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AGENDA 

CONFERENCE ON HEALTH PROFILES, RElWRENCE INTERVALS, 
AND DISEASES OF DESERT TORTOISES 

Soda Springs, California 
October 31 - November 3,1996 

Thursday. October 31, 1996 

3:oO - 500 p.m. Arrivals 

5:OO - 6:30 p.m. Introductions and Preliminary Discussions about Expectations 

6:30 p.m. Dinner 

8:OO p.m. 
i .  .. : 
. ._ 

The purposes and objectives of the conference 
A brief introduction to the desert tortoise and the reasons for the Federal 
listing as a threatened species 

iWslin H. Beny 

SESSION I. Health profiles and reference ranges of healthy and ill tortoises in the Maiave and Sonoran 
deserts of the United States 

SESSION CIWR:  Dr. Tim Lumsden, Universily of Guekh, onrario 

8:OO p.m. Sex, site and seasonal effects on hematologic and biochemical values of free-ranging Mojave 
desert tortoises over a 5-year period. 

Mary M. ChristopherJ K H. Beny ,  I .  Wallis, K NagyJ B. Henen, and C. Peterson: 

9:OO p.m. Reference ranges for blood variables: Issues regarding which data to include, and what to 

Patrick E. Ledede, Kurt R Rautenrtrauch, Danny L. Rakestraw, and Katherine K 
Zander 

do when all your tortoises are healthy 

9:30 p.m. DISCUSSION 

Friday. November 1, 1996 

7:oO a.m. Breakfast 

SESSION I, continued. 

8:OO a.m. Healtb studies of desert tortoises in the eastern Mojave Desert of Arizona and Utah and the 

Vmessa Dickinron, Timothy h c k ,  Cecil R Schwalbe, James L. Jarchow, and Mark 
Trueblood 

central Sonoran Desert of Arizona 
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SESSION 11. Backmound Information on Diseases of Tortoises; Assessing Health and Disease 

SESSION CHAIR Dr. Tim Lurnsden, U n i v e  of Guekh, Ontario 

900 am. 

920  a.m. 

950 a.m. 

:10:20 a.m. 

1.030 a m  

11:30 a.m. 

1:OO p.m. 

:2:00 p.m. 

Causes of Mortality and Diseases in Tortoises: A Review 
Ellwtt R Jacobson, 

Field methods for evaluating health, diagnosing diseases, and salving desert tortoises 
k7iszi.n H. Berry and Mcuy M. Christopher 

Break 

Drought-induced dehydration and starvation in juvenile and adult desert tortoises from the 
western and eastern Mojave Desert 

E. Karen Spangenberg f i t i n  H. Bevy, Bruce L. Homer, and Elliott R Jacobson 

Patterns of disease and laboratory abnormalities in three populations of desert tortoises in 
the western and eastern Mojave Desert (includes data on anomalous health profile material, 
shell lesions, survivorship and mortality) 

Mary M. Christopher, K H Beny, I. Wallis, X Nagy, B. Henen, and C. Peterson. 

Lunch 

Necropsy of free-ranging desert tortoises - the ultimate health assessment 
Bruce L. Homer, Elliott R Jacobson, and Kii~tin H. Bmry 

DISCUSSION 

Questions to be addressed include: 

A. How would we expect values for healthy tortoises to vary geographically? 

B. What criteria need to be established to determine whether tortoises are "ill" or 
"healthy," so reference range categories can be established? 

C. What are the most reliable and valuable components of the hematological and 
chemical profiles for determining ill health and pathology? 

D. What is the impact of repeatedly drawing blood samples on individual tortoise stress 
levels and health? It appears that the incidence of disease has increased in each health 
profile study area following initiation of research. Is this relationship real, or an artifact of 
the methodology? Is research being conducted in this area? 

E. Do positive ELISA values constitute an ill tortoise? 

F. What risk factors can we use to determine if a population is at risk?, e.g., similar to 
cholesterol and HDL in humans? 

G. What do we know about the immunology and the normal immunological status of 
tortoises? Does the animal have the usual immunological classes and can cell 
mediated immunity be demonstrated? 
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H. What are the management implications of health assessments? How can the 
information be used to s e l e c t  animals for release to the wild, to be translocated, or 
to be salvaged from the field? 

2:30 p.m. Break 

SESSION 111. INFECTIOUS DISEASES: The Mycoplasmas and Desert Tortoises 

SESSION CWAI'R. Dr. Jaseph Tu&, NL4ID 

3:(N p.m. 

330 p.m. 

3:45 p.m. 

420 p.m. 

5:(X) p.m. 

X30 p.m. 

730  p.m. 

8::15 p.m. 

An overview of mycoplasmal respiratory infections in animals 
Mary B. Brown 

The establishment of MymproSma agarrizii as the cause of URTD: experimental infection 
studies. A brief overview of the experimental transmission studies 

Mary Brown 

URTD diagnostic tests and limitations: Culture, PCR, histology, and serology. A 
comprehensive discussion on current diagnostic methods used, limitations of each, how to 
evaluate the test results, and what each test does and does not tell us. 

Presented by Dan Brown Isabella M. Schumacher, Grace S. McLaughlin, E. R 
Jacobson, Mary b. Brown, Paul A. Klein, and Daniel R Brown 

Relationship between clinical signs of upper respiratory tract disease and antibodies to 
Mymplamur agarrizii in desert tortoises from Las Vegas Valley, Nevada 

IsabeIIa Schumacher, D. Bradford Hardenbrook, Mary B. brown, Elliott R Jacobson, 
and Paul A. Klein 

Serologic survey of desert tortoises, Gopherus agumkii, around the National Training Center, 
Fort Irwin, California, for exposure to Mymphmur agmsizii, the causative agent of upper 
respiratory tract disease 

Ellwtt R Jacobson, Mary B. Brown, Paul A. Klein, Isabella Schumacher, David 
Mora@, and Rebecca A. Yates 

Break and Dinner 

Seroepidemiology of upper respiratory tract disease in the desert tortoise: A four year 
prospective study at the Desert Tortoise Research Natural Area in the Western Mojave 
Desert 

Semepidemiology of upper respiratory tract disease in the desert tortoise: A four year 
prospective study at Ivanpah Valley and Gaffs in the eastern Mojave Desert 

Mary Brown, Isabella M. Schumacher, Paul A. Klein, Kenneth A. Nagy, and KXstin I3 
Beny 

Health and disease monitoring of the desert tortoise population at Yucca Mountain 
Palrick E. Lederle, Kurt R Rautenstrauch, Danny L Rakstraw, Katherine K Zander, 
and Jarno L. Boone 
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I200 p.m. DISCUSSION 

- S,aturdav. November 2, 1996 

'7:OO a.m. Breakfast 

13:00 a.m. Upper respiratory tract disease in gopher tortoises, Copherur p o t y p h m m  Natural disease, 
experimental studies, and implications for conservation and management.. 

Grace S. McLaughlin, Ellwtt R Jacobson, Mary B. Brown, Dan R Brown, C. E. 
McKenna, Isabella M. Schumacher, and Paul A. Klein 

- SESSION IV. Upper Remiratow Tract Disease, Physiolow, Reproduction, and Demography 

SESSION CHAIR: Dr. Joel &zseman 

8:40 a.m. 

5k10 a.m. 

9:40 a.m. 

10:lO a.m. 

10:40 a.m. 

1:l:lO a.m. 

1!1:40 a.m. 

1;!:45 p.m. 

1:OO p.m. 

A. 

Does mycoplasma infection influence water, energy and food consumption or reproductive 
output of wild desert tortoises? 

Ken Nap,  Brian T. Henen, Ian R Wallis, Mary B. Brown, and Charles C. Peterson 

Upper resplretory tract disease in hatchling tortoises 
Olav Ofteda4 Terry E. Chrirtophm, and Mary E. Allen. 

Short-term effects of upper respiratory tract disease on reproduction in the desert tortoise, 
GOphenrr apssizii: Hormones, egg production and hatching success 

David C. Rostal, Valentine A. Lance, Janice S. Grumbles, and Isabella M. Schumacher 

Break 

Have mycoplasmas affected desert tortoise populations? 
Dan Brown 

High mortality rates and population declines in desert tortoises at the Desert Tortoise 
Research Natural Area: 1988-1996 

IGistin H. Bmry 

Lunch 

Summary of Upper Respiratory Tract Disease: What we know about URTD, what we suspect, 
and what other questions need to be addressed? 

EUWtt Jacobson 

Discussion 

Discussion Leaders: Dm. Joe Tully and Joel Baseman 

What are we missing and losing in interpretations by our lack of knowledge about the new 
but unnamed mycoplasma (M. "mysteriosa")? 
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B. 

C. 

D. 

E. 

E 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

What factors affect severity of clinical signs of disease? 

For individual tortoises, what criteria are required for a definitive diagnosis of 
mycoplasmosis? 

What factors lead to death in a mycoplasma-infected animals? How long does mycoplasma 
take to kill a tortoise? How does mycoplasmosis express itself internally, as well as externally, 
in the desert tortoise? 

How does a tortoise fight the consequences of disease?' How do the antibodies for 
mycoplasma work in the desert tortoise. 

Is the disease as prevalent now as it was perceived to be in the late 1980s and early 199Os? 
What environmental factors are different now? What environmental factors predispose 
individuals and make them more susceptible to the disease? 

Is the disease an issue across the entire range of the tortoise? Lack of clinical signs and 
other evidence suggest that the disease is not a significant at Yucca Mountain. 

Does nutritional status affect: 

1. the prevalence of URTD in populations 
2. the susceptibility of individuals? 
3. the manifestation of signs? 

Does presence and manifestation of clinical signs of URTD affect 

1. shedding of M. agassizii? 
2. foraging efficiency 

What do we know about the immunology and the normal immunological status of tortoises? 
Does the animal have the usual immunological classes and can cell mediated immunity be 
demonstrated? (Same as F, presented in earlier DISCUSSION) 

What role have recent droughts played in the health and incidence of disease in tortoise 
populations? 

Nutrients of concern 

1. Nitrogen (importance of reproduction and perhaps immune response) 
2 Potassium @ecause of the effects on N excretion) 
3. Vitamins low in dried plants, e.g., vitamin A and vitamin C 
4. Phosphorus? Trace minerals? 

What is the likelihood that mycoplasma has always been present across the range of the 
tortoise? Are released captives really the source of a pathogenic strain of the mycoplasma? 

Present research on disease and health profiles of desert tortoises is basic and descriptive at 
the present. What are the expected applied results for land managers in the next year, 5 
years, or 10 years? A submitted question. 
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800 a.m. 

8:45 a.m. 

9:30 a.m. 

A. 

B. 

C. 

D. 

10:30 a.m. 

11:30 a.m. 

12:00 Noon 

Health asSeSSment of tortoises: Not an easy task 
Elliott R Jacobson 

DISCUSSIONS 

. .. 
.-. 

.r: I. 
.. . .-. ~ 
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Handling procedures, the use of gloves. ' 

Collapsing of natural and artificial burrows in pens, enclosures, etc. Disinfecting burrom. 

Expectations about recovery of populations 

Elliott Jacobson and John Behler: Development of decision tree for management of captive 
tortoises, translocated tortoises, seized animals 

Future goals and action items 

Lunch and Adjournment 
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High Mortality Rates and Population Declines in Desert Tortoises 
at the Desert Tortoise Research Natural Area: 1988-1996 

. -  . .. -.- 
. .  ... 
. .. 

.- , 
. -. 

"_ . 
. .  

Kristin H. Berry 
US. Geological Survey, Bwlogical Resowrcs Division, 6221 Box Spings Blvd, Riverside, Cali@mia 92507, USA 

In 1988 wild or free-ranging desert tortoises with clinical signs of upper respiratory tract 
disease (URTD) were observed at the Desert Tortoise Research Natural Area (DTNA) in eastern 
Kern County, California. The obsewations were made at two sites: 1) on a long-term research plot 
i n .  the interior of the Natural Area, and 2) on an adjacent site where graduate student Charles 
Peterson was conducting research on water balance and energy requirements of adult tortoises. In 
1!389, Drs. E. R. Jacobson and J. Gaskin visited the site and 12 ill tortoises were salvaged for 
necropsy. Subsequently the pathogen causing URTD was determined to be a mycoplasma. 

Between the 1970s and 1996, several surveys were undertaken to gather data on tortoise 
population attributes and trends, as well as condition of habitat. One long-term study plot was 
established in the interior in 1973 and another in the vicinity of the interpretive center in 1979. 
Short-term studies were established at two other sites for research on: (1) water balance, energy 
flow, and health profiles (1988-1989) adjacent to the long-term interior plot; and (2) effects of 
translocation and supplemental irrigation within four enclosures (1989-1991). The most appropriate 
site for evaluating effects of URTD is the long-term study site in the interior. 

The interior study plot was surveyed with 60-day spring surveys in 1979,1982,1988,1992, and 
1996, and data on population attributes were collected. Densities of all tortoises and densities of the 
potentially breeding tortoises ( 2 180 mm mid-carapace length) were calculated using the Stratified 
Lincoln Index The total population declined from 149 tortoises/km2 (95% Confidence Interval [CII 
= 115-195) to 7 tortoises/km2 (95% CI = 3-18) between 1979 and 1996. The population of breeding 
tcrtoises started with 59 tortoises/km2 (95% CI = 45-78) in 1979, increased to 9:!/km2 (95% CI 71- 
1:19) in 1982, and then declined to 5 tortoises/km2 (95% CI = 2-13) in 19%. Few juveniles remain. 

Mortality rates can be calculated in different ways, such as using crude or general death rates 
01- an annualized death rate. Another method is to follow a particular cohort through time. The 
1988 cohort of 178 tortoises was registered during the @-day survey both within and adjacent to the 
boundaries of the interior plot. These 178 individuals consisted of 156 breeding tortoises and 
2% juvenile and immatures. Between 1988 and 1996,43% of the remains of the small or young adults 
and 61-65% of the larger adults were found and identified. Only 11% of the 178 tortoises registered 
in 1988 was observed alive in later years. Among the breeding tortoises, only 5% of the females and 
14% of the males were observed alive after 1988. Mortality rates between 1988 and 1996 were high 
far the breeding tortoises and continue to remain above the 1-2% annualized rate expected for a 
stable population. 

Drought has been suggested as a contributor to the population declines. Precipitation records 
were compiled for 1972-1995 for two nearby stations (Mojave, Randsburg). The annual precipitation 
far the rainfall year (October through September) and the winter rainfall (October through March) 
were compared. Winter rainfall better reflects the forage availability for the desert tortoises in the 
western Mojave Desert than total annual precipitation. Rainfall records show that winter 
p~:ecipitation was below the n o m  for four consecutive years between 1972 and 1'980 and was below 
the norm for six years between '80-81 and '94-95. The below winter norms were consecutive in '88-89 
and '89-90. In summary, precipitation was below the norm in 10 of 23 years and exceeded the norm 
in 13 years. The pattern in the 1980's and early 1990's does not appear unusual. 
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Field Methods for Evaluating Health, Diagnosing Diseases, 
and Salvaging Desert Tortoises 

Kristin H. Berry' and Mary M. Christophe? 
'US. Geological Survey, Biological Resources Div., 6221 Box Spings Blvd, Riverside, Califomkz 92507, USA 

' B p t  of Veterinmy Pathology, Micmbiology and ImmwwIo~, School of Vetenhy Medicine, 
Lkvis, California 951968739, USA 

Most research on populations of wild animals is conducted by wildlife biologists, zoologists, 
and ecologists without collaboration with veterinary medical specialists. Many research projects, 
especially those dealing with rare and endangered animals, could benefit from the contributions of 
veterinarians and other health specialists (Boyce et al., 1992, Kirkwood, 1994) at every phase. The 
desert tortoise (Gopherus ugassizf), a wide ranging species of the arid southwestern United States 
and Mexico, provides an excellent model for how interdisciplinary teams of research scientists 
developed techniques to evaluate health and diagnose diseases. In this paper we present a model set 
of standardized field techniques for collecting and analyzing qualitative and quantitative data on 
clinical and physical signs of health, disease, and trauma for wild desert tortoises. The model is 
applicable to other chelonians and reptiles. The techniques were designed to maximize acquisition 
of data for demographic, ecological, health and disease research projects; to reduce handling and 
stress to tortoises; to avoid spread of infectious disease; to promote high quality and consistent data 
se:ts; and to reduce duration and number of field trips. 

Preuarations for the Field. Prior to initiating field work, project participants should 
familiarize themselves with the literature on wild tortoises to optimize time and expedite locating the 
species. Key documents include The Desert Tortoise (Mojave Population) Recovery Plan (U. S. Fish 
and Wildlife Service, 1994)) an annotated bibliography by Grover and DeFalco (1995), and several 
papers in the 1994 issue of Herpetological Monographs No. 8 on physiological ecology, 
thermoregulation, behavior, and reproductive physiology. Since wild tortoises are easily accessible 
about 1.7% of each year, knowledge of local and regional differences in daily and seasonal activity 
periods is essential. Field workers can hone their techniques through practice on captive chelonians. 

Procedures to Prevent Smead of Diseases and Parasites. Special precautions must be taken 
to prevent transmission of upper respiratory tract disease (URTD) caused by Mycoplasma agassizii 
(Brown et al., 1994) and other infectious diseases within and between tortoise populations (Jacobson, 
1593; 1994). Each tortoise should be handled with a fresh pair of disposable gloves, which is placed 
in a plastic trash bag after use and disposed of appropriately off-site. Each item of equipment 
touching the tortoise, including poles used to probe tortoise or other animals burrows, must be 
disinfected with bleach or ethanol. Precautions must be taken to assure that the tortoise does not 
touch or rest on the field worker's limbs, clothing, or equipment, without a protective covering. To 
prevent transmission from site to site, clothes and shoes must be disinfected prior to use on other 
sites and field vehicles may require thorough external and internal cleaning. Careful adherence to 
thle above procedures can also help to reduce transfer of ticks (e.g., Ornithodoros parhn' and 0. 
mricata), potential vectors of American tickborne relapsing fever, to humans. 

Forms for Recordine Field Data. Efficient and effective data collection can be accomplished 
by following written protocols and recording appropriate data on standardized forms printed on 
archival paper or incorporated into portable computerized databases. We have used three forms 
su~ccessfully: Journal Notes, Data Sheets for Live Tortoises, and Health Profile Forms. - 
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Journal Notes. Journal Notes should provide background data essential for interpreting 
whether the activities and behaviors of tortoises are typical of ill or healthy animals, as well as for 
ide:ntlfymg potential sources of trauma, illness, or disease. Detailed weather cond.itions and rainfall 
events are essential. Journal Notes should contain survey times and effort, numbers of live and dead 
tortoises observed, starting and ending times for field work, time expended in searching for and 
p r t m i n g  tortoises, and observations of other animals. The Journal Notes are the appropriate place 
to record precise locations of animals and provide descriptions of habitat condition and evidence of 
historic and recent human activities (abandoned roads and railroads, mill sites, ca.mpsites, evidence 
of shooting and off-road travel, etc.). 

Data Sheet for Live Tortoises. This data sheet is used for recording basic demographic and 
ecological data for each tortoise observed or captured and contains parameters useful for calculating 
condition indices and equations related to carapace length and mass. Critical parameters include: 
date, time and precise location of capture; unique tortoise identification number (notching of shell, 
numbers glued to scutes, PIT tags; type of capture; sex, body measurements and weight; and activities 
and behaviors. Other important data include: signs of previous captivity on the, tortoise, signs of 
grctwth, size and condition of chin glands; and anomalies on the shell. These types of data are useful 
for determining population attributes and trends; individual and population growth rates; recruitment 
of young into adult age classes; survivorship by sex and cohort; causes of mortality; and changes in 
length to weight ratios. 

