se c t s w e re
located in presumed suitable tortoise habitat — washes and well
vegetated bajadas. Each transect was walked once and all tor
toise signs were recorded: 1 've animals, shells, seats, tracks,
burrows, a n d c o u r t sh i p r i ng s .

RESULTS AND D I SCUSSION

There are small populations of tortoises scattered through
out the Colorado Desert north and east of the Salton trough
(Fig. 1; Table 1). Because transects were deliberately located
in suitable-appearing habitat, average densities are probably
lower than the figures indicate . Ind i v idual transect results are
given i n Ta b l e 2 .

The greatest concentrations of tortoises were in the south
ern bajadas of t he Cottonwood Mountains and Chuckwalla Bench.
These 2 areas appear to have populations comparable to those in
the moderate to good habitats in the Mojave Desert.

Translation of number of burrows into number of tortoises is
impossible because little research has been done into the number
and depths of permanent burrows that are dug by Colorado Desert
tortoises. The Mojave Desert ratio is 1 "deep burrow" ( ) 1. 5 m)
per tortoise (Kr istin Berry, personal conununi cation ); but in the
warmer Colorado Desert it has not been established what consti
t u t e s a "deep burrow". Because tortoise activity nearly ceased
by June, direct counts were impractical.

Based on this study and numerous incidental observations,
the only good tortoise habitat in the Colorado Desert is well
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vegetated bajadas, principally those that are dissected by
washes. Broad washes appear to be suitable as well • However,
tortoises have been found in other habitats, including the edge
of the Algodones Dunes and on steep, rocky slopes in the Chuck
walla mountains.

No tortoises were found south and west of t he Salton trough;
there is no evidence that they have ever occurred there natural
ly. A n u m ber o f ca ptives were released in An za-Borrego Desert
State Park, mainly in the early 1970s . No e v i d e nce of tortoises
was found in the release areas during this survey. The Park has
records of several sightings dating back to the 1950s; it is
suspected that they were all released animals (Paul R. Johnson,
personaI communication ) .
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Table 1. D e nsity of tortoise burrows in selected areas of Colorado Desert. V a lues are
.2m ean num)>er/sq u ar e k i l o r n e t r e f o l l ow e d b y m e a n n o ./ mi i rr l> a r e n t l r e s e s .

A ct i v e b u r r ows O ld b u r r ow s

Transe< ts Tota l Decl> ( ) s hal l o w Tota l [ >eep ( ) Sh r) lo w
75 cm) 75 cm)

C ot t o r rwood M t s . 93 (241) 50 (131) 43 (111) 39 (101) 12 (3() ) 27 (70)

Chuckwa lla Val ley 54(141) 36 (94) 18 (47) 27(70) 6 (16) 21 (55)

Orcopr.a f i t s . '>0 (53) 7 (18) 14 (35) 7 (18) 7 (18)

C huckwal l a Be r r c h 15 82 (211) 43 (11.3) 38 (99) 34 (89) 1 1 (28) 24 (61)

Palo Verde Mts./

Milpitas Wash 24 (60) 16 (40) 8 (20) 19 (50) 19 (50)

Algodones Durres 20 (53) 14 (35) 7 (18)

Cargo Muchacho Mt .s . 22 (56) 11 (28) 11 (28) 0

East Mesa 0 0

Y uha/Anza-Bo r r e g o
0Desert 17



Table 2. T o rtoise burrows and live tortoises per transect

A ct i v e b u r r o w s O ld bu r r o w s

Transec t Loc a t i on Landform Total Deep Sha ll o w To tal Deep Shal l ow Live t o r toises

Cottonwood Mts.

C huckwal l a
V al l e y

10

12

13

14

15

16

Orcopi a N t s .

18

19

20

21



22 C huckwal l a
eench

23

24

25

26

27

29

30

31

32

33

35

36

37 Palo Verde Mts./

38 Milpitas Wash

40

41

42

43

Smoke Tre e
V al l e y

45 Choco l a t e Nt s .



Table (0o, t in

A ct i v e b u r r o w s O ld b u r r o w s

Transec t Loc at i on L andfo r m Total Deep Shall o w To tal Deep Shall o w L i~e t o r toises

47 Algodones
Dunes

50

51 Cargo Muchacho
Nts.

52

53

54

55

56

57

58

59

6O

61 East N e s a

62

63

64 Yuha/Anza
B orrego D e s e r t

66

67

68



69

70

71

72

73

74

75 B

76

77

78

79

80

81

Key to landform abbreviations:

8 = bajada, including alluvial fans

canyon

H ~ h i l l s

mesa

s andy f l a t s

valley bottom

wash



Preliminary Investigations of the Desert Tortoise
on t.'ie Beaver Dam Slope in Arizona

Judy P . Hohman

In the past, several studies of the desert tortoise, cophezvs
agrassi zii, have been conducted at Beaver Dam Slope in Washington
County, Utah, by Woodbury and Hardy (1948) and Coombs (1974) . In
the winter of 1976-1977 a study of the desert tortoise was begun
on the Beaver Dam Slope, Mohave County, Arizona, in an area south
of the Woodbury and Hardy study site. This current study is
being funded by the Bureau of Land Management •

The terrain of the Slope consists of a broad alluvial fan
which ranges in elevation from 580 m at the Virgin River to

853 m at the Ar izona — Utah border. Th e a r ea is b i s ected by
the Beaver Dam Wash and is crossed by other major washes which
drain to the southeast into the Virgin River. Dominant perenni
als of the Slope include creosote bush, Larrea di varicata, and
bur sage, Ambrosia dumosa, with Joshua trees, Yucca brevi foli a, appear
ing above 610 m. Economic use of the land is limited to cattle
grazing with agriculture concentrated around the mouth of the
Beaver Dam Wash.

Because the study was initiated in winter (the dormant
period of the tortoise) any evidence of tortoise activity was
limited to tortoise sign, that is, tortoise seats, tracks, dens,
and shell remains. The locality of known tortoise sign indicates
that tortoise activity mainly occurs in areas in and near major
washes on the Slope in Arizona. Of 18 tortoise shells discover
ed, 11 were located within major washes, 5 were ( 0 .4 k m f r om a
major wash, and 1, an adult male, was 3.2 km from the nearest
m ajor wash. The location of one of the shells is unknown. O f
these 18 shells, 12 are adults (9 d'8 + 3 q q), 1 is a subadult, 4
are young tortoises, and 1 is a hatchling. The remains of the 4
young and 1 hatchling are evidence that reproduction has oc
curred on the Slope in recent years. Half of the 18 shells show
some sign of predation either in the form of tooth marks or
chewing. Potential predators of the desert tortoise on the
Slope include the coyote, kit fox, and feral dog.

Desert tortoise dens, both permanent and ephemeral, were
primarily constructed within or near established washes. A few
ephemeral dens were found in good condition and were usually

0.8 km from a major wash. Permanent dens were limited to the
banks of major washes and were often excavated just under an ex
posed layer of caliche and rock. These bank dens were of 2
types: those with the familiar shallow dome-shaped opening, and
those with larger cave-like openings similar to those discovered
in the Woodbury and Hardy study (1948). These bank dens ranged
in depth from 0.6 to ) 4 metres.
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A ll tortoise seats found were e i ther in or near the en 
trance to permanent dens. The numbers, sizes, ages, and loca
tions of tortoise seats along 2 of the w a s hes suggest that in
the past, several tortoises have shared the same winter hiber
n aculum in this area .

Tortoise tracks have only been seen at the entrances to 2
p ermanen t d e n s ,

Field studies for spring and summer 1 977 on the Beaver Dam
Slope in Ar izona will focus on attempting to an swer 2 qu e stions
about the de sert tortoise : {1) w h a t ar e the d emographic proper
ties of tnis tortoise population, and (2 ) is competition for food
o ccurring between the tortoise and ca t t le ? To de t e rm ine the de 
m ographic properties of this Arizona popu lation the age , sex ,
weight, shell measurements, and general condition of each to r
toise encountered wil' be recorded . A ny a n o m a l ies or ev idence of
predation will be noted . Ea c h t o r t o ise w ill carry an epoxy
covered number on its carapace along w ith no tched marginal scutes
and branded carapace scutes as add i t ional identifying marks . The
location of each encounter with a t o r t o ise will be mapped eventu
a lly yielding an aoproximate home range for each tortoise . Ten
healthy adults, 5 males and 5 fem a l es , will be equipped with
transmitters . B ec a u s e these 10 an imals can be ea sily located ,
any reproductive activity undertaken by them can be more readily
o bser v e d .

To answer the second que stion of w h e ther competition for
food is occurring between tortoises and cattle, 2 study areas
w ill be established each with a h igh d e n s ity of tortoises . St u d y
a rea No. 1 v ill be fenced thus creating an ex c losure for cattle .

This e nc e d area wi ll enclose just under 2 .5 km , is adjacent to
the Arizona — Utah border, and includes the Ar izona extension of
Woodbury an d Ha r d y ' s " Big Wash" . Stu d y a r e a No . 2 w ill be s im i 
lar in size to the exclosure . Ca tt l e w i l l be free to graze in
this area ac cording to the Bureau of L a nd m anagement's seasonal
grazing schedule. monthly fecal samples will be collected from
tortoises in both study areas and from c a t tle in study area
No. 2. T he s a n p les will be ana lyzed for species composition ,
abundance in diet, and (when possible) the plant part consumed.
Also, the ob served feeding bouts for both to rtoises and ca tt le
will be recorded and dated . A na l y s i s o f f e cal information and
feeding bout ob servations of the ca t tle and to rtoises should
yield a temporal record of the food habits of both of these spe
cies on the Slope in Arizona. M u ltiple temporal comparisons of
the food hab 'ts of these animals w ill revea' competition for fo od
on an interspecific basis if it is present, as well as the extent
of any dietary overlap.

L I T E RA T URE C I T E D

C oombs, E.A . 197 4. Uta h c o o p e r ative desert tortoise study ,
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ment, Cedar City, Utah, and Utah Division of Wildlife Resources ,
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Radiolocating Free-ranging Desert Tortoises

(Gopherus ag a s s i z i i ) : M a x im i z in g T r a n sm i t t e r

Range an d L o ng e v i t y

James L. Schwartzmann and Robert D. Ohmart

This paper discusses a proven and e f ficient method of in
s trumenting free-ranging desert tortoises with radios . Rec e n t
interest in field studies concerning the desert tortoise have
increasingly shown definite problems in relocation of marked in
dividuals using nonbiotelemetry techniques . Re l o c a t ion problems
can be minimized or alleviated by the use of radio transmitters.

T his study was initiated in August 1975 in Pinal County ,
Arizona, to determine the movements and behavior of native desert
tortoises. T h e use of r a dio equipment for location of the ani
mals was essential due to the rough, rocky terrain and the natu
ral camouflaging color of tortoises.

METHODS

The basic system consists of a transmitter, battery, and
antenna with ground plane . The r e w er e 2 v a r iations, one for
males and one for females . Bo t h v a r i a tions included a 26 -g
transmitter (35 X 27 X 10 mm ) , either a 40-g or 85-g lithium
s ulfate battery, and a tr ansmitting antenna system . T he 4 0 - g
lithium sulfate battery is equivalent in size to a st andard "C "
c ell flashlight battery and has a l ife expectancy of 12 months .
The SO-g battery is equivalent in size to a standard "D" cell
flashlight battery and has a l ife expectancy of' 36 months. The
transmitting antenna system consists of a w ir e o rm e d i nto a
helical configuration and a co p per sheet !ground plane) attached
to the negative pole to provide a d i f f erential between the 2
components resulting in increased signal range .

The transmitter and ba ttery used on ma les was enclosed in a
hermetically sealed metal can with the antenna wire extending
from it. Th i s is the simp lest variation to apply and is cemented
(epoxy glue) to the posterior portion of the carapace. It is
essential to position the unit so that its top is no higher than
the highest portion of the carapace, thus insuring no in terfer
ence in movement into and out of former bu rows, and to po s ition
the unit so that copulatory activity will not be inhibited. The
antenna wire is glued along the left marginal scutes to the
nuchal scute and then along the vertebral scutes to the center of
the carapace. T h e ground pl a ne ( copper foil) is glued to the
right marginal scutes . A sho rt. wire must be soldered to the
ground plane and to the can itself.

In instrumented females, the canned transmitter and battery
are not enclosed in a second me tal can . Th e t r a n smitter and
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battery are glued to the anterior marginal scutes, one on each
side of the nuchal scute, insuring no mechanical interference dur
ing copulation. As with the male, no portion of the attached
units should be higher than the highe t part of the carapace. T he
antenna wire is glued over the left marginal scutes to the pygal
s cute then continues to the third vertebral scute . T h e g r o u nd
plane is then glued over the right marginal scutes and portions of
t he second and third costal scutes on the same side .

In both cases (male and female) the antenna wire must be at
least 46 cm long and at least 4 cm from the copper foi l. The
copper foil should be ~ 2 cm wide and 7.5 cm long. Any good
5-minute drying epoxy glue can be used but should be mixed for
2-3 minutes before application to insure rapid hardening and mini
mal runoff. All components should be covered with at least a 2-mm
layer of hard epoxy for protection from mechanical damage. Natu
ral scute coloration is maintained by either adding a colored com
pound to the epoxy during mixing or by spray pointing the glued
components. The former method has been more desirable due to
i ncreased permanence and decreased potential toxic effects. Re
moval of the glued components is easily accomplished with no
damage to the scute material of the tortoise. A groove is filed
in the epoxy to the scute material and carefully pried off with a
screwdriver. The range of this system has been from 1.6 to 6.5 km
on the ground and up to 19 km from the air.

The receiver system consists of a 4-element yagi directional
antenna and a multichannel receiver (up to 100 channels availa
ble). All equipment necessary to instrument the animals is
available through Telonics, 1048 East Norwood, Mesa, Arizona
85203. This method has been used successfully since August 1975
in collecting data on movements and behavior of 11 desert tor
toises. To date there have been no instances of damage or injury
to animals using this method.

Department of Zoology and
The Center for Environmental Studies
Arizona State University
T empe, Ar i z o n a 8528 1
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Daily and Seasonal Behavior, and Areas Ut ilized
by the Desert Tortoise Gopherus agassizi

in S o u t h e r n Ne v a d a

Bett y L . Bu r g e

Fr m May 1974 through October 1975 changes in daily and

seascnal incidence cf activity, distances travelled, and

sizes of areas used by free-living tortoises were determined
from captures of 116 marked tortoises (without transmitters)

of va"ious sizes, by radio tracking 10 adults, and by moni

tering cover site use. T o rtoises remained in burrows from

November to February. The latest emergence from hibernation

was on 20 April. By t he 2nd week in May most epigean activ

ity was limited to early morn' n g and late afternoon. T h e

option to emerge during the 1 or 2 activity periods availa
ble was not ilw ys utilized by an individual, hence these

periods were referred to as potential activity periods (PAP).

Follcwing the =er od of initial emergence from hibernation,

20% of t he "bserved PA? of transmitter-bearing adults indi

cated no-egress. N o -egress periods ) 2 co nsecutive PAP

were 'nfrequent. M ean distance travelled during a PAP was

150 m (23-434), nearly ecual for > < and 9 ) . S h o rt

and long trios were made each month but a greater number of

long trips were observed from July to September. M e an home
r ange s i z e o f ,; ' was 32 h a (11- 65 ) r o f g g , 14 ha (6 - 27 ) .
Adults used ( 5 - 90~ of tneir home range each month. A c t iv

ity levels, movements, and sizes of areas used suggested the

influence of ambient temperatures, availability of green
forage, and periods of sexual interaction.

Available data on da ily and seasonal behavior of free-living
Gopherus a@assi z' are few. A spe c t s of s easonal changes in the
daily activity patterns of G. agassizi have been reported by Berry
1972, 1974a, 1974t), B attstrom (1961), NcGinnis and Vo igt (1971),
Voigt (19 7 2 , 19 7 5 ) a n d N o o dbur y a n d H a r d y ( 19 4 8 ) w h os e c o mprehen
sive work includes home range estimates. In Ca l i f o r nia, Berry has
reported on several populations with special emphasis upon feeding
habits, population structure and condition in response to the im
pact of man . So m e o f B e r r y 's work (1972, 1974a, 1974b, 1975a,
1975b, 1976) dealt with the behavior of transplanted free-living,
released captive, as well as resident free-living tortoises. C om 
parable studies of ree -l i v i ng desert tortoises in Nevada have
not been reported with the exception of feeding habits and popu
l ation characteristics (Burge and Bradley, 1976 ) .

From i~Iay 1974 thrcugh October 1975 numerous as pects of popu
lation and individual characteristics were studied (Burge, 1977).
The present paper deals with some of those factors: s easonal
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changes in the general level of activity; changes in the inci
dence of specific activities (feeding, reproduction); the sizes
of the areas used by individuals at different times of the year;
and the relationship of size and use of these areas to general
activity levels, sex, weather factors, availability of forage,
and location of hibernation sites.

The Arden Study Area (elevation 820 m) is ~ 3 04 ha o f
typical Creosote Bush Community of Southern Nevada (Bradley and
Deacon, 1967). The area is located on an alluvial fan sloping
eastward 2-4% from near the base of the Spring Mts. ~ 15 km
SW of Las Vegas, Clark County, Nevada.

The following climatological data are from U.S. Weather
Bureau records, 1937 through 1974 recorded at McCarran Inter
national Airport (elevation 658.5 m) at Las Vegas. Mean minimum
and maximum temperatures of 0.3 C and 39.9 C occur in January
and July respectively. Snow is rare. M ean annual precipita
tion, 98.5 mm, occurs mainly between July and March. C ompari
sons of ambient temperatures (T ) as departures from normal were
b ased upon av e r ages s i n c e 1 9 3 7 .

METHODS

As the study area was methodically and repeatedly searched
on foot for tortoises and discrete cover sites a map was drawn
by pacing and unaided triangulation of salient topographic fea
tures. Comparison with aerial photographs and ongoing use and
correction of the map to plot and relocate cover sites showed the
pacing distances to be accurate within 5-10%.

Fieldwork usually began at dawn (later during winter) and
continued for 5-7 hours; 18 visits began early afternoon and
ended at d a rk .

Data recorded at each sighting of a tortoise included: time
of day (Pacific standard time); ground surface temperature (T s);
ambient temperature (Ta) ~ 1 m a b ove the substrate using a
Schultheis rapid-registering mercury thermometer (unshaded). The
tortoise's location was plotted and its specific situation and
behavior described. At initial capture, each tortoise was marked,
measured, and if possible, sexed. Transmitters were affixed to 5
adult males and 5 adult females, 220-286 mm carapace lengths.
Locations of transmitter-bearing tortoises were determined 1 or
more times per day every 1-3 days between mid-September 1974 and
the end of October 1975.

Primarily diurnal, the desert tortoise avoids lethal epigean
temperatures by intermittent use of cover which includes burrows
of different lengths and depths.

The effects of seasonal Ta change in creating 1 or 2 daily

periods that are conducive to activity have been observed in the
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behavior of G . agassi zi by Berry (1972 ), Brat ts trom ( 1961) and
others. A u f f e n burg and Weaver (1969) and Rose and Judd (1975)
observed the pattern in Gopherus herlandie=i in Texas, and Gourley
(1974) observed the pattern in Gopher polggAemu~ in s out heastern
U.S. O t h e r p e t terns include the difference among individuals
regarding the time of onset and duration of act ivity within the
same active period and the intermittent tendency for individuals
to remain in cover throughout an activity period. Implied in
these behavioral variations are important physiological patterns
not within the scope of this study.

A~crivit . T o compare ac t ivity parameters over the year, utili
zation of time was plotted against the smallest functional unit
of time available during which ambient conditions were poten
tially suitable for activity or at least not prohibitive — 1 or 2
per day depending upon the season. T hese periods were referred
to as potential activity periods (PAP).

The seasonal changes in the number and duration of daily
PAP were measured by noting the number of individuals active
between 0500 and 19 00 . W h e n k n o wn , each hour of an i nd ividual 's
continuous activity was included.

To compare the monthly change in number of ac tive indivi
duals each tortoise was counted only once dur ing a PAP . Obse r 
vations of transmitter-free tortoises only were i ncluded because
of the larger number of individuals represented and the opportu
nity to observe them was available throughout the PAP unlike the
more nonrandom relocations of transmitter-bearing tortoises.

A tortoise was considered active when it was out of cover .
Basking was not included, neither was emerging from nor retreat
ing to cover unless activity other than ba sking was observed.
Cover included shade, overhanging branches of shrubs, superfi
cial depressions under shrubs or boulders as well as completely
subte r r an e a n b u r r o ws .

Relative level of activity was indicated by (1) measuring
the frequency of egress versus no - egress from cove r, and ( 2) the
frequency of change to another cover site, both being determined
from transmitter-bearing adults, and (3) the number of cover
sites indicating recent use.

To indicate activity at a cover site, half-lengths (7.5 cm)
of commercial applicator sticks were inserted vertically across
the floor of each cover site opening . Sti c k s w ere easily pushed
flat as a tortoise passed through . St ' c k s that remained upright
at an occupied burrow throughout 1 or more PAP de f i nitely indi
cated no-egress . Cov e r s i tes were exam ined at a r ate of 9-15
per hour. Most sites were checked at irregular intervals from
twice daily to twice monthly. A bou t 2 5 % of t he s i tes checked
during a field day were checked each field day; 50% were checked
twice per week. Toppled sticks and the natural erosion of
tracks and plastral impressions indicated (1) use by a tortoise
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and (2) approximate elapsed time since use. Use within 5 days
prior to a check was considered "recent". F ol l o w in g a c h e c k ,
toppled sticks were reinserted .

The distance traversed during a PAP was referred to as a
single trip distance (STD) . T h i s t erm app lied whether or not
the tortoise changed cover sites. To determine the distance
traversed, observation throughout a single complete PAP was re
quired, i. e., location in cover before the trip began, during
the trip, and in cover following the trip. Unless directly ob
served, actual paths during activity could not be traced because
tracks were rarely evident.

Home Ran e and Activit Areas. Th e principal method for deter
mining the size of areas used by transmitter-bearing adults was
by frequent direct observation. Convex polygons were drawn from
plotted recapture points and the areas within measured with a
planimeter. To compare area size, and manner of utilization
throughout the year among transmitter-bearing adults, the im
posed time frame — a calendar month — was used.

Home range size was determined for several transmitter-free
adults ( ) 214 mm carapace length). The areas of their convex
polygons were adjusted, using the Jennrich and Turner (1969)
c orrection factor based upon the number of captures . The i r
method accommodates noncircular home ranges; also, the correction
factor attempts to eliminate sample size bias. In this context,
the home range is the area of the smallest. region which accounts
for 95% of the animal's utilization of its habitat and assumes
that utilization is expressed by a bivariate normal distribution.

Tests for significance were at the 5% level using Student's
t-test or else a chi-square test with Yates correction.

RESULTS AND D I SCUSSION

Excluding repeated sightings during hibernation, data were
obtained from 116 transmitter-free tortoises (38-286 mm carapace
length) captured 666 times and from 10 transmitter-bearing adults
captured 1252 times . Fo u r o f th e transmitter-bearing adults were
monitored for only 2-9 months. About 64% of the relocations of
transmitter-bearing adults were made within 1-PAP intervals;
24%, within ) 1-4 PAP intervals.

A~otivit . Active.ty over a year showed 2 major divisions: (1) an
active season in spring, summer, and early fall with varying
levels of activity; and (2) an inactive season in winter during
which tortoises exhibited virtually no activity.

Beginning during the 3rd week of October 1974, a decisive
change from frequent egress to 100% no-egress occurred within
less than 2 weeks. Immediately prior to this change, males were
emerging more often than females (Fig. 1). In 1975, the increase
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in no-egress of 2 females occurred during the last 2 weeks of
September . T h e percent no-egress recaptures of males was higher
during this period in 1975 than in 19 74 . A su d d e n d e c rease in
daily Ta to highs ( 2 0 C and lows ( 10 C o c c u rred during the

last week in October 1974 and during the first week in October
1975.

No definite dates were available for the beginning of hiber
nation in the fall 1975 because transmitters had been removed
intentionally before tortoises became inactive and out of reach
in dens. De n s w ere burrows usually ) 300 c m i n l e ngth with
c apacities for several tortoises. A ft e r th e 1st week in Oc tober ,
t ransmitters remained on 2 females on ly .

