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ABSTRACT: Twenty-four ill or dead desert tortoises (Gopherus agassizii) were received between
March 1992 and July 1995 for necropsies from the Mojave and Colorado deserts of California
(USA). Diseases observed in these animals included cutaneous dyskeratosis (n = 7); shell necrosis
(n = 2); respiratory diseases (n = 7); urolithiasis (n = 3); and trauma (n = 5). In tortoises with
cutaneous dyskeratosis the horn layer of shell was disrupted by multiple crevices and fissures and,
in the most severe lesions, dermal bone showed osteoclastic resorption, remodeling, and osteo-
penia. In tortoises with shell necrosis, multiple foci of necrotic cell debris and heterophilic in-
flammation within the epidermal horn layer were subtended by necrotic dermal bone colonized
by bacteria and fungi. Of the seven tortoises with respiratory disease, five were diagnosed with
mycoplasmosis. The diagnosis of mycoplasmosis was based on the presence of chronic prolifer-
ative rhinitis and positive serologic tests and/or isolation of Mycoplasma sp. Chronic fungal pneu-
monia was diagnosed in one tortoise with respiratory disease. In the three tortoises with urolith-
iasis, two were discovered dead, and the live tortoise had renal and articular gout. Traumatic
injuries consisted of one tortoise entombed within its burrow, one tortoise burned in a brush fire,
two tortoises struck by moving vehicles, and one tortoise attacked by a predator. While the
primary cause of illness could be attributed to one or two major disease processes, lesions were
often found in multiple organ systems, and a variety of etiologies were responsible for morbidity
and mortality.
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INTRODUCTION Species Act of 1973, as amended (Depart-
ment of the Interior, 1990).

Disease has been one factor associated
with recent declining numbers of desert
tortoises (Jacobson, 1994). Cutaneous dy-
skeratosis, a shell disease, has been asso-
ciated with high mortality in a protected
population of desert tortoises at the
Chuckwalla Bench Area of Critical Envi-
ronmental Concern (Riverside County,
California, USA) (Jacobson et al., 1994)
and has been observed in tortoise popu-
lations elsewhere within their geographic

Desert tortoises (Gopherus agassizii) in-
habit the Mojave, Colorado, and Sonoran
deserts of the southwestern United States.
During the last 20 yr, it appears that some
populations of desert tortoises have had
significant declines (U.S. Fish and Wildlife
Service, 1994). Depending on the location
and region, the causes of population de-
clines have been multifactorial and may be
the result of an accumulation of factors
over a long period of time. Since the free-

ranging female desert tortoise requires 12
to 20 yr to reach reproductive age (Wood-
bury and Hardy, 1948) and produces small
numbers of eggs (average = 4) in each
clutch (Turner et al., 1986), recovery of se-
verely affected populations could require
centuries (U.S. Fish and Wildlife Service,
1994). On 2 April 1990, the U.S. Fish and
Wildlife Service listed desert tortoise pop-
ulations north and west of the Colorado
River as threatened under the Endangered

range (Berry, 1997). The percentage of
tortoises in the Chuckwalla Bench with the
shell lesion increased from 1979 to 1990:
from 68 to 97% in adults, and from 41 to
78% in immature tortoises (Jacobson et al.,
1994). The lesion has been characterized
as a loss of normal integrity of the corni-
fied layer of the affected scutes. The cause
of mortality was not determined in past
studies as only shell biopsy specimens
were collected from affected animals.
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In 1988 desert tortoises with upper re-
spiratory tact disease (URTD) were seen
in the Desert Tortoise Natural Area (Kern
County, California, USA) (Jacobson et al.,
1991). Jacobson et al. (1991) found consis-
tent chronic inflammatory lesions in the
nasal cavity of free-ranging desert tortoises
with URTD and, using electron micros-
copy, identified Mycoplasma sp. on the
surface of nasal mucosal epithelium. Sub-
sequently, Mycoplasma agassizii was dem-
onstrated to be the causative agent (Brown
et al, 1994) and an enzyme-linked im-
munosorbent assay (ELISA) test was de-
veloped for the detection of M. agassizii-
specific antibodies (Schumacher et al,
1993). Free-ranging desert tortoises with
signs of URTD or serological evidence of
mycoplasmal infection have been found in
other areas of the southwestern United
States (Jacobson et al., 1995; Berry, 1997).
Other potentially pathogenic bacteria iso-
lated from nasal cavities and choanae of
tortoises with URTD and healthy tortoises
have included Pasteurella testudinis, Aero-
monas hydrophila, Klebsiella oxytoca, and
Pseudomonas sp. (Jacobson et al.,, 1991;
Snipes et al., 1995).