Health Profile Form. The Health Profile Form incorporates standard parameters used to 
evaluate captive chelonians, as well as new parameters associated with recently described and 
commonly observed diseases (mycoplasmosis, cutaneous dyskeratosis, shell necrosis) and trauma. The 
tortoise should first be observed from a distance, and if possible, before it responds with defensive 
or aggressive postures or movements.  critical^ factors include postures, particularly position of the 
head and limbs (e.g., basking, resting, waking); activities and behaviors; and general and specific 
locations in the environment. 

... -. 
The shell and integument should be examined first for ectoparasites, such as argasid ticks, and 

their localities on the shell recorded. Then samples of ectoparasites should be taken for 
identification. The general appearance of the shell and integument should be evaluated after it is 
cleaned. Dust and dirt are easily removed with a brush, but caked dirt or mud may require washing. 
Once the shell is clean, factors to evaluate include: clean and glossy vs. dull and caked with dirt; 
evidence of fungi or discoloration; condition of head and extremities (signs of edema, emaciation, 
trauma); and ability to retract head, neck and limbs tightly into the shell. Shell lesions should be 
described in terms of distribution, severity, and chronicity using the diagram on the form or computer 
database. Most tortoises > 120 mm in mid-carapace length are likely to have same type of lesion 
on the scutes, underlying dermal bone, and/or extremities from trauma or cutan'eous dyskeratosis. 
Signs of predator attacks should include notes on the potential predator, as well as relative age of 
the wound, lesion, or scar. Such data, when compiled over several years, can be used to compare 
suxvivorship of the different age classes of tortoises to predator attacks and to measure predator 
prtssure on populations. Cutaneous dyskeratosis and other shell diseases should be graded by 
distribution on the shell, severity, and approximate age of lesion or chronicity for each of three body 
regions (carapace, plastron, and limbs). Depressions in underlying scutes and bone may be due to 
nutrition, metabolic bone disease, or a normal part of the aging process. 

The beak, nares, eyes, and chin glands provide subtle signs indicative of health or disease. 
Field workers should look for evidence of recent moisture associated with eyes, na.res, and beak; the 
amount, color, consistency, and turbidity of any exudate or bubbles should be recorded. Dirt on the 
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beak and eyes may be a sign of illness or of recent drinking after a rain storm. Tortoises with a 
'tenacious exudate may have moisture or dried dirt on the medial surface of the forelegs. The color, 
!surface, and condition of the beak may reflect health status as well as recently cmsumed food items. 
Chin or mental glands may be abnormally swollen and draining. The surface of the eye, appearance 
of eyelids, and periocular region should be examined closely for abnormal coloration; presence of 
dampness, mucus or drainage; and edema--all of which may be signs of URTD or other illnesses. 
Line drawings were developed of the normal eye and eyes with clinical signs of disease. Embedded 
dirt and debris are signs of previous moisture, mucus, and drainage. 

Permanent Photomauhic Records. Full-frame images of the head (frontal and lateral views), 
carapace, plastron, and the posterior costal scutes of each tortoise should be taken with 35-mm slide 
f i l m  at least once during each survey year for identification; to gather data on numbers of growth 
Iings produced and how the growth rings change in appearance over time; to verlfy how contours of 
the shell age; to record the condition of the eyes, nares, and beak and to confirm how damaged shell 
replaces itself over time. Additional photographs can be taken of recent or previously healed injuries 
to the head, limbs, or shell or unusual abnormalities. If signs of disease are present, then slides can 
be taken more frequently. The slides have been invaluable in confirming identification for tortoises 
recaptured after long intervals, after predator attacks when notches have been chewed away, and after 
death, after the shell is disarticulated or fragmented. Permanent photograph records are invaluable 
for retrospective analyses of progression and regression of signs of diseases. 

Salvape of Tortoises for Necroasy. Necropsies of ill, dying, or recently dead wild tortoises 
provide a wealth of information about causes of death in populations and should be incorporated into 
field research protocols. Decisions on criteria for salvage require advance planning and can be placed 
in three categories: the deliberate and planned salvage of animals with specific disease signs or 
syndromes for special research projects, obvious cases of injured or dying animals, and the more 
difficult and subtle cases of individuals that show signs of disease but still appear alert and active. 
F k u m i s  from 59 salvaged tortoises were evaluated retrospectively to develop criteria for salvage. 
Severely debilitated tortoises exhibited lethargy, inactivity, severe emaciation or dehydration, low 
weight for carapace length, inability to retract limbs into the shell, partial paralysis, severe shell 
lesions, and severe trauma. Inappropriate behaviors also provided clues to poor condition. 

. .  
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An (haview of Mycoplasmal Respiratory Infections in Animals 
Mary B. Brown. Dcpt. Pathobiology, College of Veterinary Medicine, University of Florida, 
c3ainles~ille, FL 

M Y c V l a m  bacteria with several unique characteristics. They are the: smallest k t -  
P ~ k a r y O * ,  with a genome site of about 750 Kb, a b u t  one third that of EpLi. Unlike 

Other  heria, rnycop]asmas lack a ceil wd1. Clinically, this means that antibiotics which act on 
the wdl, such BS penicillin, are not effecuve. Antibiotics which target protein synthesis, 
-nSription and banslation an effective, Mycoplasmas are recognized as pathogens of man. 
mh& plants. and insects. Pathogenic mycoplasmas have a predilection for serous surfaces. The 
&rY coionization sitm are ehc respiratory tract. joint eye, urogenital nact, and mammary gland. 

enti1 =may  it was thought that mycoplasmas wen rarely invasive; however, it is now knnown 
that at le- wmt mycoplasma species can invade and replicate within ceUs. perhaps providing a 
poknbiial mechanism for chronicity. Mycoplasmas produce clinically silent, chronic infections. 
Disease is often exacehated by environmental factors or by synergistic action of other infectious 
agenbs:. Thc primary diseases caused are pneumonia ar thr i t i s ,  mastitis and reproductive wastage. 
Mycoplasmas arc in close, intimate contact with host mucosal surfaces. Some even have 
specialid attachment tips. Mycoplasmas do not s w i v e  well outside cheir host, and are especially 
susceptible to desiccation, A few species can survivc for several weeks in moist cnvironmcnts 
such as manure or bedding, but probably do not reproduce due to lack of nutrients. Host facton 
BLT important in the disease process. 

Current methods of diagnosis of mycoplasmal infections involve cultural isolation, 
immunofluorescence of tissues. or detection of antibody, Cultural isolation requires the use of 
special media or transport fluid. Culturertes are nor suggested. Some swabs are toxic for 
mycoplasmas and should not be left in the transport medium. The interval between collection and 
plating should be kept at a minimum. Once coIonies are obtained, mycoplasmas are identified 
presumptively on the basis of a few limited biochemical ~ S L S  and conf i icd  by serological means 
such as growth inhibition, inlmunofluoresctnce, immunobinding and ELISA, Newer molecular 
diagnostic tests, such as polymerase chain reaction (PCR) are currently in development, Antibody 
determination can be used if both acute and convalescent sera arc available or as a Screening tool LO 

determine rhe negative sums of a flock -m in pouiny), or of an individual animal. 
Serology is most useful to screen exposure to the agent in situations where strict maintenance of 
mycoplasma - frct population is needed (pouluy, rodents, swine). Histopathology and electron 
microscopy of infected tissues may also be used for diagnosis, 

Mycoplasmas cause respiratory disease in man, cattle, poultry, Iaboratory rod'ents, swine, 
smdl ruminants and other animal species. The most important rcspiratory infections in thc U.S. 
arc those of poultry, swine and rodents. In order for a mycoplasma to cause respiratory disease, it 
must attach to and colonize the respiratory surface. Because the host immune response can 
potentiate lesion formation, mycoplasmas must induce a immune response by the host to cause 
ciiscasc. Respiratory mycoplasmoses are often chicaliy silent and chronic in name. Exacerbation 
by envinmmcntal factors or strcss as well as synergistic action with other infectious agents increase 
the severity of the dixase and the appearance of clinical signs, 

Most ltspiratory mycoplasmal infections are charactcrizcd by upper rract lesions, epitheiial 
md lymphoid hyperplasia, squcntial destruction of the respiratory cpitheljurn, and [he loss of 
ciliatnj cells and normal epithelium. Influxes of inflammatory Cells in fd C Q ~ ~ I O ~ -  
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Ruminants: 
I[n ruminants, CBPP is a major economic problem worldwide but is not found in the U.S. Disease 
i s  transmiitttd via aerosols from affecred animals ,  respiratory expulsion af infcctcd material from 
pulmonary sequestra of "carrier" animals, urinary shedders, and transplacental infection. 
lsubclinically affecvd and rccovcrcd animals are clinically inapparent r#ervoirs of infection. 

There is increasing evidence that infections with mycoplasmas indigenous to che U.S. cause 
~rcspiratoly disease in cattic. The main problem is ha t  thcsc mycoplasma spp. have been recovered 
from the respiratory tract of normal cattle, Disease is normally associated with young (3-6 mo) 
(dairy calves. Calf pneumonia is often multiple etiology, including a complex of viral, bacterial, 
end mycoplasmal agents. E bpyis, M, & and cun cause calf 
pneumonia. has becn associated with pneumonia in naturally and experimentally 
infected calves, although in many cases the pneumonia would have gone unrecognized if the calves 
had not been killed and examined at necropsy. M, causes moderate to extensive pulmonary 
consolidation in experimentally challenged cafves; Pyrexia, dyspnea, depression, and lameness 
were associated clinical signs. has been associated with pneumonia, 
particularly in "weak calf '  syndrome. Then is evidence that urcaplasm may bc acquircd m. 

With the exception of w. "cuff~ng" pneumonia is seen. Cuffing pneumonia is 
characterized by hyperplasia of peribronchial lymphoid tissue. adispar causes interstitial 
pneumonia and alveoiitis. Although usually self-limiting, severe disease occurs when other 
hfcctious agenu are present Arthritic cornplicauons may be seen with M, m. The practice of 
fccding infect14 milk to calves has resulted m bansmission and isolation of mycoplasmas from the 
calf 1ung.Diagnosis is usually made by culture. Disease is ofren self limiting. Vaccines have k e n  
used for M. in Europc. 

. I .  

R6dcnts: 
M. pulmonis infection is is a major disease problem in laboratory rodents. Almost all 

conventional rodent colonies have MRM. It is clinically silent until the terminal stages of the 
diseasc. Rimaty lesions are rhinitis, otitis media, laryngotracheitis. and bronchopneumonia. In 
the twrminal stages. animals exhibit d e s ,  eye rubbing, head tilt, roughened ~001, nasal discharge. 

. .. 
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and weight loss. Transmission o c c u r s  by aerosol, but can bc m s m i t t c d  ~lf&tp. Control is based 
on idcnrification of negative breeders, Cesarian derivation, strict barrier isolation, and monitoring 
of sentinel animals, preferably retired b n d e r s .  The current screening tcsr used is che ELISA. 
Howcvcr, then is a period of 1-3 months bctween the decline of maternal antibody and production 
of antibody by the rat which causes diagnostic confusion. No vaccine is available, although there 
has b l t m  work with temperature-sensitive mutants which provide partial protcction.Thc discas is 
p o r c r l t i a t c d  by high ammonia levels and viruses, especially Sendai. Host factors am important and 
therr: diffemnces in strain susceptibility, In mice. C3WHen and CO-1 mice are susceptible; 
C5BlJ6 are rrsistant F34d rats arc rcsistanc LEW rats arc susceptible. 

swine: 
Thrte recognized species of mycoplasmas are commonly pathogenic for swine. M, 

hyoLflinis causes respiratory disease, polyserositis, and polyarthritis in 3-10 week old swine. 
causes polyarthritis in swine after 10 weeks of age. EZ.- causes 

enzootic pneumonia. This disease is world-wide, and 30-70% of market age hogs have classic 
lesio~~s, Although there is a high morbidity, mortality is; essentially 0. The disease is chronic and 
characterized by a d r y ,  nonproductive cough. Finishing pigs are most affected, and up to 20% 
decrease in feedgain ratio is seen. Characteristic lesions aft lobular, glistening, and purple. 
Airwiays may have a sticky exudate. Spread is by droplet infection. Current control is by tiamulin 

is currently used with moderate SUCC~SS, Early vaccines caused arthritis, 

Poulory: 
& PalliSCDfieUm, -, M, m, and cam cause respiratory 

dim= in poultry. M, is of minor importance. Uncomplicaud disease has low monality. If 
other agents (E d. Infcctiaus Bronchitis virus, Ncwcastlc disease virus) arc present, mortality 
may :reach 30%. Clinical signs are d e s ,  cough, nasal discharge, and air sacc:ulitis. Major 
economic losscs arc duc to downgrading of carcass, decreascd feed conversion, decreased egg 
production, and increased medication costs. Turkeys are more susceptible rhan chickens. 
Transmission is via dircct contact, aerosol, and eggs. 

can be used in lieu of serum i n  ELISA. Treatments may not be cost-effective, Tylosin and 
tiarnulin are used. Control is based on identification of clean brccdcr flocks, serological 
monir,oring, and removal of reactor flocks, Vaccines are l i m i t e d  in effectiveness; X= strain is still 
pathogenic for turkeys but reduces egg loss. New vaccines using tcmpcrature-sensitive mutants 
arc currently in the evaluation stage. 

A rccent outbreak of MG infection had been seen in house fmches and now appears to be 
spmtiing to other songbirds and finches. The disease is charactrized by severe oculkar lesions, 
lcadinig ro blindness. It is bciievecl that backyard feeding stations could contribute to the spread of 
disease. 

1: . or tylosin antibiotic therapy - but this docs not cure disease and carriers arc establistred. A vaccine 

- ,  Diagnosis is by culture or more commonly serology (rapid plate tcst, ELISA), Egg yolks .. , 

Reptiles: 
In addition to upper respiratory tract disease in tonoiscs, mycoplasma species have been associahi 
with xspiratory tract dmase  and arthritis in intensively managed crocodiles and alligators. The 
disease has high morbidity bur low mortality in crocodiles. In alligators, a higher death rate was 
seen and there appearcd to Lx a peptic phase as the organism could bc isolated in high number from 
thc CINS. 
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had lasions indicative of URTD was the positive control. The samc rtferenct sera were used for 
's in 1992 ans 1993; depletion of stocks necessitated that new reference reagents be used in 

199 and 1995. Samples were categorized as positive if the ratio of sample absorberice to negative 
conUK¶l absorbance was 2 3.0; samples wen  catcgorizcd as negative if the ratio of sample 
abso~rbance to negative control absorbance was < 2.0 (Schumacher et al. 1993). Samples with a 
ratio value between 2 and 3 wen deemed suspect 

The Idistribution of positive, negative and suspect animals was a n a l y d  by Chi square analysis. 
Charges in Ab levels of individual animals over time were evaluated by paired T t e s t ,  with values 
coq?ared only between the same season and only between 1992 and 1993 or between 1994 and 
1995. 

'The serological response of individual tonoises during each sampling period, as weIl as the 
individuals included within each sample, are show in Table 1 . Several patterns are apparent in 
the sample animals. Animals in Group T remained in the population consistently and wen 
fiquently sampled throughout the entire four year study period (92-95). These 10 animals 
pmvidd a stable base and accounted for about 50% of the population sampled Groups I1 and V 
were: composed of tonoises which were present primarily during only one year of the study 
p e r i t d  Group III and IV were composed of tortoises which were present primarily during two 
years of the study m o d .  

l>uring the course of the study. most animals retained their serological status. Animals which 
tested positive remained positive with a fcw exceptions of values which dropped into the suspect, 
and on rare acasions. the negative range. 

'me overall frequency of positive, negative, and suspect a n i m a l s  in the populatiions at each 
m p l e  time is summarized in Figure 1. Distribution among the same season of different years was 
d i f k r e n r  only for winter of 1993 a.nd 1994. There w e n  sradsticdly significant differences in the 
distribution of a n i m a l s  with positive reactions as compared with the distribution in winters of 1992 
and 1995, P = 0.04. There were no differences beween the observed and expected frequencies 
for Ihe seasonal distribution within a single year in 1992 (P = 0.96), 1994 (P = 0.75) and 1995 
(e 0.87). However, in 1993 increases (P=0.02) were observed in the number of positive animals 
in fall and in the number of suspect animals in the summer. No other differences were significant 
From Table 1 , i t  is clear that these changes can be explained by the changes in rhe individual 
anirnals comprising the population sample at those r imes,  No differences were observed between 
the  observed and expected frequencies for the different study years within a specific season for 
spring (P4.43), summer (P=O.29), or fall (P4.66). However, differences were observed in 
winter (P4.04). Within a given year, differences were Seen in 1993 (P= 0.02) where increases 
were w n  in the number of posirive and suspect animals in fall and summer, respectively. No 
other diffelltncts were significant. 

In 1992 and 1993, there werc no statistically significant seasonal effects (P = 0.08). There did 
appear to be -a tendency for higher antibody levels to be observed in 1992 (P 4.06). Differences 
obs~erved in the 1994 and 1995 samples wcn: similar IO those seen in 1992-1993 in that there was 
no apparent effect of season (P4.43) or year (P = 0.14). It should be nored that what might 
appear tp be differences may bc explained by the failure to obtain samples from all animals at all 
time points as well as the introduction of new animals i n b  the study. Thus if only a limited 
n u m b  of animals  sm available, the results of analysis of variance-could be skewed LO some 
extcnt As can Seen in Table 1 , the individual animals contributing to the population sample 
d i f f d  markedly. 

nte most dramatic differences in antibody lcvels were seen in the fall. In both 1993 and 1995, 
a decline was observed (p= 0,009 and 0.004, respectively). No other significant differences were 
noted for the 1992 vs. 1993 sample years. However, in 1994 Vs 1995, significan't decreases were 
seen in 1995 in samples obtained in winter (P = 0.0% spring (P = 0.04). and summer (P = 0.02). 

Thc relationship between Ab levels and MCL and wei,ght as well as PCV for each season of 
each year WM tested by simple regression malysis. None of these nlarionships 'were significant 
(data not shown)- 

"d 

'Ihe effects of sex and swan on Ab levels were analyzed by analysis of variance (ANOVA).. 

A- 9 



Clinical signs compatible with URTD were recognized in 1988 ( B e r r y ,  1%). The clinical 
signs were especially pronounced during thc 1989-1990 seasons preceding the serological 
ssvrqpling times. clinicdy ill a n i m a l s  from this population were extensively evaluated in 1989 
(Jacobson et al, 1991) and had lesions consistent with URTD. Population density surveys in the 
DTNA study plot are summarized in Figure 2, During the 17 years of puladon monitoring, 
significant d e c x w s e s  occured in the population densities (E c 0.001). r he population dcclincs have 
b n  described in detail elsewhere (Berry, 1996). The most dramatic declines in population 
ol~curcd concurrent with, and subsequent to, the observation of clinical signs of URTD in the 
papulation (Beny, 3 996), 

Seraepidemiology is a powerful tool for analysis of popularion health. Samples taken at a 
single point in timc can provide a "snapshot" of the past exposure of a population to infectious 
agents. To understand the dynamics involved in the intelaction between the host and infectious 
agent, it is ncccSSary to follow populations prospectively over time. The present survey i s  an 
excellent example of the value of continuously monitoring a population to obtain ,the status of a 
free-ranging wild population with respect to disease and overall health. 