In 1974, the onset of hibernation, known for 16 tortoises ,
began over a period of 17 days between 26 October and 11 Novem
ber; for 13 of the 16, between 26 October and 3 November . B e
tween early November 1974 and 1 March 1975 tortoises remained in
their burrows without egress . No n e of th e b urrows mapped or
checked during that period indicated recent use and no tortoise
was ob s e r v e d a b o v e g r o u n d .

The total length of the hibernation period, i.e., the time
interval between the earliest date after which a tortoise showed
no further sign of activity and the latest date of emergence,
was 168 days. Individual periods ranged from 121 to 168 days
(x = 1 3 7 ) .

Hibernation ended or initial spring emergence occurred for
26 tortoises between 1 March and 20 April (51 days); 7 indivi
duals during the 1st week in March ; 5 during the 2nd; 2 during
t he 1st week in April; and 12 between 12 and 20 Apr il . Occ u p a n t s
of the same den made their emergence on widely separated dates
that showed no correlation with sex or s i ze . In d i v i d uals that
emerged prior to 12 April had subsequent periods of 6 to 34 con
secutive PAP without egress and ba sking comprised most of the
activity observed . F o r s om e ind ividuals, hibernation was appar
entl y r e s u med.

For certain populations in Ca lifornia, hibernation usually
begins from mid- to late October and ends during the last week in
February or early March (Berry, 1972, 1974a, 1974b) . In south
w estern Utah, tortoises moved into winter dens during October .
During April, tortoises left dens and moved to areas where "sum
m er ho l e s " w e r e l oca t e d ( Woodbury a n d H a r d y , 19 4 8 ).

Between 24 February and 3 March Ta laws increased from 1 to

lloC; highs from 19o to 27 C ; however, after 3 March temperatures
decreased and between 10 March and 12 A p r il, 26 of the 33 days
averaged below normal, on 11 days by 6 or more degrees Celsius.
H ighs on 28 of the 33 days never exceeded 2loC . Dur i n g th e
second half of April, daily highs seldom reached 24oC and daily
means remained as much as 7oC below normal until the beginning of
the 2 n d we e k o f May •
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From the last initial emergence from hibernations (20 April)
through September, only 20% of recaptures of transmitter-bearing
adults indicated no-egress (Fig. 1) . T h e s e m imonthly mean per
centages for males and females were similar; however, the fre
quency of occurrence and the duration of periods of no-egress
through the active season varied considerably with the individual.

The last post-emergence period of 2 or more consecutive PAP
of no-egress before activity became more or less sustained was of
9 PAP ending 7 May (Fig. 2). In June, all observed periods of 2
or more consecutive PAP of no-egress occurred during the last
half of the month. The longest periods of no-egress that neither
immediately preceded nor followed hibernation and were not the
apparent response to injury were 2 periods of 6 and 7 PAP involv
ing 1 male and 1 female during the last half of August and the
first half of September. For transmitter-free tortoises there
was no indication of extended periods of no-egress with the ex
ception of early spring.

Upon emergence from cover, a tortoise usually basked . Dura
tions of basking were not observed in most instances but basking
was observed in every month of the active season. After basking,
a tortoise might (1) return to cover without further activity ,
(2) travel varying distances and return to the same cover site,
or (3) travel and end activity at another cover site. Although
the difference between the first 2 alternatives is biologically
significant, the relative frequency of each alternative was not
determined; however, basking followed by retreat occurred each
month and between changes to another cover site, egress occurred
during more than half of the intervening PAP . A tra n sm itter
bearing adult generally used a given cover site for ( 1 to 6
PAP be t wee n c h a n g e s.

The frequency of cover site change by transmitter-bearing
adults (Fig. 3) forms plotted curves that are nearly the recipro
cal of no-egress curves (Fig. 1). Not until mid-April did the
frequency of change equal that of prehibernation. Except for a
drop to ~ 20 % in the second half of June for both sexes, the
frequency of change remained between 40% and 70% for males
through September and for females through the second week in
A ugust. T h e g r e a test frequency of change of each of the 3 fe 
males was in July. During other months, the frequency varied
considerably among individuals of the same sex. For example,
during the last half of September, 2 females showed a 48% fre
quency of change, the third, 14%. In August the frequency of
change of 2 males ranged from 85 to 100%, the third ranged from
0 t o 2 5% .

From mid-September 1974 through October 1975, 700 cover
sites were checked 7000 times for use • In 1974, the decrease in
use during the 3rd and 4th weeks of October was apparent, day to
day (Fig. 4) . In 1975, use decreased from 47% on 28 September
to 10% during the 1st week of October. There were decided in
creases on 3 May and 16 July. The peak of 64% on 28 July was
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followed by cont' nued high level of use through September. Dur
ing the last week of July and the f irst half of August there were
13 days during which Ta reached maxima for the season — 38.0oC to

4 5.0oC and daily lows were between 24.0 C and 2 9.0 C . The f r e 
quent but discontinuous use of burrows during this period was not
indicative of a general tendency for aestivation.

The number and duration of da ily PAP changed through the
season (Fig. 5). T h e d i s t r ibution of hours when tortoises were
active was similar for transmitter-bearing and transmitter-free
adults ( ) 214 mm carapace length) . A bo u t h al f the ob servations
were from each group and their data were combined. The number of
adults per hour calculations were adjusted to accommodate slight
d ifferences in the duration of field vi sits .

From the 2nd week in May th rough the 3rd week in September
between 1130 h and 1500 h only 2 a c t ive tortoises were s e e n.
Both sightings were on 22 Nay between 1200 h and 1300 h; Ta was
2 3.4oC; c l o ud c o v e r 5 0 %.

The morning PAP in each month (May-September) were ~ 6
h ours duration; the afternoon PAP , ~ 4 hours. V is i t s from
1500 until dark comprised only 10% of the field hours and those
afternoon PAP during June, August and September were less well
r epr e s e n t e d .

Tortoises were observed moving into cover within the last
f ew minutes before darkness prevented further observation . I d i d
not remain on the study area af ter dark ; however, location checks
on the morning following evening observations never indicated
t hat egress had occurred during the nigh t .

The dates during which the number of PAP/day changed in the
spring and fall were estimated from the individual records of 8
transmitter-bearing adults . F or e a c h , the seasonal change oc
curred within less than a w e ek . In fa l l 1 9 74 , the total period
of change (8 adults) extended from the last week in September
into the 3rd week of October . T he p e r iod of change , spring 1975,
extended from 27 April through 11 May . In f a l l 1 9 75 , 3 females
changed on or about 21 September, and the 3 males sometime after
1 Oct o b e r .

The approximate duration of ac t ivity for an ind ividual dur
ing a PAP was observed on 80 occas ions . M o s t o b s e rvations were
of transmitter-bearing adults during the morning PAP of 2-PAP
days. D a t a from ma les and females were combined . T he f r e q uency
distribution within given activity-duration-ranges were as
f o l l o w s : 1 h , 2 ; 1>- 2 h , 2 7 ; 2> - 3 h , 3 9 ; a nd 3> - 4 h , 1 2 . The
sample size was too small and the range of durations too wide to
determine if monthly differences were significant; however, both
long and short durations occurred each month and all observed
durations were shorter than the length of the PAP. V o ig t (1 9 72)
observed that individuals might emerge over a 2Q-hour period
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during a PAP and remain active from ( 1 to 4 h during a given
period •

During 1-PAP days and the morning of 2-PAP days the monthly
mean Ta during which tortoises were active ranged from 17 .5oC in

March t o 30.5 C in July. Dur i n g t he afternoon PAP, m eans r a n g e d
from 28.5 C in May to 3 5.8 C in July. F ro m M a y t h rough October
the mean Ta when tortoises were observed moving into cover fol

lowing morning activity was 31.0oC.

The absence of active individuals near midday during most of
May through September, and the fact that during those hours all
tortoises sighted were in cover, may be due to the prohibitively
higher Ta, which during the 1st week in May began to exceed
30.0oC in the sun at 1 m above the ground surface . T he e f f ect of
high Ta was also suggested by the progressive change in the hours
during which most of the active tortoises were observed, i. e. ,
becoming earlier in the morning as spring progressed and later
toward fall. The pattern of season change in number of activity
periods per day was similar to that described by McGinnis and
Voigt (19 7 1 ) a n d o t he r s .

The number of observations of active individuals each month
(Fig. 6) was determined from 55 adults and 25 juveniles and
subadults (82-214 mm). The monthly values were adjusted to cor
rect for slight differences in time spent in the field each
month .

A greater number of active individuals (all sizes) were ob
served during May and July. Considering 1975 only and eliminat
ing March values, the number for each month was compared to the
expected (the mean, April through October). April and October
were significantly less than expected; May and Ju ly, significant
ly greater than expected (P g .05). The number of "active" ob
servations was greater in October 1974 than October 1975.

The number of active adult males per month was compared
with the number of active adult females. If the sexes were
equally active during a given month the number of observations
(unadjusted values) for each sex would be expected to be propor
tionate to the percentage of each sex in the adult population.
Of 67 adults marked during the study, 59. 7% were males; 40.3%,
females • For each month, the numbers of active males and females
did not differ significantly from the expected (P ) . 05) al
though during May 1975 and September and October 1974 the number
of active males was proportionately greater than the number of
active females.

The 47 observations of individuals ( 214 mm carapace length
were too few to indicate any more than the major seasonal activi
ty trends. Observations of active tortoises 4' 180 mm, 40% of
the marked population, comprised only 12% of all observations
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during activity; tortoises ( 100 mm , 13 % of the marked popula
tions, comprised only 1. of the observations.

Probably the major factor responsibl for th d i f ferences
between total number of large and small tortoises observed is the
greater dif'iculty in detecting small tortoises. A l so , s t ructur
al and possible physiological differences affecting heating and
cooling rates among tortoises of different sizes may influence
the time and duration aboveground and microhabitats chosen •
Among the structural differences of small tortoises is the in
completely ossified shell during the first few years of life .
Without the insulative properties of an ossified shell, heat ex
change rates may be affected.

Comparing thermal relationships in the laboratory among 7
age-s i z e c l a s s e s , N a e g l e (1 9 7 6 ) f ou n d t h at sm a l l er (you n g er ) t or 
toises heat and cool at about the same rate . W i t h i n c r easing
size, heating rate decreases but becomes progressively greater
than cooling rate . Na e g l e 's findings also indicated that tor
toises ( 1 2 5 mm c a r apace length and 4 500 g h a d s i g n i ficantly
higher preferred body temperatures than larger tortoises and
therefore may be active at higher T a.

Under equal ambient conditions small tortoises with shorter
heat exchange cycles may emerge intermittently for shorter peri
ods than larger tortoises and may remain closer to shrub cover
during activity. The PAP of juveniles may also differ.

Aspects of feeding including species use frequencies for
the 1975 season were previously described for the Arden popula
tion (Burge and Bradley, 1976) • Br i efly, temporal aspects of
feeding and forage availability were as follows : T hi r t y tor
toises were observed feeding on 118 occasions; 93% of the feed
ing observations were from May through September . Pe a k m o n ths
were May and July . A sli g h t decrease in the number of observa
tions (mid-June) was coincident with the drying of winter annuals,
particularly p2antago insulari s, which was eaten during 37% of the
feeding observations, more frequently than any of the 17 other
forage species. To r t o i ses also ate Plantago and other species
when the plants were dry, On 3 July, rain and extensive flooding
produced a second emergence of winter annuals and renewed growth
of many perennials including food species. Green forage was avai
lable through most of Ju ly, the month wi th the greatest number of
feeding observations.

Observations of courting, combat and associated behavior or
its sign are given in Table 1. Rec e n t m at ing depressions and
linear paths which remain on the soil surface following copula
t.ion and/or mounting were counted as additional indications when
the behavior was not observed. M a ting depressions have been
d escr i be d b y B e r ry (197 2 , 19 7 4b ) a n d Woodbury a n d H a r d y (19 4 8 ) .

Male-female interaction was implied when there was simulta
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neous use of burrows which during most of the season were occu
pied by only 1 tortoise at a time. Periods of simultaneous use
by a pair usually extended over 2-4 PAP i u r i n g wh i c h e g r e s s
usually occurred and recent mating depressions were sometimes
found within a 10- to 20-m radius. Each observation involved 1
male and 1 female except for 4 observations in which 1 female was
found with 2 or 3 males . De n s w ere not included in tabulating
these data because both sexes used dens simultaneously year-round.

The few observed agonistic encounters between males began at
a cover site and extended over 20-60 m.

Observed simultaneous use of single-tortoise burrows by 2 or
more males was repeated to continuous over 2-4 consecutive PAP.
Once inside, no agonistic behavior was observed; however, some
times 2 or 3 head-bobs were seen just prior to passage through
the opening which was accomplished without incident more often
t han no t .

No agonistic behavior between females was observed and no
females were found together in single-tortoise burrows.

Irregularly shaped areas of disturbed soil with tracks (but
none of the distinctive signs of copulation) were obviously the
result of energetic interaction. These encounters may have in
volved a male and a female, but more probably, 2 males. In each
instance, this sign was within 1-10 m of a burrow.

Berry (1972, 1974b) observed 2 periods of courtship and mat
ing which coincided with periods of peak activity, one in the
spring and the other in late summer and/or fall. On the Arden
Study Area in 1975, the general level of activity was highest
during May and July; however, only 7% of the male-female inter
actions were observed in May, 9% in July, and 75% in August and
September. The low number in May may have been the result of
below average Ta with a proportionately greater time spent bask

ing. Berry also observed that several males copulated with the
same female and there seemed to be no fixed pairs. S imilarly,
on the Arden Site sexual relationships were promiscuous. In
creased movements would be associated with this type of pairing.
Increases in agonistic behavior and other indications of male
interaction were coincident with increases in the general level
of activity and breeding behavior. It is reasonable to assume
that this increase in agonistic behavior was partly the result of
an increase in male contact as they sought females.

Sexual activity apparently was not dependent upon opportuni
ty. For example, males and females shared dens simultaneously
during every month. Male No. 108 spent much of his time in an
area shared by the 3 transmitter-bearing females. One of female
No. 96's burrows was within 1 m of one of No. 108's principal
burrows, and male No. 108 shared a burrow with another female
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for several days in June . T he r e wa s no s ign of No . 108 interact
ing with either female; however, he was sexually active in Sep
tember and October .

The copulation and sign that was observed only in October
1 974 p r o b a b l y r e f l e c t e d t h e l o n g e r p e r i od ( > 2 we e k s ) d u r i n g
which Ta remained high enough to support continued activity in

c ontrast to October 1975 (Figs. 1, 3, and 4 ) .

Berry {1972, 1974b) observed that males (at the Salt Wells
V alley Site) we=e never seen together in a bu rrow . D e n s w e r e no t
observed there . Ev e n d u r ing hibernation, 1 male with 1 or
females was the rule. Gran t ( 1 9 3 6) observed only s ingle occu
pants in burrows {California). W o o d b ury and Ha rdy (1 948) found
that at a given time the average number of observable occupants
in any 1 of 95 monitored dens was about 3, with the maximum
being 17. These dens, in the consolidated gravels of wash banks,
were used primarily as hibernacula, apparently by both sexes
simultaneously. There were a few instances of simultaneous use
o f t h e s ho r t e r " summer holes" ( 1 m long ) b y a m a l e a nd
female. W o o d b ury and Hardy (1948) observed shoving and jousting
between males when placed in the sun following temporary removal
from dens during hibernation.

O ne instance of egg laying was ob served on 11 J une 19 7 5 .
Few data have been reported regarding nesting behavior of free
living G . ages' zi . Berry {1 9 7 4b ) o b s e r v e d e g g l ay i ng on 7 Jun e .
Laying dates reported for captives extend from 28 May through 28
July, most occurring in June (Booth, 1958; Grant, 1936; Miller,
1955; Nichols, 1957; Stuart, 1954) . Lay i n g d a tes of 10 c lutches
from captives maintained out-of-doors, year-round at my Las Vegas
r esidence were from 16 May through 20 June (1 974-1975) . Lay i n g
on the Arden Site was apparently a normal representative of the
nest in g p e r i od .

Manner of travel was typified by steady pace on a c l early
evident heading . If a f ter several minutes a torto ise's location
was sought by following the tortoise's original heading, the tor
t oise was commonly located in a burrow on that heading . Dur i n g
this kind of travel the tortoise repeatedly circumvented shrubs
a nd boulders and returned to the original heading . Du r i n g
straight-line travel, the tortoise might pause to feed for sever
al seconds to min utes. "Straight line travel" has been described
b y Berr y (19 7 2 ) .

The difference between the distance actually travelled and
the straight-line distance (SLD) between 2 cover sites was
determined for 20 STD observed for 95 to 1 0 0% of their lengths.
The STD included devia ions imposed by topographic barriers.
Nine of the 20 trip " istances were equal to the SLD and this in
cluded the longest trip observed (434 m) . F o u r w e r e 10% longer
than the SLD . T h e m a x imum deviation was 38 . 5%, the mean 9 .3% .
There was no apparent correlation between the length of the trip
and the amount of deviation.
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Deviations were associated with feeding, copulation, or move
ments along a wash bottom or rim prior to a major correction in
heading. Sometimes no cause for deviation was observable. Seg
ments of a trip that were deviations were fea. and were often
travelled as a SLD . F o r t h e purpose of com parison, each STD be
t ween 2 cover sites was expressed as the S L D .

When a tortoise returned to the same cover si te from which
the trip began, the configuration formed a loop, generally ellip
tical in outline with lateral deviations often no more than 1 or
2 body lengths. Total travel distance was observed for 7 loop
trips which occurred at different times over the season. The
m aximum distance from the cover site ranged from 42 to 113 m. T h e
mean distance travelled, 148 m, did not differ significantly from
the mean STD between 2 cover sites (P ) . 05), consequently, the
distances of both types of trips were considered together.

Single trip distances observed for 1 transmitter-free and
10 transmitter-bearing adults included 111 in 1 975 and 6 during
September and October 1974. Of the 117 STD, 27 were observed for
95 to 100% of their length, 39 for > 50%, and 51 f o r ( 50%. Tr i p s
observed for ( 95% of their lengths were observed over 2 or more
discontinuous intervals . O f t h e 11 1 STD o b served during the
active season 1975, trips ( 50 m comprised 7%; 50-200 m, 75%; and

200 m, 18%. L e n g ths of the 6 STD ob served during September
and October 1974 approximated this distribution. In each month,
t r i p s > 200 m never comprised more than 29%; however, 85% of all
t r i p s ) 200 m were observed during July, August, and September.
Those in July were made by females and comprised 50% of all their
trips ) 200 m; those in August and September were mostly by males
and comprised 90% of their trips > 200 m .

In 1975, STD mean ( ~ 1 SE) of males was 143 ~ 12 m (23-381);
of f e m ale s , 14 7 ~ 9 m (49- 36 6 ) (F i g . 7 ) . Th e d i f f er en c e be t w e e n
the means is not significant (e > .05). T he mean of males in
July was significantly lower than their seasonal mean. Male mean
in September-October 1974 did not differ significantly from the
September-October 1975 mean . O f f e m a l es , only the higher mean in
March differed significantly from the season mean. W hen monthly
comparisons were made between males and females, only in July did
they differ significantly.

The 111 STD represented 75% of the 1- PAP ob servations made
after travel was known to have occurred (all known trips); but
only 30% of all known trips (1975). On a monthly basis STD repre
sented 11-50% of known trips. The significantly higher mean STD
of females in March was based upon only 4 S TD ; however, they
represented the highest percentage of known trips for any month
(50%). May and the first half of June were the least well repre
sented (11-19% of known trips). During July, August, and Septem
ber when STD represented 30-41% of known tr i ps , 7 of the 8 STD
g 50 m were observed as well as the greater percentage of STD
) 200 m. It appears that when sample size was ) 30% of known

trips during a given month, short and long trips were observed.
The significance of differences between monthly means of each sex
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and between the sexes are very possibly the result of small sam
ple sizes and extreme variations among individuals (suggested by
variations in data from other activity parameters) .

Areas. Seve n transmitter-bearing adults were relocated 135 times
between July and hibernation 1974 . On l y 1 o f t h ose sites was
outside the area used by that individual during 1975; therefore,
1 974 sites were included in total home range data . The m e a n
convex polygon areas of 3 males and 3 females monitored for a
full active season did not differ significantly (P ) . 0 5 )
(Table 2 ) .

For each individual total home range area was also calculated
by taking random samples of recapture loci . T he s e s u b samples were
plotted and the areas measured. U sing the Jennrich and Turner
(1969) method the projected areas were larger than those observed;
however, the difference between the observed and adjusted means
was not significant for either sex (P ) .0 5 ) . Fro m o b s e rvations
of movements relative to peripheral cover sites and observed home
range boundaries, the home range sizes, as observed, were consid
ered to be more representative.

There were periods of 1-4 weeks during which an ind ividual
utilized a more or less discrete area and expressed a relatively
consistent level of activity; however, these periods varied in
distinctness throughout the season and showed no co n s istent rela
tionship to the periods of otner individuals . G a p s i n d ata co l
lecting were sufficient to create or augment these ambiguities;
h ence, the use of the ca lendar month for comparisons . If n a t u 
rally occurring periods were correlated with sex, ambient condi
tions, or other factors, more 1-PAP ob servations would be needed
f rom a greater number of individuals .

The monthly activity areas were more or less discrete but not
a lways mutually exclusive (Figs. 8A, B, C) . Dur i n g a few mo n ths ,
frequent successive sightings and observed trips resulted in
plotted points that formed a l i near configuration the area of
which could not be measured precisely . D ue t o t r a n sm itter fail
ures (1975) contact was lost with male No . 161, 10 June-9 July ;
with male No . 108 from 22 -25 April and 17-20 September; and with
femal e N o . 9 4 f r om 1 2 - 2 0 Ap r i l .

The percentages of home range area used by each adult dur
i ng each month were averaged for each sex (Fig. 9) . In 1 9 7 5 th e
greatest percent used by each of the 3 females was during June and
J uly, when the range of the max ima was 6 5-90% . A mo n g th e 3 ma l e s ,
the months were Nay and Augu t a n d/or September when the range of
t he maxima was 40-85% . T he s m a l l est activity areas ( ( 5 - 2 0 % )
were used during October, March, and Ap ril by both sexes and in
August by 2 females and 1 ma le . Th e o t h e r 3 ad u lts ranged widely
during August . A m i d - m o nth reduction in size of area occurred in
June for 4 of t he 5 t ortoises that could be relocated. A s a ru l e ,
the actual number of hectares used during a given month also
varied widely among individuals . F or e x a m p le, the individual
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maximum of females ranged from 8 to 24 h a, that of males, 11 to
2 7 ha .

There were no obvious differences among the areas in the
availability of forage, cover sites, or potential mates. Mean
tortoise density was 1 per 2.3 ha.

During August, September, and October 1975, 5 of the trans
mitter-bearing tortoises were observed using cover sites or
discrete areas that had not been used by them since approximately
the same dates during the previous year. T here were 8 such in
stances. Two (by males) involved widespread movements and sever
al burrows and included returns to hibernation sites. Five (3 by
females) involved the use of 1 burrow for 1-12 days. Except for
the 1, 1-day use the burrows were used simultaneously by a male
and female or by 2 males for most of the period. Recaptures dur
ing these periods increased home range areas 0-10%. Male
No. 16 0 ' s ar e a w a s i nc r e a se d 1 6 5 %.

The relationship of the location of the hibernation site to
area used during the active season was known for 26 tortoises.
Hibernation sites of 24 were well within their respective active
season areas; 2 tortoises used a site that was 1100 m from the
closest boundary of their respective active-season areas. Eigh
teen (of the 24) used their hibernation sites during the active
season.

The relationship of hibernation sites to widespread periodic
movements into infrequently used areas is exemplified by 2 trans
mitter-bearing males.

Male No. 108's hibernation den was used by other tortoises
throughout the active season and by some, also during hiberna
tion. In 1974 and 1975 use by No. 108 began in September, 3-4
weeks prior to hibernation. During these periods No. 108's use
of the area was not confined to that near the den; he moved to
the den and back across his home range covering wide areas. U se
of the den became continual only after 30 September 1974 and 23
September 1975. Following emergence from hibernation No. 108
moved directly away from the den, and (until the 3rd week in
September) was captured no closer than 300 m from it. Including
the hibernation den in his home range, the area increased by
3 ha ( ~ 7% ).