Very little is known about other diseases
of wild desert tortoises. Necropsy of ill, dy-
ing, and recently dead desert tortoises is a
key approach in determining the causes of
disease and mortality in different popula-
tions of these animals. In this study, we
determined causes of illness or death in
wild desert tortoises from all parts of their
geographic range in California (USA) by
gross and microscopic examination of tis-
sues and by serologic, microbiologic, he-
matologic and toxicologic evaluations
(Homer et al., 1994, 1996). In this paper,
we describe the types of pathologic
changes associated with a variety of dis-
eases resulting in illness or death.

MATERIALS AND METHODS

Twenty-four tortoises from or near study
sites throughout the Mojave desert and por-
tions of the eastern and northern Colorado des-
ert of California were examined from March
1992 through July 1995 (Table 1). Five tortoises
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were found moribund or dead and 19 ill tor-
toises were collected alive. Live tortoises were
obtained when they showed signs of lethargy,
weakness, inanition, weight loss, ocular and na-
sal discharges, swollen eyelids, or shell lesions.
They were collected also following trauma by
moving vehicles, fire, predation, or being en-
tombed. Tortoises were shipped via air freight
(live tortoises) or Federal Express (dead tor-
toises) to the University of Florida (Gainesville,
Florida, USA). Dead tortoises were shipped on
ice.
Blood was collected from a carotic artery,
placed into tubes containing lithium heparin,
centrifuged to collect plasma and stored at —20
C. A portion of plasma was submitted for an
ELISA test to detect the presence of M. agas-
sizii-specific antibodies, as described previously
(Schumacher et al., 1993). After collection of
blood, tortoises were euthanatized with intra-
venous pentobarbital and a necropsy was con-
ducted. Organs were removed in bloc, and the
head was sectioned longitudinally on the mid-
line for examination of the nasal cavity. Tissue
sections (approximately 0.5 c¢cm wide) from all
major organ systems were fixed in 10% neutral
buffered formalin for 24 to 48 hr, embedded in
paraffin, sectioned at 5 to 6 pm, and stained
with hematoxylin and eosin and as necessary,
with a variety of stains for bacteria, fungi and
mucin (Luna, 1968).

Swab specimens of the choanae and colon of
each tortoise were collected for aerobic bacte-
rial isolation. Specimens were inoculated onto
a Columbia agar with 5% sheep blood, Colum-
bia CNA agar with 5% sheep blood, and
MacConkey agar (all from Remel, Lenexa,
Kansas, USA) and incubated for 48 hr at 37 C
with 5% COs. To aid in the recovery of Sal-
monella sp., each colon swab also was inoculat-
ed into a Selenite broth (Remel) which was in-
cubated at 37 C for 24 hr. The broth was then
subcultured to a Hektoen enteric agar (Remel)
and the plate was incubated at 37 C for 24 hr.
Isolates were identified utilizing standard bio-
chemical tests and the API 20E and NFT sys-
tems (BioMerieux Vitek, Inc., Hazelwood, Mis-
souri). Swabs of nasal and choanal cavities were
obtained for isolation of Mycoplasma sp. as de-
scribed previously (Brown et al., 1994). Choan-
al swabs were obtained prior to opening the
head. For nasal swabs, after the head was cut
longitudinally, the nasal septum was excised
and the interior sinus cavity was swabbed.