Based on these observations and the change in Ab status over time, we hypothesized that the 
pattern observed in DTNA was suggestive of a population which had been exposed to an infectious 
agent responded immunologically by production of specific Ab, and may now be in the chronic 
uWor convalescent stage of infection. We do not know if these tortoises have (a) recovered from 
infection and cleared the mycoplasma, @) remain infected ac low levels which preclude 
tr;msrnission, or (c) remain hfected and can transmit the disease. The observaticm that Ab levels 
either remained stable or decreased over time could bc a result of decreased antigenic stimulation 
(is., the mycoplasma has been cleared by the tortoise or is no longer present in high numbers) or 
immunosuppression. Of particular interest were seronegative a n i m a l s  in the DTNA population. 
Although these tortoises were likely to come in direct contact with Abpositive animals ,  heir own 
Ab levels remained relatively low. This suggests that the Abpositive animals might  have 
dtxreascd ability to transmit the disease, which is consistent with the hypothesis of a convalescent 
papulation. The observation of milder clinical signs also supports this hypothesis. 

population is that the introduction or removal of  individuals from a population CM influence 
interpretation of data, especially when the overall numbers of animals monitored is low. For 
example, half of the population studied in 1995 was different from the population members seen in 
1!)92. Although antibody levels can give an idea of the magnitude of response by individual 
animals,  the populadon profrle as a qualirativc assessment of seropositive animals may be more 

This study showed that a key factor which must be considered in the continued monitoring of a 

hdpful. 
Assessment of health status is particularly difficult in free-ranging animals. Semepidemiology 

r r p m e n t s  a powerful tool which can be used to monitor the spread of disease in populations. 
Continued monitoring of populations could provide valuable information with respect to the spread 
oiURTD in wild tortoise populations as well as the predictive value of serological profiles in this 
disease. Changes in the percentage of seropositive animals within a population or changes in Ab 
lcveIs could preoede the appearance of clinical diseasc and provide an early warning of potential 
disease outbreaks in populations. Because URTD is clinically silent in the majority of animals, this 
early warning is especially important. Similarly, seroconversion of newly introduced animals in a 
population which has seemingly rezovered hiom disease could indicare that the infectious agent is 
still pnsenr Knowledge of the prevalence of infection in populations will allow better 
management decisions concerning possible geographical areas to be targcrcd for habitat 
preservation or populations which arc at risk to acquire or to spread URTD. 
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Talble 1. Serological response of individual desert tortoises to Mycoplasma ugasizii over a four 
yeprpcriod. 
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Results art expressed as positive (PI. negative (N> or suspect (S). If no result is noted, then the 
animal was not sampled at that time point. Group I is composed of tonoises which were present 
throughout the entire four year study period (92-95). Groups II and V are composed of tortoises 
wh,ich were present primarily during only one year of the study period (1992 and 1994, 
respectively). Group HI and IV are composed of tortoises which were present primarily during 
two years of thc study pcrid (1992-93 and 1994-95. respectively). 
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F i igure  1 Disaibution of tortoises with positive, negative or suspect ELISA values in desert 
tortoisesfrom the Desert Tortoise Research Natural Area (DTNA) in Kern Connry, California In 
winter of 1993 and 1994, there were statistically significanr differences in Ithe distribution of 
animals with positive reactions as compared with the distribution in winters of 1.992 and 1995, P = 
111.04. Within a given year, differences were seen in 1993 (P= 0.02) where increases were seen in 
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Figure 2. Density estimates for the years 1979,1982. 1988,1992, and 1996 at thle desert tortoise 
study plot in the D W A .  Results are expressed as thc mean number of Rurtoises f the 
confidence interval for m e  population density. The arrow indicates the relative time at 
which clinical signs of URTD were first obsened in tonoiscs at the DTNA. 
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Christopher MM, Berry KH, Wallls I, Nagy K, Henen B and Peterson C: 
Siex, site and seasonal effects on hematologic and biochemical values of  
free-ranging Mojave desert tortoises over a 5-year period. 

The Health Profile Study was a 5-year program (1990- 1995) institutcd by the 
Bureau of Land Management in response to developing disease problems (including upper 
respiratory tract disease and shell diseasc) in free-ranging Mojave desert tortoises. The 
objcctives of the study were to define rcfcrence ranges for hematologic and biochemical 
variables; to charucterjze physiological alterations in laborutory values on the basis of sex, 
gwgraphic site and season; to idenufl ill tortoises on the basis of laboratory and other 
tkbnornialities; and to idcntify useful laboratory tests for diagnosis of disease and irnpcnding 
monality. Venous blood ~amples were obtained by jugular venipuncture from 
r%pproximately 20 adult tortoises of both scxcs at four seasons each year: F=b~ruary/March 
(post-hibernation); May (resoulce-rich); July/August (summer), and Oclokr (pre- 
hibernation). ). Tonojses that werc missing or died were replaced by new tortoises through 
'the course of the study, with the number of each sex maintained at about equal numbers. A 
Total of 110 tortoises were ~amplcd,  40 at the Desert Tortoise Rcscarch Natural Area 
(western Mojave); 37 tortoises at Goffs (eastern Mojave) and 33 at lvanpah Valley 
(northeastern Mojave). Each tortoise was sampled an uverage of 10 times during the 5 year 
period for a totd of 1071 samplcs. Whole blood, blood smears and hcparinizcd plasma 
samples were processed and analyzcd using standard methodology for complete blood 
counts and chemistry panels at a veterinary diagnostic laboratory. 

All data were checked for accuracy. A change in chemistry analyzers in 1993 
appcarcd to affect results for some analytcs, so that iron and creatininc values obtained 
prior to July 1993 (Octobcr 1993 for Goffs) were not utilized. Of the 110 tonoises, 64 
were seronegative for M.agassizii. 29 were seropositive at some point during the study 
pcriod, 13 were not tested for M. agassizii, and 4 of 16 tonoises confiimed dead in the 
course of the 5 year period were nccropsicd. Only datu from seronegative tolltoises were 
analyzed fnr the firlit 2 ob-ectives of the study. Percentile plots of all data from seronegative 
tortoises were evaluated j! or thc prcstnce of outliers. Calculation of ~cference ranges was 
complicated by the repeated determinations and low number of tortoises for any given site, 
sex, seasnn and year. Use of the range of mean valucs, differentiation of wet Its. dry years, 
or usc of mid-95th percentiles of repeated valucs are alternative techniques far developing 
rcfcrence intervals dictated by significant sex, site and seasonal differences. The latter 
mcthod may best reflect the spectrum of values based on intra-tortoise, inter-tonoise and 
year-to-year variation. 

Because of year-to-year variation in rainfaL1 and forage, mem values for each 
season were considered more representative for evaluation of seasonal, Isik and sex 
djfferenccs in tortojsc populations. and facilitated use of repeated measures annlysis of 
variance. Body weight, mid-carapacc length, erythrogram paramctcrs and AST activity 
were significantly greater at all masons for males (n=27) vs. femalcs (n=2G), Females had 
significantly greater values for cholesterol, triglyceride, calcium, phosphorus. and 
magnesium concentration. Tortoises at DTNA had significantly grealer plmma iron and 
lower total prokin and globulin concentration; tortoises at Ivan ah had significantly higher 
basophil counts. Scasonnl differences were marked for R ody weight, crythrogrm 
parameters, total WBC, lymphocytes, uric acid, cholesterol, triglyceridcs, calcium, 
phosphorus, mngnesium. proteins, alkaline phosphatase and AST (lower in Bdarch, higher 
in May). BUN and total CO, wcrt significantly higher in March and lower in May. 
Osmolality and electrolytes increased in summer and fall, particularly 81 Gofl's. Them was 
an inverse relationship betwccn BUN and uric acid, suggesting modificatiorls in nitrogen 
metabolism in dchydration vs, hydration. 
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Health studies of desert tortoises in the eastern Mojave Desert of Arizona Utah and the 

central Sonoran Desert of Arizona. 

Vmcssa M. Dickinson, Research Branch, Arizona Game and Fish Deparment, Phoenix, 

Timothy Duck, Arizona Strip District, Bureau of Land Management, St. George 

Ctril R. Schwalbe, National Biological Service, University of Arizona, Tucson 

James L. Jarchow, D.V.M., Sonora Animal Hospital, Tucson 

Uark Trueblood, D.V.M., A@o Animal Hospital, Phoenix 

Abstract: Desert tortoises (Gopherus agassizir) are long-lived reptiles found in the deserts of 

the southwestern United States. Concerns in 1989 over declines in the Mojave desert tortoise 

population prompted 2 5-year health studies. The first 5-year study began in 1989 in the eastern 

Mojave Desert and consisted of 3 free-ranging populations: City Creek, Washington County, 

Utah; Paradise Valley, Washington County, Utah; and Littlefield, Mohave County, Arizona. 

The second 5-year study began in 1990 in the central Sonoran Desert and consisted of 2 f r ce  

miging populations in Arizona: Little S h i p  Wash, Yavapai County, and the Harcuvar 

Mountains, La Paz County. W e  captured and ra d i o - t a g g e d  92 tortoises in the: Mojave Desert 

from 1989-93, and 36 in the Sonoran Desen from 1990-94, then attempted tca recapture them 

3 times a year. W e  weighed, measured, and evaluated each tortoise for clinid signs of upper 

respiratory tract disease (URTD). We chemically inmobilized each tortoise and couected blood, 

nasal aspirate, choana and cloacal swabs, and fecal matter to perform hecnatology, blood 

che:mutry, microbiological, and parasitology assessments. 

In the Mojave Desert, tortoise blood chemistry panmeter values diffa1Ed (P C 0.001) 

. _  
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between sites and sexes, and among seasons and yeats. Females had higher (.P < 0.05) levels 

of cholesterol, triglycerides, calcium, phosphorus, and vitarnin E than did males. Seasonal and 

annual differences related to &all patterns, forage availability, and presence: of disease. Ten 

t o r t o i s e s  had positive titers for htycoplamvl agassizii and 11 had clinid. signs of upper 

mpiratory traft disease. Two of 17 cloacal bacteria we i s o l a t e d  were pathogenic. Ninety-une 

percent of the tortoises had nonpathogenic pinworm OM in their feces, the only Imtestinal parasite 

we found. 

In the Sonom DeseR, tortoise blood chemistry parameter vdues differed (P < 0.001) 

beween sites and sexes, and among seasons and years. Fcmales had higher (P < 0.05) levels 

of cholesterol, !riglyccrides, calcium, phosphorus, and vitamin E than males. Seasonal and 

annual differences in hematology and blood chemistry related to rainfall patterns, forage 

availability, and presence of disease. We found 1 species of pathogenic bacteria in tortoise 

cloacae (Preudontom spp.), and 1 pathogenic bacteria in the nasal cavity (Parrewella 

tes;;ncdini.s). Three tortoise were exposed to MycopIam~ agasrizii, the causative! agent of URTD 

(2 Harcuvar Mtns., 1 Little Shipp). W e  found 1 tortoise with a suspect titer for M. agarsizii 

in 1993, and 1 tortoise with a positive titer in 1994 using an enzyme-linked immunosorbent 

assay (ELISA). Results from a polymerase chain amplification (PCR) test initiated in 1994 

confirmed the presence of M. agnssizii in the tortoise. with a positive ELISA result, but also gave 

a positive result to a tonoise with a negative ELISA titer. Ninety-one percent of the tortoises 

san~pled had nonpathogenic pinworm (Truckygonem'a spp.) ova in their feces, the only inteslind 

parasite found in the study. 
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NECROPSY OF FREERANGING DESERT TORTOISES .. 
THE ULTIMATE HEALTH ASSESSMENT 

Bruce L Hornet, Elliott R. Jacobsonb, Kristin H. Beny“ 
De:partments of Pathobiology‘ and Small Animal Clinical Sciencesb, College of Veterinary Medicine, 

University of Florida, G a i n d e ,  FL, U.S. Geological Survey”, Biological Resources Division, 
Midcontinent Ecological Science Center, Riverside, CA 

The purpose of the post-mortem examination (necropsy) is to determine the definitive cause of 

illness or death by gross and microscopic examination of tissues and by conducting the appropriate 

hematologic, biochemical, serologic, microbiologic and toxicologic examinations. Necropsy is indicated 

when a population of animals exhibits increased mortality, reduced procreation, or a newly emerging 

disease; or when individuals within the population exhibit chronic weight loss, chronic progressive 

disease, or die and are still fresh when recovered. Necropsy examination identifies hfectious diseases, 

moderate toxicities, moderate nutritional deficiencies, some other metabolic diseases, traumatic diseases, 

parasitic diseases, reproductive anomalies, and tumors. 

SIGI\M.LMENT, OBJECTIVE, AND “ H O D S  

Twenty-five ill or dead desert tortoises, Gopherus agassizii, were received from March, 1992 

through July, 1995 €or necropsies from the Mojave and Colorado deserts of California. The major 

objective was to determine the causes of illness or death of the tortoises. Complete necropsy 

examinations included live tortoise health assessment; identification of gross and microscopic lesions; 

analysis of liver, kidney and plasma for metals (including copper, iron, selenium, cadmium, lead, arsenic, 

mercury, zinc, thallium, phosphorus, chromium, magnesium, vanadium, sodium, cobalt, manganese, 

molybdenum, calcium, nickel, tin, and barium) and organic compounds; complete hematologic and 

biochemical profiles and Mycoplasma serology on blood collected prior to necropsy; and bacterial and 

Myccplasma isolation from the nasal cavity, nasopharynx and colon. An additional 29 tortoises were 

incluided in the survey of metal and minerals, including 24 tortoises from Las Vegas Valley, Clark 

County, Nevada (19 of which had lesions of mycoplasmosis) and five juvenile tortoises with shell 

osteopenia consistent with malnutrition. These tortoises were divided into groups according to five 

recovery unit populations: Western Mojave, Eastern Mojave, Northeastern Mojave, Northern Colorado, 

and Eastern Colorado. 

. .  
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SUMMlARY OF RESULTS 
Major disease categories and specific lesions 

Major disease categories included cutaneous dyskeratosis (n=7); shell necrosis (n=2); 

respiratory diseases (n=7) including mycoplasmosis (n=5); urolithiasis (n=3); trauma (n=5); and 

nonspecific liver disease (n=1). Lesions associated with these diseases are listed in Table 1. In 

tortoises with cutaneous dyskeratosis the epidermal horny layer was disrupted by mult.iple crevices and 

fissures and, in the most severe lesions, dermal bone showed osteoclastic resorption, xemodeling, and 

osteopenia. Lesions of cutaneous dyskeratosis were also found in one tortoise with shell necrosis and 

one tortoise with urolithiasis. In tortoises with shell necrosis, multiple foci of necrotic debris and 

heterophilic inflammation within the epidermal horny layer were subtended by necrotic dermal bone 

colonized by bacteria and fungi. The diagnosis of mycoplasmosis was based on characteristic pathologic 

findings, especially chronic proliferative rhinitis, and positive serologic tests and/or isolation of 

Mycoplasma sp. from the nasal cavity. In two other tortoises with respiratory disease, chronic fungal 

pneumlonia was present in one, while inflammation of uncertain etiology was present in the nasal cavity, 

eyelids, and chin and salivary glands of the other. Two tortoises with urolith were discovered dead. 

Renal ;and articular gout were present in the live tortoise. One tortoise had been entombed within its 

burrow and developed a cutaneous fungal infection. Another was entrapped in a brush fire. Both 

tortoises had multicentric visceral inflammation. Two tortoises struck by moving vehicles sustained 

muItipIe shell fractures and coelomic hemorrhage, and one developed acute pneumonia. One tortoise 

was attacked by a predator and developed a terminal bacterial pneumonia. 

i l  

Tortoises with diseases represented in all major categories had some degree of liver 

degeneration. Livers varied from small and dark brown to swollen with rounded edges, pale tan 

coloration and friable consistency. A few pale livers floated in formalin. However, many livers with 

histopa.thologic changes were unremarkable on gross examination. Liver lesions inchded hepatocellular 

vacuolar change (hydropic degeneration and lipidosis), hemosiderosis, anisokaryosis, atrophy and 

increased deposition and aggregation of melanin (melanosis). Liver lesions were most severe in 
tortoises with chronic respiratory diseases and urolithiasis. 

Chronically ill tortoises often had evidence of weight loss. In some tortoises, limbs were thin 

due to muscle atrophy. The coelomic cavity usually contained little or no adipose tissue. Liver masses 

in six tortoises were approximately 25 to 60% smaller than that of other comparably :;ked tortoises, only 

ranging from 0.85 to 2.36% of the body weight compared to 0.85-6.0% for all tortoises in the-study. 
Hepatocytes in atrophic livers were shrunken and the cytoplasm was homogenous. Pancreatic acinar 
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cells in 5 of 6 tortoises with liver atrophy were shrunken and devoid of zymogen granules, consistent 

with atrophy. Hypertrophy and intracytoplasmic mucus accumulation of urinary bladder epithelium 

were often associated with evidence of dehydration (sunken eyes, dry tacky subcutaneous and coelomic 

tissues, and weight loss). 

Summary of metal analyses 

For each metal assayed, a mean concentration, range, and standard deviation were determined. 

The concentration of a metal was considered high if it was greater than 2 standard deviations above the 

mean for that metal. The results of metal analyses are listed in Table 2 Ranges, means and standard 

deviations of hepatic and renal metals were reported in the abstracts of the 19% annual Desert 

Tortoise Council meeting. One or more toxic metals, including mercury, cadmium, and lead were found 

in tortoises from all recovery unit locations but the Eastern Colorado Desert. This may reflect the 

relatively small number of metals assayed for that population. Tortoises with infectious diseases or 

urolj.thiasis appeared to have the highest incidence of metal accumulation. Elevated nickel was only , 

found in tortoises with shell disease. Cadmium was elevated in two tortoises with urolithiasis. Metal 

assays were not conducted on liver and kidney of the third tortoise due to advanced autolysis. Nine of 

26 tortoises with respiratory disease had elevated concentrations of one to three of the following metals: 

cadmium, mercury, selenium, vanadium, cobalt, molybdenum, copper and iron. Thee of four juvenile 

tortoises from the Western Mojave Desert recovery unit had elevated concentrations of one or two of 

the following metals: lead, copper, zinc, manganese and sodium. Of two tortoises killed by vehicular 

trauma, one had elevated renal iron, probably associated with internal hemorrhage. Five healthy 

tortoises from the Las Vegas Valley did not have elevated concentrations of metals. 

Summary of biochemical and hematologic profiles 

Sensitivity and specificity of several plasma enzymes and other components were evaluated 

relative to pathologic changes in liver or urolith formation. For 12 tortoises with hepatocellular 

hydropic degeneration or lipidosis, sensitivity vs. specificity of alkaline phosphatase (ALP) = 42% vs. 
66%; bilirubin = 25% vs. 66%; aspartate aminotransferase (AST) = 25% vs. 66%; lbile acids = 25% vs. 

40%; alanine aminotransferase (aT) = 8% vs. 75%; and the sensitivity of cholesterol = 0%. For 6 

tortoises with hepatocellular atrophy, sensitivity vs. specificity of bile acids = 100% vs. 83%; bilirubin = 

50% vs. 77%; cholesterol = 50% vs. 92%; ALT = 33% vs. 92%; AST = 33% vs. 77%; and ALP = 

17% vs. 69%. For 3 tortoises with hepatocellular necrosis, sensitivity vs. specificity of ALT = 66% vs. 

?. 
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93%; cholesterol = 66% vs. 93%; AST = 66% vs. 81%; bile acids = 100% vs. 71%; bilirubin = 66% vs. 
75%; and the sensitivity of ALP = 0%. For 3 tortoises with urolithiasis, sensitivity vs. specificity of 

blood urea nitrogen = 100% vs. 78%; and uric acid = 66% vs. 94%. Leukocyte and erythrocyte counts 

and differentials were evaluated relative to tortoises with systemic inflammation. For 7 tortoises with 

systemic innammation, sensitivity vs. specificity of abnormal total leukocyte counts (WBC) = 86% vs. 