In contrast, male No. 160's hibernation den was also his
principal cover site, used during every month. Most of the
active season 1975, No. 160 used the same 30-40% (7-8 ha) of his
home range. Beginning 22 August, trips were made to areas and
burrows used during September 1974 but not again until 1975
(Fig. 8A). During both years, trips included several returns to
the area of the hibernation den and use of the den.

Seasonal movements relative to hibernation dens described
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b y Woodbur y a nd ii a r d y ( 1 9 4 8 ) we r e sh o r t mi g r a t i o n s t o d e n s i n
the gravel banks of washes during late September through early
October and a return to the shorter soil burrows on the f lat
areas between the wa hes during March and early April. T hese
tortoises usually utilized dens in their area but va ried from
year to year in the degree of repeated use of a g i ven d en . The
time of movement, the tendency for repeated use, and the relation
ship to home range were similar to my findings — most dens were
cavities in the conso' idated gravels of wash banks; however, these
dens were few and 15 of the 30 tortoises observed during hiberna
tion used single-tortoise burrows in soil in scattered locations
over the flats . T h e l i m i ted availability of dens; the scattered
locations of other hibernation sites; and the utilization of dens
year-round help to explain the observed differences in movements
relative to hibernation sites .

The fact that most hibernation sites observed were within the
area used by the individual during the active season and most were
used year-round suggests that the larger areas used and the longer
trips taken during the fall were not related entirely to hiberna
t i o n .

The dispropcrtionately large areas that were sometimes in
cluded in the home range as a re sult of periodically used and
often peripheral sites were considered no less representative of
home range area despite the low level of utilization . T he r a t io
nale for including these areas was the possible significance of
these trips to reproduction .

Agonistic behavior did not appear to result in changes of
activity areas . W it h i n 2 4 ho urs following combat the ma les might
share the same cover site and may have done so during the weeks
prior to the en"ounter .

Unlike ma.,y lizards, territorial behavior does not seem to
be a major factor determining population densities of turtles in
general which appear to respond more directly to ava ilability of
h abitat requirements (Cagle, 1944, 1950) . O n t h e A r den S i te ,
combat (territoriality) occurred between males at or near cover
sites; however, in effect, it appeared that the mutual need for
cover dominated aggressive tendencies.

Nesting requirements or related behavior of the ne sting
f emale might influence the size of the activity area . Sti c k e l
(1950) observed that f emale 2'errapene carolina of ten travelled out
side their home ranges at ne sting time, travelling distances
that were 1-6 times greater than the home range diameter and
apparently these trips were not the result of unsuitable nesting
sites in the home range •

The nesti,.g site used, 11 June, was near the center of the
f emale's home range, 45 m from her nearest burrow . T he s i t e
appeared to be of a w idely available combination of so il, vegeta
tion, and exposure. The only other indications of nest sites
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were old nest cavities and/or eggshell fragments within a few
centimetres of the opening of 25 burrows; however, the relation
ship of these nests to particular females was not known . The
possibility remains that the relatively large areas used by fe
males during early June may have been associated with nesting
b ehav i o r .

Because of t?e monthly differences in percentages of total
home range used by transmitter-bearing adults, home range area
was determined for those transmitter-free adults who not only
were recaptured most frequently but whose individual monthly
representation was most complete. The areas of the convex poly
gons based upon all capture sites were measured for 6 males and
5 females captured 10-56 times. The areas delineated by capture
sites during 1974 were essentially the same as those in 1975 and
were included. The monthly capture frequencies and areas of con
vex polygons are given in Table 3.

The table of correction factors (Jennrich and Turner, 1969)
accommodates capture numbers from 3 through 25. Correction
factors (C ) for 3 transmitter-free males captured 26-56 timesn
were determined by extrapolation . F it ted to the best logarithmic
curve b y r eg r e s s i o n a n a l y s i s C n = ln N(0.254) - 0.301, correlation

coef f icient = . 9988.

When the observed home range areas of the 3 transmitter
bearing males were averaged with the adjusted home range areas of
6 transmitter-free males, the mean ( ~1 SE ) was 32.3 ~ 6 ha
(11-65) . This differs significantly from the mean of the 8 fe
males whose values were treated in the same manner, 14.8 ~ 2.6 ha
(6.4-27) (p ( . 05) .

Home range estimate of 4-40 ha (» = ~ 20) f o r ad u l t s was
reported by Woodbury and Hardy (1948) for a portion of a popula
tion in southwest Utah. Berry (1974b) estimated home range size
for adults at the Salt Wells Valley site, San Bernardino County,
California, to be 130-259 ha for males; females, Q to 4 that of
males. The absolute values (in hectares) differ between the Arden
Site and those reported by Berry; however, the area size rela
tionship between males and females was similar. Reliable compar
isons between the 3 areas were not possible from the data availa
ble. The effect of density and distribution of forage upon
movements and area sizes is suggested in the following.

The relationship of trip distance to distribution of forage
was examined. T h e a n nual, pl antayo insularis and the suf frutescent
perennial sgnaeIa1cea ambigua were the major food species ( 61% of
the use-frequency). Both species were distributed widely over
the study area and within 20 m of a cover site, both were availa
ble; however, after feeding near its cover site, ) 5 0% of the
remainder of a trip to the next cover site was often travelled
without pauses to feed upon available forage. Also, distances
travelled prior to feeding often exceeded the distance to the
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n earest available source of the species ultimately eaten .

Berry (1974b) observed that during spring 1972, annuals (the
p rincipal food) were few and their distribution patchy . W in t e r
rain was below average and drying of annuals occurred 45 days
earlier thar usual . D is t a n ces of 470 to 823 m (per day) were
common and trips of 1000 m were observed . T ort o i ses appeared to
seek out and remain near areas with patches of wildflowers, some
t imes f o r d a y s o r we e k s , u t i l i zi ng a b u r r o w 5 5- 2 7 4 m a w a y a n d mo v 
i ng on when the particular food source was go n e .

During the present study, STD did not ex ceed 434 m and mean
monthly recapture distance (after 2 or more PAP f ol lowing a cover
site change, when spring forage was utilized [April to mid-June ])
r anged from 165-265 m (males) and 101-211 m (females) . Con c e n 
trations of a diversity of species occurred only in the major
washes, yet foraging was seen there proportionately less often
than on the flats between the washes, very possibly because of
the tortoises' preference for Planta', w hic h w a s wi d e sp r e a d
rather than localized, and comprised a greater percentage of the
winter annuals on the flats . Th i s ma y e x p lain the lack of ob
vious forage-site utilization relative to cover s ites and short
er t rip distances than those observed by Berr y.

With the exception of courting and combat , the parameters
indicating activity levels and area size showed the same trends
(Figs. 1, 2, 3, 4, 5, 6, 8, 9) . Da t a w er e s im ilar from trans

mitter-bearing and transmitter-free adults . M al e s w ere somewhat
more active than females in May and early f al l. The f a c t o rs in
fluencing the observed trends are suggested in part by the fol
lowing: T h e d a tes of decline of activity and size of areas used
differed in October 1974 from October 1975; however, both were
c oincident with the major seasonal Ta drop .

The physiological as well as behavioral aspects of tortoise
hibernation are no w e l l k n o wn . A lt h o ugh Ta is a l im iting fac

tor it is doubtful that it functions alone to in itiate fall
movements that include pre-hibernation use of hibernation sites,
or that it alone initiates spring emergence . Oth e r f a c tors may
include photoperiod, endogenous rhythms with different degrees
of flexibility, energy reserve, and reproductive cycles (Case,
1976; Cloudsley-Thompson, 1971; Jackson et a l . , 1976; Licht,
1 972; M a y h ew , 1 9 6 5 ) .

Following emergence from hibernation the rate of increase
in activity was coincident with the slow increase in Ta which was

below normal most of the time until 8 May, when the change from 1
to 2 PAP per day occurred for m ost adults.

The sudden reduction in activity mid-June was coincident
with moderate Ta, traces of precipitation, and (probably most in

fluential) the drying of the few remaining winter annuals. The
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reduction in activity, including feeding, suggested the tortoises'
strategy relative to the cost of foraging.

Activity areas tended to be larger when forage was relatively
abundant. Small activity areas between 1 March and mid-April when
forage was available were apparently the result of Ta too low to

sustain activity. The increase in available forage following the
rain and flooding 3 July, probably supported the high level of
activity which included maximum feeding observations for any
month. Apparently, the Ta peak in July was not prohibitive to

epigean activity when green forage was available. Implied is that
the cost of pulmocutaneous waterloss during foraging was compensa
ted .

The second emergence of green forage was eaten or had dried
by the end of July; however, activity levels remained high through
September. This may have been the result of the relatively well
hydrated condition of the tortoises, a condition which continued
to the period of increased sexual activity during August and Sep
tember •

Berry (1974b) observed low activity levels during July and
August. when emergence occurred once or twice a week, if at all.
Activity increased during August or early September; however, some
individuals remained in their burrows and hibernated without hav
ing emerged. Summer activity level was estimated at ~ 10% of
that of spring.

United States Weather Bureau records over the past 20 to 40
~.ears show that at most areas in the northwestern Mojave Desert,
precipitation falls mainly from October through February or March.
Late spring and summer are typically very dry. In southern
Nevada, rain commonly occurs in July and August; however, the ex
tensive flooding, 3 July 1975, may have supported an amount of
forage and subsequent activity that were considerably greater than
usual for that time of year.

At a given site, annual species composition and abundance
vary greatly from year to year depending upon precipitation and
temperature patterns (Beatley, 1969) . In 38 Mojave Desert Com
munities (zarrea and closely related types) in southern Nevada,
site means of winter annual biomass at reproductive peak averaged
60, 19, and 160 kg/ha in 3 successive years. At a given site
a ) 20-fold difference from year to year was not uncommon (Beat
ley, 1969). Where rainfall is erratic spatially and temporally
such as in local deserts, it is reasonable to assume that availa
bility of forage would be a major factor influencing tortoise
behavior, particularly movements relative to available forage.
Year to year changes in the size and shape of the individual's
home range may also result.

The home range data presented suggest a high degree of
fidelity of an individual to an area. This is further supported
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by my preliminary observations of fidelity to particular burrow
sites. H o w t h e i nd ividual's movements reflect its year to year
water and energy budgets remains a que stion . A n s w e r ing th is
question may affect our interpretaticns of home range size and
possibly population density indices : bo t h h ave management im
plications for a species in marginal habitat.
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Figs . S A ( N os . 1 6 0 a n d 1 6 1 ) ,

8B (Nos . 1 0 8 a n d 9 6 ) , and

8C (Nos. 9 4 a n d 2 0 3 ), o n pag e s 8 8 , 8 9 , a nd 9 0, r esp e c t i vel y .

Monthly activity areas of 6 transmitter-bearing adults shown
in relation to home range. March, May, July, and September
are delineated by continuous lines; recapture sites are.
indicated by filled circles for 1 recapture and the number
for ) l. April, June, August, and October are delineated
by broken lines; single recaptures by open circles; and
multiple recaptures by the number encircled. F illed squares
indicate hibernation sites not used during the 2-month
period; open squares indicate hibernation sites, if used,
and the number indicated as in the manner of other recap
tures. Home range boundaries cover monthly areas along the
perimeter. The date of the last sighting in October is
given with arrows indicating the .individual. September 1974
s ites are plotted from the 15th .
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Table l. O bs e r v a tions of behavior or sign of reproductive or possible territorial
nature that occurred from July 1974 through October 1975; years combined
except where noted . Si g n no t i n c luded if behavior observed •

Type o f b e h av i o r
o r s i g n M ar Apr N ay J un J u l Aug Sep Oc t Total

Copul a t i o n

Mating depressions 18

Simultaneous use of

b ur r ow s ( d' a n d v ) 1 0 1 6 34

Agoni s t i c b e h a v i o r

Simultaneous use of
19bur r ow s ( < 7 ; 7 )

Sign o f i n t e r ac t i o n
t ype , n o t kn o wn

Tota l 1 2 0 4 2 2 0 103

* 1974 o n l y .
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T abl e 2 . Area of convex polygon delineated by all recaptures,
mid-~uly 1974 through October 1975 of 6 transm itter
beari.,g adults monitored for at least the full
active season, 1975 . Rec a p t u res during hibernation
n ot i n c l ud e d .

Captu r e s a n d Area o f c o n v e x p o l y g o n
r ecap t u r e s ( home range )

Tor t o i s e (N) (ha)

N o. 1 6 0 103 20

Vo. 1 61 136 20

N o. 1 0 8 175 38

x ( +1 S E ) 2 6 + 6 . 0

No. 9 6 215 11.3

No. 94 241 18.7

N o. 2 0 3 203 27.0

x (+ 1 S E ) 1 9 + 4 . 5
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Table 3. M o nthly distribution of captures, area of convex polygon, and adjusted home range area of 11
transmitter-free adults, from initial capture through October 1975. R e p eated captures dur ing

hibernation (H) not included.

A rea o f
Tota l convex1974 19/5

Carapace c aptu r e s polygon A djus t e d
Length ( mm ) M J J A S 0 M A M J J A S 0 (N) (ha) area* (ha)

N o. 1 9 4 240 1 H H 1 3 1 8 2 1 17 19.1

No. l 0 5 '48 1 1 1 1 H 17

N o. 1 6 2 255 1 H 5 3 4 1 3 17 10.8

No. 98 255 1 3 1 H H 1 3 2 3 4 7 4 36.5 65.2

No. 48 280 2 1 2 3 H 5 6 1 3 4 4 32 26.2 54. 5

No. 6 6 ) 7U 1 4 2 H H 2 6 6 7 14 1 3 21.0 29,6

No. 79 1 1 H H 1 2 7 7 4 1 1 14. 7

No. 47 230 1 1 1 H 1 3 5 3 2 3 1 22 3.1 6.4

N o. 1 6 9 230 1 1 2 5 4 3 16 5.0 12.7

N o. 1 0 1 226 1 1 3 1 2 1 2.0 6.6

N o. 2 3 6 246 1 4 1 3 1 10 21.1

* Jennr i c h a n d T u rn e r (196 9 )



StatuS O f t h e D e S e r t T O r t a i S e , G o y,'.e us a „-assi zii,

In the State of Ltan

E r ic M . Co o m b s

The desert tortoise, Gopherus aaass '' z ''i , as a p rotected
non@arne species in the State of Utah. This status is a re

sult of the concern for the animal and its habi:at, both of
.which have experienced various distu bances over the yea"s.

This report is a brief summary of a final report that I re
cently completed on the desert tortoise in Utah (Coombs,

1977b) .

The desert tortoise na tu ra lly inhabits ~ 1 80 k m o f t h e
e xtreme southwestern corner of W a s h ington County , Utah , on th e
slope of the Beaver Dam Mo u n t a ins and the Beaver Dam W a sh . The r e

2
are an additional 26 km no w in h a b i t a ted by in troduced tor toise
populations north of St. George, Utah. . her e a r e ~ 8 0 0 t o r 
t oises presently inhabiting the st a te . A n es t i m a ted 350 to r 
toises are native to the Be a ver Dam S l o pe, with an ad d i t ional 70
captives that were introduced . T he r e ar e ab out 15 0 tor toises in
the Paradise Canyon Study A r ea , and about 200 in the St . George
Hills population (Fig. 1). Wo od b ury and H ar dy ( 1 9 4 8) forewarned
of the conflicts that were a f f e cting desert tortoise popu lations
in Utah. I n M a y 1 9 71 , the U tah D i v ision of Wi ld l ife Resources
p laced the desert tortoise, along with the venomous G ila mo n ster ,
Heloderma suspectum, o n the state prot ected wildlife l is t. T here
are ) 4 0 0 k n own w i n ter dens on B e a ver Dam S lo pe , a..d (estimating
an average of 5 tortoises/den) the state may have o nce s u s tained
m ore than 2,000 tortoises .

T he tortoise habitat on the S lope is = 900 metres in e le
vation. T h e a r e a i s a g r a v e lly floodplain with zarr a tridentata,
A&rosi a dumosa, Yucca brevefoli a, Krameri a pervi flora, Dalea freemontii,

Eurotia lanata, Thamnosma montana, an d Ephe dra nevadensi s being th e d om i

nant s pecies. Fe w to r t o i s es are f ound above t he b l a ckbrush,
Col eoyyne ramosi ssi ma, z one.

The St. George areas are ch a r a cterized by Nav a jo Sands tone
with scattered extrusions of ba s a ltic lava flows . T he v e g e t a tion
is similar to that of the Be aver Dam S l o pe, except that Yucca
brevefolia an d Th amnosma montana a r e m i S S in g .

Tortoises were located by walking, driving, searching their
e xcavations, and with the aid of a w e l l -trained dog . To rt o i s e s
t hat were captured were ob se rved, marked with a n o t c h ing system ,
and various data taken and recorded on special data sheets. T o r
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Fig. 1. D is t r ibution of Gopherus agassi zii in southwestern Utah.
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toises that were un=btainable ir. certain dens were ecor d e d as t o
t heir p esence and estimated si ze . Sea t s , if found in the dens ,
were also collected for future ar.alysis.

Winte r d e n 'ocations were m pped and recorded if they were
active or inactive . 0 r 4 00 d e n s w ere discovered, and more cer
t ainly remain undetect- d. T h e 'ocation and structure of these
dens are critical and a l im iting factor to tortoises in Utah, and
govern their distribution within the state . Tor t o i ses often dig
their own dens under exposed 1-yers of caliche, where washes have
e roded t h r o u g h .

Summer holes, the temporary excavations about 0.6-1.2 metres
deep, are used during the active part of the year, April through
O ctober, with tortoises digging an average of 2-4 ho les per year .
During years of lush plant growth and above average rainfall,
tortoises may construct more summer holes . T h e h o le s are seldom
used more than 1 ac tive season, and are rarely shared with other
tortoises. T h e h o le s cave in annually from rodents, weathering,
a nd from livestock trampling .

As previous'y me,.tioned, E estimated the population of the
Slope to have been around 2 , 0QQ tortoises . Sin c e th e 1 8 6 0s, the
Slope has sustained a long h i story of heavy grazing by ca ttle and
sheep, and road development . Tor t o i ses were faced with competi
tion for food and space, and were heavily collected for the pet
t r a d e .

During the Yioodbury and Hardy study (1948) the desert tor
toise population was estimated to be 36% male and 64% female.
The population is now 70% male and 30% female, more than a com
plete reversal. Th is c h a n ge was directly attributed to collect
ing for the pet trade, as females were easier to find near the
winter dens, while the ma les had mo stly dispersed out into the
f lats to establish their summer home ranges .

2
There are 33.7 km of ha b i tat on Beaver Dam Slope that con

tain the majority o f ne t o r t o ise populatio~ and winter dens
(Fig. 2). S i n c e the d i sturbance of the population, the density

2 2
has changed from 59 . 5/km to 10 .4 / km , a f igure 5 .7 X lower than
it once was. T h e P a r a d ise Canyon study area ha s ~ 57. 9 t o r 

2toises/km , a nd t h e p o p u l a t i o n i s ( 8 0 y e a r s o l d . Ha r d y ( 1 9 4 5 )
further substantiated and docume..ted that tortoises were being
r eleased and becoming established in the areas north of St .
George. A b o u t 30 % cf the k .own Utah tortoise population has
been marked since 1970 . Th e p o p u l a tion percentages of the Beaver
Dam Slope are estima ed to be 7 2 . 0 adult, 18.0 subadult, 9.0
juvenile, 1.0 hatchl'ng, with Paradise Canyon being 42.0 adult,
20.0 subadult, 28.0 juvenile, and 10.0 hatchling .

Woodbury and Hardy (1948) stated that a to rtoise population
should have an annual increase of at l east 5% in or der to main
tain itself. T h e n a t a l ity rate of the Beaver Dam Slope has only
been 1.57%, in contrast to 4 .4% in the paradise Canyon population.
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There were 32 young/100 females on the S lope , and 47 young/100
"emales in Paradise Canyon .

Mortality plays an important role in governing the trend of
the Utah tortoise populations. Wo o d b ury and Ha rdy ( 1 948) found
only 30 dead tortoises in a 10-year period . I fo u n d 7 3 in 6
years. T h e m o r t a lity rate of the Beaver Dam S lo pe's population
was estimated at 6.86%/year. A d d e d t o t h i s is a 2 .2% depletion
due to human removal of tortoises as pe ts , and mo r tality related
to vehicles which yields a total loss rate of 9. 0 6% of the popu
lation. T h i s r a te , less the 1.57% natality rate, is an annual
loss of 7.49% of the population . If h u m ar, removal is curtailed ,
it would still leave a net population loss of 5 . 29%/year . If
this rate of decline continues as a pe r centage, there will be
only 10 tortoises in 85 years . A t a 7 . 4 9 % rate of de c line, there
will be 10 tortoises in 55 years . Ho we v e r , as po pu lations de
cline, the mortality rate increases . T he m o r t a l ity rate of the
Paradise Canyon population is 1.07%.

P redation accounts for 35% of the ob served losses . T h e p r i 
mary predators are the desert kit fox ('iulpes mac otis) and the
coyote (Canis latrans). Ki t f o x es often inhabit tortoise dens,
t hus increasing the chances of tortoise preda ion . J uve n i l e s ,
because of their small home ranges, were found to be 2.1 X more
1'kely than adults to be recaptured ; thus this phenomenon may
also increase the predation rate by kit f oxes that concentrate
a round t o r t o i s e d e n s .

Food habits were also observed and were found to vary with
each area, d epending on elevation, soil type and vegetation. T he
main f oo d i t e m s o b s e r v e d w e r e aro mus rubens an d Erodi um ci cutari um.

Woodbury and Hardy (1948) observed that Mu hlenbergia porteri and
aromus rubens w e re t he c hi ef foods. Mo st f e e d i ng occurs in April ,
May, and September . T he d i e t was found to change wi th the avai 
labilities of plants throughout each season . A to t a l o f 39 food
species were observed . T h e m a jo r foods were Bromus rubens, Erodium
c'cutari um, Chori zanthe ri gi da, Eri ogonum i nfl atum, Cr gptantha ci rcumci ssa,

Tri dens p u l c he l 1 us , T r i d e n s p i l os u s , Eu p h o r b i a a l b o marg i r a t a , an d Pl ant ego
' nsul a r u s .

A total of 25 seats from tortoises and ca t tle were sent from
3 different locations from the Beaver Dam S lope to Co lorado State
University, Range Department, for analys is . T he c o m p u ted dietary
similarity indices were: tort o i s es-tortoises 0. 61, cattle-cattle
0.72, and tortoise-cattle 0.37. M a n y it ems us ed in Utah for food
were not important in other states (Berry, 19 ?6; Burge and
Bradley, 1976). T h e p r e s ent population cf 350 tortoises on the
Slope may utilize ~ 3 me tr i c t ons of v e g e tation per year of
activity.

The diet of Utah tortoises has changed since Woodbury and
Hardy's (1948) study in that perennial grasses a re much l e s s
abundant on the range and in the diet . Th e s e g r a s ses are impor
tant as they would provide the major source of food and moisture
a ter annuals dry up in mid-May to mid-June . P re v i o u s ly ,
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(Coombs, 1977b), I stated my belief that because of the change
of the water, nutrients, and electrolytes in the diet from
perennials to annuals, the change in density, sex ratios, dis
ruptions of social behavior, and competition from livestock that
the Utah population is in imminent danger if one or more of
these factors are not corrected. To r t o i ses have often been ob
served feeding on unpaved roads where easy access is provided to
the abundant annuals . Beh a v ior modeled to this type of utiliza
tion increases the danger of predation, collection, and mortali
ty related to motor vehicles.

Tortoises have been observed drinking water from various
collecting places after summer rains . So m e t o r toises exhibited
a distinct familiarity of such places, and made use of them
after rains. After drinking, urine was spontaneously eliminated.

The home ranges were found to average ~ 0 .8 he c t a r es, with
some as large as 7.3 ha. D aily movements of tortoises averaged:
hatchlings (15-46 m/day), juveniles and subadults (152-366 m/day),
and adults (152-457 m/day), depending on the season and weather.
Factors involving tortoise movement included feeding, comfort
seeking, social interactions, breeding, and establishing and
main aining territories.