Liver weights were divided by the whole
body weight to determine the percent body
weight of liver for each tortoise in the study
except tortoises 24 and 30. The percentages
were arcsine-transformed (Sokal and Rohlf,
1995), and the differences in the percentages
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FIGURE 1.

Cutaneous dyskeratosis of plastron
from a desert tortoise in California (tortoise 10). Flak-
ing and peeling extends from the seams into the
scutes (arrows). Bar = 4.5 cm.

between tortoises with chronic respiratory dis-
eases or urolithiasis and the remaining tortoises
were compared using a t-test. Analyses were
performed using SAS 6.12 (SAS Institute, Inc.,
1988).

RESULTS

Desert tortoises ranged in size from
0.47 to 4.03 kg with a midline carapace
length of 126 to 285 mm. Twenty-three
tortoises were adults and one was a juve-
nile; 13 were females and 11 were males.
Major diseases and/or lesions are listed in
Table 1.

Seven tortoises (3, 8-11, 28 and 32) ex-
hibited lesions consistent with cutaneous
dyskeratosis. Gross shell lesions included
white discoloration, flaking and peeling of
the scutes, with irregular foci of pitting
and chipping in the plastron and carapace.

JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

FIGURE 2.

Photomicrograph of normal shell from
a desert tortoise. The epidermis is comprised of uni-
form multilayered horn material (H), subtended by
stratified cuboidal epithelium (arrows). The dermis is
comprised of a collagenous layer (CC) subtended by
dermal bone (B). H&E. Bar = 55 pm.

Lesions were found most consistently in
the plastron, usually on the midline, ex-
tending from the seams into the scutes
(Fig. 1). Shell adjacent to these seams of-
ten had markedly accentuated ridges. In
some areas, the white discolored scute
could be peeled off in layers and was sub-
tended by a thin layer of more normal ap-
pearing scute. Lesions in the carapace of-
ten encircled the scute just at the edges of
the seams. The deepest scute defects ex-
posed underlying bone, which was thin on
cross-sectioning. Compared to normal
shell (Fig. 2), areas with dyskeratosis were
characterized microscopically by crevices,
clefts and thinning of the epidermal horn
layer (Fig. 3). In affected areas, the horn
material changed abruptly from very com-
pact pale staining substance to more eo-
sinophilic fibrillar or fragmented substance
(Fig. 3). Soil, plant debris, necrotic cellular
debris and rare gram positive cocci were
present in some lesions, and the epidermal
epithelium was occasionally atrophic or
hyperplastic. The external layer of the der-
mal bone was often irregular and com-
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FIGURE 3.

Photomicrograph of shell from tor-
toise with cutaneous dvskeratosis (tortoise 28). The
horm material contains a cleft with fibrillar keratin
and necrotic cellular debris (arrow). H&E. Bar = 115

wm.

prised of woven bone with prominent ce-
ment lines. The most severely affected
dermal bones exhibited osteoclastic re-
sorption, osteopenia, widened osteoid
seams, and an apparent increase in the
number of osteoblasts lining the trabecu-
lae. In one tortoise with osteopenia (28),
mild to moderate dermal perivascular in-
filtrates of lymphocytes, macrophages and
heterophils extended into the interosseous
seams. In tortoise 10, the shell dermis was
focally infiltrated by lymphocytes and the
overlying horn layer was colonized by fun-
gal hyphae. In tortoise 32, sections of skin
contained intracorneal aggregates of ne-
crotic heterophils with fungal hyphae and
multifocal mild perivascular dermal infil-
trates of lymphocytes.

In the two tortoises (4 and 17) with shell
necrosis, several scutes had detached, re-
vealing discolored dermal bone. In tortoise
4, the anterior scutes on the carapace and
plastron had detached along the seams and
the underlying bone was discolored white.
On cut surface, the white dermal bone was
subtended by more normal appearing light
grey to cream/tan bone. In tortoise 17,

HOMER ET AL.—DISEASES IN DESERT TORTOISES 513

FIGURE 4.
Scute material has sloughed off the midline, exposing
necrotic scute and dermal bone. The gular processes
are irregular. Bar = 3 em.