67%; monocytosis = 86% vs. 33%; anemia (reduced packed cell volume) = 86% vs. 54%; and a 

combination of abnormal WBC and monocytosis = 71% vs. 92%. 

Summary of Serologic Examination 

Results of MycopZusma serology and culture were evaluated relative to the presence of 

proliferative rhinitis. For 5 tortoises with mycoplasmosis, the sensitivity vs. specific:ity of serology = 

80%) vs. 87%; culture = 40% vs. 100%; and a combination of serology plus culture = 100% vs. 100%. 
~ .. ., .. .I. 

~ . .  
~ .. 

Summary of Microbial Investigations 

Potentially pathogenic bacteria were isolated from the nasopharynx and colon of 15 tortoises. 

All but Pasteurella testrcdinis were isolated from only one of the two sites. Potential pathogens included 

Xanthomonas maZtophiZia (n=2) and KZebsieZZa axyfocu (n=1) isolated from the two tortoises with shell 

-. , . .._ necrosis; Pseudomonas sp. (n=2) from one tortoise with shell necrosis and one with cutaneous 
dyskeratosis; PasteureZZa restudinis (n=9) from tortoises with a variety of lesions; and Citrobacfer 

sp.(11=6) mostly from the colon of tortoises with a variety of lesions. Mycoplasma was isolated horn the 

choanae and the nasal cavity of two tortoises. The species has not yet been identified by culture or 

polymerase chain reaction analysis; it was not M. agussizii. 

.. . CONCLUSIONS 
.. 

1. Necropsy is beneficial to determine causes of disease and death, and to interpret health profiles. 

2. Environmental toxins are widespread in tortoises in the Mojave and Colorado deserts and play a 

role in disease of free-ranging desert tortoises. 

3. Hematologic and biochemical profiles are valuable tools to identify ill tortoises, especially those 

with liver lesions, urolithiasis, and systemic disease. 

4. The unnamed species of Mycoplasma is associated with disease similar to that of M. ugussirii. 
5. Although there is no single definitive test for mycoplasmosis, a combination of serology and 

culture appears to be useful in identlfylng free-ranging tortoises with the disease. 
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Table 1. Lesions found in 24 desert tortolses collected or salvaged between March lW2 and July 1995 for necropsies from the Mojave and Colorado 
Deserts of California. Tortoises are grouped according to major disease c ~ t e g n r i e s ~  T h e  tortoise with nonspecific liver dseese was cot induded. 

ORGAN CUTANEOUS SHELL RESPIRATORY UROLITHIASIS TRAUMA 
DYSKERATOSIS NECROS IS DISEASE 

BLADDER MU' 1,Mu Mu,I,Uro Mu 

BONES / 
JOINTS 

BONE Hyper 
MARROW 

ESOPHAGUS/ I 
PHARYNX 

I I 

EYELIDS I 1,Ed 

HEART I I 

INTESTINE I ,N 

KIDNEY 7 
Tu 

I 

P LIVER D,L,M,M,A D I M  A,H,H,D,An 

LUNG I I 

MUSCLE I, Endo, D D, Endo I,D,Endo,A 

NASAL I 
CAVITY 

I 

OVARIES I 1,Ec 

PANCREAS F, 1 A 

SHELL KDtR,F,I,O,C N,I,C 0 

SKIN KD,Deb, I,C Deb,I,C Deb,I,C 

SPLEEN LY Dep, 1 

STOMACH 

Gout 

I 

I 

D,N 

I 

I 

A 

1,Fr 

I,U,C 

I,H Ly Dep 



T a b l e  1. continued 

.l!i. 
. I . . .  . ,.- . .  .- . . .~ 

A = Atrophy 

An = Anisokaryosis 

c = Colonization by bacteria and fungi 

D = Degeneration 

Deb = Plant material and foreign debris in stratum corneum 

Ec = Ectopic egg 

Ed = Edema 

Endo = Endoparasitism (Sarcocystis sp.) 

F = Fibrosis 

Px = Fracture 

H = Hemosiderosis 

Hyper = Hyperplasia of heterophils 

H y p o  = Hypoplasia of heterophils 

I = Inflammation 

KD = Keratin Dysplasia 

L = Lipidosis 

Ly Dep = Lymphoid Depletion 

M = melanosis 

Mu = Mucosal epithelial mucus accumulation 

N = Necrosis 

0 = Osteopenia 

R = Reactive bone and bone resorption 

S = Cactus spine penetration 

U = Ulcer 

Uro = Urolith 
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Table 2.  Recovery unit location, major diseases and/or lesions, and metals and minerals found 
in elevated concentrations in liver and kidney of 48 deilert tortoises collected or salvaged 
between April 1991 and July 1995 for necropsies. Five tortoises from the northeastern Mojave 
Desert were healthy, did not have elevated concentrations of metals and were not included in 
the table. The number of affected tortoises is indicated in parentheses. 

LOCATION MAJOR DISEASES METALS AND MINERALS 

Northeastern Mojave Desert, Shell osteopenia and malnutrition (1) No elevated metals* 
California and Nevada 

Urolithiasis (1) Liver: Mo'; Mg; Ba 
Kidney: Cd; Mg; Ba; Ca 

Western Mojave 
Desert, California 

Mycoplasmosis (19) 

Fungal pneumonia (1) 

Fungal dermatitis and 
multicentric inflammation (1) 

Mycoplasmosis ( 4 )  

Blunt trauma (1) 

Shell necrosis (1) 

Osteopenia and malnutrition ( 4 )  

Urolithiasis and gout (1) 

Liver: Hg (1); Cd (1); 
Se (1); Cu (1); Fe(1) 
Kidney: Hg (3) 

Liver: Hg; Cd; Se 

Kidney: Hg 

Liver: Hg (1) ; V (1) ; 

Kidney: V(l) ; Co (1) ; 
Mo (1) ; Cu (1) 

Fe ( 2 )  

No elevated metals 

Kidney: Ni (1) 

Liver: Pb (1); Cu (2); 
Na (1) 
Kidney: Pb (1) ; Zn (1) ; 
Mn (1) 

Liver: Cd, Zn 
Kidney: Cr , Na 

Nonspecific inflammation of nasal No elevated metals 
cavity, eyelids and salivary glands (1) 
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HEALTH ASSESSMENT OF TORTOISES: NOT AN EASY TASK 

Elliott R. Jacobson 
College of Veterinary Medicine 

University of Florida 
Gainesville, Florida 3261 0 

The family Testudinidae consists of approximately 40 species of 
tortoises, ranging in adult size from 100 gram padloppers (Homopus 
signarus) to 400 kg Aldabra tortoises (Geochelane giganteus). As a group, 
tortoises are difficult animals to evaluate clinically. Once within their 
shell they become a “bony box”. Clinicians experienced in evaluating 
tortoises have devised methods for coaxing them from the confines of 
their shell. For medium to small-sized tortoises, one method i s  to push in 
or gently touch the hindlimbs, which often results in head extension. At 
times, sedation or anesthesia is required. Drugs such as ketarntine, telazol, 
and succinylcholine have been used to allow a detailed physical 
examination, particularly with large and giant tortoises. Even in those 
tortoises which move about freely despite manipulations by the clinician, 
judging their health status is no simple matter, The difficulties are 
compounded in the field where the investigator may only be able to judge 
the animal at a distance, or when collected, there is limited equipment 
and time to do a thorough evaluation. The work being done will dictate how 
much information can be collected. Thus, health assessment in the field 
vs. health assessment in a clinical practice or university teaching 
hospital may require a somewhat different approach. 

Coming up with a simple approach to a rather complex issue is what we 
are all looking for when devising schemes for categorizing tortoises, and 
other animals, as healthy or ill. When animals have dramatic, overt 
clinical signs such as exudate being expelled from the nares or palpebrae 
swollen and closed, the categorization Is rather simple to do. However, in 
many  diseases. signs may be subclinical as is often the cases with 
mycoplasmosis in tortoises, In such situations a much more slophisticated 
approach is needed to determine the health status of an animal. When 
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working with species of tortoises where there is a limited data base on 
such biomedical specimens such as blood and urine which are routinely 
used in evaluating health of humans and domestic animals, the task seems 
insurmountable. Extrapolation becomes the rule, using values for other 
species to make comparisons. 

As a clinician who has worked with tortoises for many years, the approach 
has been modified over the last 10 years as new applied technologies have 
become available and more information on diseases and causes of 
mortality have been identified. Still, the approach is not that different 
then what is used in assessing other reptiles, birds, and mammals. For 
captive tortoises, and other animals, medical records are cessential for 

reports for future reference. Medical record forms and folders vary from 
insi:itution to institution and have not been standardized on a national or 
international level, Access to the information also varies between 
institutions with an emphasis on computerization of all medical records 
and data so that retrieval will be rapid and the information easily 
accessible. Similarly, record keeping is essential in field situations 
where notebooks and field sheets are necessary for recording information. 

. ... Again the computerization of this information should be a goal sat by 
anyone involved in this work. 

;,... .:x; - 
. . .  .- . . documenting health problems and maintaining all of the findings and 

For captive tortoises, history becomes essential when interpreting 
findings and understanding the basis for many medical problems. For 
tortoises in the field similar information is important for asessing the 
overall health of an individual and viability of a population. For instance, 
diet of captive tortoises, or should I say, lack of a proper diet often leads 
to various health problems. Thus collecting information on the1 diet of the 
captive tortoise is important when trying to assess the health status of 
the animal, Similarly, quality of vegetation in the field needs to be 
assessed when determining the status of individual wild tortoises or 
populations. For captive tortoises diet is often limited :by what is 
commercially available and the knowledge of the owner on the subject. For 
wild tortoises, diet is affected by environmental conditions such as 
drought or habitat degradation through overgrazing and destruction of 
plant communities by use of off-road vehicles or introduction of exotic 
plants. Developing a good data base on environmental conditions for both 
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captive and wild animals is necessary when trying to assess health of 
these animals. 

A thorough physical examination is the staring point for assessing 
tortoise health. Weight (W) and carapace length in the midline (MCL) 
measurements are simple to take (except for giant tortoises) and may 
provide valuable information, This data should be collected anytime a 
tortoise is handled for health assessment. In 1980, Jackson presented 
data suggesting that body weight in relation to carapace length in captive 
spur-thighed tortoises (Testudo grama)  and Hermann's tortoises T. 
heman i i )  could be used to assess their clinical condition. Iln trying to 
understand causes of infertility and attempting to evaluate body condition 
of captive Aldabra tortoises (Geochelone giganlea), Spratt in 1990 
compared weight vs. carapace length relationships between captive and 
wild tortoises. When the  logarithm of carapace length (cm) was regressed 
on the logarithm of body weight (kg), no significant difference was found 
between the slopes or intercepts of the regression for wild and captive 
tortoises. To determine if the relationship between W and MC:L could be 
used to discrimlnate between healthy desert tortoises (Gopherus 
agass i r i i )  and desert tortoises with signs of upper respiratory tract 
disease (URTD), the logarithm of MCL was regressed on the logiarithm of W 
for both groups. While a significant difference was found between the 
regression lines for the two groups, with tortoises with clinical signs 
weighing about 7% less than clinically healthy tortoises, still several 
affected tortoises weighed more for their length when compared with 
healthy tortoises. These findings suggest that while these measurements 
are extremely important, and can be used in health assessment, they 
should not be used alone in categorizing a tortoise as healthy or i l l .  

Following the determination of W and MCL, a full clinical axamination 
should be performed. The adnexal tissues of the orbit should be examined 
for changes in size, shape, and color. An eye examination should be 
performed for minimally determining clarity of the cornea and llens. When 
possible, the oral cavity should be visualized for presence of lesions or 
foreign bodies. The patency of the nares needs to be noted. Th'e profile of 
the head should be viewed both frontally and laterally for conformational 
abnormalities. The quality of the skin and scutes should be inspected for 
irregularities and lesions. In captive tortoises, pyramiding of scutes, 
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especially on the carapace is commonly seen and is thought to have a 
dietary basis. The seams between adjacent scutes should be inspected for 
shell growth. With some smaller species of tortoises it may be possible to 
palpate shelled eggs through the soft tissue axillary region of the 
hindlimbs. In a veterinary hospital radiography can be used to evalua.te a 
variety of internal structures such as lungs, gastrointestinlal system, 
reproductive tracts, and bladder. Ultrasound imaging, particularly of the 
reproductive tract, can be done both in a clinic and in the field. Finally, 
biological samples such as blood, urine, biopsy specimens, and exudates 
should be collected for a variety of clinical eva1uations.A wide variety of 
blood collection sites are reported for tortoises, each having advantages 
and disadvantages. Blood values have been reported for several species of 

polyphemus),  Mediterranean tortoises (7. graeca and T, hermsnii), and 
radiated tortoise. However values between captive and wild tclrtoises will 
more than likely vary with mason, age, and sex differences making 
interpretation a complex affair. 

1: . tortoises including the  desert tortoise, gopher tortoise (Gopherus 

Continued data collection for free-ranging tortoises is needed to assess 
health of tortoises , both in the filed and in captivity. Correlative studies 
need to be performed since data only becomes meaningful in the1 context of 
t h e  whale animal. As more and more data is accumulated, and new methods 
end technologies become available, such as ELlSA testing of blood for 
exposure to potential pathogens, health assessment will become more of 
a science than an art. With this comes the need for disserniinating this 
information so that minimal standardized guidelines can be used for the 
multiple species being evaluated and studied around the world. 
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SE:ROLOGIC SURVEY OF DESERT TORTOISES, GOPHERUSAGASSLZII, IN AND 
AROUND THE NATIONAL TRAINING CENTER, FORT IRWIN, CALIFORNIA, FOR 
EXPOSURE TO MYCOPLASMA AGASSIZII, THE CAUSATIVE AGENT OF UPPER 

RESPIRATORY TRACT DISEASE 

Elliott R. Jacobson and Mary 8. Brown 
College of Veterinary Medlclne 

Universlty of Florlda 
Galne6vllle, Florida 32610 

Paul A. Klein and lsabella Schumacher 
College of Medlclne 

Unlverslty of Florida 
Galnesvllle, Florida 32610 

David Morafka and Rebecca A. Yates 
Department of Biology 

Universlty of Caltfomla 81 Dominguez Hills 
Carson, California 90747 

The bacterla, Mycoplasma sgessizii, is the causative agent of a chronic upper resplratory tract 
disease (URTD) of desert tortolses, both In captivity and in the wild. Epizootics o f  URTD have 
been seen at multiple sites in the Mojave Desert of The southwest United States. An enzyme 
llnked lrnrnunosorbent assay (ELISA) has been developed speclflcally for use in desert tortolses 
to determlne exposure to M, agessizzii. Data is slowly accurnulatlng on prevalence of exposure 
to this organism in certeln wlld populations. To add to the data base, cornmenclng In June 1993, 
samples were collected from desert tortoises In and around the National Training Center, Fort 
Irwin, California. Tortolses were sampled from the following locations: 1) captlve tortoises in 
Barstow, CA.; 2) captive tortoises in Ft. lrwln Park end at Ft. Irwin Veterinary Clinic: 3)FISS 
slte (southeastern Fort Irwin boundary); 4) Tiefort Mts.; and 4) North Aluord Mts. Clinical 
signs of URTD have been seen in captive tortoises In Barstow, and tortoises in Ft. lrwln Park 
and Ft. Irwin Veterinary Clinic; 14 of 25 tortoises sampled from these locations were 
seropositlve tor exposure to M. egesslzll. However, only four of 61 tortolses sampled from the 
FISS site were seroposltlve, and none of 11 tortolses sampled from the Tieforts were 
seropositive. From the North Alvords, 35 tortolses were sampled, of which 6 were 
seropositlve; one of the seroposltlve tortoises also had a nasal discharge. To date, of the 108 
wlld tortoises sampled, 10 were found to be saroposltlve, 6 of whlch were from the North 
Alvords. Nasal samples from tortolses In these locations are currently belng collected and 
evatuated by a recently developed polymerase chain reaction technique to determine presence of 
M. agassizii. 
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CAUSES O F  MORTALITY AND DISEASES IN TORTOISES: A REVIEW 

..- 
~ .._ 

Elliott R. Jacobson 
College of Veterinary Medicine 

University of Florida 
Gainesville, Florida 3261 0 

Of the 40 extant species of tortoises, most, if not all, are experiencing 
population declines. Although collection of tortoises for the pet trade and 
USE) by local human populations as food items in many areas of the world 
have contributed, habitat degradation and destruction of the environment 
probably accounts for the most significant worldwide declines. While a 
number a diseases have surfaced as significant problems for several 
species of captive and wild tortoises, few thorough retrospective or 
praspective studies have been conducted on causes of mortality in either 
of these groups. In the wild, by the time a dead tortoise is found, generally 
all that remains are the hard parts. Virtually nothing is known about 
causes of mortality in neonates, a life stage that is only beginning to be 
studied in detail. A considerable body of information is available on 
population declines of t h e  desert tortoise, Gopherus agessizii, in the 
western Mojave desert, USA. The following is a list of those problems 
indicative of downward trends in these populations: 1)declines in 
densities, 2) declines in numbers registered during a 6--day survey, 3) 
declines in proportions of juveniles and small immature tortoises, 4) 
reduction in recruitment of young individuals into the adult population, 5 )  
abnc 
high 
and 

. signi 
tract 
1 gag 

-malty high mortality rates for t h e  breeding population, 6;) abnormally 
mortality rates for juveniles, 7) human-induced sources of mortality, 
8 )  deterioration of habitat. Of diseases, two have surfaced as 
icant health problems in wild desert tortoises. An uppar respiratory 
desert (URTD), first recognized in the western Mojave Desert in 
is now known to be caused by a mycoplasma, Mycoplasma agassizii. 

Transmission studies have confirmed its etiologic role and since the 
recognition of URTD in 1988, desert tortoises with URTD have been seen at 
multiple locations in the Mojave Desert. This disease also has been seen 
in gopher tortoises, Gopherus agassizii. in Florida, USA. The second 
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significant disease in desert tortoises is a cutaneous dyskeratosis which 
has been associated with population declines on the Chuckwalla Bench 
Area of Critical Concern, Riverside County, California. Recently, illness 
and deaths have been seen in wild Galapagos tortoises, Geochelone 
elephantopus,  in the Galapagos and wild geometric tortoises, 
Psernrncbetes geometricus, in South Africa. The causes of these losses are 
being investigated. 

When we look at captive tortoises, much more information is available on 
specific health problems. The European tortoises, Testudo hermanii and T. 
graeca ,  have been seen with herpesvirus stomatitis, pharyngitis, and 
pneumonia in England, Germany, Switzerland, and France. Herpesvirus 
pharyngitis also has been reported for captive desert tortoises. A large 
shipment of Argentine tortoises, G. chilensis, died with herpesvirus 
pharyngitis soon after importation into the United States. It is clear that 
herpesviruses are significant pathogens in several species [of tortoises. 
lridoviral hepatic necrosis was described in a Hermann's tortoise, T. 
hermanii , and iridoviral tracheitis and pneumonia for a gopher tortoise. 

Compared to viral infections, relatively few bacteria have been 
incriminated as causes of illness and death in captive tortoises. URTD was 
known to occur in captive desert and gopher tortoises tong before being 
described for wild tortoises. It wasn't until money became available to 
study the disease in wild populations that the causative agent was clearly 
established, Salmonella is recognized as a normal inhabitant of the 
gastrointestinal tract of many species of reptiles, including tortoises. 
However, disease in tortoises resufting from such infections is uncommon. 
A filamentous organism resembling Dermetophilus has been m e n  in skin 
lesions of captive desert tortoises and padloppers, Homopus: signatus. 
There are several reports of fungal pneumonias in captive giant tortoises 
(G. elephantopus and G. gigentee), with maintenance at suboptimal 
environmental temperatures being a predisposing factor. 