Grazing has, without a doubt, been a very important factor
governing the tortoise and its habitat in southwestern Utah .
Woodbury and Hardy (1948) observed the overgrazing that occurred
and speculated on the possible effects on the desert tortoise.
Hardy (1976) mentioned the reduction of the once-abundant peren
nial grasses. The Slope has not received a year's rest in ) 1 0 0
years of livestock grazing. Not only grazing, but the presence
of man, throughout all of the tortoise habitat, has influenced
the downward trend of the Slope's population. Pa r t o f the under
lying problem may deal with the nutrients, water, and electrolyte
balance in the foods that remain, as a result of grazing pres
sures, certainly not in the amount or bulk that is left (Coombs,
1977b). The history of poorly-managed livestock practices has
had a severe impact on one of Utah's most unique, fragile, and
limited habitats. Many changes in the populations and the habi
tat occurred within the lifetime of many of the presently remain
ing individuals. T h e a b i lity of a species to adapt genetically
to a changing environment belongs to populations, not individuals,
especially in this case of a K-selected species, the desert tor
t o i s e .

I feel that the long history of overgrazing on Beave" Dam
Slope cannot be undone with any grazing systems because the area
is too fragile and rainfall too low . T h e d a m age took over 100
years to occur; it will take many more to heal. On l y t he com
plete elimination of grazing on the Beaver Dam Slope may prove
effective in reestablishing the vegetation in tortoise habitat to
sustain and produce a viable population. If conditions continue
as they have, the Beaver Dam Slope population faces inevitable
elimination.
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Adaptive Responses in the Water and Electrolyte Budgets

of Native and Captive Dese;-t Tortoises,
Gophe r u s a g a s - i z , t o C h r o n i c Dr o ~ gh t

' Tohn E . M inn i c h

Water turnover was measured using tri iated water (HTO)

in a free-living popu'ation of desert torto ses (Gopherus

a gassizi) near Barstow, California, during summer 1370. T h e

release of captive animals at the study site permitted =om

parison of their H 0 budgets with those of established tor2
toises. During July and early August 1970, conditions at the

study site were very dry. Un d er these conditions H 0 intake

rates of all tortoi.ses (0.27 mlt100 g] day ) were v e r y
1

low, approximating rates of metabolic H G production
2

(0.22 ml [100 g] day ) . T o rtoises lost H . more rapidly

(0.46 ml I100 g ] day ) , l o st bo d y w e ig h t s l ow ly ( . 28 g
-1

100 g ] day ) , mostly through evaporation, r emair ed i n
-1

their burrows and did not feed or void urine. C essation of

feedi.ng protects tortoises from accumulating toxic levels of

dietary potassium at a time when insufficient water i.s avai

lable to excrete it. 4!ost excess K was stored in the urinary

bladder as precipitated potassium urate salts.

Rain fell at the study site on 12 August 1970, causing all

animals to become a tive. E stablished animals drank ra' n

water, voided urinary wastes and stored the rairwater in

their bladders as a dilute urine. T hey also resumed daily

activity and feeding during the period following the rain.

Although dietary plants still contained little H 0 but high

K concentrations, tortoises were capable of excreting the K

load because the dilute bladder urine was apparently utilized

as a H 0 reserve. In contrast to the established tcrtoises,

captive animals that had been recently released did not. drink

rai nwater and, although active after the rain, did not eat.

One of the most challenging physiological problems faced by
desert organisms is the procurement and conservation of water . A
closely related problem is the excretion of dietary electrolytes
with a small loss of water. This is important because (l) con
centrations of electrolytes in the food of many desert animals
are very high and (2) some water is lost in ion-free form through
evaporation. Moreover, most animals cannot balance evaporation
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thro.gn the pro': ct'on of "metabolic water", created by oxidation
f ocd s t ' 's (Schmidt-Nielson, ' 964) . Because drinking water is

generally ..ot : a i lable on a re gu 'ar basis, most desert animals
obtai" needed w ter = om th ei r o o d a n d e x c rete excess dietary
eiectrolvtes wi h little water loss . Des e r t r ep tiles excrete most

n geste d e l ec t r o ' y e s 'n the urine as precipitated urate salts
lMinnich, 1972) and, in many species, via the salt gland (Dunson,
1 969, 1 9 7 6 ) .

One die arv e'ectrolyte of particular interest is potassium.
This electro'yte, found in high concentrations in many desert
plants of North America (Minnich and Shoemaker, 1970, 1972; Nagy,
' 972 ) , 's regulated very precisely in both intracellular and
ex tracellu lar f ' ids o f almost all animals (Burton, 1968; Schmidt
Nielsen, 1975; Minnich, 1977) . E l evation of intracellular K con
centrations disrup s such basic cellular processes as DNA replica
tion, RNA synthesis and the activity of many enzyme systems
(Bygrave, 1967; Lubin, 1964) . Ele v a t ion of extracellular K dis
rupts tissue excitability, heart rhythms and nerve impulse conduc
tion (reviewed by Steinbach, 1962) . Con s e q uently, desert animals
which ingest considerable dietary potassium most excrete the
potassium load.

Desert to tcises ( Gopher us agassi zi ) are especially interesting
for studies on wa=er and electrolyte metabolism, being exclusively
herbivorous a..d hus p ot entially able to ingest considerable quan
tities of potassium with little accompanying water . U nl i k e mo st
h erbivorous desert reptiles, desert tortoises lack a un ct i o n a l
salt gland (Schmidt-Nielsen, 1964; Minnich, 1977) . Co n s e quently,
the only rcutes by which they can excrete potassium are through
the feces and urine . To r t o i ses also possess a large urinary
bladder which ma; be utilized for storage of water and urinary
wastes. E i n a l ly, preliminary observations suggest that during
chronic summer d"ought tortoises do not consume any preformed
water. s the c e s s a tion of feed'ng at these times a device which
protects tortoises rom ac c u mu l ating toxic levels of potassium at
a time when they are na b l e o cbta i n su fficient water to excrete
tne potassium load?

The object ves o. this study are to (1) quantify water intake
and loss in free-'iving desert tortoises during summer drought,
(2) assess the hardling of potassium by free-living tortoises,
(3) investigate possible functions of the urinary bladder under
natural conditions and (4) compare the water and electrolyte
metabolism of native tortoises to that of captive anima' s released
f or a short per =d a the s t ud y s i te .

METHODS

ing the summers  1970 and 1971 at Stoddard Valley (elevation
9 00 m) , ~ 10 km south of Barstow, San Bernardino County, Cali
fo nia (Minnie?, 1971, 1973, 1976a). T h e s t udy site contained
sparse vegetatio.. characteristic of much of the Mojave Desert
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(mostly tarrea ."rilentata, Ambrosia dumosa and d r i e d g r a s s ) . T h e r e

were 2 principal divisions to the study site. Th e n o r t h ern site
w as in the bottom of Stoddard Valley and contained sandy so il .
The southern site, located 2 km SSW of the northern site was lo
cated near a range of hills (elevation = 100 0 m ) a n d co n t a i n e d a
more gravelly soil . A f e w t o r toises were also studied at a s i te
0.5 km south of the range of hills. In a d d i t i on to examining
established wild tortoises, a number of captive animals that had
been released at the study site were also monitored to see if they
fared as well as the established animals.

Water Turnover. Wa te r t urnover was quantified by measuring the
rate of disappearance of tritiated water (HTO) injected intra
peritoneally at a dose of 1 ml/kg body weight of 0.1 mCi/ml in
0.9't NaC1. A f t er s uf ficient time for equilibration of the isotope
with the body water (12-24 h), an initial sample of bladder urine
was obtained. During equilibration, animals were held in cages at
r oom temperature (20 -25 C) without access to food or water .
Tritium activity in the initial urine sample was used to estimate
body water volume. T h e s t ock solution of HTO used for injection
was standardized by injecting a measured volume into a known
volume of distilled H2O and determining the resulting tritium
activity. E o d y w a ter content was calculated from the equation,

a
V C P M s

a g
CPM

where body water content ( ml),

volume of standard solution (ml),s

volume of stock solution injected into standard
soluticn (ml),

volume of stock solution injected into animal (ml),

CPM tritium activity of standard solution,
s

CPM t ritium activity of bladder urine of animal .
a

After injection o H TO a n d c o l lection of the initial urine
sample, tortoises were weighed and released at the site of capture .
At intervals of 7-10 days, tortoises were recaptured by hand,
weighed and a samp'e of bladder urine obtained to assess the rate
of HTO disappearance. Fr o m i n formation on weight changes, body
water content and rate of HTO disappearance, rates of water intake
and loss were calculated from the equations,
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100 KW„

BW

100 ( B W .W. - BW W )
L = I + i

I

BW T

where I = w ater intake rate (m l 100 g da y ) ,

i - 1 -1
L = water loss rate (ml 100 g( d ay ),

f ractional turnover rate ,

N. i nitial body water content (ml/g) ,

Wf final body water content (ml/g),

BW i n i t i a l b o d y we i g h t (g ) ,

BW = f inal body weight (g),

e lapsed t i m e (d a y s ) .

Body weight changes were corrected for weight losses in cap
tivity and for any weight loss in the field caused by handling of
the animal (defecation, bladder urine release) . T h e f r a c tional
turnover rate (K) was ca lculated from the equation ,

l n i — l n f
K 1 . 53 X 1 0 /day ,

T

where i = initial tritium activity of bladder urine,

f = final tritium activity of bladder urine .

-4
The c o n s t a n t , 1 . 5 3 X 1 0 /day, corrects for the radioactive decay
rate of tritium . The s e e q u a t ions yield estimates of water intake
and loss that are identical to those used by Nagy (1972).

Metabolic water production was estimated using HTO in 6 tor
toises held without food or water in outdoor cages at the Univer
sity of California, Riverside . T h e t e c h n iques used were the same
as those employed on free-living tortoises.

Rainfall. Ra in f a ll during the study was monitored at both the
northern and southern portions of the study site using coffee cans
containing a thin layer of mineral oil. Records were compared to
those of the U .S. Weather Bureau station at Barstow, California
(U.S. W e a t h e r Bu r e a u , 1 9 7 0 , 1 9 7 1 ) .
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C ollection of Sam le s . Samples of blood, u ine and .eces were
collected rom tortoises during the study. Blood samples were
tained by heart puncture using a hepar'nized 5 ml tubercu;in
syringe and a 22-gauge 38 mm hypodermic needle. T o p e r mit entry
of the needle nto the heart, a tiny hole was made ir. the plastron
below the heart using a 1/16-inch ,= 1 . 5 9 m m] bit attached to
hand drill. T h e h o l e was later sealed with epoxy glue a nd mask i n g
tape to prevent infection . Re c a p ture o to rt o i ses a year later
revealed that the hole had healed properly . B lo o d s amples we e
certrifuged at 500 X q or 10 m i n , the cel ls discarded and the
plasma stored frozen until analyzed.

Feca' samples were collected from wild-caught tortoises by
plac in g t h e m i n l ar g e , 1- i nch I = 2.54 c m] wire mesh cages at room
temperature (20 -25 C) . Sa m p les used for e lectrolyte analysis were

8
c ollected on a sheet of Parafilm p lac e d b e low the cage . Tho s e
used for measurement of water content were collected over a pan of
mineral oil. O il - f ree water content of these samples was estimated
using the methods described by Minnich and Shoemaker ( 1972). So m e
bladder urine was released by those tortoises . Liq u id samples were
aspirated from the mineral oil using a Pasteur pipette and used for
solute analysis . U r i n ary precipitates were also collected from
some animals. Th e y w ere used for water a..d electrolyte analysis
in the same manner as fecal samples. A n y f e ca l or urire samples
that were mixed together were not used for estimation of water and
electrolyte content . Sa m p l e s of feces and precipita ed urine were
stored dried until analyzed.

Bod F l u id Vo lumes. Bod y w a t er content was measured by HTO dilu
tion, as described in the "Water Turnover" s ection above. Ex t r a 
cellular fluid volume was measured by cardiac injection of 1-2 ml
of 10% sodium thiocyanate, as described by Minnich (1970).

Anal sis of Sam les. Tr it i um activity was meas red by scintilla
tion counting as described by Minnich and Shoemaker ,'1970, 1972)
on 10 microlitres of each sample of bladder urine . Sa m p les were
counted to 1% error and corrected for background. Beca u se of
variability in quenching, all samples were corrected by external
s tandardization to the same counting efficiency ( ~ 2 0 4 ) .

Osmotic concentrations of undiluted samples of plasma and

bladder urine were measured on a btechrolab v apor p r e s sure os
mometer. Th e y w ere prepared for electrolyte analysis by diluting
10 microlitres in 5 ml of distilled H20 . S am p l e s of dried feces

and precipitated urine were prepared for electro'yte analysis as
described by Ninnich and Shoemaker (1970, ' 972 ) a n d ~ t in n i c h
(1972). C o n c e n trations of sodium and potassium we"e measured with

a flame photometer, and chloride determinations were performed on
®a Buchler-Cotlove ch lor i d ometer . A m m o n ia and urea concentrations

were measured on 50-microlitre samples of plasma and 10-microlitre
samples of bladder urine using the Conway microdif fusion technique
(Conway, 1933) and urate concentrations were determined on
50-microlitre samples of plasma or bladder urine usirg the ultra
violet — ricase technique (Praetorius and Poulsen, 1953).
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Statistical Tests. Comp a r i s ons between s amples w e r e d o n e u s i n g
S tudent's two-sample t-test (Steel and To rr ie, 1960) . In c a s e s
where variances were no hom o g e n eous the mod ified t '-test of
Cochran and Cox (1957) ~as employed . F ec a l H>O and e l ec tro lytes
were compared using the Wilcoxon two-sample test . Equ a t i on s for
straight lines were calculated by the me thod of least squares and
the slope was tested for a significant difference from zero using
a t-test. I n a l l c a ses the level of significance used was p = .05 .
Variation is expressed in this paper as the standa d error (SE).

R ESULTS A N D D I SC U S S I O N S

Water Turnover. D ur i n g t he dry period between 16 July and 1 2

August 1970, water turnover (intake) rates of desert tor toises

were v e r y l o w ( 0 . 2 7 + 0 . 0 2 9 ml 1 0 0 g d a y , N = 9 ) (Fig . 1) and

were not statistically different from rates of metabolic wat er

p roduction (0.22 + 0.027 ml 100 g da y , N = 6 ) . Du r i n g t h i s

period tortoises were consuming very litt le, if any, preformed
water in food or t h rough drinking. T h e an i m a ls were inacti ve,
o nly occasionally emerging for short per iods from their bu rrows ,
and were not observed to eat . The s t o m ach and small inte stine of
1 tortoise captured in August 1971, when conditions were a lso very
dry, contained no food . Und e r t h ese co nd itions tortoises lost

body weight slowly, at a rate of 0 .28 + 0 . 049 g 100 g day

(w = 9 ) ( Fig. 2), and were in negative water balance . Ra t e s o f

total water loss averaged 0 .46 + 0 .058 ml 100 g lday 1 (N = 9 ) ,

or about 1.7 X the water intake rate. M o st o f t h is wat er l os s
appears to be from evaporation, as tortoises did not void ur ine
a nd they voided only small amounts of feces because they did no t
eat. F e c a l water content was also quite low, averaging 0 . 63 +

0 .20 ml H20/g dry weight in 4 animals at the northern site . An

evaporation rate of approximately 0.4 ml '100 g l day 1 a p p e a r s

reasonable, as Schmidt-Nielsen and Bentley (1966) observed evapo

ration rates of 0.34 ml 100 g lday from r e s t i ng, laboratory

m aintained tortoises at 35 C .

In tortoises that were hydrated from an earlier rain (on 9
July 1970) at the southern site, osmotic concentrations in bladder
urine increased gradually until they became equal to those of the
plasma (Fig. 3) . A t t h e n o r thern site, which received very little
r ain on 9 July, tortoises exhibited signs of dehydration . O sm o t i c
concentrations of the plasma were significantly elevated (from a
normal value of about 260-300 mosm/1 to about 320-360 mosm/1 — see
F ig. 4) and those of the bladder urine equaled those of th e
plasma {Fig. 4). Osmotic concentrations of the bladder urine re
mained fairly constant throughout the period ( Fig. 3) • Th e
bladder urine of these animals was dark brown and contained large
quantities of gelatinous urate precipitates.
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p n 2 Au  .st 1970 a brief, but heavy rain fell at the study

site. A p - o x imate' y 12 mm ell at the soutnern site and 4.7 mm

t he . . o r t h e = n s i t e . "ramat' c changes were observed in most of

the tortoises. F i st, almost all animals became active. Se c o n d ,

all established anima's a th e southern site exhibited a sharp
decline i . H=p activity ( " . '), dramatic increases in body

weight (Fig. 2, and abrupt dec eases in the osmotic concentra

t i on s o . -he bladder urine (Fig. 3) . The color of the bladder
u r i n e c ?a n g e c r o m d ar k b r o w r . t o colorless and the precipitated
urat e d ' s a p p e a r e d . There was also a slight, but not statisti
cally signi= cant, increase in ecal water content (from 0. 63 +
0.20 ir. 4 animals to 0.97 - 0.16 ml/g dry weight in 6 animals) .
Except for i.ncreased ac=iv ty, these changes did not occur in
animals at the northern site or in the released captive tor
t oises at e't?e sit e . Tne above data suggest that established
tortoises at the southe n site drank rainwater and stored most
of it in thei ur i n ary bladders . K ri s tin Berry (oersonaI communi
cation ) s-ated that established tortoises utilize specific
drirking sites within their home ranges after rains of sufficient
magnitude. E st a b lisned tortoises have also been observed digging
drinking sites just be o e a rair (K. A . ' hoagy and P. A . Medica ,
oersona ' ccmmur. a i zn ) . Tne absence o suc h c h a n ges in torto i ses
at the nort? em site suggests that insufficient rain fell there
for the animals to drink. Re le a s ed captives did not drink,
apparently because they had not been present at the study site
for a sufficiently long period to es tablish and utilize a drink
i ng site (they ?:ad been el e a sed only 19 days before the rain ) .

From Fig. 1, the amounts o rai n w a ter drunk were calculated
from the sharp decline ir. urinary HTO activity. Th e c a l cula
tions assume h a t th e rate o HTO d e c l ine in individual tortoises
b etween 3 - 4 A  .st (the last recapture prior to the rain) a nd
12 August!immediately prio" to the rain) were the same as those
before 3-4 August. T h e a v e rage amount drunk by 13 established
t ortoises at the souther si t e wa s 17 + 1.9 ml/100 g body weight .
The increase in body weight that cccurred following the storm
( 17 + 2 . 2 g / 0 0 a , v = 9 — see Fig. 2) almost equaled the amounts
of rainwater drunk. Th i s suggests that the rainwater is not only
retaired in he b c d y , b u iso th a t m o st of the weight change is
due to drinking . Ho w e v er, d inking is not t he only phenomenon
w hich a=fected bcdy weight subsequent to the storm . A ft e r t h e
rain, several animals wer= observed eating cried vegetation . T he
s tomach o "ni.„a' that had beer. h' t by a car after the storm was
f il'ed with dr ed grass . Fe e d i n g , of course, results in further
weigh t g a i n . Ho we ve r , " '. . 's ,ain was canceled, not on'y because of
defecate.on, b al so b e = u se c- tne release of the bladder urine
tha n a c b e n s tored be:ore t he rain. A s ,e n t i cned above b lad d e r
urine o: deny=rated tor=o'ses is dark brown, contains abundant
urate precipitates, ard has h'g h o sm o t ic concentration. A fte r
the storm, blad er urine was colorless, contained no precipitate,
and had a very low osmotic corcentration (Fig. 3). Th e s e o bs erva
tions suggest that the rairwater corsumed was being stored in the
u rinar y b l a d d e r .

During t?;e period followi..g the rain (13-25 August 1970) the
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water turnover ~f desert tortoises increased slightly, especially
afte r 18 - 2 1 A u g us t (rig. 1). During the period 13-18 August,
water turnover of 7 tortoises increased only slightly but not

significantly, from 0.27 + 0 . 029 to 0 .40 + 0 .10 ml 100 g day

(insufficient data were available to calculate water turnover
during 18-25 August.) How e v er , tortoises maintained relatively
constant body weight during this period (average weight change of

7 tortoises during 13-18 August was + 0.01 + 0 . 078 g 100 g day )

Tortoises remained active and consumed food . Th e low w a ter turn
over during 13-18 August is related to the dryness of dietary
'tems. T h e d ie t co n sisted primarily of dried grass, dried stems
of woody perennials and occasional stones . How e v er , after 18
August, many perennial plants developed new, succulent leaves in
response to the rain of 12 Augus t. F eed i ng on t h e se plants would
account for the high water turnover observed in some tortoises
during 18-25 August (see Fig. 1). Th e r a i n f all of 12 August 1970
created favorable conditions for tortoises, especially at the
southern site, allowing them (1) to excrete excess wastes that
had been stored in the ur inary bladder, (2) to store dilute fluid
in the bladder, and (3) to resume normal activity and feeding .

In August 1971, 3 tortoises that had been injected with HTO
during 1970 were recaptured, 1 at t he northern site and 2 at t he
southern site. A na l y sis of HTO ac t ivity, body weight and body
water content permitted calculation of an annual water budget for
these animals . Bet w een 1 A u gust 1970 and 31 July 1971, rainfall
at Barstow totaled only 69 mm or a b o ut 6 6% of average. A ll 3
animals exhibited no significant change in body we ight or shell
(plastron) length during 1970-1971 . Bo d y w a ter contents were

also essentially constant . The r e f o re, water loss rates in these
animals equaled water turnover (intake) rates . T he 2 t o r t o ises
at the southern site consumed an av erage total of 218 + 8.0 ml
water/100 g body weight over a pe riod of exactly 1 year (equiva

'ent to a daily intake rate of (0 .60 + 0 .020 ml 100 g day ) .

This amounts to turning over the body water pool 3 times during
the year. T h e t o r t o ise at the nothern site turned over water
at the even slower rate of 80 m l/ 100 g for the year (daily rate

0 .22 m l 1 0 0 g l day 1 ) . T h i s i s equivalent to turning over the

body water about 1.2 times during the year . T w o o t her published
studies on reptiles permit calculation of an a nnua l wa t e r t u r n 
over rate, that of Green (1972) on a mo nitor lizard, the sand
goanna (vara~~s qouldii), at Flinders Chase, Australia, and that of
Nagy ( 1 9 7 2 ) o n a n i g u a n i d 1 i z a r d , t h e c h u c k w a 1 la (sa u r ama1us obesus),
at Black Mountain, near Barstow, California . Be t w een November
1966 and December 1968, v. gouda=i turned over H~O at the annual

rate of 480 ml/100 g (equal to 1.3 ml 100 g lday 1 ) . Gr e en ( 1 97 2 )

states that his =igures are from lizards which balanced their H20

budgets. B e t w een April 1970 and March 1971, s. obesus t u r n e d

over H20 at an annual rate of about 220 ml/100 g (equal to
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0 .6 ml 1 0 0 g d ay ). A l t h o ugh this value is similar to that of

tortoises at the southern si te , H20 lo sses in s . oases were much

higher. For t h e y e a r, tortoi ses maintained body weight whi le s .

obesus endured a net weight l oss of about 43 g/100 g ( daily rate

0 .1 g 1 0 0 g day ) ( Nagy, 1 9 7 2 ) .

Unfortunately the ma intenance H 0 bu d get of active, free

l iving tortoises was not e s t imated during this study . Dur i n g m u c h

of the summer tortoises were in negative H20 balance . Es ti m a t ion

of maintenance water budgets is especially important when inter

specific comparisons are made. T hey also permit evaluation of the

H20 required to sustain an an imal indefinitely under natural con

ditions. M in n ic h ( 1 978) recently surveyed H20 budgets in fr ee

living xeric habitat lizards and found that maintenance H20 intake
d uring a warm season was re la ted to body we ight by the equa tion ,

0. 84
R = 2 1 W , where R is H 0 i n t a ke ( mi llilitres/day) and W i s

body weight (kilograms) (Fig. 5) . The slope (0. 84) is signif i
cant l y di f f er e n t f r om l . 0 (P ( . 05 , e- t e s t ) , whi c h sugg e s t s t hat
small lizards consume H 0 more rapidly per unit body weight than
l arge l i za r d s .