Shell necrosis of plastron (tortoise 17).

scute material along the midline of the
plastron was fragmented and peeling off
(Fig. 4). The underlying scute material and
exposed dermal bone were white to black,
lusterless and had a powdery surface. Mi-
croscopically, the affected shell was char-
acterized by discrete areas of epidermal,
dermal and osseous necrosis (Fig. 5), often
subtended by regenerative layers of epi-
dermis and dermal bone that were contin-
uous with epidermis and bone adjacent to
the affected segment. Abundant necrotic
cells were present within the horn mate-
rial, on the surface of exposed necrotic
bone and between foci of sloughing scute
and underlying regenerative scute. Ne-
crotic dermis and bone were colonized by
a mixed population of gram positive and
negative bacteria (Fig. 5) and aseptate, oc-
casionally branching, 6 to 10 pm wide fun-
gal hyphae. In areas of shell regeneration,
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FIGURE 5.

Photomicrograph of necrotic dermal
bone (B) covered by necrotic cellular debris (arrows)
in tortoise 4. Vascular channels (V) are colonized by
bacteria (arrowhead). H&E. Bar = 28 pm.

the epidermal epithelium was multifocally
hyperplastic, and the dermis was thick-
ened by fibrous tissue and moderate mixed
infiltrates of heterophils, lvmphocytes, and
macrophages.

Tortoises with mycoplasmosis (13, 18,
19, 20 and 29) had a clear watery, frothy
or mucoid nasal discharge, the conjuncti-
vae and eyelids were wet and swollen, and
the globes were sunken in the orbit. Mi-
croscopically, the nasal cavity was charac-
terized by proliferation, metaplasia and
disorganization of respiratory and olfactory
mucosal epithelium, associated with re-
placement of columnar mucous and cili-
ated epithelium by nonciliated polygonal
cells, and compact cellular infiltrates of
lymphocytes, plasma cells, macrophages
and heterophils. Leukocytes extended into
and encompassed mucous glands, result-
ing in disruption of the architecture (Fig.
6). The epithelium of some glands had un-
dergone squamous metaplasia and hyper-
keratosis, and debris accumulated in the
glandular lumina. Low numbers of heter-
ophils and focal accumulations of lympho-
cytes infiltrated edematous dermis and

JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

FIGURE 6.

Photomicrograph of nasal glands (G)
of tortoise 18 with mycoplasmosis. Glands are dis-
rupted by mixed leukocytic infiltrates (arrows). In two
dilated glands. mucous epithelinm is replaced by
squamous cells (arrowheads). H&E. Bar = 55 pm.

conjunctivae of the eyelids of some tor-
toises.

Two tortoises with clinical signs of re-
spiratory disease as described above did
not have mycoplasmosis. The lungs of tor-
toise 5 were slightly reddened and multi-
focally firmer than normal. Areas of pul-
monary inflammation were characterized
by proliferation and hypertrophy of epi-
thelium (Fig. 7); interstitial infiltrates of
heterophils, lymphocytes, and macro-
phages; septal smooth muscle hypertro-
phy; and scattered 3 to 6 pm wide, elon-
gate, occasionally septate and branching
fungal hyphae. A 1.0 cm irregular cavity in
the mid left lung was filled with light tan
caseous material composed of fibrin, cel-
lular debris, necrotic leukocytes, numer-
ous fungal hyphae and a population of 3
to 6 um wide ovoid yeasts. Tortoise 31 had
a green inspissated mucoid nasal discharge
and swollen eyelids. The left chin gland
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FIGURE 7.

Photomicrograph of lung with prolif-
erative pneumonia (tortoise 5). Epithelium lining air
spaces is hyperplastic and hypertrophied (arrows).
The hypercellular interstitium is infiltrated by a
mixed population of leukocytes. H&E. Bar = 115
pwm.

was enlarged and exuded a small amount
of grey fluid. The nasal cavity mucosa was
infiltrated by heterophils. Both eyelids
were edematous, with a mild infiltrate of
heterophils. The chin gland contained
perivascular infiltrates of lymphocytes and
heterophils.