Of endoparasites affecting captive tortoises, the most significant include 
the protozoa Entamoeba invadens and Hexamita pawa, and the nematodes 
Angusficaecum and Proeffectis. Ectoparasites include fly larvae of the 
dipteran Cisfudinomyia cistudinis, the mite Eutrombicula alrfteddugesi, 
and ticks in the genera Amblymma, Hyalomma, and Ornithodoros. 
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The most common non-infectious disease in captive tortoises is metabolic 
bone disease, developing as a result of: 1)  prolonged deficiencies in 
calcium; 2) deficiencies in phosphorus; 3) improper ratios of calcium to 
phosphorus in the diet; and 4) vitamin D deficiency. There are relatively 
few reports of neoplasia in captive tortoises. 
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Reference ranges for blood variables: Issues regarding which data to include, and what to 
do when all your tortoises are healthy. Patrick E. Lederle, Kurt R. Rautenstrauch, Danny L. 
Rakestraw, and Katherine K. Zander, Science Applications International Corporation, Las Vegas, 
N v .  

As a corollary to our evaluation of the effects of increased human activities 011 the dynamics 
of antibody levels associated with Mycoplasma agassizii, we also analyzed blood samples 
(standard cell count and chemistry) for most of the tortoises we were monitoring. We are in the 
process of developing reference ranges for blood cell count and chemistry variables for desert 
tortoises from the Yucca Mountain population. 

-We are following the advice of Lumsden and Mullen (Can. J. Comp. Med. 1978,42:293- 
30 1), yet there are a number of issues yet to be resolved before reference ranges can be finalized. 
A total of 105 tortoises were sampled 1-3 times during September of 1993, 1994 and 1995. In 
terms of understanding disease dynamics it is useful to repeatedly measure the same individual 
through time, yet the problem of lack of independence among time periods must be addressed. 
Whether or not to include all data points, or only one sample from each animal will be discussed. 
In addition, many blood variables are non-normally distributed and in those cases, the common 
practice of reporting the mean f two standard deviations is clearly inappropriate. 

Another common practice is to establish reference ranges for both ill and healthy tortoises. 
Presumably, if values differ between ill and healthy tortoises they can be used as (a diagnotic tool. 
Although nearly 20% of the samples obtained at Yucca Mountain tested positive .for antibodies 
specific to Mycoplasma agnssizii, clinical signs of upper respiratory tract disease were essentially 
absent from the population. Since prior exposure does not indicate the disease is present, we 
concluded that we were dealing with a healthy population of tortoises and did not classify any as 
ill for the purposes of developing reference ranges. 

A preliminary overview of variables measured and tentative reference ranges for healthy 
Yucca Mountain tortoises will be presented along with several interesting outliers. 
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Incidence of positive ELISA tests at Yucca Mountain for antibodies associa.ted with the 
causative agent of upper respiratory tract disease. Patrick E. Lederle, Kurt R. Rautenstrauch, 
Danny L. Rakestraw, Katherine K. Zander, and James L. Boone, Science Applications 
International Corporation, Las Vegas, N V .  

We studied a population of desert tortoises at Yucca Mountain to evaluate the effects of 

increased human activities on the dynamics of antibody levels associated with the causative 

agent of upper respiratory tract disease. We compared a control group of tortoises to two 

treatment groups that were characterized by the intensity and duration of hum= activities. 

Blood samples were collected from radiomarked tortoises four times from September 1993 

through September 1995. and clinical signs were evaluated each time tortoises were handled. 

Plasma samples were analyzed for presence of antibodies associated with the causative agent of 

upper respiratory tract disease using enzyme-linked immunoassay tests (ELISA:). 

Effects of gender were minimal, both in likelihood to test positive, and for evaluation of 

antibody levels, so data were pooled. Because samples were not independent between periods 

(i.e., some tortoises were sampled during all periods, some only once, etc.), analyses of the 

likelihood to test positive were conducted separately for each sampling period. Likelihood to test 

positive was independent of treatment groups in all sampling periods (all x2 < 6.53, df = 4, all P 
> 0.16), and sampling periods were found to be homogeneous (x’ = 8.644, df = 12, P = 0.73). 

Overall, 18.7% of all samples were positive (range = 14.6-23.3% per sampling period). 

Repeated measures analysis of variance was used to evaluate log-transformed antibody levels for 

3 1 individuals that were measured during all four sampling periods. No effects due to treatment 

group or treatment by sampling period interaction were found. There was, however, a significant 

effect due to sampling period (F3 84 = 20.08, P < 0.01), which was attributable to overall antibody 

level ratios increasing gradually over time in the repeatedly sampled tortoises (mean 

untransformed ELISA values increased from 1.9 to 3.4). The increase in antibody levels over 

time was of equal magnitude across treatment groups, indicating that the disturbances at Yucca 

Mountain did not influence the levels of antibodies encountered in the population. Although 

samples were not independent, no such increase in ELISA values over time was found when data 

from all tortoises sampled were examined. 

Of 1,294 examinations conducted in the field under non-laboratory conditio:ns, clinical signs 

were observed only six times (0.5%). Clinical signs of the disease also were observed 6 of 283 

times (2.1 %) during physical examinations performed in the laboratory prior to drawing blood. 



in all six cases observed in the laboratory, the signs were scored as 1 whlch is the lowest 

category (0, no signs; 3, most severe). It is possible that clinical signs observed in tortoises 

transported to the laboratory may have been the result of handling stress. 

There was no difference in reproductive output during 1994 and 1995 between females that 

tested positive or negative for antibodies during September of those years (F1,51 == 0.023, P = 

0.879). During 1994, however, there were marginally significant differences between in 

reproductive output between females that tested positive (n = 5) or negative (n = 19) for 

antibodies during June of that year (Fl,21 = 2.960, P = 0.100). However, samples sizes were too 

small to make this test conclusive. 

Survival of adults (n = 104, all greater than 180 mm) in the Yucca Mountain population over 

four years exceeded 99% per year, and represents one of the highest survival rates recorded in 

any population of desert tortoises. High survival rates over this time period indicate that disease 

was not a significant factor in the Yucca Mountain population. 

Discriminant function analysis on 16 blood chemistry and cell-count variables failed to 

distinguish between those tortoises testing positive or negative (negative plus suspects were 

combined for this analysis) (Wilke’s A, = 0.916, F16,193 = 1.035, P = 0.424). Similar results were 

found for analyses broken down by sampling period. Univariate F-tests confirmed that blood 

values differed little between positive vs. negative tortoises; only one of the variables showed a 

significant difference between groups. Further, principal components analysis showed a 

complete overlap between positive and negative groups in multivariate space described by the 

first two principle components. In contrast, when male and female tortoises were compared, 

discriminant function analysis easily distinguished between the two groups (Wilke’s A, = 0.601, 

F16.193 = I .035, P < O.OOl),  and univariate F-tests showed that 10 of 16 variables were 

significantly different between males and females. 

We concluded that the Yucca Mountain Site Characterization Project did not result in any 

detectable increases in the presence of antibodies associated with the causative agent of upper 

respiratory tract disease. In addition, lack of clinical signs and the low incidence of positive 

ELTSA tests, coupled with very high survival rates of adults and minimal impacts on fecundity, 

indicate that upper respiratory tract disease was not affecting the tortoise population at Yucca 

Mountain during this study. It has been argued that upper respiratory tract disease is manifested 

during times of stress caused by factors such as drought or overcrowding. Although antibodies 

to MycopZasma agassizi were detected at Yucca Mountain, manifestation of the disease may not 
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have occurred because this study was conducted during a period of above-average rainfall and 

tortoises appeared to be in good physiological condition. Alternatively, there may be pathogenic 

and non-pathogenic strains of the mycoplasma bacteria, both of which are detected by the ELISA 

test. Lack of clinical signs suggests that the pathogenic strain of the causative agent may not 

have been present in the Yucca Mountain population. 

Little is known about the transmission and dynamics of upper respiratory tract disease in 

natural populations. Released pet tortoises are thought to have played a significant role in 

disease transmission in other locales and may be the source of a highly pathogenic strain of the 

mycoplasma. Compared to other groups of desert tortoises studied in southern Nevada or 

California, the Yucca Mountain population is relatively isolated because the study area has 

largely been protected from uncontrolled human activities since the early 1950s. The likelihood 

of released tortoises being present at Yucca Mountain is extremely small. 

... -. 
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(Jpper Respiratory Tract Disease in Cophcr Tortoirca, Copheruspolyphemlus: Natural 
Disease, Exyerimcntnl Studiea, and Implications for Conservation and Management 

G. S. Mcbughiin'', E. R. Jacobson', M. B. Brown3, D. R. Browd4,  
C. E. McKenna', 1. M. Schumnchcr', and P. A. 

Dupartmmts of 'Wildlife Ecology and Conservation, Institute of  Food and Agricultural Sciems. College 
of wculture;  'Small h m a l  Clinical Scialccs and 'Pathobiolegy, College of V&terinary Medicine; 
'Pathology and Laboratory Medicino, Collqp of Medicine; and 'Biotechnologm for tlhe Ecologrcal, 

Evalutionary, and Conservation Sciences. University o f  Florida, Gainesville, FL, 326 IO 
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Upper respiratory tract diseaso (URTD) could become a mnjor fictor affecting the 

mcrintenrnce ot'viablc populations of gopher tortoises, GophenLryolyphemus, in tlhe state o f  

1;loride and throughout tlrc species' range. In order to provide regulatory agencics with data on 

which to base nlarlagernent dccisions, we investigated the pathological arrd immune responses of 
.. 

tortoises to,  RIM^ trausmission of, the causative ngcnt of IJRTD. MycopfwmJ ogawizii. Netural 

and experimental infections with M. ngmsizzii causc mild to severe damage to mwosal and 

alfactory nasal epitheliri, with hlcrcnsing damage evident in longer-term infections. Possiblc 

systemic effects nre indicated by increwed Mood urca nitrogen and decreased tllhujrnill Ievcls i n  

ctlror~ictllly ill atlimnis, and increased presence of'melat~o~nrcropl~ages and hetnosidlerin in the 

liver. Altl~ougl~ mild clinical signs, cq)ccielly ocular discharge and palpebrnl edema, are usuelly 

evident by 2 wk pohnfeclion (PI). nn immune resq~onsc detectable by an enzyme-linked 

immurlosorbellt assay (El JSA) is  not evident for 6 - I( wk PI. Subclinical infections occur m 

some tortoises, although mycoplns~n~ may he recovered From tlloir n a ~ d  flushes, n111d 

seroconversioll occurs. Some strains of M. ngassizii arc highly infectious, with doscs of IO or 

kwtr colony fonning units causing disease. Tllorc is 110 do,% related eflect, with infections 

c a u d  by I O  or  10[10 organisms eliciting the snmc clinical and immune respoares 81s doscs of 10' 

orgrnisme. Inkction of n limitcd nurdjer of tortoises with one isolnte produced II~D significant 
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Abstract for Desert Tortoise Health and Disease Research Conference at 
Z z y q  CA October 3 1 , 1996 

DOES MYCOPLASMA INFECTION INFLUENCE WATER, ENERGY AND FOOD 
CONSUMPTION OR REPRODUCTIVE OUTPUT OF WILD DESERT TORTOISES? 

R. A. Nagy, B. T. Henen, I. R. Wallis’, M. B. Brown’, and C. C. Peterson3 

Department of Biology, University of California, Los Angeles, CA 90095- 1606, USA 
1 Present address: Scottish Agricultural College, Dept. of Poultry Science, Auc;hincruive, 

Ayr KA6 5 H W ,  Scotland, UK 
’Dept. of Pathology, College of Veterinary Medicine, University of Florida, Gainesville, 

Present address: Dept. of Zoology, LSW 430, Oklahoma State University, Stillwater, 
F‘L 3261 1-0633, USA 

3 

OK 74078-3052, USA 

Continuous doubly labeled water measurements of field metabolic rates and water 
influx rates (which reflect rates of food consumption) were made during wintelr of 1991- 
1992, and through spring, summer, and autumn of 1992 in free-ranging adult desert 
tortoises in the Mojave Desert of California. The three study sites were: the Desert 
Tortoise Natural Area (western Mojave), the Fermer Valley near Goffs (eastem Mojave), 
and in the Ivanpah Valley (northeastern Mojave). Plant productivity at all three sites was 
relatively high during this study, due to above-average rainfall associated with .the El Niiio 
(ENSO) conditions then. Blood plasma samples taken at the end of each seasonal 
measurement period were tested for antibodies to Mycoplasma agassizii using the ELISA 
method. Rates of energy metabolism and water influx for tortoises testing ELISA-positive 
were compared with rates for tortoises testing negative within each season at each site, 
using Student’s t-test or the Mann-Whitney u-test X variances were heterogeneous. 

season-site cases. Only one case showed a significant difference (P = 0.027): rates of 
water influx for Ivanpah tortoises testing positive were 25% lower than those of Ivanpah 
tortoises testing negative in spring 1992. Although smail sample sizes in some of these 
comparisons reduced the chances of detecting significant differences that may have been 
present, the occurrence of only one instance of a sigdicant difference out of 17 cases may 
have been a random event. Because of smal l  sample sizes in some of these two-sample 
comparisons, and because of uncertainties about the threshold for determining :positive and 
negative results for ELISA tests that year, we reanalyzed the results by regressing field 
metabolic and water influx rates on the absorbance values determined in the ELISA 
analyses. This approach sidesteps the decision of positive or negative ELISA result, and it 
asks the question: were rates of energy or water metabolism progressively higher or lower 
or unchanged in tortoises having progressively higher antibody levels? Least-squares linear 
regression analyses were done on the results from four seasons at three sites (1:2 cases) 
using the absorbance value fiom the sample taken at the beginning of the season or at the 
end of that season (12 cases). Only one of the 24 analyses displayed a statistically 

The data set permitted statistical comparisons to be made for 17 of the 24 possible 
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significant correlation (and it had a small sample size), indicating that the preslence of 
antibodies to M. agassizii was not clearly detrimental to field metabolic rate or water 
intake rate. We conclude that long-term, integrated field measurements of energy and 
water metabolism are not useful predictors ofM. agassizii antibody status in wild tortoises 
during ENS0 years, and that the levels of antibody observed in this study (up to 0.8 
absorbance units) were not associated with changes in the tortoises’ daily cost: of living or 
water consumption, nor with their levels of activity or their feeding rates (which are 
closely reflected by metabolic and water intake rates) during “good” conditions in the 
field. 

Breeding female tortoises living at the Desert Tortoise Natural Area and near 
Goffs were studied from March through June of 1993, which was another “good” (ENSO) 
year. Egg numbers and sizes, and the number of clutches produced per year were 
measured by periodic x-ray radiography using a portable x-ray machine. Simultaneous 
sampling of blood plasma allowed antibody levels to be determined by the ELI[SA method. 
Reproductive output of these tortoises was relatively high (about seven eggs per year), 
and there was no significant influence of antibody titer on reproductive output in females 
in either population. 
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URTD in Hatchling Tortoises 

Oftedal, O.T., Christopher, T.E. and Allen, M.E. 
National Zoological Park, Smithsonian Institution, Washington DC 

Introduction 

Little is known about the incidence and severity of Upper 
Respiratory Tract Disease (URTD) among juvenile desert tortoises 
in the Mojave desert. If URTD is transmitted to hatchling and 
juvenile tortoises which then fail to survive, the potential 
impact on recruitment to the population may be severe, but may 
not become evident for many years. We are reminded of the situa- 
tion on the Galapagos island of Pinzon in which introduced rats 
had apparently destroyed all hatchlings of the endemic: Galapagos 
tortoise for decades, but this was not recognized for a long time 
because the long-lived adults remained abundant. 

The Origin and Care of Hatchling Tortoises 

In the spring of 1994 we became aware that about 150 hatchl- 
ings (from the 1993 cohort) were being housed in raven-proof 
outdoor pens at the DTCC and requested that these be made avail- 
able for nutritional research studies. As of mid-May our staff 
took over the care of these animals, as we intended to use them 
in nutritional studies in the fall once necessary research per- 
mits had been issued. 

These hatchlings had been placed in the 11 outdoclr raven- 
proof pens in late summer and fall 1993. Two sets of pens were 
identified: 1. two pens housing 27 animals that had been found in 
adult tortoise pens maintained by BLM (IIBLM hatchlingstt), and 2. 
eight pens housing 110 animals that were being maintained by 
Clark County contractors (IICounty hatchlingstt). The B'LM hatchl- 
ings were all captive hatched at DTCC, and as they had been 
transferred directly to the raven-proof pens, their sole prior 
exposure had been to adult tortoises in their pens of origin. 
The County hatchlings included both animals that hatched in DTCC 
pens and animals that had been recovered from development sites 
or in urban areas in the Las Vegas Valley. Thus the County group 
may include backyard hatchlings that escaped from private resi- 
dences. Prior to placement in the raven-proof pens the County 
hatchlings had been maintained in large group pens in which 
tortoises of different origin were exposed to each other. 

The winter had been dry and the spring was both dry and-hot. 
Some food and water had been provided in April and May by BLM and 
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Animals with mild signs, including nasal occlusion, slight swell- 
ing around the eyes, slow movement of the nictating membrane, and 
eye-rubbing usually retained good appetite and vigor. However, 
animals with severe eye signs (e.g., trouble opening eyes, nic- 
tating membrane swollen and only partly retracted, slit shaDe of 
eye opening) and mouth discharge ate poorly and became! rapihly 
debilitated. 

Necropsies on six animals with severe signs documented 
Mycoplasma aqassizii as a primary pathogen in upper and lower 
respiratory tract infections of these animals although Pasteurel- 
la testudinus was also isolated from most of them (C. Schiller, 
APL Veterinary Laboratories). The respiratory inflamm,ation was 
more extensive than previously described for older tortoises with 

The prevalence of URTD signs in the County hatchlings was a 
good predictor of subsequent mortality. Despite a high plane of 
nutrition and regular care, 51 of the 85 County hatchlings had 
died by the end of July 1996; by contrast, none of the BLM 
hatchlings died in this period. Seven County hatchlings from two 
apparently disease-free bins have remained healthy [although one 
of these tested positive for Mycoplasma agassizii antibody by the 
ELISA method in 19961. Of the remaining 27 County animals sur- 
viving in July 1996, 25 tested positive, one tested suspect and 
one tested negative for Mycoplasma agassizii antibody. All sur- 
viving BLM animals tested negative. 

Disease Transmission 

The very different pattern of disease in the two groups of 
hatchlings despite their identical treatment by us indicates that 
the difference stems from prior exposure to other animals. 
Although we do not know if the adults in the pens from which the 
BLM hatchlings were retrieved will test negative for M;ycoplasma 
agassizii antibodies, the hatchlings escaped infection, and did 
not become infected in our bins even though infected Clounty 
hatchlings were housed in adjacent bins. We suspect that the 
county hatchlings were exposed to the disease when they were 
housed in large groups prior to being placed in the raven-proof 
pens. These large groups included animals removed from urban 
areas and development sites. It appears that the disease is 
readily transmitted among hatchlings. Of the 11 raven-proof pens 
from which we obtained County hatchlings, only one was apparently 
disease-free: the seven surviving tortoises from this ]pen remain 
healthy to this date (although a positive ELISA test for one 
animal should be confirmed). All tortoises from the remaining 10 
pens have died, developed signs of URTD and/or have tested posi- 
tive for Mycoplasma agassizii antibody. 