Figure 5 shows that desert t ortoises consumed H20 at a m u c h

slower rate than that pred icted for lizards of equivalent body
size. This is, of course, because tortoises were dormant during
the time that the study was conducted and were not consuming
preformed water. Al t hough tortoises did approximate balanced
water budgets during the period of 13-18 August 1970, and were
active, their water intake at this time probably did not approxi
mate a long-term maintenance budget . Th i s i s b e c ause (1) the
time of measurement was too s h or t (5 days) , (2) tortoises fed on
dry items, and (3) "elative humidities were probably above normal
because of the rain on 12 A u g u st . If t o r t o ises weighing 613 g
(the average weight during this study) consume water at the same
maintenance level as do xeric habitat lizards of equivalent body

size, their water intake rate would be 2.2 ml 100 g day (see

Fig. 5). This figure is significantly below the maintenance

value o f 3 . 1 m l '00 g day in th e c losely related gopher tor

toise ( G'opherus pal ~ohemus ) (Fig. 5) . These tortoises, which a v e r 
aged substantially larger than t he d es ert tortoises in the pr esent
s tud y (m e a n w ei g h t o f G. pol yp h emus wa s 3 , 18 2 g ) , we r e s t ud i ed
during summer 1974 in the humid subtropical woodlands of central
Florida (Minnich and Ziegler, 1976) (see paper by Minnich and
Ziegler in the proceedings).

Bod W at e r and S o lu tes. Bec au s e t he h ydration state of tortoises
varied considerably during the study, measurements were made on
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body fluid volumes and on concentrations of solutes in plasma and
b ladder urine of hydrated and dehydrated animals . Resul t s a r e
s ummarized in Table 1 . "Hydrated" tortoises were established ani
mals with hypoosmotic bladder urine sampled from the southern site
dur ing J u l y - A u g us t 19 ; 0 . "Dehydrated" animals were collected
throughout the study site on 3-8 August 19 71, 4 months after the
last measureable rain all (U .S . Weathe r Bu r e a u , 1 9 7 1 ) . A l t ho u g h
tortoises drank rainwater and stored it in their bladders, frac
tional body water content was not significantly different between
hydrated and dehydrated tortoises (Table 1) . Ex tracellular fluid
volume was not measured in hydrated tortoises in the field, but
in 1 hydrated laboratory-maintained animal it was lower than in
dehydrated field animals (Tab' e 1) .

The osmotic concentrations of both p lasma and bladder urine,
as expected, were significantly elevated in dehydrated tortoises
(Table 1, Fig. 4) . P la sm a o smotic concentrations in hydrated
field tortoises in this study we r e n e a rly identical to those
observed in hydrated, laboratory-maintained desert tortoises by
Dantzler and Schmidt-Nielsen (1966) and in the re lated tortoise
restudo hermanni during summer (Gi lies-Baillien and Schof f eniels,
1965). M o r e o v er, plasma concentrations of s odium, potassium and
chloride in the latter species during summer were also very
similar to those of hydrated desert tortoises (see Table 1 and
Gilles-Baillien and Schoffeniels, 1965) . Deh y d r a ted desert tor
toises in this study, however, exhibited an elevation in plasma
osmotic concentration of ~ 15% over h ydrated values ( Table 1).

The major solutes which contribute to the elevation of
plasma osmotic concentrations of dehydrated tortoises are uncer
tain, but sodium and ch loride both appear to be important .
Plasma chloride was significantly higher in dehydrated tortoises
and, although not significantly different, plasma sodium was also
e lev a t e d b y = 26% (Table 1) . A si m i la r parallel relationship
between plasma sodium, chloride and osmotic concentrations has
also been observed in r~scuac tie:anni (Gilles-Baillien and
Schoffeniels, 1965). Although plasma ammonia, urea and urate
were measured in dehydrated tortoises, they were not in hydrated
animals (Table 1); consequently the contribution of these solutes
to the elevation in plasma osmotic concentrations in dehydrated
tortoises cannot be directly assessed . N ev e r t he less, comparisons
can be made with hydrated G . =gassi zi studied by Dantzler and
Schmidt-Nielsen (1966) and G oethe s berlandi equi s t u d i ed b y Ba z e a nd
Horne (1970) . Plasma ammonia in dehydrated G. -gassi zi ( Ta b l e 1 )
is similar to that observed by Baze and Horne (1970) in both
hydrated and dehydrated G. be.lax.di equi . Similarly, plasma urate in
dehydrated G. agassizi (Table 1) ' s very low, although not quite
as low as in hydrated and dehydrated -. b e r l an a i e r i ( Baze a n d
Horne, 1970) . Plasma ammonia and urate are generally present in
very low levels in reptilian plasma ( reviewed by Dessauer, 1970
and Minnich, 1978) . he p l a sm a nitrogenous waste which varies
greatest is urea , How e v er , plasma urea levels in dehydrated tor
toises sampled during this study do not appear to be substantial
ly elevated, as Dantzler and Schmidt-Nielsen (1966) observed
plasma urea levels in hydrated, laboratory-maintained desert
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tortoises that were nearly the same as those of the dehydrated
animals in this study (Table 1) . D e h y d ration of torto'ses in
t he l a b o r a t o r y c a n c a u se significant elevation of urea . D eh y d r a
t i o n o f G. ac<ass ' ~ for 6 w e e k s a a d G . herl a~di eri f or 60 d a y s

increased plasma urea to ~ 62 mmole/1 (Dantzler and Schmidt
Nielsen, 1966; Base and Horne, 1970). T h e m e a sured solutes in
the present study accounted or about 86% of plasma osmotic con
centrations in dehydrated tortoises {see Table 1) .

Because desert tortoises appear to tolerate considerable de
hydration in the field, preliminary studies were conducted on the
e ffects of lone-term dehydration in the laboratory . Thr e e to r 
t o i se s ( c . aga s s i z ) were subjected to chronic dehydration at 30 C

®
for 134 days without food o wat e r in a Schere r env ir o n m en tal
chamber. A t t h e end of that period all animals had survived and
incurred an average weight loss of 30 • 1 + 5.15 g/100 g initial
weight. F r a c t ional body water content decreased slightly, but
significantly (p ( .01, compared to hydrated values), to 63.1 +

0.86 ml/100 c body weight (see Table 1). Fur t h ermore, plasma
osmotic concentrations became significantly elevated to values

averaging 622 + 14.3 mosm/1, more than twice hydrated values

(p < .001) (see Table 1). As ex p e cted, both plasma sodium

(185 + 26.1 meq/1) and chloride (163 + 19.8 meq/1) were substan

tially elevated compared to hydrated values, but only chloride was

significantly different (P ( .0 1). Ho w e v e r, plasma potassium

(6.77 + 0.34 meq/1) was not significantly changed over hydrated
figures (see Table 1) . Nev e r t heless these 3 electrolytes account

for only 57% of the observed osmotic concentration. Pre s u m ably
most of the remaining increase ir. plasma osmolality is due to an

increase in urea levels (see Dantzler and Schmidt-Nielsen, 1966;
Baze an d H o rn e , 1 9 7 0 ) .

The apparent elevation in extracellular fluid volume in de
hydrated field tortoises (Table 1) seems to have been at the
expense of cell water, as total body water did not change
(Table 1). S u c h a f l uid shift may have resulted from retention of
sodium and chloride in the extracellular fluid along with leakage
of potassium from the cells . Ev i d ence for this idea is seen in
(1) the slight elevation in plasma sodium and chloride in dehy

drated tortoises and (2) the much higher potassium concentrations
in bladder urine of dehydrated animals (Table 1) . Su c h a r e sponse
is commonly seen in reptiles subjected to chronic dehydration
(reviewed by Minnich, 1978). D u r ing dehydration the retained
sodium and chloride causes a slight osmotic shrinkage cf cells;
the cells in turn leak potassium, which results in the maintenance
of constan in t r a cellular potassium concentrations and e..hanced
urinary potassium excretion. Th i s is reflected in the h.gh potas
sium concentrations in the bladder urine of dehydrated tortoises.
It also explains, in part, the substantial amounts of potassium
that are present in the urate precipitates within the bladder of
dehydrated tortoises (see Table 2 and discussion below).
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Excre t o r so l u t e s . D ehydration also has a d r amatic effect on th e
osmolality and solute composition of bladder urine. A s m e n t i o ned

above, bladder urine is hypoosmotic to p lasma in hydrated tor
- oises but is isosmotic to plasma in dehydrated animals (Fig. 4 ,
Table 1). Th u s i t is not surprising that bladder urine osmolali
ty in hydrated tortoises is significantly lower than that of
dehydrated animals (Table 1) . O ne s o l ute w h ich accounts, in
part, for this difference is potassium; levels of this cation are

15 X as concentrated in bladder ur ine of dehydrated tortoises
( Table 1). A s m e n - ioned above, this appears to be a re sult of

e xcretion of potassium that ' s lost f om de hydrating cells .
Dietary potassium does not appear to be im p o rtant, because dehy 
drated tortoises were not feeding. U r i nary sodium and chloride
levels do not differ significantly between nydrated and dehy
drated tortoises (Table 1) .

Unfortunately, urinary nitrogenous wa stes were not measured
in hydrated tortoises (Table 1) . N ev e r t h e l ess ccmparisons can
be made between urinary nitrogenous wastes of dehydrated desert
t ortoises (Table 1) and those of hydrated Texas tortoises (G .
hezlandieri ) published by Baze and Horne ( 1 9 70) . Ur i nary ammoni a,
urea and urate levels in deh hydrated, wild-caught desert tortoises
were all i'igher than in hydrated, wild-caught Texas tortoises
(Table 1) . Ammonia levels were even higher than in Texas tor
toises dehydrated in the laboratory . C r e a l e v els however, were
of the same order of magnitude as in dehyd rated Texas tortoises
( Table 1). A ss u m ing that ur 'nary nitrogen is comparable in hy 

drated individuals of both species, it appears that urinary
nitrogen levels increase in dehydrating de sert to"toises. Th is
w as certainly tru o f u r a t e in the pre sent study . B ec a use of i t s
low solubility, urate readily precipitates in the urinary blad
der. T h e b l a dder urine of hydrated tortoises after the rain of
12 August never contained urate precip 'tates but that of dehy
drated tortoises always contained large quan tities of gelatinous
urate precipitates (Minnich, 1976a). Ba z e a nd H o r ne ( 1970) also
observed that dehydration increased the amount of urate precipi
tates in bladder urine of G . berlandieri . Ev e n t he l i quid frac
tion of the bladder urine contained high levels o" urate in
dehydrated desert tortoises (Table 1). T he a m o u n ts present
(13.5 + 1 . 0 mm o le/1 — Table 1) actually exceeded the solubility

of urate at the pH of the bladder urine (about 5 mmo le/1 at
pH 5.47); this suggests that some of the u r ate in the liquid
fraction o t h e b l a dder urine was present in a co l loidal state
(Minnich, 1976a, b). T h e m e a sured solutes in the bladder urine

of dehydrated tortoises accounted for only 50% of the urinary
osmotic concentra ion (see Table 1) . T h e m a jo r remaining solutes
are unknown but the dark color of the bladder urine suggests that
urobilin or urobilinogen (wastes derived from b i lirubin) may be
important solutes . W h e n h y d rated, the bladder urine of tortoises
was co l o r l ess .

The gelatinous nature of the bladder urate precipitates sug
gests that a urate-binding urinary protein may be present which
stabilizes colloidal urate and permits urate precipitation in a
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sordered" gelatinous state {Minnich, 1976h) . Su c h a p r o t e i n
may serve to protect the bladder epithelium and duct from damage
by crystalline (" ordered" ) urate precipitates. Occasionally a
l arge stone, abou" the size of a baseball , may be found in the

bladder cf a diseased tortoise. S u c h a c o n d i tion has been ob
served in nature ( Miller, 1932) and may eve ntually be lethal to
t he animal because of damage to the urinary bladder . Ho l e s
apparently ca' sed by the presence of hard urate stones have been
observed in the bladder of severely dehydrated tortoises (John E.
Minnich, pe=--n~' cbservati on ) . The presence of large bladder
stones a' so limits the amount of liquid ur ine that can be stored
i n t h e b l a d d e r .

Because of their gelatinous nature, the bladder urate preci
pitates contain a relatively large amount of water. Av er a g e
water content in these precipitates was 2. 58 + 0 . 35 ml/g dry mass
(Table 2), or about 3-10 X as much water as in the hard urate

precipitates in desert lizards (see Minnich, 1972; Minnich and
Shoemaker, 1972; Nagy, 1972; Braysher, 1976) . The i onic content
of the urate precipitates of tortoises is presented in Table 2.
The sodium and chloride levels are comparable to those of sever
al 1'zards (Minnich, 1972) and potassium is the predominant
cation. T h e a b u ndant potassium is not surprising, because dehy
drated tortoises excrete K lost from cells . Th e p o t a ssium con
tent of the urate precipitates is comparable to that of carniv
orous lizards and snakes, but is lower than t hat of herbivorous
lizards (Minnich, 1972). The comparatively low levels in tor
toises of this study are due to fasting, because fasting reduces
t he K content of the urate precipitates (Minnich, 1972). W h e n
fed plants, the K levels in the precipitates of desert tortoises
are comparable to those of fed herbivorous lizards (Minnich,
1972) .

Contents of H20 and electrolytes in the feces of desert

tortoises did not vary substantially with hydration state
Tab' e 2 ) . Po t a s s i um , as expected, was the most abundant cation
in the feces; this probably reflects the high K levels in the
desert plants that are a normal part of the tortoise diet {see
Minnich and Shoemaker, 1970, 1972; Nagy, 1972) . Alt hough K con
tent (expressed as milliequivalents per kilogram dry weight) of
the feces did not vary with hydration state, K concentrations
(expressed as milliequivalents per litre of fecal water) were
significantly higher in dehydrated tortoises (Table 2) . This sug
gests that the cloaca and colon of tortoises may secrete K in
response to dehydration . T h e c l oaca of l i zards has been shown to
secrete potassium (House, 1974); Skadhauge and Duvdevani, 1977;
B. Schmidt-Nielse , personae commvni cation ) . H o w ev e r , su c h a r e
sponse of the tortoise cloaca and colon to dehydration needs
investigation.

Funct ons of the Urinary Bladder. T h e u r i n ary bladder appears to
s erve at least 2 principal functions in desert tortoises. Fi r s t ,
it permits the storage of significant urinary wastes during pro
longed dry periods. Kidneys of desert tortoises continue to add
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urinary wastes to the bladder until plasma osmotic concentrations
exceed 400 mosm/1 (Dantzler and Schmidt-Nielsen, 1966), a value
that was not exceeded by even the most dehydrated field tortoises
in this study (Table 1, Fig. 4). Not only does the bladder ur ne
of dehydrated tortoises contain significant amounts of wa ste
nitrogen and electrolytes in the liquid portion (Table 1), but it
also contains large quantities of N and K as precipitated potas
sium urates (Table 2 and Minnich, 1972) . T h e c a p a c ity of tor
toises to store K as precipitated urates, plus the cessation of
feeding during extreme drought, probably account. for the lack of
elevation in body K in dehydrated tortoises . T h e p r e v e n tion of
K accumulation is very important, as no rep tile can tolerate
chronic elevation of intracellular or extracellular potassium
(reviewed by Minnich, 1978).

Although data are incomplete at this time, present informa
tion strongly suggests that the tortoise urinary bladder may also
function as a H 0 r e serve . Wh e n o s m o t ically dilute water becomes

available (either as rainwater or as su cculent o o d l o w i n e l ec
trolytes, as may occur in sp r ing after a wet winter), tortoises
appear to store it in the ur inary bladder . Th i s i s e v idenced by
the sudden decline in osmo lality of the b ladder urine after a
rain (Fig. 3). When water availability again becomes restricted
(such as during the period af t er the r ain 12 August 1970), the

osmotic concentrations of bladder ur ine again increase gradually
until they become isosmotic to plasma (Fig. 3). This increase
is probably due to the add ition of ur inary wastes by the kidney
(and perhaps to secretion of so lutes by the b ladder itself) but

m ust also be due to wa ter reabsorption from the bladder . Bec a u s e
ureteral urine is always hypotonic (Dantzler and Schmidt-Nielsen,
1966) but bladder urine eventually becomes isotonic (Fig. 3),
there must be a g radual increase in b ladder water permeability as
tortoises dehydrate . Su c h a c h a nge in b l adder water permeability
is probably under the control of the ho rmone arginine vasotocin
(AVT). A lt h o ugh Bentley (1962) and G i l les-Baillien (1969) ob
served no effect of AVT on bl a dder wat er permeability of summer
t ortoises this may have been due to t h eir experimental design ,
Both studies employed isolated bladder preparations and may have
incubated them at a temperature too low to demonstrate a response
to the hormone. To evaluate these ideas, studies are needed on
water and solute exchanges across the bladder of tortoises
recently captured in the f ie ld, as the b ladder of laboratory
maintained animals appears to have d i f ferent permeability charac
teristics than that of wild-caught tortoises (see Dantzler and
Schmidt-Nielsen, 1966; Minnich, 1976a) . N ev e r t heless, the stor
age of hypotonic urine in the bladder of desert tortoises is
exceedingly important in osmoregulation . A s l o n g a s b l adder
urine remains hypotonic to p lasma, plasma osmolalities remain
relatively c onstant at about 2 6 0 -300 mosm/1 ( Fig. 4) . The p r e s 
ence of di lute bladder urine was a lso important in permitting the
resumption of feeding after the rain of 12 August 1970 . W he n
hydrated, the tortoises are capable of ex creting the dietary
potassium load . The w a te r s torage function of the tortoise
bladder is very similar to that of ar id -adapted toads (Ruibal ,
1962) .
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S UMMARY A N D C O N C L U S I O N S

During severe drought desert tortoises become inactive, cease
feeding and remain in their burrows for long period=-. Cessation
of feeding protects tortoises from accumulating toxic levels o"
dietary potassium at a time when insufficient water is available
to excrete it . Un d e r these conditions water intake is reduced to
the rate of metabolic water production and tortoises slowly dehy
drate. W at e r loss is mostly through evaporation. D u r ing dehy
dration, plasma osmotic concentrations become slightly but
significantly elevated and part of this increase is due to eleva
tion of sodium and chloride concentration . Th i s causes body water
to shift from cells to extracellular fluid . Cel l s respond by
leaking potassium, which results in maintenance of normal intra
cellular potassium concentrations and enhanced urinary (and
possibly fecal) potassium excretion •

When rains of sufficient magnitude fall during summer, estab
lished tortoises drink rainwater, void stored bladder urine, then
store the rainwater in the bladder as a d i lute urine. Re h y d r a tion
of tortoises causes a return of body fluids to normal and resump
tion of feeding. T h e u r inary bladder of tortoises appears to
function (1) in storage of urinary wastes, especially during
drough t a n d ( 2 ) a s a wa t e r r e s e r v e .

In contrast to established tortoises, captive tortoises re
cently released in the field do not drink rainwater. They do not
appear to feed either, even after the rain, until after they have
become sufficiently familiar with their surroundings.
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1. C h a n ges in tr itium a ct i v i t y i n b l ad d e r u r i n e o f d e s e r tt or t o i s e s near Barstow, Calif ornia, during summer 1970 .
Rain fell at the s tud y s i t e on 12 August and is indi
c ated b y a n a rro w o n t h e a bsc i s s a . Curves r e p r e s e n t e d
b y d a s h e d l i n e s a nd o p e n sy m b o l s a re f r om animals att he n o r t h e r n s i t e ; t h o s e represented by solid lines andc l o se d sym b o l s are from animals a t t h e so u t h e r n s i t e .Circles represent established animals

a nd t r i a ng l e s
represent released captives. '1'he 1 established animal
symbolized by a ha lf-closed circle and modified dashed
lines was from a wetter location south of the main
s tudy s i t e . (From M i n n i c h , 1 976a) .



F ig . 2 . Changes in body weight of

desert tortoises near

120 Barstow, California,

dur ing su m mer 1 9 7 0 .
Legend same as i n
F ig . 1 . (From
M inni ch , (19 7 6 a ) .

ll5

IIO

~ I05
O

-J IOO

• II Igggp ~ ~ r aa ~ 0

95
I

u 90

85

24 9 )7 2I
J U L Y A Oe UST



Fig�. 3. Changes in the osmotic

400 concentrations of the

bladder urine of desert
tortoises near Barstow,

0 0
~ ~~ ~ 0

C al i f o r n i a , dur i ng s um 
m er 1970 . Lege n d s a me

550 0 0 a s i n
lll,

F ig . 1 . (From
0» Minni e h, 1 9 76a) .
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Relation between osmotic concentrations of the blood plasma
and bladder urine of desert tortoises . So l i d l ine represents
the part of the graph where osmotic concentrations of the
plasma and bladder urine are equal . Sym b o ls : op e n t r i a ngle
e stablished animal from northern site, sampled 3-4 August 1970 ;
closed triangle = e stablished animal from southern site ,
sampled 3 - 4 Au g u s t 1 9 7 0 ; o p e n s q u a r e = e sta b l i s h ed a n i m al f r om
northern site, sampled 13-14 August 1970 (after rain of 12
Augus t ) ; c l o s ed sq u a r e = established animal from southern
site, sampled 13-14 August 1970; half-closed circle = e s t a b 
lished animal from south of main study site, sampled 13 August
1970; c l o se d c i r c l e = re l e a s e d c a p t i v e a n i ma l , s amp l ed 1 3 — 14
A ugus t 1 9 7 0 ; o p e n c i r c l e = captive a nima1 m a i n t a i n e d a t th e
Univ e r s i t y o f Ca l i f o r n i a , Ri v e r s i d e , s a mp l .e d 1 2 Au g u s t 1 9 7 0 .
( From Mi n n i c h , 1 97 6 a ) .
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5. R e l a t ion between total H20 intake , measured in the field using
t rit iated H 2 0 , a nd b od y w ei g h t i n t errestrial reptiles. Symbols:
c l<>sed c i r c l e = active lizard maintaining weight; c lose d s q u a r e
a ct ive to r t o i s e maintaining weight; c losed t r i a n g l e = a ctive o r
p ar t i a l l y a ct i v e r ep t i l e l o s i n g we i g h t ; o pen t r i a n g l e = i n a c t i v e
r eptile l o s i n<3 weig ht ; h a l f - c l o s e d c i r c l e

= par t i a l l y a c t i v e rep
tile maintaining weight in winter. F x c e p t for the a nima l r e p r e 
sented by the half — closed circle, all reptiles were s tudied duringl at e sp r i ng o r summer. Fqu a t ion for line was calculated by the
method of least squares from the data on active lizards maintainingwei<jh t ( sy m b o l i ze d by c l o s ed c i r c l e s ) . Abbre v i a t i o n s of animals
a nd s o u r c e s o f d a t a : AM ( ,< ) , Aga ma mu t a h i l i s ( ,i' <~ only ) ( B r a d s ha w
e t a l . , 1 97 6 ) ; AO , A mph i h o l u ru s o rnat us ( Baver s t o c k , 19 7 ' 5 ), D D (N ) ,
DlpsosBUlU$ 4o lsdlls ( no dr i n k i n g H 2 0 ) (Minn i c h , 1 9 7 0 ) ; DD (W) , D.
dorsa l i s (drinking H20 available) (Minnich, 1970); GA, GopherUs
agassi zi (Minn ich, 1976 a) ; GP , G ophe r u s polyphemus (Minnich and
Z leg l e r ( 1 97 6) SO (SP ) S auromalus o b e s u s ( late s p r i n g ) ( N a gy , 1 97 2 )
SO (SU) ) S. ob e s us ( l a t e summer) (Nagy , 1 97 2 ) ; US , Uma scopar i a
(Minn i c h a n d Sh o e m a k e r , 1 9 7 2 ) ; VG (SU ) , v aranus g o U l d i i (summer)
(Green , 1 97 2 ) ; VG ( WI ) , v. go u l d i i (win t e r ) (Green , 1 97 2 ) . Da t a o n
e nphi bol u r u s orna tus w ere c a l c u l a t e d f r o m fr a c t i o n a l tu r n o v e r r a t e s(K-va l u e s ) o f Bav e r s t o c k ( 1 9 7 5 ) , assuming a body H20 content of
73 ml/100 g body weight (see Bradshaw , 1 970) . (rrom Minnich, 1978).