The urinary bladder of two tortoises (23
and 24) and the coelomic cavity of a se-
verely autolyzed tortoise (30) for which
only the shell remained, contained irreg-
ularly oval to round hard grey laminated
uroliths (Fig. 8), measuring 3.3 X 3.3 X
3.0 to 56 X 44 X 3.8 cm and weighing
25 to 84 g. The bladder propria-submu-
cosa was infiltrated focally by heterophils,
and mucosal epithelium was hyperplastic
and hypertrophied, with expansion of the
apical cytoplasm by pale basophilic mate-
rial that stained for mucin. In the live tor-
toise (23), the scapulohumeral joints and
coxofemoral joints contained white thick
chalky fluid (urate crystals). Multiple foci
of renal tubular epithelial degeneration
and necrosis were associated with tubular
dilatation and intratubular and interstitial
accumulation of urate crystals (Fig. 9). Nu-
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FIGURE 8. Urolith recovered from the coelomic
cavity of tortoise 30.

clei of intact tubular epithelium were vari-
ably sized (anisokaryosis). Biochemical
analysis of blood collected at four 3-mo in-
tervals prior to death of tortoises 24 and
30 revealed a progressive elevation of
blood urea nitrogen (25 to 306 mg/dl) in

FIGURE 9.

Photomicrograph of renal gout (tor-
toise 23). Several renal tubules are disrupted by ra-
dially arranged urate deposits (arrows). Epithelium of
affected tubules is necrotic or sloughed. H&E, Bar
= 56 wm.
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FIGURE 10. Large intestine of tortoise with burn
injuny (tortoise 12). Discrete area of necrosis is well
demarcated from adjucent unaffected intestine (ar-
TOWS).

both tortoises, and elevations of uric acid
(5.6 to 12.9 mg/dl) in tortoise 24.

The interior of the burrow of tortoise 6
had collapsed, and the tortoise was tightly
packed in dirt. The shell and skin were
multifocally discolored brown/orange and
were flaky. The stratum corneum of the
skin contained aggregates of necrotic het-
erophils, the epidermis was focally necrot-
ic and vacuolated, and the dermis was in-
filtrated by heterophils and scattered ag-
gregates of lymphocytes. The horn layer of
both skin and shell was colonized variably
by 7 to 10 pm wide, occasionally branch-
ing fragmented fungal hyphae.

Tortoise 12 was collected following a
brush fire. Black burn marks and foci of
melted shell were present around the edg-
es of the shell and the skin over the head,

JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

FIGURE 11.

Photomicrograph of intestine from
Figure 10. The mucosa is extensively ulcerated and
there is a focal fibrinonecrotic exudate (arrowheads).
The oxyurid-like nematode in the lumen facing the
intact mucosa is considered an incidental finding.
H&E. Bar = 115 pm.

left foreleg and hind legs. Burned skin
peeled easily, revealing thick creamy gray
malodorous material covering blackened
subcutis. The small and large intestines
contained several 3 X 3 to 9 X 4 cm dis-
crete transmural green/tan to dark purple,
dull, friable foci encompassed by a red rim
(Fig. 10). Microscopically, the small and
large intestine contained multiple foci of
acute mucosal to transmural necrotizing
inflammation (Fig. 11).

Tortoises 15 and 27 were found mori-
bund at the edge of a highway. The cara-
pace and plastron were fractured through
the scutes and bone along oblique lines or
through the seams. The shell fractures ex-
tended into the coelomic cavity, and the
intestine and liver were covered with
blood and protruded through the fracture
sites. The liver was multifocally lacerated
and the spleen of tortoise 27 was ruptured,
leaving only the stroma intact.