It is remarkable that none of the BLM hatchlings developed 
URTD signs or a positive ELISA test despite the fact that the 
bins in which they were housed were interspersed with the bins in 
which the County hatchlings were housed, and BLM hatchlings were 
handled immediately after County hatchlings were handled. We did 
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- not use rubber gloves or wash our hands between bins, but avoided 
touching the faces of tortoises. Tortoises from different bins 
were never placed together, and all bins, food dishes, water 
dishes and soaking pans were thoroughly washed with detergent and 
soaked in a bleach solution between uses. Severely ill or debil- 
itated tortoises were placed in isolation bins and were handled 
last when tortoises were being fed, watered and cleaned. 

The fact that all BLM hatchlings and two bins of County 
hatchlings remained URTD-free suggests that the disease was not 
transmitted from bin to bin, and that the difference .in infection 
rate among the bins was a consequence of prior exposure. It 
appears that handling per se did not lead to disease ‘transmis- 
sion. Our findings are consistent with the hypothesis that 
transmission of Mycoplasma agassizii requires direct animal 
contact or direct transfer of secretions between animals. 

CONCLUSIONS 

1. Hatchling tortoises appear to be highly susceptible to 
URTD once exposed to the infectious agent. Hatchlings 
housed together readily share the disease. 

2. Eye signs observed under a dissecting microscope are 
useful indicators of URTD in hatchlings. Hatchlings with 
mild eye signs may continue to eat and grow, despite occlud- 
ed nares. This is not true of hatchlings with severe eye 
signs. 

3. Respiratory inflammation may be especially severe in 
young tortoises. 

4. Even on a high plane of nutrition and under favorable 
environmental conditions, most infected hatchlings die. 
Thus it is unlikely that infected hatchlings in ihe wild 
survive to maturity. 

5. The difference in infection rate between tortoises 
obtained from BLM and County pens was probably due to prior 
exposure. 
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EFFECTS OF ACUTE UPPER RESPIRATORY TRACT DISEASE ON 
REPRODUCTION IN THE DESERT TORTOISE, Gopherus agassizii 

HORMONES, EGG PRODUCTION AND HATCHING S'CJCCESS 

David C. Rostal', Valentine A. Lance', Janice S. Grumbles', and Isabella M. Schumachetj 
Department of Biology, Georgia Southern University, Statesboro, Georgia 30460 

'Center for Reproduction of Endangered Species 
Zoological Society of San Diego, San Diego, California 92112 
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University of Florida, Gainesville, Florida 32610 

INTRODUCTION 
Recent dramatic declines in wild populations of the desert tortoise, Gopherus qpssizii, 

have led to its federal listing as a threatened species. These population declines have been 
largely attributed to habitat loss and degradation. However, the impact of upper respiratory 
tract disease (URTD) on population declines is unknown. 

tortoise (Gopherus agsssizir) were monitored from 1991 to 1993 at the Desert Tortoise 
Conservation Center. The disease broke out in several pens that had been set up to study 
reproduction (Rostal et al., 1994). This appeared to result fiom the introduction of a 
undiagnosed diseased female or male into several of these pens (Jacobson et al., 1995). 
During the course of the study, the disease was allowed to run its course since an effective 
treatment was unavailable. 

SUBJECTS 

3 females each. Male mean straight carapace length was 261.25 k 3.93 mm (SE; n = 20). 
Female mean straight carapace length was 241.07 ? 2.32 mm (SE; n = 30). Thle tortoises 
were housed in 15 m X 30 m pens. Each pen had five artificial burrows, two sod plots, and 
two watering stations each. The pens were also supplemented with alfalfa hay. The 
tortoises were exposed to ambient weather conditions (i.e., air temperature and rainfall). 

The acute effects of upper respiratory tract disease on reproduction in the desert 

MATERIALS AND METHODS 

Fifty tortoises were maintained in ten reproductive groups composed of 2 males and 

BLOOD COLLECTION AND RADIOI"UN0ASSAY 

1991 to July 1993 (as described in Rostal et al., 1994). Blood samples were centrifuged and 
the plasma was removed and frozen for later analysis. Plasma testosterone, progesterone 
and corticosterone were measured in duplicate aliquots of plasma extracted with 10 vols of 
ethyl acetate: n-hexane 3:2 vol/vol and incubated overnight with highly specific antibodies 
from ICN diagnostics and tritiated steroids from Amersham-Searle (see Rostal et al., 1994 
for details). Plasma estradiol was measured using a modified iodine-125 kit fiom Diagnostic 
Products Corp. The samples were extracted with ethyl acetate:hexane, but incubated with 
only '/z the volume of antibody as specified by the kit, and the bound from free steroid was 
separated using dextran-charcoal instead of the second antibody. These modifications 
increased the sensitivity of the assay to 1 pg/tube. 

Blood samples (3 to 5 cc) were collected from 20 males and 30 females fiom August 
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.:j 

.-... . ... . .  

A-48 



ULTRASOUND EXAMINATIONS 

ultrasonography (as described in Rostal et al., 1994) . Ovarian follicular growth and the 
presence of shelled oviductal eggs was monitored using an Aloka 500V portable real-time 
ultrasound scanner with a 7.5 convex linear transducer. During the nesting season, females 
were scanned every two weeks to determine nesting. 

The reproductive status of the females was monitored at two month intervals using 

CLASSIFICATION OF HEALTH 

Mycoplgsma agassiziias determined by ELISA technique (Schumacher et al., 1993) and clinical 
signs of URTD. Clinical signs of URTD ranged from mild serous exudate from the nares to 
mucopuruient exudate from the nares with encrusting dirt on face and forelegs. Animals 
with severe signs were also emaciated and lethargic. 

The status of an animal’s health was based on both the presence of antibodies to 

RESULTS 
Plasma testosterone levels were significantly lower in diseased males (11 = 8) than 

healthy males (n = 10) during the second fall breeding season (‘July 1992 to October 1992). 
Female plasma testosterone levels were not significantly different between healthy females 
(n = 12) and diseased females (n = E). Among the diseased females, however, there was a 
significant difference in plasma testosterone levels between reproductively active (nesters; n 
= 6 )  and reproductively inactive (non-nesters; n = 6 )  females during the second reproductive 
season (‘July 1992 to June 1993). Plasma estradiol levels were significantly lower in diseased 
females (n = 12) than healthy females (n = 12) during the second reproductive season (July 
1992 to June 1993). Among the diseased females, there also was a significant ciifference in 
plasma estradiol levels between reproductively active (nesters; n = 6)  and reproductively 
inactive (non-nesters; n = 6 )  females during the second reproductive season (July 1992 to 
June 1993). Plasma corticosterone levels, however, were not significantly different between 
diseased and healthy males or females. 

second reproductive season. Maximum follicle size measured in September 1992 was 
significantly smaller in diseased females (n = 9) than healthy females (n = 10). Hatchling 
size and growth rates were similar for hatchlings produced from both healthy females (n = 
15 hatchlings) and diseased females (n = 15 hatchlings) that reproduced. 

Vitellogenesis and follicular growth was retarded in diseased females during the 

DISCUSSION 

were monitored during the study. Upper respiratory tract disease was observed to influence 
circulating hormone levels in diseased females. Testosterone levels were significantly lower 
in diseased males during the second reproductive season (July 1992 to October 1992). 
Estradiol levels were significantly lower in diseased females during the second reproductive 
season. Estradiol is critical for normal ovarian and follicular development. When estradiol 
levels were compared between nesting and non-nesting diseased females the effect was even 
more pronounced with circulating levels being 1/4 their normal level during October 1992. 
The month of October is critical for final follicular maturation prior to hibernation. Upper 
respiratory tract disease did reduce egg production in females actively showing signs of the 
disease. Only 50% of the diseased females produced eggs in 1993 while 100%) of non- 

Endocrine function, ovarian development, egg production and hatching success 
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diseased females produced eggs. Clutch size was not significantly different between 
reproducing diseased females and non-diseased females (mean clutch size was 5.60 f 0.40 
eggs for diseased females versus 5.64 k 0.58 eggs for non-diseased females). Also, those 
diseased females that did reproduce showed equally high hatching success as non-diseased 
females and there was no difference in hatchling size or growth rates. Reproduction 
declined from 91.7% to approximately 54.5% in diseased females by the second year while 
healthy females remained high (91.7% in 1992; 10Oo/a in 1993). 

FUTURE RESEARCH NEEDS: 
1. Determine long term effects of URTD on egg production in the desert tortloise. 
2. Monitor seasonal reproductive hormone levels and determine if a long tern effect 
resulting in lower circulating hormone levels can be attributed to exposure to URTD. 
3. Determine viability of eggs produced by tortoises following long term exposure to 
URTD. 

REFERENCES: 
Jacobson, E.R., Brown, M.B., Schumacher, I.M., Collins, B.R., Harris, R.R., and Klein, P.A. 
(1995) Mycoplasmosis and the desert tortoise (Cophems agassizh) in Las Vegas, Nevada. 
Chelonian Conservation and Biology 1:279-284. 

Rostal, D.C., Lance, V.A., Grumbles, J.S., and Alberts, A.C. (1994) Seasonal reproductive 
cycle of the desert tortoise (Gopherus agassizi) in the eastern Mojave desert. Herpetological 
Monographs 8:72-82. 

Schumacher, I.M., Brown, M.B., Jacobson, E.R., Collins, B.R., and Klein, PA.  (1993) 
Detection of antibody to a pathogenic Mycopasma in the desert tortoise (Gopherus agassizir). J. 
Clinical Microbiology 31:1454-1460. 
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ABSTRACT: Plasma samples from free-ranging desert tortoises (Gopherus agassizii) 
with and without clinical signs of upper respiratory tract disease (URTD) from Las Vega  Valley, 
Clark County, Nevada (USA) were tested by enzyme-linked immunosorbent assay (ELISA) for 
antibodies to Mycoplasma agassizii, a causative agent of URTD. The relationship between clinical 
signs and ELISA test results was examined. Of the 144 tortoises tested, 45 (3 1 % )  had clinical 
signs while 72 (50%) were seropositive. Presence of clinical signs of URTD was positively related 
to positive ELISA results (p < 0.0001, Chi-square = 33.1) regardless of sex or age (of the animal. 
Eighty-four percent of animals with clinical signs tested seropositive. Mucous nasal discharge, the 
most severe and obvious of the clinical signs, was highly predictive for exposure to M. acassizii 
based on the ELISA. Ninety-three percent of tortoises with mucous nasal discharge .tested 
seropositive. Serologic testing for M. agassizii antibodies supported clinical signs as useful 

‘.I. 
‘I: - indicators of URTD, but i t  also detected potential subclinical infection in 34 (34%) of 99 animals ..- 
~ .. 

without clinical signs. 
Key words: Desert tortoise, Gopherus agassizii, Mycoplasma agassizii, ELISA, 
Upper Respiratory Tract Disease, URTD, Mycoplasmosis. 

INTRODUCTION 

The Mojave population of the desert tortoise (Gopherus agassizii), occurring north and 
--. 

west of the Colorado River in Utah, California, Arizona, and Nevada (USA) is listed as threatened 
by the U.S. federal government (Department of Interior, 1990). MycoDlasma agassizii is an 
etiologic agent of a contagious upper respiratory tract disease (URTD) in the desert tortoise (Brown 
et al., 1994). Upper respiratory tract disease was first observed in desert tortoises two decades ago 
and may have contributed to the decline of this species (Jacobson et al., 1991). In its, early stage 
URTD is characterized by palpebral edema and serous nasal and ocular discharge while intermittent 
episodes of mucous nasal and ocular discharge are seen in its chronic stage. The contagious nature 
of URTD complicates tortoise management decisions. Due to land development, relocation of 
tortoises is often employed as a conservation effort. Thus, a reliable diagnosis of mycoplasma 
infection is essential in curbing the spread of URTD. Chronically infected tortoises with URTD 
have intermittent clinical signs, thus making a diagnosis of this disease by clinical s i p s  alone 
unreliable. Enzyme-linked immunosorbent assays (ELISAs) measure antibodies that are produced 
in response to mycoplasma exposure and thus have the potential to detect subclinically infected 
tortoises. Diagnosing URTD by clinical signs alone would miss silent carriers, possibly resulting 

.. 
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in the spread of URTD into a naive tortoise population. While serological testing cimnot distinguish 
between an active infection and exposure to a pathogen it is still the method of choice for screening 
large numbers of samples. In this study we examined the relationship between clinical signs of 
URTD and exposure to M. aeassizii as measured by ELISA (Schumacher et al., 1993) in a free- 
ranging desert tortoise population. 

MATERIALS AND METHODS 

In 1990, blood samples were collected by jugular venipuncture (Jacobson et al., 1992) 
from wild, free-ranging desert tortoises (Gopherus agassizii) in the Las Vegas Valley, Clark 
County, Nevada (USA) (35"57'N, 115'15 W). Blood was originally collected for complete blood 
counts and plasma biochemistry to establish baseline health profiles for 277 tortoises prior to 
relocation into a nearby conservation research facility (Hardenbrook, unpubl.). Surplus plasma 
samples from 144 tortoises were initially frozen in liquid nitrogen and then stored at -80 C until 
June 1993, when they were shipped to the University of Florida, Gainesville, Florida (USA) and 
tested by ELISA for antibodies to Mycoplasma agassizii using an enzyme-linked immunosorbent 
assay (ELISA) (Schumacher et al., 1993). The samples represented 61 adult males (43%), 55 adult 
females (38%), and 28 (19%) immature tortoises. Adults were defined as tortoises ,with a median 
carapace length (MCL) 2 204 mm whose sex could be determined using secondary sexual 
characteristics (Berry, 1984). 

For ELISA a plasma sample was considered to be positive if the absorbance: at 405 nm of 
either one or both of its dilutions (two-fold dilution and 10-fold dilution) was greater than twice the 
absorbance of the negative control plasma at the same dilution. Samples with values equal to or 
lower than twice the negative control were considered negative. 

At the time of blood collection, a physical examination was conducted. The following 
clinical signs were recorded: moisture around the nares, nasal discharge (ranging from serous 
leakage to a mucous discharge from the nares), occluded nares, labored breathing, wheezing, and 
palpebral edema. Based on clinical signs two groups were established. The first group consisted of 
tortoises with either only one or any combination of the above described clinical signs. The second 
group was a subgroup of the first group and consisted of tortoises with mucous nasal discharge 
only or in combination with any of the other clinical signs. 

Data were analyzed using Chi-square analysis and Fisher's Exact E-value (Sitatview, 
Abacus Concepts, Inc., Berkeley, California, USA). Positive and negative predictive valueswith 

i 
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95% confidence intervals were calculated to identify the relationship between clinical signs and 
ELISA results (Smith, 199.5). Kappa statistic (Rosner, 1995) was used to investigate the 

concordance of assessment of URTD status by clinical signs with assessment by ELJSA. A kappa 
2 0 and < 0.4 indicated marginal concordance, kappa 2 0.4 and 50.75 indicated good 

concordance, and kappa > 0.75 indicated excellent concordance. A > 0.05 indicated statistical 

significance. 

RESULTS 
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male, adult female, and immature tortoises kappa was 0.48 (E = 0.0001), 0.28 (12 = 0.017), and 
0.7 (E = 0.0001), respectively. 

Twenty-six of 28 (93%) tortoises whose clinical signs included mucous nasal discharge 

tested positive by ELISA for exposure to M. agassizii (P = < 0.0001, Chi-square = 25.5) (Table 
2). The remaining two tortoises with mucous nasal discharge tested negative (2.89’0 of the 72 
seronegative tortoises). The relationship between mucous nasal discharge and a positive test result 

was significant for both male tortoises (E < 0.0001, Chi-square = 14.3) and female tortoises (12 = 

0.025, Chi-square = 5.52). In immature tortoises no relationship between mucous nasal discharge 

and a positive test result (e = 0.15, Chi-square = 3.1 1) was detected. The probability for a tortoise 
with mucous nasal discharge also being seropositive in the ELISA test was 93% with a confidence 
interval of 77-99% for the total population. In males it was 100% with a lower confidence limit of 
84%, in females 88% (47-100%), and in immatures 67% (9.4-99%). Kappa for concordance of 
mucous nasal discharge with ELISA results for the entire population was 0.33 (E = 0.0001). For 
adult male, adult female, and immature tortoises kappa was 0.38 (E = O.OOOl), 0.:23 (E = 0.0094), 
and 0.29 (E = 0.039), respectively. 

DISCUSSION 

For the tortoises examined from Las Vegas Valley, Nevada there was a positive 
relationship between clinical signs of URTD and exposure to M. agassizii as measured by ELISA. 
All clinical signs recorded at the time of blood collection were compatible with WID (Jacobson et 
al., 199 1). Clinical signs reported in this study were good indicators for M. agassizii infection in 
adult tortoises, as the majority of adult tortoises that showed clinical signs of URTD were also M 
agassizii-positive by ELISA. The small number of seropositive immature tortoises in this study 
caused a wide confidence interval which made it impossible to predict the serological status of 
immature tortoises by clinical signs. Mucous nasal discharge, alone or in combination with other 
clinical signs was the most reliable indicator of a M. aeassizii infection in adult tortoises. All male 
and most female tortoises with nasal discharge were accurately predicted to test positive for 
mycoplasma infection by visual inspection for mucous nasal discharge. Immatures were 
impossible to predict. Again, this was due to the small number of seropositive immature tortoises. 

Visual inspection of tortoises for clinical signs of URTD proved to be very specific in 
detecting mycoplasma infection in the adult tortoises of the examined population. However, 
absence of clinical signs in a tortoise does not mean that it has not been exposed to M. agassizii. 
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The sensitivity of visual inspection for clinical signs was poor. One third of the tortoises in this 
study appeared clinically healthy at the time of blood collection but tested seropositive. We have 
seen captive tortoises with confirmed (by ELISA and culture) M. agassizii infections to be 
clinically normal for more than one year before suddenly exhibiting clinical signs olf URTD. This 
can be attributed to the chronic nature of URTD, which causes intermittent appearance of clinical 
signs throughout the course of the disease. The serological status of these animals typically 
remains positive for antibodies to M. agassizii during the subclinical periods. Jacobson et al. 
(1995) reported on subclinical mycoplasmosis in a tortoise population in Las Vega!; Valley. The 
environmental and behavioral stressors which may cause a latent M. agassizii infec.tion to become 
clinically manifest have not been investigated yet. Tortoises that have no clinical signs of URTD 
and still test seropositive for M. agassizii, may be silent carriers and act as reservoirs for the 
pathogen. In some tortoises antibodies to M. agassizii may develop before any clinical signs of 
disease are seen, as demonstrated in a recent transmission study in which desert tortoises were 
inoculated with M. agassizii (Brown et al., 1994). Some tortoises may be able to clear the 
mycoplasma infection while remaining seropositive, others may have been exposed to the pathogen 
without becoming infected. Unfortunately, the tortoises sampled for the present study were 
subsequently used by other investigators for a variety of studies. Consequentially, logistical and 
funding constraints precluded a systematic follow-up in terms of the development of clinical signs 
of URTD in these tortoises. When a newly developed polymerase chain reaction (F'CR) 
(Templeton, 1992) was used to screen presumed isolates of M. agassizii, 10 of 35 isolates did not 
have the same 16s rRNA sequence and represented a new species (Brown et al., 1995). However, 
when the new mycoplasma was used as the ELISA antigen in lieu of M. agassizii, the ELISA 
values obtained were virtually identical (Schumacher, unpubl.). Based on preliminary infection 
studies, the unknown mycoplasma, like M. apassizii, can cause clinical signs of URTD in gopher 
tortoises (Gopherus polvDhemus). To date the pathogenicity of the new mycoplasma has not been 
tested in the desert tortoise. There may be other agents that do not cause clinical disease, but share 
antigenic determinants with M. aTassizii, thus causing tortoises exposed to those agents to react 
positive in the serologic test. 