M inn i c h

Table l . C omparisc n o f b od/ f ' u r .d v o l u mes , p i ns . a s "lu" es , ar.d solutes in bladder

u in e ( ' ' qu i d f ra = t i o r , ' n hy dr at e d nd dehy d at ed des e r t t or t o i ses
( values a r e x + SE, sample size in paren .-.uses)

Parameter Hyc D ehydra t e d

T otal b o d y w a t e r m'/ GG g 67 .8 + 1 .4-(9) 66. Sig . 79,! ) NSa

Extracellular fluid

vol me ( SCN space ) ml/1GG g 24 . 5 ( 1 ) 3: . 2~0. 55 (7)

Plasma [Na] meq/1 122 + 22 . 4 150 +4.61 (15 ) NS

P 1 asma [K] meajl 5 3~0.67 (6) 3 .8+0. 16 ( 1 5 ) P ( . 0 5

Plasma [Cl] meajl 8 5.8+10 . 1 ( 6 ) 120 ~2.78 (15 ) P ( . 0 5

Plasma [NH3] o' /1 1 .4+0. 5 (14 )

Plasma [urea ] mmo 1/1 7.6 8 .0+1. 4 ( ' 4 )

Plasma [urate ] mmo 1/1 0. 33+ . 08 (11)

Plasma contribution

to osmolality mosm/1 288 ~ 9. 9 ( 1 0 )

Plasma osmolality masm/1 291 ~ 3. 3 ( 6 ) 334 + 3. 7 ( 1 5 ) P( . 001

B ladder ur i n e [Na] meq/1 14. " ~5.9 r i l ) 1 0.0+3. 7 (17 ) NS

Bladder ur i ne [K) meq/1 5 .6+3.12 ( 1 1 ) 8 9.8+6. 9 (17 ) P ( . 001

B ladder ur i n e [Cl] meq/1 14. i~5 . ( ' 3 .3~1.8 (17 ) NS

B'adder u r i ne [NH3] mmol/' (4 ~5 3 8.2+4. 5 (17 '

Bladder u r i ne [urea] mmo 1/1 (C. 93) 2 3.0+5. 8 (17 )

Bladder ur i ne [uratej mmo 1/1 (9.44) 1 3.5+1. 0 (13 )

Bladder urine contribu
mosm/1 168  ' 1 : . 9 ( 1 3 )

ion to osmolality

Bladder urir.g osmolality mc sm/' 8 . ~19.5 ( ' 1 ) 33" + . 4 ( 17) P ( . 001

a
Probability of significant d. fference betweer. hyc a ed and dehy"rated tortoises

NS = not s'gnificantly different !P ).05)

Data from 1 hydrated, labora ory-maintained t;r cise.

c From Dantzler and Schmidt-N' elsen (1966)

Calculated by adding millimolar concer,t aticns cf Na, K, Cl, NH3, urea and

urate. Calculation assumes complete dissociation of electrolytes.

e Da a from hydra ed, wzld-c-ucht .exas tort= ses ' a=her .s Le ' angrier ' ) (Baze
and Horne , 1 9 ?0 ) .
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Table 2. W a ter and electrolyte content of feces and bladder urinary precipitates from normally hydrated and

dehydrated, established desert tortoises at Stoddard Valley, California, during July-August 1970

(values are x + SE, significant differences indicated by asterisk )

Electrolyte content
H20

conten t me {/kg dr y wt meq/1 o f H20
Excre t i on H ydrat i o n (ml/g

bproduc t s ta t e N d ry w t ) Cl Na Cl

Yeces H ydrat e d 8 0 . 9 9+0 . 29 2 7+ 8 . 0 57+12. 8 43+ 5 . 8 31+ 7. 6 82+ 23 . 5 58+ 10 . 3
*a

Dehydra te d 9 0 . 73+ 0 . 14 33+23.0 145+43. 4 29+15 . 5 43+25. 3 192+32 . 4 29+ 12 . 5

U rina r y
c b

precipitates Dehydra te d 8 2 . 6 +0 . 3 5 137+43 . 7 11 76+1 81 4 . 2+ 2 . 77 38+ 9. 7 484+ 80 . 3 2 . 1+ 1. 46

* P ( . 0 5, Wilcoxon 2-sample test. N o a sterisk indicates that groups are not significantly different.

bN = sample size. S ample size was 7 for Cl content of urinary precipitates.

c
Only dehydrated tortoises had precipitates present in bladder urine.

d Water content of bladder urinary precipitates does not include H20 of liquid fraction of bladder urine. z
V.

V
n



Xiater Turnover of Free-living Gopher
TOrtOiSeS, Gopher us po1 yp.'.ez;.us, in

Central Florida

John E. Minnich and Mare p. Z iegler

Wate= turnover rates utilizing r i tiated water {HTC! were

measured cn a field population of the gop'ner tor cise,

Gopherus po1ypi>emus, at the Archbold Biological Station

(Lake Placid, Florida) during June to early August 1974.

The average H20 intake for the population was 3.1 + 0.13 ml

(100 gj da y and t h e average loss was 3.0 ~ 0.13 ml

(100 g ) day (N = 11). The maintenance H 0 budget was

3 .1 + 0 . 1 8 m l ( 100 g ) ' day (N = 9) for the population,

which a v e r a ge d 3, 1 8 2 + 3 7 8 g bo d y we i g h t (N = 11) . .he a v e r 

age rate of weight change was +0.234 + 0.:88 g (100 g) 1"ay

(N = 11). Water turnover per unit body we ght did not va

significantly with time, rainfall, variation n body size or

rate of weight change. B ladder urine was always hyposmotic

to plasma and lacked urate precipitates. u r inary electro

lytes averaged 32.3 + 4.78 meq/1 Na+, 42.9 + 6.49 meq/1 K
+

and 39 . 3 + 3 . 20 m e q/ 1 C l (N = 11) . Fecal electrolytes aver

a ged 38 . 1 + 7. 46 m e q/ 1 N a , 119 + 40 . 2 m e ajl K+ and 98 . 2 +

2 6 . 4 meq/1 C l (N = 2) . F ec a l v al ue s wer e hi g h e r t han hos e

observed in the dietary plants of the an'~ale, which averaged

2 0.6 + 5 . 23 m e q/ 1 N a , 59 . 4 + 13 . 5 m e q / 1 K and 58 . 2 +

18.0 mecJ'1 Cl (N = 5). The plants fed upon y G . pol"„piemus

contai-. ed abundant wat r (78.5 + 3.33 ml H2C/100 g fresh

weight , N = 5), their burrows were humid (=8. ~

" . 23% re l a 
0

tive humidity at 25.5 + 0.54 C average tempe a ure, N = 4) a n d

rainfall was plentiful.

These b servations indicate that the gopher tortoise, un

like the closely related desert tortoise (G. a ass' i)

(Minnich, 1976, 1977), had sufficient H2O avai.lable 1.. s

environment to balance its H 0 and electrolyte budgets " ur i n q

the summer of 1974.

Closely related animals living in contrasting habitats pro
vide an interesting study, especially when the contrast in their
habitats significantly affects their physiology and bahavior.
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Such is the case with tortoises of the genus Gopherus . A l t h o u g h
most members of this genus are found in arzd and semiarid hab i
tats, G. Polyphemus (the gopher tortoise) occur- in the humid sub
tropical woodlands in the southeastern Ln' te" States (Conant ,
1975) . An obvious dif feren"e in the habitat o t h i s sp e c i e s ,
compared to that of othe: members of this genus , x s i t s g r e a t e r
water availability. Ave r age annual precipitation and average Jul y
relative humidity at local noon in the range of G. Po l 'y'PheIBUs a r e
1,140-1,650 mm and 55-70'4, respectively, compared to v al ue s o f
( 130-1,020 mm and 2 0 - 65% in the ranges of the western species
Gogherus agassi zi and Gopherus h ri~ndi er' ' Kine r , 1 9 4 1 ) .

Another contrasting difference in the habitats of these tor
toises is in the potassium concentrations of their principal
dietary plants. A s w i l l be shown below the Y. levels in hydrated
d esert plants in western North America are ) 5 X th o s e in t h e
m ajOr d i e t a r y p l a n t S O f G . P o iyPhemus. B e C a u Se iC COnCen t r a t i O n S in

body fluids are precisely regulated in tortoises (Minnich, 1976)
a s in most other animals (Schmidt-Nielsen, 1975; Minnich, 1978 ) ,
dietary K concentrations significantly a =ect the physiology
and behavior of tortoises . T h i s ha s a lready been studied in
desert tortoises (G . agassi z'') (Minnich, 1976) 'also see paper by
Minnich, 1977, in these proceedings) .

The objective of this study is to examine the H,O and elec
trolyte metabolism in f ree-liv ng gopher tortoises studied at the
Archbold Biological Station (Lake Placid, Florida) and to contrast
their physiology and behavior witn that already studied in des ert
tortoises (G. agassi zi ) (Minnich, 1976, 1977) .

METHODS

out on a population of gopher tortoises at the Archbold Biological
Station (Lake Placid, Florida) during summer 1974 . A de t a i l ed
description of the station habitats is presented by Douglass and
Layne (in press). Th e st a t i on is located on an elevated portion of
the Central Highlands, known as the Lake Wales Ridge, in peninsular
Florida. T h e r i dge area in the vicinity o the s t a t ion is charac
teristically xeric woodlands, dominated by turkey oak (guercus cerri s)
and south Florida slash pine (pinus c a r i ha e a ) (Fig. 1 ) . T r a n s i en t
ponds and ditches which are often d ry are present on the property,
but at several times during the year (especially during the present
study) they are filled with water . To r t o i ses were active during
the time that the temporary water was available; however, the pre
dominantly sandy soil was often dry at its surface b y midday.

Field Observations. Du r i ng t he s tudy, animals were seen feeding
on plants. S a m p les of the principal dietary items, as determined
by personal observations and unpublished log books at t he s tation,
were collected and analyzed for H>0 content and electrolytes.
Animals appeared to prefer new shoots or pads and avoid older
growth on all plants . An i m a l s were observed to determine if
drinking took place in the field. Burrow s w e r e ob se r v ed f o r
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activity and sampled for temperature and humid i ty over 24-h

per iods at 4-h int rva' s. This was done to assess the relative

importance of burrow microclimate in r educ i n g e v a p o r a t i v e H20
loss. A n i m als were cap ..red to permit measurement of tritiated
H,O turnover and to mcnitor changes i.-. osmotic and electrolyte
concentrations of the bladder urine . =ecal samples were collected

and analyzed to assess this route as a". important avenue of H20
and electrolyte excretion . o llec t ion of samples and measurement
of H20 turnover, body H„.O content and = H ;0 , osmotic, and elec
trolyte content of dietary plants, feces and bladder urine were
done in the same manner as on the desert tortoise (Minnich,
1977) . The only exception is that body wa er content in G. poly
phemus was monitored throughout the study by periodic reinjection
of tritiated water (HTO) .

Ca ture of Animals. Stu d y a nimals were capt"red by hand while
they were foraging and moving about on the surface. An im a l s were
captured at the burrow mouths either by blocking the mouth of the
burrow with a fork-like sc een after the tortoise exited or by
using live animal traps activated to close as the animal crossed a
treadle. T h e l ive animal traps were covered with a thick terry
cloth to eliminate expos re of the anima s to long periods of
d irect sunlight. T o r t o ises were in traps o r a m a x imum of 5 h ;
however, most of the captured animals remained in the traps for no
longer than 2 h . An i m als in traps ne rer exhibited signs of over
h eating, such as mouth frothing or bladder urine release . C ap 
tured animals were taken to the station 'aboratory building
(Fig. 1) for processing, where the rocm temperature was 22oC .

Animals injected or reinjected with tritiated H>0 were maintained
in captivity for periods of 24 to 32 h . I an im a l s w ere not rein
jected, they were released no longer than 3 h after capture . In
all cases the animals were released at the site of capture.

Burrow Microclimate. T o de t e r mine relative humidity and tempera
ture within the burrow, 4 separate burrows were analyzed, each on

a different day. T o do th i s a Hygrometer nd ic a t or ™ , m o d e l

15-3030E an d a Ye l l o w Sp r i n g s '

• elethermometer were attached to
captured animals. T h e s e anima's were released and allowed to take
the probes into their burrows, where the probes were released from
the shell of the tortoise by a clasp operated from the s urfac e b y
a r o p e . Re ad i n g s we r e t a k e n e v e r y 4 h c r 2 4 h .

Rainfall. Rai n f all data were collected da'ly from the official
U.S. weather station located on the Archbo'd station property
(t' .S . W e a t h e r Bu r e a u , 1 9 7 4 ) .

Statistical Tests. Ccm p a r i son o u" i. -ary osmotic and electrolyte
concentrations in tortoises was done si n g Kramer 's modification
of the Duncan multiple range test . : h e r c c mparisons between
means were done using the Student two samp'e -test. E q u a t i ons
for straight lines were calculated by the method of least squares
and the differences of the slopes from ze o were tested using a
Student t-test. A l e a s t squares equation relating H20 turnover to
rate of body weight change was used to est'mate the " main t e n a n c e "
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water bud;et . (, h e m a i n ter.aace budget is thai amount of H,O taken
ir. that equals the animal's H,-O loss. I t d o e s no t necessarily
represent minimal H„O requirements.) T h e m a i n tenance budget was
assumed to be the tt-.0 turnover at zero body we ight change (Minnich
ar.d Shoemak r, 19 70). Th i s r e a soning appears valid, because frac
t oral body H;0 rema ns constant in c. polyphemus. C o m p a r i son of
water turnover ir tortoises of varying body sizes with that of
lizards (Minnich, 1978) was done by analysis of covaria..ce. In
a l ' cases the level of signif'cance used was p = . 05 . Va r i a t i o n i n
t nis pape" is expressed as the tan d ard er ror (SE ) .

REctrI,TS

Water Turnover. F ig u r e 2 s hows the rate of tri tium decline in G.
pclyphemus (corrected for reinj ection of tritiated H20) as a func
tion of time and ra infall. T h e c o n stant rate of tr itium decline
th=oughout the study indicates that there were no changes in
w ater t u r n o v e r w i t h r a in f a l l o r t ' m e . In co n t r a s t d e s e r t t o r 

toises exhibited sharp increases ir. H20 turnover after a rain
b ecause they drank rainwater (Minnich, 1976, 1977) . W at e r
turnover remained cor.stant in gopher tortoises beca se they were
never observed drink'ng and because they cor,sumed preformed H20
in their food regularly . M or e o v er, the slopes of the lines in
Fig. 2 are all nearly the same, s..ggesting that H~O turnover
rates were uniform within the population.

The average H„O in ake for the population was 3.1 + 0. 13 ml

(100 g) d a y wh ile H , Q l oss ave. aged 3.0 + 0 .13 ml (100 g) d ay

(A = 11). Av era g e t o tal body H>0 (which remained constant through

out the study) for the population was 69.5 + 5 .29 g/100 body weight

(t~ = ll). T h i s compares favorably with the value of 6 9.9 + 0.97 ml/

100 g body weight obtained from drying carcasses o =-. po yphemus by

Thorson (1968) . The average rate of weight change for the popula

t i o n w a s + 0 . 2 34 ~ Q. 0 8 8 g ( 1 00 g ) d a y (.v = ll) . In only 1 animal

of the 11 studied was there a net loss of weight during the study

(Fig. 3). T h e s e d ata show that the animals were in positive H20

balance, because their H 0 gain exceeded their loss and the popula
2

tion gained weight. thr oughout the s tudy .

The rela ior,ship of water turnover to rate of wei ght change is

shown in Fig. 4 . 'h i s = igure a' lcws estimation of the maintenance

H~O budge t ( 3 . ' + 0 . 8 I s ] m ' (1 0 0 g ) l day 1 , y = 9) at the y-inter

cept of th li n e a - z ero weight change (s = star , dard er r o r o f t h e
y-intercept) . Because the slope of the line is not significantly

different from zero, H>0 turnover is not strongly correlated with

the rate of body weight change, as it is in desert lizards (Minnich

a nd Shoemake r , ' 970; N a g y , 1 9 7 2 ) .
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The effect of body size on the total H>0 turnover is s een i n
Fig. 5 and is compared to that of arid-adapted lizards (Minnich,
1 978) . Be c a u s e t h e slope of the line representing G. polyphemus
is not significantly different from 1.0, there appears to be no
variation in H>O intake per unit of body weight as body weight
increases. T h i s m e ans that small tortoises turn over H„O at
about the same rate per unit of body weight as large tortoises.
This is different from arid-adapted lizards, where small animals

turn over H 0 at a fa ster rate per unit of body weight. This i s
2

seen in the slope of the line for lizards being significantly be
low 1. 0 (P ( . 05) (Fig. 5) (Minnich, 1978) . The line represent
ing G. polyphemus lies significantly above the line for lizards
(p ( . 005) . This indicates that G. polyphemus is turning over
H20 much more rapidly than arid-adapted lizards of equivalent
body s i ze .

The calculated value of the maintenance water budget for
polyphemus Can b e C Om p a r e d t O th O S e O f O t h e r a n im a l S O n l y a f ter a

correction for body size is made . M i n n ic h (1978) found that
maintenance water turnover in lizards was proportional to the
0.84 p o wer of t h e b od y we i g h t ( Fi g . 5 ) . Wh e n ma i n t e n an c e H20
turnover rates of G . polyphemus and lizards are calculated as a
function of the 0.84 power of body weight, the water turnover
rate of the gopher tortoise is higher than those of lizards
(Table 1) . This is also seen in Fig. 5 as the higher positioning

of the line representing gopher tortoises as compared to lizards.
The high H>O turnover rate in G. polyphemus re f lects the great
availability of water in its environment.

Dietar P l a n ts. The g o p h er tortoise is a s trict vegetarian. The
plants it was most often seen feeding upon, according to personal
observations and unpublished log books of naturalists at the Arch
bold Biologica' Station, are listed in Table 2 . The s e data show
that the gopher tortoise feeds upon plants that contain much
water. A v e r age H>0 content was significantly higher than in rep
resentative desert plants eaten by the lizard Dipsosau=us dorsalis
(p ( . 001) (Table 2) . Because no animal was ever seen drinking

during the study, plants appear to be the major source of pre
f ormed H>O for gopher tortoises. I n p l a n ts eaten by G. polyphemus,
both the concentrations of sodium and chloride were not signifi
cantly different from those of representative desert plants
(Table 2). H o w e v er , K concentration and Na + K co ncentrations

were significantly higher in desert plants (p ( .0 01) (Tabl e 2 ) .
The COm b i ne d N a + K CO n C e n t r a t i O n S O f p l a n t S e a e n b y G . p o lyphemus

( Table 2 ) a r e ~ 564 o f t ho s e o f t he i r own b o d y f l ui ds ( ~ 144
meq/1--Ross, 1977) . This indicates that gopher tortoises were
feeding on plants that were fairly dilute in terms of their elec
trolyte concentrations.

Electrol te and Osmotic Concentrations o Bla d de r Urine. Tab l e 3
compares the concentrations of sodium, potassium, chloride and
t otal solutes in bladder urine of G. polyphemus with those of G .
agassi zi (Minnich, 1976, 1977) . Urinary sodium and chloride con
centrations in wild-caught G . polyphemus were signi f icantly greater
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than in either hydrated or dehydrated G. agassizi. Urinary potas
s ium, sodium + potassium and o smot ic concen tra t ion in G. pol yphemus
were signif icantly lower than in dehydrated " . agassi zi , bu t w e r e
signif icantly higher compared to hydrated G . a@assi zi (Table 3) .

Ross (1977) measured Na and K concentrations in bladder
urine of captive, hydrated and dehydrated G . polyphemus. A l though
his urinary Na concentrations were in the same range as our
values, his K levels, even in hydrated tortoises, were signifi
cantly higher (Table 3) . Th i s s u ggests that his " hydra t ed " a n i 
mals may have been either dehydrated or hyperkalemic at the
beginning of his experiments (see Minnich, 1977, and discussion
below) .

Urinary sodium + potassium concentrations in our c. polyphemus
(74.3 + 9.15 meq/1, Table 3) were not significantly different
from those in dietary plants (80.0 + 17.6 meq/1, Table 2) .

Urinary osmotic concentrations (Fig. 6) were always below
the hydrated plasma values of 275-300 mosm/1 in tortoises (Ross,
1977; Dantzler and Schmidt-Nielsen, 1966; Minnich, 1976,1977) .
Similarly, urinary Na + K concentrations (Table 3) were below the
h ydra t e d p l a sm a v a l u e o f 1 44 me q / 1 ( Ro s s , 1 9 7 7 ) . Ur i n a r y s od i um
+ potassium concentrations parallel osmolalities (Fig. 7). The
correlation between urinary osmolality and sodium + potassium
concentrations (Fig. 7) has a level of significance of P ( . 01
(N = 65). So d i um + pot assium concentrations constitute 55.0 +
2.61% of urinary osmolalities.

Bladder urine of gopher tortoises in this study was never
observed to contain urate precipitates . Ho w e v er , Ross (1977)
observed bladder precipitates in gopher tortoises subject to de
hydra t i o n .

lected from gopher tortoises was 70.9 + 1 .32 ml/100 g fresh
weight and the electrolyte concentrations were 38.1 + 7.46 meq/1
Na+, 119 + 40.2 meq/1 K+ and 98.2 + 26.4 meq/1 Cl . A lt h o ugh no t
significantly different, the concentrations of all 3 electrolytes
are generally higher than in the dietary plants (Table 2).

Burrow Microclimate. Burr ow mi croclimatic data are presented in
Table 4. I n a l l b u rrows, after a period of equilibration (4-16 h,
d epending on the burrow) temperature did not change ) 1 . 2 C a n d
averaged 25.5 + 0.54oC. No n e o f the burrows had a change in rela
tive humidity ) 2% a f ter equilibration and averaged 98.7 + 0.23'4.
The long equilibration period for one burrow (No. 117) was due to
the presence of the tortoise after the burrow had been empty for
a long period . T h e m o d e rate temperature (below the panting
threshold of gopher tortoises, ~ 32o C - - Ross, 1977), coupled with
the very high relative humidity, certainly limited evaporative
H20 loss when G. polyphemus occupied their burrows (see evaporative
water loss values of G. polyphenus published by Ross, 1977) .
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D ISCUSSI ON

The great aVailability O Water i n t h e h a b i t a t O f G . polyphemus

is readily apparent . Ra i n f ell in copious amounts cn most days
during the study (Fig. 2), H-0 content of principal dietary items
was high (Table 2) and burrow humidities were near satu r a t i o n
(Table 4) . Thus it is not surprising that most tortoises gained

weight (Fig. 3), and were in positive H>O balance. Moreover
their bladder urine was always hyposmotic to plasma (Fig. 6) and
contained no urate precipitates and comparatively low K concen
trations (Table 3) . A l l o f th ese observations indicate that gopher
tortoises were well hydrated . E v e n the ma intenance water budget
was high for a reptile of its size (Table 1). Nev e r t heless the
m aintenance estimate must be interpreted with caution . I t d o e s no t
represent the minimal water requirement of this species, as it
probably does in desert species (see Table 1 and Fig. 5), because
environmental water availability was very high during this study .
It is conceivable that gopher tortoises of equivalent body size can

balance their H~O budgets at a value lower than 3.' ml (100 g)
day dur i n g a d r ier summer.

Several striking contrasts were observed in the physiology and
behavior of the gopher tortoise, as compared to its close relative,
the desert tortoise G . agassiz.) (Minnich, 1976, 1977) . During the
dry summers of 1970 and 1971 desert tortoises in the Mojave Desert
were inactive, did not eat and exhibited negative H20 budgets,
weight loss and elevated osmolalities of both plasma and bladder
urine. F u r t h ermore, urinary K levels were considerably elevated
(Table 3) and bladder urate precipitates were present (Minnich,
1976, 1977). Clearly these tortoi ses were dehydrated.

The behavior of these 2 species o- tortoises in their respec
tive environments was also very different. Un li ke desert tor
toises, gopher tortoises were active and feeding daily, including
at midday (see Douglass and Layne, in press>. D e s e rt tortoises are
rarely active at midday during the summer unless tne ~cather is
cool (McGinnis and Voigt, 1971). T h e b e h avior of gopher tortoises
during summe rai n s torms also differs drastically from that of
desert tortoises. W e n e ver observed gopher tortoises to drink
from the temporary rain pools at the study site . M o r e o v er, the
activity o- gopher tortoises decreases noticeably during rain
(Douglass and Layne, ir. p ess',. In contrast, the activity of desert
tortoises increases dramatically after rains and tortoises drink
avidly from rain pools (Minn~oh, 1976, 1977) •

The major differences in the phvsiolo;y and behavior of these
2 species are due not on'y to the contrast in wate" availability
of their environments, but also to differences in their dietary
potassium concentrations. A s m e n t ioned abo ze, the average K con
centrations in he principal dietary plants o gopher tortoises are
o nly about 1/5 those of hydrated desert plants (Table 2) . B y c o n 
trast, there are no significant d if f e rences in the plant sodium or
chloride concentrations (Table 2). T h e r e a son for the importance
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Q f d ietary K is that body K concentrations, both intracel lular and
extracellular, ar e reg~ lated very precisely in almost all animals

( Schmid t-Nie l s e n , 197 5; Minnich, 1978) . Body sodium and chloride
are not regulated a" precisely and reptiles frequently tolerate
e] e .ation in thei r ccncentrations in the extracellular fluid
< reviewed b y M a n .".c h, 1 9 7 8 ) . Mo s t a n i ma l s , h o we v e r , d o n o t
tolerate any eleration in extracellular or intracellular K because
it disrupts many basic cellu' ar processes (see discussion by
Minn i c h , ' 97, , in these proceedings) . Because tcrtoises lack
• unctional salt glands ,'Schmidt-Nielsen, 1964; Minnich, 1978), the
on'y routes through which they can extrete dietary potassium is in
t he f e c e s a n d u " ne .