Tortoise 1 had chew marks associated
with partial amputation of the cranium,
maxilla and the dorsal neck region, ulcer-
ation of the tongue, and perforation of the
trachea. A similar population of gram pos-
itive cocci, often present in pairs or small
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olar change (tortoise 8). Hepatocytes are swollen,
compressing the sinusoids. Hepatocellular cytoplasm
is compartmentalized by variably discrete vacuoles.
H&E. Bar = 57 pm.

chains, colonized the lung, the ulcerated
area of the tongue and the lumen of the
esophagus.

Liver degeneration was found in 15 tor-
toises. Some livers varied from small and
dark brown to swollen with rounded edg-
es, pale tan coloration and friable consis-
tency. A few pale livers floated in formalin.
However, many livers with histopathologic
changes were unremarkable on gross ex-
amination. Liver lesions included hepato-
cellular vacuolar change (Fig. 12), atrophy
(Fig. 13), increased deposition and aggre-
gation of melanin (Fig. 13), hemosiderosis,
and anisokaryosis. Liver lesions were most
severe in tortoises with chronic respiratory
diseases and urolithiasis (5, 13, 18, 19, 20,
23, and 29). The ratio of liver mass to body
weight for these tortoises was less than
that of other tortoises in the study (P <
0.001), ranging from 0.95 to 2.2% of body
weight compared to 2.1 to 6.0% for the
other tortoises.

Degenerative skeletal muscle changes,
found in 16 tortoises, were characterized
by loss of striation, hyalinization, internal-
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FIGURE 13. Photomicrograph of atrophic liver
(tortoise 23). Variably sized (anisokaryotic) vesicular
nuclei with prominent nucleoli are crowded due to
loss of cytoplasm associated with atrophy. Cytoplasm
is granular due to deposition of hemosiderin. There
is increased deposition of melanin (arrows). H&E.
Bar = 60 pm.

ized nuclei and atrophy. The most severe
changes of acute degeneration and necro-
sis occurred in traumatized tortoises. Tis-
sue cysts of Sarcocystis-like protozoa were
present in skeletal muscles of six tortoises
(1, 3, 4, 17, 20, 29), sometimes associated
with mild infiltrates of lymphocytes and
heterophils, and fibrosis.

Pancreatic acinar cells in tortoises 5, 13,
19, 20, 23, and 29 were shrunken and de-
void of zymogen granules, consistent with
atrophy. Lymphoid depletion of the spleen
and hypertrophy and intracytoplasmic mu-
cus accumulation of urinary bladder epi-
thelium were other changes seen in some
tortoises with chronic respiratory disease
and urolithiasis; the latter lesion was as-
sociated often with evidence of dehydra-
tion (sunken globes, dry tacky subcutane-
ous and coelomic tissues, and weight loss).
One or more tortoises with cutaneous dy-
skeratosis (28 and 32), shell necrosis (4),
respiratory disease (5, 18 and 19), and a
history of trauma (1, 6 and 12) had mul-
ticentric inflammation of multiple coelom-
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ic organs including heart, lung, intestine,
ovaries, kidney, adrenal, and spleen. The
most common change in the bone marrow
of tortoises with multicentric inflammation
was hyperplasia of heterophils. However,
in two tortoises with severe visceral inflam-
mation (1 and 12), the number of heter-
ophils was markedly reduced. Three tor-
toises had cactus spines embedded in the
intestine and stomach (24) or tongue (3
and 27) and pharynx (27), associated with
granuloma formation or acute inflamma-
tion and bacterial colonization.

Serologic examinations were conducted
only for tortoises that arrived alive. Tor-
toises 12 and 23 had a suspect ELISA re-
sult at the 1:10 dilution. Tortoises 13, 18,
19, and 20 had seropositive results at 1:5
and 1:10 dilutions.

Potential bacterial pathogens isolated
from the choanae and colon included Ci-
trobacter sp. Klebsiella oxytoca, Pasteurel-
la testudinis, Pseudomonas sp., and Xan-
thomonas maltophilia. Pasteurella testudi-
nis was the most frequently isolated bac-
terium (9 of 23 tortoises), and the only
organism isolated from both the choanae
and colon of individual animals (5 of 9 tor-
toises). Mycoplasma sp. was isolated from
the choanae and nasal cavity of two tor-
toises (13 and 29).