Of the tortoises with signs of URTD, seven were seronegative for exposure to M. 
apassizii. - There are several explanations which may account for this. Other pathogens, like 
Pasteurella testudinis, have been found in tortoises (Snipes and Bieberstein, 1982) and were 
suggested to cause clinical signs similar to those observed in the seven M. agassizii-negative 
animals. However, in a recent study Pasteurella testudinis alone did not cause clinical signs 
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(Brown et al., 1994). Also, some clinical signs reported may not have been indicative of illness but 
may have been caused by stimuli other than mycoplasmosis. Wet nares in tortoises can be caused 
by eating or drinking or in response to dust or other allergens. In some tortoises the appearance of 
clinical signs may precede the production of detectable levels of M. apssizii antibodies 
(Schumacher, unpubl.). Interpretation of ELISA results used in population management as a step 
to curb the spread of a contagious disease should err on the side of false positives r,ather than false 
negatives. However, the low cut-off in the ELISA used to define seropositive animals in order to 
avoid false negative results may still have been too high. Finally, the observed clinical signs in all 
or some of the seven tortoises may have been caused by one or several as of yet undiagnosed 
pathogens. 

Although there was significant concordance between visual inspection for LJRTD and 
detection by ELISA of antibodies against M. arrassizii, kappa was only between 0.2 and 0.4, 
indicating only fair or good concordance between the tests. This was a direct result of the way in 
which kappa is calculated. Kappa is derived by taking into account, at the same time, the number 
of seropositive animals with clinical signs and the number of seronegative animals without clinical 
signs. Since the sensitivity of the ELISA (84%) was much better than the sensitivity of the visual 
inspection (53%),  the overall concordance of the two tests was low. This reinforces, the importance 
of serological testing of tortoises that have to be relocated in order to not miss animals that do not 
have clinical signs but that are infected with M. agassizii and able to spread the pathlogen. Even the 
most careful observer may miss clinical signs, and there are cases were clinical signs are absent, 
either because infected chronically ill animals were visually assessed in between episodes of overt 
disease, or because some tortoises were silent carriers that may, although infected, never show 
clinical signs. 