As already pointed out in these proceedings (Minnich, 1977),
desert torte ises become inactive and do not eat during summer
drought beca se their normal dietary plants are dry and contain
very high K levels. T h e y c e ase feeding as a means of protecting
themselves from accumulating toxic levels of K at a time when in
sufficient H;0 is available to excrete it . Th e y e x h ibit elevated
urinary K because their cells leak K in response to cellular dehy
dration. L,rate p ecipitates are present because they are an im
portant vehicle .or storing tne excreted K in the urinary bladder.
Lrinary chloride is low (Table 3) apparently because in dehydrated
tortoises urate is a major anion (see Minnich, 1972, 1976). F ur
thermore, desert tortoises drink rainwater because it ( 1) permits
excretion of the stored urinary K and urates and (2) is stored in
the urinarv bladder a s a dilute urine. This " wate r r e s e r v e " e v e n
allows o r t o i s's t -ed on dry dietary items d esp i te their high
K l e v e l s Mi n n i c h , 1 9 7 6 , 19 7 7 ) .

In contrast to desert tortoises, the low K concentrations in
the diet of gopher tortoises can easily be excreted in their
feces and urine without incurring significant H>0 losses . A l
though urinary K -oncentrations are about the same as in their
dietary plants, those in their feces are much higher (see Tables
2 and 3 anc p. 3 4 o t the tex t) . Fur t h ermore, gopher tortoises
are capable o. excreting dietary K in more concentrated form than
we observed in this studv . Ro s s ( 1 977) measured urinary K con
centrations in both hydrated and dehydrated gophe" tortoises that
were about 2 X tnose in he u r ine of our animals (Table 3) .
Moreover, he also observed excretion of bladder precipitates by
dehydrated gopher tortoises. T h e s e precipitates, as in desert
tortoises, were probably po assium urate (see Minnich, 1972,
1976). T h u s dehydrated gopher tortoises also appear to be capable
o e x c reting K b ' storting precipitated potassium urate in the
b 'add e r .

Evaporative H-G losses in ree - l iving gopher tortoises appear
to be low be a"se of (1} the large body size of these tortoises
(Tabl e 1 ) and ',2 :he ; cry hich environmental relative humidities,

especially in burrows (Table 4) . Their positive water balance in
dicates that tor oises lose H.O (through all routes) at a slower
rate than they consume it.

The availab'lity " wa t e r ex p lains the long activity periods
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of gopher tortoises. Un l ike desert tortoises, gopher tortoises do
not remain in burrows for several days as a means of reducing H2O
losses. B e c a use gopher tortoises consume adequate amounts of H O
in their food, they can a ford to lose evaporative H>O at a moder
ate rate by remaining active at the surface. Su c h a c t ivity in
desert tortoises would ca~ se rapid, severe dehydration, because
t hey did not consume pre ormed H20 during drought. G o p h e r to r
toises, unlike desert tortoises, can remain abroad at midday be
cause of (1) the great availability of shade in their environment
and (2) their slow heating rates that a e due to their large body
s ize .

The difference in behavior during rain in these 2 tortoises
is also due to the contrast in environmental water availability.
Desert tortoises increase activity during =ain because they drink
rainwater that is necessary for rehydration and resumption of
daily activity and feeding (Minnich, 1976, 1977), Go pher t o r 
toises, on the other hand, decrease activity during rain and do
not drink because they obtain all needed preformed water in their
food .

In summary, the gopher tortoise does not conserve H20 as
stringently as the desert tortoise because o t h e g r eat availa
b ility of water in its environment. T h e p l ant material that G .
polyphemus eats (Table 2) contains lower potassium concentrations
than that eaten by G. aqassi zi (Minnich, 1976), the tortoise
utilizes a moist burrow (Table 4) and rainfall is plentiful
(Fig. 2). T h i s is reflected in its relatively high HgO turnover
( Table 1 ) .
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Fig. 2. C h anges in t ritium activity (corrected for reinjection of tri t.iated H,u)

in the bladder urine of individual G. polyphemus and rainfall during

the summer of 1974 at t?re Archbt>ld
Biological Station (Lake Placid,
?" 1 orida) . T t r ac e (a mo u r r t t o o
smal l t o b e me a s u r e d ) . DPM
disirrtegrations/minute.IOOO
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Fig. 3. Changes in the percent initial body weight of individual G. polyphemus

at the Archbold Biological Station (Lake Placid, Florida) during the

s ummer o f 197 4 .

I20

C5
O

cc IIO • — • - •

a. I00

22 IO 20 I
JUN J U L AUG

I 97O



Fig . 4 . Relation between H>O intake and rate of body weight change in G. polyphemus

during sunmer 1974 at the Archbold Biological Station (Lake Placid, Florida)

The maintenance H>0 budget was calculated as the average H20 intake at zero
weight change for tortoises measured over a period of ) 7 d a ys .
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Fig . 5 . Relation between total H20 intake and body weight in

G. polyphemus during summer 1974 at the Archbold
Biological Station (Lake Placid, Florida).
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Osmotic concentrations in bladder urine of G. polyphemus

500 during summer 1974 at the Archbold Biological Station

(Lake Placid, Florida). All values are below the normal
hydrated plasma nsmolality of 275 mosm/1 (Ross, 1977).
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Fig. 7. Relation between osmotic concentrations and Na + K concentrations in the bladder
urine of G. polyphemus during summer. 1974 at the Archbold Biological Station

(Lake Placid, Florida).
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Table 1. Comparison of water turnover rat s o f (>o pherus po l gphc mus wtth t ho s e uf o t )re x
rept t l e s ( se e a l » . Fi g . 5 o f Ni rr« r c h , 1u / 7)

/tve ra>le I n t ahe / d a y A verage l o s s / d a y

— tr. H4
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Table 2. Comparison of water cont.ent and electrolyte concentrations of dietary plants of

Gopherus poiyphemus with those of representative desert plants

Td><d Elect.rolyte concent.rations (meg/1)
H 20 co » t e n t

(<>ommor> name) Plant. p a r t (ml/100 0 f r es h wt . ) Cl Nd+K

Amaranthdceae

Froeix chid fi oriana L eaves on l y 73.2 31.3 104 129 135

(cot.tonwood)

Cactaceae

Opunt i d a us t r i r >d New pads 7. 31 55. 0 29 1 62. 3

( pr i c k l y pe a r cac t u s)

Ccmrmelindceae

Commeii na erecta F lowers and a5.5 e.eo 39.0 31.6

var. augusti folia 8 tests
( dayf l ower )

> rdmxneae

Eremocho1oa <>ph>urud<.s L eaves d n d 69.4 30.4 69.9 47.1 100

( cent i p ed e q r a s s ) stems

Rubraceae

Diode i l a t er es L eaves o n l y 7H,O 25.1 45. 3 46,5 70.4

7 0.5+3 . 3 3 20.6 t 5 . 2 3 5 9.4+13 . 5 5 e.l+)e. o eo .o r1 7. <

bRepresentat>ve desert pldr>ts 56.4+2.46 2 1.033 . 4 5 30>3 +32. 1 Oi36 0 32 1 >3~ 8

p ' ( . 00 1 ( . OO) N:i P ( . <>ol

d Based o r l s ir><3) e det e> mi nations f o r ud c h a p e< ies ,
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in su mmer >Aml I,>sad du musd, Cu i de n i a pi i ud ( d , Da ) ed e m o r y i , Ddl ea s c ho t t r i , D r co r zd cane ce ns , E r i u y o r>umr r>r la t u m,

E uphur h l d poi yea rpd, t ( o r f rn annseygzd a d c r u p t r y i la , L d r r e a I r l d e n t a t <r , Pd i a f o x ra 1 i n e d r i s ) .
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d p r v b dt > l 1 I t y < > f ., I <) » > I I < dnt <3> f fez or>< e be t we< r> p l mt s f « 3 u pu r < b y < ' i . P o 1 y p n e mus d r >d I e [ I e s e r > tat I v e d e se r t 1>l dr < t s ( et u<3<'»I ' s

I — test ) . Ns . »ot. s l g r >1 r > cd»t .



T able 3 . Comparison of eieLtrolyhe and tot.al osmotic concentrat.ions in bladder u rine o f

»opherus polyphemus with those of Gopherus d</assisi
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Table 4. A v e r age temper.dtures and relet.ive huiaidtt ies in 4 burrows of Copherus p I>l vphdmus
a<turing e q u i l i br a t . i o n w i t . h s o i l

Gdt )y
„b

Dal l y "Surface"
„b" Sur f a c e " r e l a t i ve

E qui ) >  Meal
br d't 1 on

t>ur row Meda l>1 timI.'111 1 em)> ( 0 ) humid 1 t y ( t ) Medd u i c Medn t e rn ) I r e ) d t . 1 V et. ime
no. dates ( ) ' >74) Md>t Mln M<ix Ml n G ept h ( c m ) (h) m ent.s ( n ) ( 0) htmI1I11 t.y ( 4 )

117 9 8,(>+0 . 2 16 Ju l 40.0 21 . 5 66 . 9 38 . 2 310 12 2 4.4+0 . 1 2

8 Jul 9 8. I)+ 0 , 0 830. 6 2 2 . 2 /7.2 59.0 leo 25.1+0. 14

9 y.a>u . 5 0tu( 3 3. 9 2 3 . 3 79 . 8 6 1 . 2 350 26.9 t 0 , 1 2

98. ) 10. 354 Aug 36.7 2 2 . 8 8 3 . 1 4 2 . 8 280 2 5.5+G. l l

x 325 25.5+0.54 9 8.7 i 0 . 2 3

Values a r e x + SE .

b "Surface" denotes conditions in a standard U.S, Weather Bureau shelter aboveground at the hrchbold Brolog>c »
(U.S. Weather B u r e au , 1 9 74 ) .

c x and SE based on average conditions of the individual burrows.



Seasonal Yater and Energy Relations of
: -ree-i vin; Desert Tortoises in Nevada :

a Preli.zinary Report

kenneth A. Nagy and Philip A. Medica

A year-tour. ' study of H2O and energy balance ir. desert tor

to' ses is e'.-.g cne in Reck va' ley, Nevada Test Site. Wa ter

fluxes an" a tes c. CO2 production are meas ured in field an.

mals using the "oubly-labeled water method. S ome preliminary

results are presented here. T o rtoises became active about the

beginnirig cf April 1976, and gair.ed weight during spring while
eat ng ~ 3 -4% of their body mass in succulent annual plants

each day. M ien annual plants began dying and drying out in

late ~ay, tortoises continued feeding on dry vegetation for a

while, but surface activity declined into summer, ar as t he an i 
mals spent progressively more time in burrows. F rom spring

to summer, H.O ir.flux rates dropped from about 25 to 5 ml

(kg.da") 1 arid mietabolic ra es declined from about 0.15 to(~g . day

0.08 ml "O2 (a h) . To r " c 'ses were dehydrating slowly in

summer, : u g ' ".g Yr, :ud- .". b th ei.r declining body masses and the in

creasing csmot = pressure of their plasma (from ~ 29 0 t o
360 mosN) and bladder urine (from ~ 18 0 t o 3 30 mo s N) . W' t
the adven o f several thundershowers in late July, many tor
toises quickly emerged and drank rainwater bbefore i t s oak ed
into t?;e crcund. Some animals apparently did not dri.nk during

th i s -eriad. Subsequent showers in September induced germina

tion and growth of winter annuals during the fall. T o r toises

fed on thiese p'ants and gained weight through October. N e a rly

all animals ?;ad entered deep winter burrows by mid-November.

O f the many reptiles inhabiting the Moja ze Desert the d e s e r tI

t ortoise is t .e mos i o n g t he most iong-lived, and appears to be th e l e ast per 
t b d b y s e a scr.al or multi-year droughts . T he s e oThese ob s e r v a t i on s
suggest that Corco'ses are well-adapted physiologica y1 1 a n d b e h a v 
iorally to withstand the rigors of de sert life . Li tt l e is known
about the details of these adaptations, so this study i s e ing
d one t o a s se s s -he wate r b a l a n c e , b e h a v i o r a n d gd ener etics of de sert
t t o i ses !"Gpbe-us agassi zi ) i n the f ield, y u

' gor f ' l d b u s i n t h e d o u b l y 
labeled water met."iod {Lifson and McC l intock, 1 6 ; ag y ,' 9 6 Na , 1 9 7 5 ) . As
the study is stiil in progress, only a sh o phort re ort of in itial re
sults is presented here.

MATER ZALS A N D M E T HODS

The study area is a 9 -ha fenced plot containing natural vege
tation { Larrea — Ambrosia plant community)
t he N e v a a e s id Test Site in Nye County, Nevada. D e tailed descriptions
of this area have previously been published {Vollrner e a
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Ackerman and Bamberg , 1974) . Mea surements began in March 1976 ,
when tortoises became active that year. Th e fo l l o wing is a bri ef
account of me thods used; these are de scribed in de tail in Nagy
(1972) an d N ag y a n d S h oemaker (1 9 7 5 ) .

Animals are captured, dusted off and p l aced in p lastic pans to
catch any voided urine and feces. The point of capture is r eco r d e d
and the tortoises are transported to a t r a i ler laboratory a few
kilometres away . her e , t hey are we i ghed, pl astron length is re
c orded, blood samp les are taken from an o r b i tal sinus , urine s a m
ples are taken by bladder puncture, and labeled water is injected
intraperitoneally . To r t o i ses are kept ov ern ight to permit the
isotopes to become thoroughly mixed in the body water. The follow
ing morning, b'ood samples are taken, and the animals are released
where captured. T his procedure is repeated every 2 weeks when tor
toises are active, and every month when animals are in winter bur
rows (only 5 to 9 of the 11 labeled animals in the study area are
r ecaptured at one t im e ) .

Each animal is marked with numbers pa inted on the carapace as
well as with notches in marginal scutes, and most tortoises are
fitted with small radio telemeters (range about 30 metres, battery
life 3 to 5 mont hs) to facilitate recapture . To c a p t ure animals
during winter, they are first radiolocated, then a vertical hole is
dug next to their burrow to remove the animal without harming the
burrow. A ft e r p r o c e ssing, the tortoises are returned to their bur
rows and the access hole is blocked with a board and refilled.
Most animals remained in the same bu rrow through the winter, de
spite our manipulations.

Daily behavior patterns and plant species eaten are recorded
during 1 or 2 days of continuous observation (with binoculars)
every other week during the activity season . Sam p l e s of all plants
in the enclosure are collected biweekly for ana lysis of water ,
energy, nitrogen, salt and mineral contents . Me t e o r o logical data
are continuously recorded at several weather stations in Rock
V al l e y .

B lood samples are analyzed for doubly-labeled water (H H 0 )
by first microdistilling them to obtain pure water, which is then
measured for tritium specific activity by liquid scintillation, and
for oxygen-18 by charged particle activation using cyclotron-gener
ated protons (Wood et al., 1975). T hese data are used to calculate
rates of water input, water output and CO > production (metabolic
rate), which can then be used to calculate feeding and drinking
rates (Nagy, 1975) . T h e en d r e sult w ill be it emized energy and
material budgets for free-living tortoises for each season of the
year .

To assess critical aspects of wa ter ba lance and osmoregula
tion, urine and plasma samples are analyzed for electrolyte and
total osmotic concentration.

During 1977, several tortoises will be brought into the lab
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oratory, where they w i'1 be fed measured amounts of natural diets .
Urine and feces w ill be co llected and analyzed along with the food
in order to determine energy and material assimilation and excre
tion. T h e s e r e sul s w ill permit itemization of .ield budgets, and
estimation of m inimum dietary recuirements for comparison with
seasonal changes in food plant quality.

PRELIMINARY RE SULTS

~S rin . A fte r e me r g e nce from winter burrows in ' a t e M a r c h a n d
early April, tortoises fed on succulent annual plants and gained
weigh i n t o m i d -M ay . Du r i n g t his period, water influx rates in

creased from about 12 to 25 ml (kg day ) , and metabolic rates in

creased from about 0 .07 to 0 .15 ml CO > (g 'h ) . Ne est im a te that
tortoises in May were co nsuming 3-4't of their body weight in food
each day. F r o m M a y to J u ne , annual plants died and dr ied out, but
tortoises continued to feed, consuming primarily the dry grasses
that remained from May . Dur i n g t his period, water influx rates

decl i ne d t o ab o u t 5 ml (kg day ) , and energy metabo i sm declined

to about 0.08 ml CO„- (g.h) a s ani m a l s spent progressively more

time in burrows . Du ri n g s pr ing, osmotic concentrations increased
in both plasma (from 290 to 360 mosM) and bladder urine (from 180
to 330 mosM), indicating that even the spring situation presents a
water stress problem to tortoises ,

Summer. Fro m m i d - Ju ne to mid-July, tortoises spent most of their
time rn burrow , and did not fe ed . A s a r e s u lt , they had low

w ater f l u s e s (5 ml ( k g d ay ) l t and metabolic rates I0 .08 m l

CO2 (g. h) , and p" asma osmotic concentrations increased slightly.

Between 15 July a.".d 1 August, several thunders torms dropped 13 mm
of rain on the st dy a r ea, and about half of the tortoises emerged
a nd d r a n k ~ 10'4 or their body weight in rainwater . T his w a s
associated with a dec line in csmola"ity of both plasma {: rom 360
to 310 mosM) and bladder urine (from 330 to 60 mo sM) . O." overcast
days during this period, tortoises were seen scraping shallcw de
pressions in he s o i l in open spaces between shrubs . The s e ba s ins
subsequently caugh= ra' nwater, and apparentlv served as drinking
sites for tor oises . The n , to rtoises again began feeding on dry
grasses for a ti.,e, before becoming inactive aga in . N ot a ' 1 an i
mals emerged tc drink and feed during this period.

Fall. Rai n i n e a r ly September provided suf ficient moisture to in
duce germination of annual plants . I n a d d i t ion to dr inking again
in September, tortoises began feeding on the fa'1 crop of "winter"
annuals, and gained weight into rnid-October when declining tempera
tures limited surface activity . B y m i d - N ovember, most animals had
ente r e d d e e p wi n t e r b u r r o ws .
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DISCUSS IQN

S everal tentative conclusions emerge from these results .
Clearly, tortoises are nct impervious to seasonal fluctuations in
weather conditions and o o d q a l i ty . The c h a n ges in plasma and
urine osmolar i ty in spring n d s u m m e r i nd icate that tortoises are
osmotically stressed even when green forage is available in s p r i ng.
Osmotic concentrations returned to normal when tortoises drank
r a i n w a t e r i . s ~ e , an=' some of this water was retained, apparent
ly in the urinary bladder (Dantzler and Schmidt-Nielsen, 1966) to
offset future osmotic stresses . S im i ' a r re sults were obtained by
Minnich (1976 and this volume) from tortoises living near Barstow,
C alifornia, in the central Mojave Desert .

T ortoises are remarkably skilled at obtaining drinking water .
Many of our animals (which had spent at least the 3 preceeding
weeks in burrows) rapidly emerged during a m id-July rain and drank
water before it soaked into the so il . So m e o f the tortoises ap
p eared t o ha v e a n t i c i p a t e d t h e p r ec ip i t a t i o n , a n d c o n s t r u c t e d

shallow basins i.n the soil several hours before rain actually began
falling. T h e m e c h a nism (s', by which tortoises detect or an t i cipate
rain deserves ur t h e r investigation .

Few "survzner" annual plants occur in the northeastern Mojave
D esert, and "winter" annuals usually grow between autumn and la te
spring, provided that au umn ra infall is adequate (Beatley, 1974) .
Thus, succulent annual vegetation is usually not available to tor
t oises during the mi.ddle portion of their annual activity season .
D espite this , o rt oi.ses showed normal increases in length and ma s s
during 1976, as compared with growth rates previously observed by
Medica et al . (1975). T h e r e a p p ear to be several reasons that
account for this . Fir s t , tortoises continued to feed in la te
spring, even after o o d p ' a nts became very dry . Th i s i s in m a r k ed
contrast to another he"b'vorous desert reptile, the chuckwalla
(sauroma <us oeesis), wh'ch does not eat dry pl a nts and dies quickly
when it is forced to do so (Nagy, 1972), possibly because of osmot
ic stress. T h e a b i' ity of tortoises to eat dry p l ants may be r e 
lated to their relatively high body water content and their
tolerance of osmotic stress . Th i s w o uld permit tortoises to ex tend
their feeding activities further into summer . Sec o nd , the ab i lity
t o detect and consume rainwater, and to store some of it in t h e
urinary bladde" could allow tortoises to consume dry pl ants even
later in the summer, by providing the necessary water that is not
present in the diet . Th i r d , the early crop of "winter" annuals
evoked by the rains in September 1976 provided green forage in
fall, and allowed anima' s to feed and gain weight before entering
winter dens . Fx t r a polation of our re sults indicates ti at, had rain
not fallen in summer and ea"ly .a ll, tortoises would probably have
s hown a net loss in bcdy m ss througn their 1976 activity season .
As tortoises a'so occur in areas where summer rainfall is rare or
absent, such as in the we-tern part o the M o j ave Desert, compara
tive data from various areas within the geographic range of these
animals could be very enlightening.
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"rowth and Shell Relationships in the Desert Tortoise

Rober t Pa t t e r s o n

r t h e 'esert tortoise, Gopherus agassi zi, shell thickness,

percentage cf hodr weignt represented by the shell and shell

densi t y al ' ' .",crease with an increase in carapace length. t

apcea s that other species of tor toise may behave differently.

Knowledge of how the animal, its shell and its characters
change with increasing age is only partly known for the desert tor
toise, opherus agassi zi . Medica et al. ( 1975) have shown that in G .
agass z • body weight is approximately equal to the cube of t he
plastron length. Th e y h ave a lso determined that the plastron
length and carapace length are highly correlated ( = . 99) . Ot h e r s
have shown tnat carapace length increases with age in a regular
manner i n G. d d  - 'z ' ( atterson and Brattstrom, 1972) and in
T estudo g i g a n t d a ('"aymer , 1 97 3 ) .

The present study examined several unanswered questions about
tortoise shell growth. T he s e i n c luded : Do e s s h ell thickness in
crease with age? Do e s th e percentage of total body we ight repre
sented by the shell increase with age? Do e s s h ell density increase
wit h ag e ?

METHODS

A collection of 10 G . agassizi shells were drilled in the mid
dle of the fou th costal element of the right side of the carapace .
Shell thickness at the site of the drill hole was then determined
usirg a cepth vernier caliper .

Twelve G. agassizi that had been weighed prior to natural
deaths were reweighed after thawing and specific body components
were also weighed (Patterson, 1973).

Sevent ee n =. dgassi zi, 5 Geo chelone elegans an d 3 Geocheione e'e
gnartopus were weighed and measured prior to death or j ust af ter
death. T h e y were opened, cleaned and shell volume and mass (botn
wet and dry) was determined . She l l mass (grams) divided by shell
volume (millimetres) provides a measure for shell density.

D ata O n .e s =udo gicdr:tea (Hughe S e t a l . , 1971) Were analyZed tO
d etermine the per "entage o bo d y w e i ght represented by the shell .

RESULTS

A strong positive correlation (r = . 95) w a s f o u nd b e t we e n
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shell thickness in m i llimetres (Y) and carapace length in centi
m etres (x) . A s sh o w n i n F ig . 1, the associated equation is :
mean shell th ickness (y )= 0.1 65x — 0 . 4 4 .