The ELISA can be used to determine whether individual tortoises have been exposed to M. 
agassizii as well as the prevalence for M. agassizii- exposure within a population. Biut based upon 
a single blood sample, ELISA tests cannot be used to diagnose an active infection because the 
presence of M. agassizii organisms in an animal cannot be determined by serologic tests. Rising 
titers between paired samples taken approximately 2 mo apart would be evidence for a recent 
infection. Information on M. aqassizii presence can be obtained by culture (Tully, 1977) or by 
PCR (Brown et al., 1995). These tests have the potential to detect the microorganism or its genetic 
material in tissues or in nasal flushes. However, the sensitivity and specificity of the ELISA merits 
its use as the most reliable indicator of exposure to M. agassizii in free-ranging tortoise 
popuiations. Also, blood samples for ELISA testing are more conveniently obtained under field 
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TABLE 1, The number of desert tortoises with and without clinical signs of URTD compared 
to the number of desert tortoises with and without antibodies to M. apassizii as measured by 
ELISA. 
~~~~ 

ELISA result Clinical signs No clinical signs 

a l b l c  a l h f  c 

Seropositive 

Seronegative 

21 / 1 2 1 5  

1 1 5 1 1  

17 I 1 5  1 2  

22 I 2 3  1 2 0  

a Number of male tortoises. 

b Number of female tortoises. 

c Number of immature tortoises. 
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A- 63 



Schumacher, I.M. et al. 

TABLE 2. The number of desert tortoises with and without mucous nasal discharge compared 
to the number of desert tortoises with and without antibodies to M. agassizii as measured by 
ELISA. 

ELISA result Mucous nasal discharge 
a l b l c  

No mucous nasal discharge 
a l b l c  

Seropositive 

Seronegative 

171712 

0 1 1 1 1  

21 / 2 0 / 5  

23 I 27 I :20 

a Number of male tortoises. 

b Number of female tortoises. 

c Number of immature tortoises. 

Accepted for publication in the Apri1’97 issue of the Journal of Wildlife Diseases. 
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Droupht- induced dehvdration and starvation in iuvenile and adult desert tortoises from 
the western and eastern Moiave Desert 

E. Karen Spangenberg', Kristin H. Berry2, Bruce L. Home?, and Elliott R.  Jucobson4 
Department of Biology, Calfornia State University, Dominguez Hills, Carson, CA 9074 7 

'Biological Resources Division, USGS, 6221 Box Springs Blvd, Riverside, CA 92507 
Departments of 'Pathobiology and 'Small Animal Clinical Sciences, College ($ Veterinary 

Medicine, University of Florida, Gainsville, F1 3261 1 

1 

Eleven desert tortoises (Gopherus agassizii) were collected or salvaged between April 

1990 and March 1995 from three sites in the Mojave Desert. Two were found alert, four 

found weak or ill, and five found recently dead. Salvaged tortoises included five adults, one 

immature, and 5 juveniles. Tortoises salvaged from the field displayed one or more following 

clinical signs: lethargy and inactivity; limp limbs or head; eyes partially closed, swollen or 

sunken; respiratory signs; thin or dehydrated appearance; or low in weight for size. The 

objective was to determine if dead or dying tortoises appearing to be dehydrated and starving, 

were suffering fiom inadequate water and nutrient uptake or had succumbed to other causes. 

Average annual precipitation (October to September) and winter precipitation (October 

io March) were calculated from long-term precipitation records compiled by the National 

Climate Data Center at stations near study sites at Goffs, Ivanpah Valley, and IFt. Irwin Study 

Site (FISS), San Bernardino County, California. The eastern and central Mojave Desert 

received annual and winter precipitation below long-term norms during the 1988-89, 

1989-90, and 1993-94 rainfall years. 

Expected weights for study animals were calculated from data bases of tortoises at 

long-term study sites. Tortoises were selected for analysis using two criteria: 1) they were 

from the same study site; 2) they had survived one or more droughts during the last twenty 

years; and 3) they were within 2 10 mm carapace length at the midline of a study tortoise. 

Weights of selected tortoises were regressed against the carapace lenghts to determine 

expected weights of study animals. Necropsies examinations including gross and microscopic 

examinations, laboratory analysis, hematologic and plasma biochemical profiles, urinalysis, 

serology, parasitic examination, and metal and organic compounds, were conducted and 

results were compared to reference ranges from health profiles of free-ranging desert tortoises 

in California. 
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AI1 adult tortoises for which blood and urine samples were collected (n = 4) had 

hemosiderosis of the liver, the deposition or storage of iron in heptocytes and macrophages 

throughout the liver. Three out of four adult tortoises had low weight for size, modestly high 

bilirubin, and urolithiasis. Two adults had elevated urea nitrogen (BUN), elevated plasma 

chloride, low plasma calcium, and elevated aspartate aminotransferase (AST) . One out of 

four adults had a low red blood cell count, low packed cell volume, elevated sodium, and 

potassium in the urine. In addition, the adult salvaged from FISS had slightly high 

creatinine, high cholesterol, elevated uric acid, high osmolality, elevated bile acids, and 

periarticular and renal gout. Two out of five adults had no auxiliary fat adjacent to the 

proximal end of the humeri and the thymus was barely visible or could not be located. 

Serology (ELISA) tests were negative for 4 adults and suspect for one. 

Hematologic and plasma biochemical results for the immature tortoise revealed low 

glucose, elevated sodium, chloride, BUN, cholesterol, and AST, and potassium in the urine. 

One juvenile was anemic with low plasma proteins and calcium. All juveniles; exhibited 

moderate to severe osteopenia. In addition, FISS juveniles exhibited skeletal muscle atrophy; 

hemosiderosis of the liver; no coelomic adipose tissue; and elevated hepatic lead, copper, zinc 

as well as, elevated renal lead and zinc. 

Elevated BUN, sodium and chloride were indications of dehydration and inadequate 

water balance. Urolithiasis and gout are often an end stage of dehydration and/or kidney 

disease. Elevated bilirubin was indicative of liver atrophy or hemolysis. Hemosiderosis in 

the liver often occurs secondary to chronic disease and could indicate hemolysis or excess 

exogenous iron. 

Study tortoises showed signs of anorexia (lack of appetite), cachexia (skeletal muscle 

atrophy and weakness), emaciation (thin because of starvation or illness), dehydration 

(inadequate fluid intake), and starvation (protein/calorie undernutrition) . Behavior in the 

field was characterized by being above ground at inappropriate times of the year, failing to 

return to burrows at night or during hot times of the day, remaining in a resting position in 

one place day after day, failing to eat when forage was readily available, general weakness 

and diminished response. Drought is likely to magnify the effects of other diseases. Toxins 

in tortoises may increase vulnerability to drought nnd illness. 
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Biological Service, Riverside California. Work Order Number 1.31; Unit 
Cooperative Agreement NO. 14-16-009-1544 120 pp. 1996. 

ABSTRACTS RELATED TO DESERT TORTOISE WORK: 

1. Garner, M., Homer, E., Raskin, R., Jacobson, E.: Evaluation of bone marrow 
from desert.tortoises (GoDherus aqassizii). Desert Tortoise Council 
Eighteenth Annual Symposium, Palm Springs, CA, 1993; p.10. 

2 .  Homer, B.L., Jacobson, E.R., Christopher, M.M., Brown, M.B. :  Physiological 
and morphological effects of burn-injury in a desert tortoise, GoDherus 
aqassizii. Desert Tortoise Council Nineteenth Annual Symposium, Tucson, m,  
1994; pp. 12-13. 

3. Homer. B . L . ,  Jacobson, E.R., Christopher, M.N., Brown, M.B.: An update on 
shell disease (CUtarleOUS dyskeratosis) in desert tortoises, GODher11S 
aaassizii. Desert 'lortoise Council Nineteenth Annual Symposium, Tucson, A Z ,  
1994; pp. 13-14. 

4.  Homer, B . L . ,  Berry, K.H., Christopher, M.M., Brown, M.B., Greiner, E . C . ,  
Jacobson, E.R.: Necropsies of fourteen desert tortoises frorn the Mojave and 
Colorado Deserts of California and Sonoran Desert of Arizona. Desert 
Tortoise Council Twentieth Annual Symposium, Las Vegas, N V ,  :L995; pp. 23 

5 .  Jacokson, E.R., Homer, B.L.: Health problems of wild populations of desert 
tortoises, GODherUS aqassizii, in the southwestern United States. 
Troceedings of the American Association of Zoo Veterinarians annual meeting. 
East Lancing, MI, 1995, pp.68-69 

6. Homer, B.L., Berry, K.H., Ross, F., Reggiardo, C., Jacobson, E.R.: 
Potentially toxic metals and minerals in liver and kidney of desert 
tortoises in California. Desert Tortoise Council Twenty-first Annual 
Symposium, Las VegaS, N V ,  1996; pp. 19-20 

REFEREED PUBLICATIONS RELATED TO WORK WITH METAL TOXICITY 

1. Homer, B.L, Pierce, KR.: Morphometric -cytochemistry of diminution of catalase- 
containing peroxisome in.copper-loaded, . .  liver. Pistochemical Journal :21::63-71,..1989. . .  , .  . .  I 

2. Homer, B.L., Pierce, K.R., Womack, JIE:, Sows,'. B., Bridges, CiB.: Inhitjitiori of copper- 
. . associated erythrocyte ghost membrane lipid peroxidation by hepatic cytosolic low 

moiecular weight proteins. -Toxicoloeic Patholow 1991. .. , . 

3. Heaton-Jones, T., Homer, B.L., Heaton-Jones, D., Sundlof, S.: Tissue distribution of 
mercury in alligators (Alligator missirsippiemk) from the Everglades and e:lsewhere in 
Florida. In Press. Journal of Zoo and Wildlife Medicine 
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Mmmr'F k g r e e  Sludenrs: 1 completed; 2 currcnl 
Ph.D. Degree Students: 1 cotnpletd 
IJt~sl-Dclctc~ral Fcllowr;: I comple!.ed 
Residentr: 1 X complcredl3 curmnl 

VEM 5361 - Wildlifc and Znnlrlgical Medicine 
VEM SX21 - Wildljfc and Znolngicnl Mcdicinc Clerkship 

1 .  lacnhsnn. E.R.. Drown, M.P., Chung, M.. Vlicc, K., Swift, R. 1YI4LI. Scrum Conccn!rahn and Divpusilitrn 
Kinerics oFCcntamicin and Amikacin in Juvenilc Amcrican Alligutnrs. J. 74-30. Anilnd h 4 d .  1 Y : I H H -  194. 

Murru, 1;. l Y X 9 .  Cutancous Fibropapillotnas d' Gracn Turtlcs. J .  Comp. Pnlll. 101:39-52. 
3 .  Jacobson, EA., P n J  S.R. Tellord. lY&Y.  and Poxvir~s InfetAion ol' Monocylcs in a Plnp-Ncckcd 

Cha~nelcon. J. Wildlife Dis. 26:572-577. 
4. Jacohnnn. E.R., Cnskin, J.M., Bruwn, M., ct nl .  1991. Chronic Uppcr Respiratory T r m  r3iscfivc trr Frcc- 

Ranging Dcscrt  tortoise^, -, J .  Wildllb, Din. 27:296-316. 
5 Jacohson. E.R.. Schumnchcr, J .  and Green, M.E. 1932. Twhniqucs (iv Sampling nnd IInndling Blood fnr 

Hernntolog1c and Plasma Piochenriral Dclcrminations in the Desert Tolrniuc, /-. Copciu. 

6. Jncohson. E.R.. Schutnauhcr, J .  and Green. M.R. 1392. Twhniqucs for Snmpling and Hnndling Blnod for 

7.; . I.. .._ - .. 2.  Jncobson. U.H., Menscll. J.L., Sundhcrg. I .  P.. Htljjar, L., Rcichmann. M.E.,  Ehrllnrl, L'.M., Wslsh, M,. 

. .. 

( I ) :  237-241. 

Hematologic nnd Plwma Biochon~ical Dererminaliuns in thc Dcscrl Tnnnir;e. --. Copeirr. 
-. (1):237-241. 

7.Jscnhsnn, E.R.. Cnskin, J.M., WellR, S., Uowlcr, K. and Schumactrer. J .  1992, Epizoolic nl' Opllidian 
Paramyxovirus in a Zoological Colleclion; Pathological. Microhiolrbgicnl, and Scrnlogical l'indings. J. 
ZIXI Wildl. Med. 23:3 18- 327. 

X. Jacobson. E,. Weinskin, M., Barry. K., et ul.1993. Prrhlcms wirh Using Weight Vs. I.engrh RelatirlnshipF IO 
Asscvs Tortoirrc Henlth. Vet. Rcr. 132:222-223, 

9. J ; I C I I ~ H O ~ ,  E.R. 1993. hplications rrf lnfectious D i s c a w  for Captive Propapslim and Pcinn.oc:fklction Programs 
of ThrenrenecVEndanpcred Reptiles. J ,  Z A X I  Wildl. Mcd. 24245-255. 

lfl  Jncnbson. U.K. 1994. Causes of Murialily and Dicenseg dTodoiscs: A review, J. a x )  Wildl. kfed. 25:2- 17. 
1 1 .Jncobson. LR., Wronski. T.. Schurnucher, J.. Rzgginrclo, C. and Berry. K.H 1994. Cutaneous I)ybkcrlrlosiF i n  

I'ree Ranging Desert l'orloisc, Goaherus agns&i . , in thc Cnloradn Dcvcrl o r  Souther11 Cnlilomia. J .  7nn 
WilJI, Mcd. 2558 -8  1 I 

12. Jacobson, B.R., Schumncller. J. ,  Tclfnrd, S.H., Grcincr, E.C., Bueryall, C.D. and Gnrdiacr. C.H. 1994. 
lnlrunuclcar Cnccidiosis in n Radiated Tortoisc &&&&m,c w). 1. Zoo Wildl. Med. 2595- 102. 

13. Jncobwn, E.R., Brown, M.B. .  Schumncher, 1.M.. Collins. B.K. ,  Harris, R.K. and. Klcin.,  P.A. 1095. 
Suhclinicnl Mycoplwrnorcis nnd rhc Dcxcr; Tclrtnise, C;uohErus u, in Las Vcppr; Vnlley, Ncvadn. 
Chelon. Conscrv. Biol. 1:279-284. 

14. Jecohson, E.R.. Kopit, W., O'Bricn. E. 1996. Co-inleclion of n Bclvdcd Dragon, w, with Adcno- 
and Dcpendo-like Viruscx. Vet Pnth. 33:343-346. 

15. Jacobson, E.R. 1906. Mclaholic Scaling o f  Anlihiorics in Rcplilcn: Basis and Lirnilalionfi. &IC) Biol. .IS: 320- 
339. 

. .  
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Curriculum Vitae 

VALENTINE A. LANCE, PH.D. 

PERSONAL DATA 

Date of Birth: February 14, 1940 
Place of Birth: London, England 
Business Address: . Research Department (CRES) 

San Diego Zoo 
P.O. Box 551 
San Diego, CA 921 12-0551 

Business Telephone: (61 9) 557-3944 

EDUCATIONALBACKGROUND 

1 9 6 6  Long Island University, New York, NY; B.S. cum laude, full tuition 

1 9 6 8  College of William and Mary, VA; M.A. Biology, recipient of NSF: traineeship 

1 9 7 4  University of Hong Kong, Hong Kong; Ph.D. Zoology 

scholarship 

award 

JJROFESSIONAl RACKGROUND 

09/68 - 12/73 Senior Demonstrator; Department of Zoology, University of Hong 

01/74 - 09/77 Research Associate; Department of Biology, Boston University, 

09/77 - 05/78 Lecturer; Department of Biology, Boston University, Boston, MA 
08/78 - 05/82 Assistant Professor; Department of Zoology and Physiology, 

08/82 - 08/87 Research Assistant Professor; Department of Medicine, Tulane 

Kong, Hong Kong 

Boston, MA 

Louisiana State University, Baton Rouge, LA 

University School of Medicine, New Orleans, LA 

Diego Zoo, San Diego, CA 
09/87 - Endocrinologist, Head of Endocrinology; Research Department, San 

Associate editor, Journal of Experimental Zoology 

RESEARCH INTERESTS Hormonal control of seasonal reproduction, sex 
determination and differentiation, hormonal control of pregnancy, physiology and 
endocrinology of reptiles, evolution of pancreatic hormones. 

Publications Sevent-nine peer-reviewed papers and 21 reviews and book 
chapters. 

PROFESSIONAL SOCIETY MEMBERSHIPS American Society of Zoologkts, 
The Endocrine Society, Society for the Study of Reproduction, AAAS, AAZPA. 

-. . .  

i.4 

7.- .... . .. .. 

.. - 
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PATRICK E. LEDERLE 
Science Applications International COT. 1271 Town Center Dr., M / S  423 LAS Vegas, NV 89134 

(702)295-4946 Patrick - Lederleanotes. yrnp.gov 

EDUCATION 
~” --__ - - - - __ - 

Ph.D. Zoology, 1995, Michigan State University, East Lansing, MI 

M.S. Biology, 1982, University of Minnesota-Duluth, Duluth, MN 

B.S. Zoology, 1979, Miclugan State University, East Lansing, MI 

EXPERIENCE 
__i_________- 

ANIMAL ECOLOGIST 
Science Applications International Corporation, Environmental Sciences Depart- 
ment, Las Vegas, NV, October 1995 to present. 

ANIMAL ECOLOGIST 
EG&G Energy Measurements, Environmental Sciences Division, Las Vegas, NV, 
April-September 1995. 

RESEARCH COORDINATOR 
Department of Zoology, Michigan State University, East Lansing, MI, and Terres- 
trial Vertebrates Group, Crystal Falls, MI, April 1983-September 1994.. 

CONSULTANT 
American Scientific International, USEPA, Duluth, MN, May-September 1988 

RESEARCH ASSISTANT 
Wildlife Research Group, Minnesota Department of Natural Resources, Grand 
Rapids, MN, June 1981-May 1982, November 1982-March 1983. 

.. . 

WILDLIFE TECHNICIAN 
Section of Wildlife, Minnesota Department of Natural Resources, St. Paul, MN, 
June-October 1982. 

American Ornithologists’ Union American Society of Mammalogists 
Association of Field Ornithologists Cooper Ornithological Society 
Sigma Xi, Associate Member The Wildlife Society, Certified 
Wilson Ornithological Society Wildlife Biologist 
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Biosketch 

John H. Lumsden, DVM, Dip Clin Path, Msc, Diplomate, ACVP 

Graduate of the Ontario Veterinary College, University of Toronto in 1960. Private 
practitioner, partner in multiple person mixed practice until 1969. Returned to 
Ontario Veterinary College, now part of University of Guelph, to complete a one 
year diploma course in clinical pathology followed by an M Sc. Employed as 
assistant professor in the Department of Pathology in 1971, associate professor in 
1975 and full professor in 1980. Became a Diplomate, American College of 
Veterinary Pathology, Clinical Pathology, in 1974. 

Active teaching role at undergraduate and graduate levels. Broad research interests 
with primary support in applied aspects. Supervisor of 22 graduates students at the 
Diploma, MSc and DVSc level. Author, or co-author, of 85 refereed publications. 

Initial Department of Pathology responsibilities were divided between teaching, 
research and laboratory management. Review of laboratory instrumentation, quality 
c,ontrol and method development including diagnostic cytology were primary 
interests. Obtained a travel scholarship in 1972 to visit severad research and 
teaching institutions in Europe. Primary objectives were to discuss methodology and 
quality control with Drs. Dacie and Lewis at the Royal Hammersmit Hospital in 
London and diagnostic cytology with Profs Soderstrom at Lund, anti Zajicek at the 
Karolinska Insitute in Stockholm, Sweden, respectively. Research leave for 
10 months in 1978-79 provided opportunity to visit institutions in the UK and 
Europe with active neutrophil or endocrinology research programs, or teaching 
programs in diagnostic cytology. Located at Uppsala, Sweden for 6 months. In 1986 
invited as a Commonwealth Visiting Professor, for 6 months at James Cook 
University, Townesville, Australia (1986). Consulted 5 months with the Ministry of 
Agriculture and Fisheries, New Zealand, primarily providing input into continuing 
education programs at the regional level in clinical pathology. 

Served on committees for the American College of veterinary Pathology, American 
Society of Veterinary Clinical Pathology. Member of Editorial Board for Veterinary 
Clinical Pathology and Canadian Journal of Veterinary Research, Associate Editor 
2 years for Veterinary Pathology. Invited to consult, present lectures and workshops 
in Mexico, Colombia, Venezuela, China, Australia and New Zealand. Chair of Local 
Organising Comrnittee for the VIth Congress of the International Society of Animal 
Clinical Biochemistry, Guelph, 1994, President, 1994-966, and currently 
Vice-president, ISACB. 

.- . 

-.- .... 

. -  
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KEN NAGY did his Ph.D. thesis research on a desert liziwd, the 
chuckwalla, at a study site in the Mojave Desert not far fiom here. 
He graduated in 197 1, and has been on the Biology faculty at 
UCLA ever since. He teaches courses on Physiological Ekology of 
Desert Animals and on Herpetology, and has done research on 
desert animals in Mica ,  Asia and Australia, as well as here in the 
Southwestern USA. 

.:..a. 
.... .,. 
. .  .- . . 

.. . 
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Biographical Summary - Olav T. Oftedal 

Olav T. Oftedal has been research nutritionist at the 
National Zoological Park, Smithsonian Institution, Washington DC 
since 1980. He received his A . B .  in biology from Harvard 
University (1971) and his Ph.D. in nutritional sciences from 
Cornel1 University (1981). Major areas of research include 
lactation performance in mammals and nutrition of reptiles. The 
latter includes studies of the desert tortoise in Nevada (1991- 
present), the green iguana in Panama and Costa Rica (1987-1991), 
and the land iguana in the Galapagos Islands (1989-present). Dr. 
Oftedal served on the National Research Council's Committee on 
Animal Nutrition, which oversees the development of nutrient 
requirement standards for animals, as well as on its ,Subcommittee 
on Laboratory Animal Nutrition, which prepared a comprehensive 
review of the nutrient requirements of laboratory rodents 
published in 1995. He was a founder of the Comparative Nutrition 
Society and serves as its first president. He has supervised the 
research of 12 M.S. and Ph.D. students and 7 post-doctoral 
fellows. 

Dr. Oftedal has authored or coauthored about one hundred 
scientific papers, including 70 peer-reviewed papers in 
scientific journals and books. Substantive reviews include 
papers on the systematic status of a microteiid lizard genus 
(1974), equity effects of nutrition and health care in less- 
developed countries (1977), mammalian milk composition and yield 
(1984), lactation in pinnipeds (19871, nutrition of foraging 
primates (1991), nutrition of carnivorous reptiles (1!394), gross 
and fatty acid composition of mammalian milks (1995) and the 
nutrition of mammals in zoos (1996). 

21 

../ e . .  

.:- . 3 

... . ..... .._. 

. .  
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David C .  Rostal, Ph.D. 

Dr. David Rostal received his Ph.D. in Zoology from Texas A&M University in May 1991. His 
research focused on the reproductive biology of the Kemp's ridley sea turtle, LpidocheJlv Rempi. 
From Texas A&M, he went on as a post-doctoral research fellow a t  the Center for Reproduction of 
Endangered Species, San Diego Zoo where he stuQed the reproductive biology of the desert 
tortoise, Gophenrs agassi@ at the Desert Tortoise Conservation Center in Las Vegas Nevada. He is 
presently an Assistant Professor of Biology at Georga Southern University, Statesboro, Georgia. 
He specialrzes in the reproductive physiology and behavior of reptiles and amphibians as it applies 
to the conservation and management of endangered species. Thls work has included the 
leatherback (DermochebJ conacea), black (Chelonia aganzT), and olive (Ltpidochebs olivacea) sea turties; the 
Galapagos (GeocheLone efpbantqks) and gopher (GophenrJpo&bemus) tortoises; the eastern indigo snake 
(Drymarchon corais coopen), the flatwoods salamander (Ambystoma cingulatum), the striped newt 
(1L'otophthalmuJpen~f~atum) and the gopher frog ( R m a  cupifo capito). 

Some of his publications are listed below: 
,... Rostal, D.C., Robeck, T.R., Owens, D.W., and ICraemer, D.C. (1990) Ultrasound imaging of ovaries 

and eggs in Kemp's ridle7 sea turtles (LC.pzd'oche&~ kempr). Journal of Zoo and 'Wildlife 
Medicine 21: 27-35. 

imaging of reproductive structures and eggs in Galapagos tortoises, Geocbelotze elephantopus 
spp. Zoo Biology 9: 349-359. 

Rostal, D.C., Lance, V.A., Grumbles, J.S., and hlberts, A.C. (1994) Seasonal reproductive cycle of 
the desert tortoise (Gophenrs agassz+) in the eastern Mojave desert. Herpetological 
Monographs 8:72-82. 

Rostal, D.C., Grumbles, J.S., Lance, V.A., and Spoala, J.R. (1994) Non-lethal sexing techniques for 
hatchling and immature desert tortoises (Gophenrs agas.riiiz>. Herpetological Monographs 

Robeck, T.R., Rostal, D.C., Burchfield, P.M., Owens, D.W., and IGaemer, D.C. (1990) Ultrasound 

8:83-87. 
Spoala, J.R., Zimmerman, L.C., Binckley, C.A., Grumbles, J.S., Rostal, D.C., List, Jr., A ,  Beyer, 

E.C., Phihps, KM. ,  and Kemp, S.J. (1994) Effects of incubation on sex determination, 
hatching success, and growth of hatchling desert tortoises, Gopbenrs agassiei. 
Herpetological Monographs 8:103-116. 

Alberts, A.C., Rostal, D.C., and Lance, V.A. (1994) Studies on the chemistry and sociarl sipficance 
of c b  gland secretions in the desert tortoises. Herpetological Monograph!; 8:116-124. 

Niblick, H.A., Rostal, D., and Classen, T. (1994) Role of male-male interactions and female choice in 
the m a m g  system of the desert tortoise. Herpetological Monographs 8:124-132. 

Rostal, D.C., Paladino, F.V., Patterson, R.M., and Spotda, J.R. (1996) Reproductive physiology of 
the leatherback sea turtle (Demochehs conucea) at Las Baulas de Guanacaste Nanonal park, 
Costa k c a .  Chelonian Conservation and Biology: in press (October 1996). 

synchrony in female Lepidocbebs oliuacea. Journal of Herpetology: in press (March 1997). 
Plotkin, P.T., Rostal, D.C., Byles, R.A., and Owens, D.K7. (1996) Reproductive and developmental 
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Isabella M, Schumacher 

Interdisciplinary Center for Biotechnology Research (ICBR) 
Biotechnologies for the Ecological, Evolutionary, and Conservation Sciences 
(BEECS), Immunological Analysis Core 
P. 0. Box 110580 
University of Florida 
Gainesville, FL 32611, USA 

Graduated ‘88 from Veterinary School at  the Free University of B e r h ,  West 
Germany 

1989-1991 Assistant Scientist in the Department of Comparative and 
Experimental Pathology at the University of Florida 
Worked on effects of C9 (=part of complement system which is part of 
imrnunesystem) on growth of Pasteurella hemolytica. 

Became interested in reptiles (in particular snakes and tortoises) through my 
husband, Dr. Juergen Schumacher, who was Dr. Jacobson’s grad. student at 
the time. 

1991 to date ... still at the University of Florida, Research Scientist in The 
Biotechnology Program’s Immunological Analysis Laboratory. 

Ongoing research that I am involved in: 

Upper Respiratory Tract Disease (URTD) in Tortoises 

Mycoplasmosis Outbreak in Alligators 

Green Turtle Fibropapillomatosis (GTFP) and Herpesvirus 

Vitellogenin Levels of Green Turtles as an Indicator of Environmental 
Contaminant Effects 

Effect of Methyl-Mercury on the Immune System in the Common Egret 

7. 

1.. 
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October 22, 1996 
E. Karen Spangenberg 
Department of Biology, 
California State University, Dominguez Hills, Carson, CA 

Biosketch: 

Karen Spangenberg graduated with a B. A. in Biology in 1970 from Lawrence 

University, Appleton, Wisconsin. After graduating, she worked in the Microbiology 

Division of Stanford Research Institute, Menlo Park, California. From 1982 to 1989, she was 

on the Board of Directors of the Independent Documentary Group, a non-profit corporation 

which produced documentary films on environmental and socia] issues. She was Associate 

Producer on "Dark Circle", a feature length documentary about nuclear power 'and nuclear 

weapons which received an Honorable Mention &om the Academy of Motion I'ictures and 

the Blue Ribbon Award from the American Film Festival. From 1980 to 1993, Ms. 

Spangenberg worked as a Sound Editor in the motion picture industry. Her credits include 

"The Right Stuff', "Amadeus", "The Incredible Lightness of Being", "Mosquito Coast", 

"Indian Jones and the Last Crusade", and "The Prince of Tides". She was Supervising 

Dialog Editor on "The Dead Poet's Society", "Fried Green Tomatoes", "Unforg;iven", and "A 

Perfect World". She volunteered with the Bureau of Land Management's Desert Tortoise 

Research Group in 1993, and studied the foraging patterns of adult female and immature 

desert tortoises in the central Mojave. In 1994, she entered California State University, 

Dorninguez Hills, in Carson, California, where she studied with Dr. David Morafka doing 

field research studying time-activity budgets ofjuvenile desert tortoises. She received her 

masters degree in Spring 1996. She is currently Project Leader at Ft. Irwin Study Site 

(FISS), a desert tortoise hatcheryhursery located at the United States Army's National 

Training Center near Barstow, California and on the Board of Trustees of the Desert Tortoise 

Preserve Committee, Inc. which manages the Desert Tortoise Research Natural Area in the 

western Mojave in association with the BLM. 
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CURRICULUM VITAE 

]!Tame : Dr. Joseph G. Tully 

llome Address 16400 Black Rock Road 
& Telephone: Germantown, MD 20874-3212 

Tel: (301) 926-4740 

Office Address Mycoplasma Section, Laboratory of Molecular Microbiology 
& Communication National Inst. of Allergy & Infectious Diseases, 
Numbers : 

Education: 

National Institutes of Health, Building 550 
Frederick Cancer Res. Dev. Center 
Frederick, MD 21702-1201 
Telephone: (301) 846-1192 

E-Mail: JVT@CU.NIH.GOV 

B.S. Degree, 1949, University of Portland, Oregon 
Major: Zoology; Minor: Biochemistry 

M.S. Degree, 1951, Brigham Young University, Provo,UT 
Major: Bacteriology; Minor: Biochemistry 
Thesis: The occurrence of salt tolerant fungi 
in the Great Salt Lake area and some metabolic 
studies on one of the organisms. 

Ph.D. Degree 1955, University of Cincinnati College of 
Medicine, OH 
Major: Microbiology; 
Minors: Biochemistry, Pharmacology, Preventive Medicine 
Thesis: Preparation, characterization, and 
immunogenicity of a soluble protective antigen 
from Shisella types. 

FAX: (301) 846-5165 

Brief Chronology of Ehployment: 

1955-57 - Assistant Professor of Microbiology, University of 
Cincinnati College of Medicine, and Attending Micro- 
biologist, Cincinnati General Hospital 

1957-61 - Microbiologist, Department of Microbiology, Division 
of Special Operations, Walter Reed Army Institute 
of Research, Washington, D.C. 

Institute of Research, Washington, D.C. 

National Inst. of Allergy & Infectious Diseases 

Microbiology, National Inst. Allergy & Infectious 
Diseases 

1961-62 - Chief, Department of Microbiology, Walter Reed Army 
1962-73 - Chief, Mycoplasma Section, Laboratory of Microbiology, 
1973- Chief, Mycoplasma Section,, Laboratory of Molecular 

Military Service: United States Navy, Fleet Marine Force 
April 26, 1943 to April 26, 1946 
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Abstracted Honors & Appointments: 
China Medical Board-Louisiana State University Fellow to 

Chairman (1974-83), Subcommittee on Taxonomy of Mycoplasmas, 

Chairman (1971-72) and Vice Chairman (1970-71), Mycoplasmology 

Chairman, Organizing Committee, International Organization for 

Chairman (1976-78), International Organization for Myco- 

Central America (April-May 1956) 

American Society for Microbiology 

Division, American Society for Microbiology 

Mycoplasmology (1974-75) 

pl.asmology 

Honorary Doctoral Degree, University of Bordeaux 11, Bordeaux, 

Divisional Lecturer, American Society for Microbiology, 1982 
France, November 1980 

J. Roger Porter Award, U . S .  Federation of Culture Collections 
and the American Society for Microbiology, March 1982 

Emmy Klieneberger-Nobel Award, International Organization for 
Mycoplasmology, September 1982 

Chairman's Award, 10th International Congress, Internation 

Associate Editor, International Journal of Systematic 
Organization for Mycoplasmology, Bordeaux, France, July 1994 

Bacteriology (1982-91) 

Member: FAO/WHO Program on Comparative Mycoplasmology (1970-80) 
and Chairman of the Board (1972-77) 

Member, International Committee on Systematic Bacteriology, 
Subcommittee on the Taxonomy of Mollicutes (1968- 1; 
Secretary (1992-94) 

Board for International Research Program on Comparative Myco- 
plasmology, International Organization for Mycoplasmology 
(1980- 1 

Advisory Board, 9th edition, Bergey's Manual of Systematic 
Bacteriology (1981-83) 
Culture Collection (1981-83) 

Review Panel, Council for International Organizations of Medical 
Sciences (Geneva, Switzerland), International Nomenclature of 
Diseases, Vol. 11, Infectious Diseases (1983-85) 

Member, Board of Trustees, Bergey's Manual Trust (1991- ) .  

Afmtracted Bibliography: 

Currently, author or co-author on about 270 publications, mostly in the 
field of mollicutes (mycoplasmas). Emphasis on isolation, culture and 
serologic aspects, host distribution, pathogenicity, systematics, 
classification and phylogeny, and diagnostic techniques. 

Editor/co-editor: Five volume series of The Mycoplasmas, Academic Press 
(1-979-89) ; Methods in Mycoplasmology, 2 Vols., Academic Press, (1983) ; 
Mcrlecular and Diagnostic Procedures in Mycoplasmology, 2 V o l s . ,  Academic 
Press (1995-96) . 
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Elelected Publications: 

'I'ully, J . G . :  Newly discovered mollicutes. In Razin, S., and Barile, 
M.F. (eds.): The MvcoDlasmas, Vol.IV, Mycoplasma pathogenicity. 
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28 October 1996 

Consensus Statement on Current Understanding of Upper 
Respiratory Tract 
Disease (URTD) in the Desert Tortoise from the URTD 
research group at the 
University of Florida, Gainesville, Florida. 

Over the last several decades, many wildlife populations across the North 
American continent have experienced severe and often sudden declines 
that in 
some cases have lead to extirpation. In different ecosystems different 
factors have been suggested or identified which may have contributed to 
these declines. These have included epidemics, over-harvesting, habitat 
changes, introduction of exotic species, and manmade contaminants. Upper 
respiratory tract disease has been associated with declines in some 
desert 
tortoise populations. 

This statement reviews the pertinent accumulated information on URTD as 
studied by the University of Florida group over the past 7 years and 
attempts to provide a 
scientifically sound perspective on the known effects of this disease. 

1. We are certain of the following: 

a) Mycoplasma agassizii causes URTD 
b) Light microscopic lesions are,confined to upper respiratory tract (URT) 
and eyes 
c) M. agassizii causes hyperplastic and dysplastic lesions in the URTD 
d) Clinical signs vary in onset, severity, and duration 
e) In adults, disease is chronic and may be clinically silent 
f) Pasteurella testudinis does not cause URTD by itself 
g) M. agassizii elicits antibody response 
h) Antibody response can be detected by serologic test (ELISA) 
i) Antibody response is reliably detectable, 8 weeks after first: exposure to 
M.a. 

e r  ~ mk:'.I 

h 7  ELLSh 





2 

j) Colonization of URT with M. agassizii is detectable by culture and PCR 
k) isolation of M. agassizii from nasal lavage requires up to 6 weeks 
I) Individual host recognition of M.  agassizii varies 
m) It is a horizontally transmissible disease 
n),Tortoises become "sicker quicker" on repeat exposure 
& 

The following are areas of uncertainty: 

Effect of URTD on individual survival 
Relationship among infection rates, transmission rates, population 

Effects on population dynamics and viability 
Burrow/fomite transmission K t  . A L )  

Protective immunity 
vertical transmission 
Other mycoplasma strains (mysterioso, others) 
Association of M. agassizii infection and hemosiderosis in liver 
Systemic effects 

size, and clinical expression 

Suggested areas of further research 

Effects on individual reproduction and behavior 
Spread of URTD: large scale, under semi-natural conditions, through a 

Transmission via burrows/fomites 
Seasonal expression of clinical signs of URTD 
Systemic effects 
Defining short-term vs long-term effects 

population 

What Needs to be done now 

Developing recommendations/guideIines on how research animals 
should be handled, disposition of clinically ill tortoises, disposition 
of seropositive clinically healthy tortoises, and how can we better 
manage wild populations with current knowledge and tools 

development of decision tree for management of captive tortoises 
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