The percentage of to tal body weight represented by the shel l
(Y) in G . agass'zi was found to be positively correlated (r = .72)

with carapace length in centimetres (x). A s s h ow n i n F i g . 2 , t he
associated equa tion is : me a n p e rcent body wt s h ell (Y) = 0.599x +
5.64 .

The percentage of to tal body weight represented by the shell
(Y) in Testudo gigantea was f ound to be weakly but pos i tively corre
l a t e d ( r = . 625) with carapace length in centimetres (x) . As shown
in Fig. 3, the a s sociated equation is : m e a n p e r c ent body wt shell
(w) = 0. 034x + 8 . 1 6 .

A strong po s i tive correlation ( = , 836 ) w as f o u n d b e t we e n t h e
density of the s h ell in grams/millilitre (Y) and carapace length in
centimetres (x) f or G. agass ' zi . As shown in F ig . 4, the associated
e quat i o n i s : me a n sh e l l d e n s i t y ( y ) = 0 . 2 3 x

A tentative relatior.ship (= = .85) was found between the densi
ty of the shell in gr a ms/millilitre (y) and carapace length in
Centime t r e S ( X) f O r Geo chelone elegans. AS ShOW in F ig . 5 , t h e a SS O 

iated equation is : m e a n s h ell density (Y) = 0.858 x ' . Fo r co m
0.178

parative purposes, the only available data for Gecchelone e'ephantopus
a re plotted in F ig . 6 w ith a visually drawn regression line .

The regression equations for all figures except Fig . 6 were
d etermined using the method of least squares .

TABLE 1. R e sults of regression coef fic'ent tests.
NS = not significant; CL = car a p ac e l en g th .

Species Regress or . eq u a t i o n t -v a l u e

Gopherus a g a ss i z i Shell thickness vs. CL 1.51

Gopherus a g a ss i z i Percent body wt shell vs. CL 2.62 ( . 10

Gopnerus a g a ss i z i Shel l de . . s ' y v s . CL 3.86

T estudo g i g a n t e a Percent b c d y w she l l v s . CL 0.08

G eochelone e l eg a n s S..ell der'sity vs. CL 0.58 NS

Geochelone elephantopus Snel l den s ' t y v s . CL NS
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null hypothesis cf no dif er™nce between the obtained re
gression coef f icier,ts ar d a r lue c= zero was tested us' ng Stu
dent ' s cistrib ~t on. B e c a use of the 1 'mited sample size and the
tentative nature o r t h e p r e s ent w"..rk, a - va l e o f . 1 0 wa s r eg a r d 
ed as being signif'car . A s s h o w n in .able 1, the r ul' hypothesis
was rejected for all regression e~;uations involv'ng < . e , a s s i z i b u t
was accepted for the other species studies.

S' .<~IARY

It thus appears tnat in ~.. eqassizi there are positive rela
tionships between: inc reasing sh e' 1 thickness and carapace length,
increasina percentage of tctal weight represented by the shell with
increasing carapace lenatn and, ir,creasing she'1 density with in
c rea s i n g c a r a p a c e l e ng t h .

While not significant, cn rhe basis of the limited data avai
lable, it appears that other species of tortoise behave dif erently
from G . amass zi with re "ard tc these variables.

A CKNGW : E D G M E N T S

I am areatly indebted to Dr. B. H. Brat.ts rom and Mr. Ni cholas
Gaspar for their he' pful sugges ' 'cns and assistance with the sta
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Y=0.165 X -0.44

F= .9465
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I 'ig . 1. Th e r e lationship between thickness of shell in millimetres,
measured at the middle of the fourth costal element of the
carapace (x) and carapace length in centimetres ( v) in
Gopherus ag a ssi z i .
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}' ig . 2 . The r e l a t i o n s h i p b e t we e n t h e p e r c e n t o f t h e t o t a l bo d y we i g h t
represented by the shell (v) and carapace length in cent i 

metre S ( X ) i n Go ph erus agassi zi .O nly the data fOr G . ~<gassi zi

(circles) were used in calculating the regression e quat i o n ;
howev er , t h e d a t a fo r G . berlandieri ( s q u a r e s ) a n d G. pn i g p h emus

(stars) are included for comparative purposes.
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T he Status of the Mexican Bolson Tortoise ,

Gophe r u  ' t a v om ar y ' r a u s

David : . Mo r a f k a

Tne Mexican Bo l so n t o r t o ' e ophe ru s : i avcmargiratus i s th e

l argest t rrestrial reptile in temperate North Amer ica . A du l t s
common'~ reach carapace lengths in excess of 340 mm . It is
closely related both by a na tomy and behavior to the gopher tor
toise ,' Gopher us po'gphemus) o f t ne so u t h e a s t e r n t'nited S t a e s ,

The species is conf ined to ( 4 0 , 000 km o f closed basin
drainage (Bolson de Map imi) of southeastern Chihuahua, southwest
ern Coahu'la, and northeastern Durango, Mexico . Lo c a l d i s t ribu
tion often reveals a pa ttern of clustering a..d discontinuity
between populations . S ig n i f icant extirpation by man has taken
p lac e .

The tortoises live in desert areas with extreme temperatures
and low precipitation (250-375 mm) that mo stly fa lls in the sum
mer. Pop u l a t ions occur from ' 000 - 1 3 0 0 m elevation; mostly on
sandy slopes with 1-2g% grade . Bur r ow s a e 1 . 5 - 2.5 m deep and
2.7 m long with a single opening usually =ollowed by a s t eep down
grade. A d u l t s feed largely upon late sur..-..er growth of the bunch
grass called tobosa or wireweed I Hii ar ; a mu t i oa ) . T h e d i e t i s s u p 
plemented by cactus ( opuntia sp., : fruit and herbaceous annuals .

Known population density ranges from ( ' pe r 1 0 , 0 00 m to a

maximum of 7 per 1 0 ,000 m . Mo s t o f th e po pu lation consists of

adults, and the structure appea s to favor indi.viduals of

262. 5 mm shell width (20 years of age or o ld e r), as they consti

t ute almost half (47%) of active burrow dwellers .

Human predation is severe and increasing . O th e r p o t e ntial
predators include carnivores such as coyote and badger, large
f alconiform birds, and large-bodied snakes . A l l , e x c ept ma n ,
could be significant only to eggs and ha tch lings . Par a s i tes are
g ener a l l y un k n ow n .

Human impact is negati ve . M a n b o th preys up on t he t ortoise
directly and destroys its habitat through ove gra zing and irri.

gation. T h e t o r t o ise apparen ly was ext' rpated ro m su i t a b l e
g rassland habitat. near villages, roads, and railroad lines .
During the last half century, human and lives ock de n sities have
been rising rapidly in the remaining, previous'y remote, portions
of the tortoise range . A con t i nuation o p res e n t t r ends could
lead to extinction of this species . Pr e s en t le gal statutes on
the tortoise prohibit its trade or transport across international
boundaries without special permits. B ut t h e e x i s ting regulations
are vague, generalized, and do not specify he Bo ls on t or t oise.
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protection within Mexico is difficult to enforce due to the re
mote reg'on inhabited by the species . A rec e n t organization of
Durango land ow..er» and residents by the Mex ican government and
its Ecology Institu e ma y es ' = in one locally managed a.".d =ro
tected tortoise reser ze.

: .utu r e meas .r s should include : a le r t ing key border st a 

t ions on both sides of the U .S .— Mexican boundary as to the
legal status o" tor,cise, organizing more extensive native
r efuges, extending ecologica' zn ormation about tne torto se ,
establishing a tagging program, initiation of a captive breed
ing program (followed by some re-'ntroduction into former habi
tats), and proposing the tortoises as an endangered species.

California State College, Dominguez Hills
1000 East Victoria Street
D ominguez Hills, California 907 4 7



Census i n g Ee s e r To r o ' se " opu l a t i o n s
Usirg a Qua ir;.t and 5r lA Locat ion Syst rn

R. Br c e B ~r y . r.d r og e r A . L u c k e n b a c h

Ne dev tec 'rn . ' e f the desert tortoise

Cosh er s am a ss z .s nq to iGG-ha quad at s ubdi v i d e d
into l-ha sections 3 gzad -vst "matl s e a- -n of t ne s e c 
tions accuratelv io c a es oz t oi s e s , '=uzzows, pa l l e t s , and
l ar.dscape f ea t . es . efze ctive data-recording sys em is

p resented fcz i e l 'woz 'c dez adcpti on of he quadrat sys

t ern, wh i c h ha = seve r a l a v a r .tages ever lineaz transect

s amp l l l iq t e c h . i ~ ' 'es w,oui d zov ' --.mrarab l e da t a on oz 
toise populations ent a nd h a ; . i t a t s .

Objectives, desigr.s, and methods o" data collectior, of several
recent ecological : ie'' " t u d i e s of le desert t o r t o i s e , rcp hczus

atrassiz i i , v a r i e d c o r.s i d e r a b l y (En g b e r g e t a l . , 1 976) . We b e l i e v e
that it is 'mportar.t to . r.s s torte' se populations in dif erer.t
regions by the same tec?'niq~ es so that the ef feet of dif ferent en
vironmental regimes on popu'at'on characteristics may be examined .
Toward this goal, we pr=pose a star dard zed system for censusing
tortoise populations.

We earlier founc! that a removal method iin defined quadrats
(1- to 2-ha squares> was e .fective ir. sampling lizards and tor

t oises (Bury et a l . , ! 9 7 7 ! . : h e p e se n t c e n s. s t e c h r i q u e ev o l v ed
from this remova' method :; — . d w=s ' = = " eve ' o p e d f o r c =mpar i n g t o r 
toise populaticns 'n lar-.=. 2". ha, areas unc!'sturbed and disturbed
by off-road vehicles nea" Barstow, Ca'' ornia . O n e a c h quadrat we
counted all tortoises, tortoise b: rrows, and pallets to obtain an
estimate of the ab'n 'ar.c o: the re =' " e r . t t o r oise population.
S uch established q != ,.ts ca . be r ; siteci in the fu re t o e s t i 
mate population s zes an ' to rela e =nanges in population to habi
tat conditions. .his cer.sus system is presented for consideration
by other research bi- o„.ists ar,d mana=ers concerned about the
status of the " eser t =o r =o s e .

ST' 3z' S I . E : OCAT Z O Vi

Most p a s t a d " r e s =n " .es er t t e r c -e -tudy si es are iin the
nor t h e r n o r w es t e r n ." . c . : - v a "es . ".= i  — . . i,). ;;e su"gest that stud
ies in the southern ;. =- cn of th t-r t o''se's range wou'd p r o v i " e
more complete picture =-. =he ecology of this spec'es.

t 6'3



"„r ABETS

Ande r s c >n e " ~ ' . '19 c kenbach rl ". . 6j u s e d Sur v e'<' S

along lir.e t.ar.s: = s c cer.su s =-.cis e po p u l a e ec c g n i z e
that su r v e y s s . .-. : r v g c . mple a r e a s »apl c y are
useful f c nd i c=-. = n; rh. » a r'd r e a t l '! t e r
t c ' s e s . <; c a e ! e r , t he u s e = f c 'a r a t s 1 b et t e r
method o f c e n s u s ..—.;, . tc pccu l at ' c n s . To » s es c a n be p e r m a 
nently marked a.-. re=' ste-. - ture d wi t h quadra t, whe r e a s
t he pro b a b i ' it . : e r .=cun t Y 1 » r..a=ke d o r t <" 1 Se a c n c a s " = a i g h t 
line transect ».. = =. ; = S- ..a r t h e r , we e c . - .t e.-d h a = 1S

dif f icult t~ samp' e er ec t he - r a n s e c a r ea e x t e n d
i ng 1 0 - 3 0 m t o a ' h s ' d e the a th j .

T orto i se s a r e u s u a l i y a c t i v e on the surface =or or<ly brief
per i o d s e a c h d a y a nc fo r 1 i mi t e d intervals frcr about March to
October. Tc r t o i ses c.ten res a the mouths c- their burrcws cr in
pallets, whe"e the~ may nc Lu e ! '1 sible beyond 5 m . You n g to t o i ses
are easily overlooked unle shru b s and i o w r e= e t a t i c n a e c a r e fu l 
ly examined at " =-e range cises in burrows wi11 be missed
u nless the inte" : c f t h e b" w is illuminate::. We observed that
many pallets, b< ==cws, +c » t » ses cannct be detected unless n
a rea i s v i e we d r o . . mo r e han n tage po i n t . : hu s t he ac t u a l
size of a tortoise p op< ' a t ic i i 1 S ' ikely to be underestimated by
linear transect methocs.

We recommen' line trar.sects as a useful tccl for general sur
veys only, and quad at techniques as the standard o r q u ar,titative
studies of tortoise pcpulat ns .

ESTABL I S H EX G T ?iE QL'ADRAT

Although sc~e tortoise- re-..ai, ' r. small areas, relative' y
large study areas ( 25-100 ha) shculd be established because adult
tortoises are mor'le and may be wi"e-ranging; some adults may
t r a ve l ) 5 0 0 m .". 2 a y s ( R. Ma r ' c w , ge: son a > =os..un'oat io n) . L a r g e r
q uad at size increases the chances of relocating marked animals .
Also, only 1 rge <.."uadrats pro.,ide sufficient nu™bers cf individuals
from which to cet m ire pc- lat cn attributes . en sit i e s of to r 
toise populatior.s ever mos " he range a p pear - o b e l o w a nd v a r y
from 5 t o 5 0/ k -.,  ; B .rge a r . - Br a = l e y , 1 9 7 6 ; L c k e n b a c h , 1 9 7 6 ) .

Accurate q uadrat "el',.e ti=.". is important. ie .i r st establish
a se t po i n t c o r n =r ,0-0) u s . r - . a - ermanen t m ar k e  ',tcwr,shi p c o r n e r ,
landscape feature' an- determ i ne the cutside bc .-.daries with a sur
veyor ' s c omp a s s ' .-.:.'. 50-m s te . ' =:-."e. T he q " a d r a t i s t h e r. " ' e a r l y
marked i n t o 1 - ha - e=" ; c n s , ==.„ ' . . : ; a l a r g e r .= ', " ' „ . 2 ) . Wc c d en
poles (2-3 m lor., with se e:a1 .. oCes of f'a- in: a e usefu l
marker s f c r c u t s ' e b o < r . d ar ' e s a.- ,. alternating rows of the grid be
cause f l a g g ' n g c , " . s h<r "s c " i c w - les is se'do., 'isible beyond
200 m. W e a ' so c n<' 1 h e l p: u to a l t e r nate flagging color (even
r ows w h i t e ; o d d , r e d ) a n d t o ' abe l e a c h 1 0 0 -m m a rk e r (e . g . , 2 0 0N
300E). S m a l l f l a~s c d iff e r ..= =-lors were pia"ed on 50-m inter
vals to help ma 'ntain bearings ' ns i d e e a c h 1 - h a s ec t i on .



Bur'y , u c k e nb a c n

' se c s . ch ~ .-.=' g iv e s a c o o rd in a t e lo c a t i o n f o r every t o r 
t o i s e o r o - h e r .e r e (burrows, pallets, washes) in the quadrat .
We e " . m a t e ac 

' o cations to the nearest 5 m .

DATA C O L L r .CT EON

We sea ch : c -. tortoises during times that are favorable for
s ur f a c e a c t v ' 

.

" ". . t h e ~ !o-'a re De s e r t warm mornings and evenings
i n t . -e s p r i n g =. " = h e '~es of g "eatest tortoise activity .

We record =e-.tir.ent field data in notebooks and on a d e tailed
fiel" map '.Fig. 2, . r pon reexamination of these notes and maps, we
can determ ne how far individual tortoises have moved; how many
burrows a, d pallets they use; the appearance, number, and location
of new burrows; and char.ges in population size, composition, and
spatial distribution.

Search Plethod. E a ch h e c ta r e o f t h e q u ad r a t i s s y s t em a t ic a l l y

searched. Ob s er vers wa' k along 1 edge and then cr isscross the
a rea a l o n g p a r a ' ' e l l i r.e s sp a c e d a b o u t 5 m a pa r t , b e i ng c a r e f u l t o
examine areas bene='th shr' bs ar.d la ge perennials . T h u s e v e ry
part of the grid is viewed from a m in imum of 2 v a n tage points and
at distances of =. m or less.

B ecause i t may be possible to correlate numbers and character
istics of pall ets a.".d burrows wi h sizes of tortoise populations,
t hese f e a t e  a re recorded. W e m e a s ure several factors : d ep t h i n
cavity, height and width of opening, compass direction that the
o per in g f a c e s ; tar.ce to nearest shrub or perennial (e .g., 0.5 m
f rom b a s e o f c reosote); climatic conditions; and duration of
s earc h .

Marki n an d Co d i ng Che onians have been marked according to sev
eral different c, d'n schemes (Cagle, 1939; Schwartz and Schwartz ,
1974) ~ 1 s> 4 ' ' rke r s mark the marginal scutes of the carapace and
avoi" usir g the bri" ge area, but we find no disadvantage in using
this area of the she 11. A d i s t inctive, long-wearing mark can be
made on any marginal scute; a hacksaw blade or fine saw can be used
t o c u t a g r o ov e .

A simple cod'-;„ system is employed (Fig. 3) . We al s o p a int
the number of the tortoise on the posterior carapace with white
enamel pain=. F'ainted numbers are useful both for recogniz'ng tor
t o i s e s a t " s nc e wi thout distu"bing them and for identification
of marked animals ' .". t h e i r b u r r o ws .

Takin g a nd Rec o r d i n g .~!easurements. O u " d a t a recording system
{ Fig . 4 ) u s e s a =ed, firm card (13 X 21 cm) containing spaces
a nd o u t l i ne d a wi n g - s d ata .

information cat egories may be modified for individual needs
b ut w e st r o n g l y u r g e all workers to record certain measurements
(CLg EWE B ) a L and Wt) in a standard manner . T ab l e 1 e x p lains
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our abbre.iati ns. A ll p a r am e ters a e straight-'one measurements;
small tortoises a.-." short lergths may be measured with dial ca li
pers but 'e..gt.".s ) 150 mm eq u i r e the use of sliding field cali
p ers d e s i ' n e ' 'c  ., asure tree diameters (available from forestry
s upp' y d e a l e r s , '.

Spr in g s c a ' s a =e be s t for weigning animals; the larger tor
t o i s e s a r e ". .ent ' : i : t e d i . . a bandan-a sling. D is t u r bed animals
frequently disc..:' ; e s o r ed er, b t gentle handling and pressing
the tai' f irm' y =-."a 'nst the cloaca w'll often prevent urination
whale h e t o r to i e is be ing m easur e d .

Recaptu ed a.-. mals are noted on location f ield cards (Fig. 5)
Only a few measurements are taken, minimizing disturbance to the
animal .

S UM~1ARY

The us e o f q uadra t p ' o t t o c en s u s tortoises enables accurate
estimates o" many populatior attributes. With cur system, a field
worke r c a r r e c o r d 'a a =rom individuals (measurements, weights ,
morpho l o g ' ) , t h e ' habitats (vegetation , t opog r a p h y , b u r r o ws , a n d
pallets), ard the populations ,'spatial distribution, age — sex
c ompos i i o n , c e .s x=y, b'omass) in quanti t ative, descriptive terms .
Quadrats may also serve as sampling stations for long-term monitor
ing of populat'c" characteristics.

We o= e t h ' s sys em as a m e ans by wh ich to characterize and
f ollow population trends in i.. agassi zii . The system is flexi ble
and suggestions for improvement are welcome .

We . rge t h a : a se r i e s of permanent quadrats be established
over tne entire ra..ge o ~ . a las z . This w o u l d a l l ow ass essment
of the s a" s of ==rtoise populations and the formulation of s ound
c or ser v a t o n p l an s .

L I T E RA TURE C I T ED
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50~

00
. (

~ ~ 4/m
A

j

E too E,MO
< qc, T~~ ~ ~ i+ %r

l00 'R Dead T~ i sc «~+'<
West Pal/d
D cs~ Po~ r A C

~ 00 2GO ~ ~ E50 0

Fig. 2. Representative quadrat (25 ha) showing grid system. I n s ert shows

etaris or e a tures drawn on field map (1-ha section) .

)0 I

3. Coding system «sed cn Gopherus agassi zii

175



pi+(pc~~ CcE >g8~ S k/
S. - : C r >.r

,

~ ~ n gy ~ t C~ 6 Apgz. ~v. z AH tax.

CW ' ." ~ F' s i a G J < .9 F A i

~ S ~ $

V V

a
( Stings

5c4cE5
%PulFS

I

4 . 5 ' oak a- , d :o r . .p l e t e d da t a c ar ds



Bury , ' uc k e n b a c h
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Table l . "ate;o e s c f data reco= ed cn tortorses. Al ' are str •: a..t-' ."e

measuremer t-. he abb reviat.
' r,s arc u c o n t he at a car ds ,F ' g .

Abbre aviation e «I!1 1 , . ' 1ofl

hei 1 a nd «h o ' e bo d y

CL C arapace l e n g t h .ip of nucnal to pos erior edge G = a r pace

c arapace w i d t h Greatest width across midd'e of carapace at
approximately marginal 6.

CF Carapacial flare Greatest width of carapace in area of fla «e

c n marg i n a l 8 or

,eo«h Greate t depth of s.'-.e' l.

PL P lastron ler.g th G rea-est lenath from i o o -ular to tip of

anal s c u t es .

pl I ns d e p i as t r - n : er.gt h f «om center G: gular notch tc cente

' =ngth o f a na l r. o t c h .

OLa V~ e r r i ngs :Jumber of distinct1ve growtn anr.uli

o n l a m 1 n a { ' ; l y us ef u l on ; c uri g ) .

B . 1dge l e n g t h : eas t d ' s t an c e b e tw ee n h i l l ary ar.d
i r.guina l no t c h e s.

Wt Yle 1g!1

.-las t r a l scu"es (len th alon m i d linei

ular :-rom inside of gular notci; tc con a=t with

, iumera l .

H Hume ra.l Tora l eng t h o f s cu t = .

P ec or a ' Total length c f scu e.

AB Ab dom i isa l Total length of scute.

F emorel Tc al length of -cute.

From contact witn fe..oral o inside of

rio tch .

&villar a..d in uinal scutes

e e. g t Q reatest lengtn of s=ute

Ala i ' 1 Greatest w1dth of scu e.

TL . ota l ' e r . g t h Lcnath of all scut s compris i ..g ng u i r . a l
(may be 2 - 3) .
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Burge, B. L., and 'r~'.G. Bradley. 1 9 : 6. P o p u l ation density, struc
ture, arid feeding habits of the d sert tortoise, c:opherus amass;zi,
in a lc~ desert study area 'n so. t h e m ' n evada . i r. De s e r t T o r 
toise Council S rnpos: um Proceed' ".gs, 1 9 7 6 : 5 1 - 7 4 .

B W ith correction should ead :

52 3 03.5 h a

53 2 2 t o e nd ... totaled 46.8 mm and for 1974-1975,
of d 7. 2 m m .

p arag r a p h

53 5 and 6 ...p'ots; and for the understory, by

s ampling m p lo t s a t 6-m intervals .2

Rela t i v e . . .

5 5 Ta b l e 2 IV of c'r;arizaatheri girja s h o u ld b e 5 . 9

6 0 Ta b l e 3 v/ km-' Study area totals
) 100 mm ( 1 0 0 mm ) 100 mm ( 1 00 m m

61 4 3 6-44 / k m

6 5 Ta b l e 5 Sex ratios and N: ma le s : females
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DESERT TORTOISE COLINCIL

APPLICATION FOR MEMBERSH IP

DATE

PHONE
Please ~ nt Area Co

ADDRESS
Street

Ci ty State Zip Co e

I (We) hereby apply for the following membership:

( ) Regular ($5 .00 per year) ( ) Pa tron ($100 or more — lifetime)

( ) Student ($3.00 per year) ( ) O rganization ($15.00 per year)

'le CGUlJC~M'S GOAL — co assure the continued survival of viable populations
of desert toztoise thz'oughout its existingrange.

Meetings uriEE take place quarterly. 1'ou uliEE be notified of the time and
place. PEace of meetings viEE be changed to aEEcm members from aEE areas
to participate. Minutes of each meeting uiEE be sent to all members.

All checks oz money ozders should be made payable to the IKSERT TOKQISE
COUNCIL and sent vith the application to:

D ESERT T O R T O I S E C O U N C IL

1 835 K l a ub e r Av e n u e
San D iego, California 92 114
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