DISCUSSION

Pathologic changes associated with cu-
taneous dyskeratosis appear to have two
components; one is loss of integrity in the
hard keratin of the scute and the other is
resorption of the underlying dermal bone.
The disease appears to be associated with
a defect in keratinization based on the pro-
pensity of the lesion to center over the
seams. The keratinization process occurs
at the seams (Jacobson et al., 1994). The
role of the epithelium in the pathogenesis
of cutaneous dyskeratosis is unclear; the
epithelial layer was sometimes atrophied
or hyperplastic, but necrosis or ulceration
of epithelium was not detected. Jacobson
et al. (1994) suggested that cutaneous dy-
skeratosis could be caused by an infectious

etiology, a toxic cause, or a nutritional de-
ficiency. The absence of consistent shell
inflammation and consistent bacterial or
fungal colonization of the lesion tends to
rule out an acute infectious etiology. The
occasional bacteria and fungi that colo-
nized the lesion were considered to be
secondary invaders. Livers of several tor-
toises with cutaneous dyskeratosis had
markedly swollen and vacuolated hepato-
cytes, and three from the Chuckwalla
Bench (8, 9, and 10), where cutaneous dy-
skeratosis has been seen most commonly
(Jacobson et al.,, 1994; Berry, 1997), had
moderate hepatocellular anisokaryosis,
suggestive of possible toxic liver disease
(Kelly, 1993). There was gross and histo-
logic evidence of dermal bone loss, al-
though the relationship between the bone
loss and the changes in the scute are not
yet clear. It appears that bony changes oc-
curred in the later stages of the disease
when scute changes were most severe.
The cause of decline in populations with
high percentages of affected tortoises has
not been determined. The anticipated
end-stage of excessive scute disease and
dermal bone loss would be perforation
into the coelomic cavity. Although shell
perforation was not detected in any of the
tortoises of this study, areas of scute loss
and osteopenia could have provided a por-
tal of entry for the bacteria and fungi that
colonized the scute. Most of the internal
lesions were not immediately life threat-
ening. However, the multicentric inflam-
mation of one tortoise (28), pneumonia
and fungal epidermitis of another tortoise
(32), and fungal dermatitis of a third tor-
toise (10) would have likely resulted in the
death of these three tortoises.

Features of shell necrosis not found in
cutaneous dyskeratosis included sloughing
of entire scutes, epidermal and bone ne-
crosis, colonization of necrotic bone by
bacterial and fungal organisms, extensive
dermal inflammation, and shell repair.
Bacterial and fungal cultures were not ob-
tained from shell or skin, but Klebsiella sp.
(tortoise 4), Pseudomonas sp. (tortoises 4
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and 17), and Xanthomonas maltophilia
(tortoise 17), all opportunistic pathogens
associated with dermatitis (Rossi, 1996:
Spencer, 1995), were isolated from the
choanae. Shell repair occurred by infold-
ing of hyperplastic epithelium from the
margins of the lesion with undermining
and extrusion of the necrotic portion sim-
ilar to that described in other turtles with
shell necrosis (Gamer et al., 1997).

Most tortoises with mycoplasmosis were
in moderately poor condition, as evi-
denced by dehydration and low body
weight. All tortoises diagnosed with my-
coplasmosis had nasal lesions similar to
those reported by Jacobson et al. (1991,
1995). Tortoises also had inflammatory le-
sions in other tissues, and in some tor-
toises, visceral inflammation was multicen-
tric, consistent with systemic disease. The
livers of all tortoises and the pancreas of
all but tortoise 18 were atrophied, consis-
tent with chronic disease and/or malnutri-
tion (Kelly, 1993). The species of Myco-
plasma isolated from tortoises 13 and 29
has not yet been identified by serological
or polymerase chain reaction analysis
(Brown et al., 1995); it was not M. agassizii
(Brown et al., 1994). However, the lesions
in the affected tortoises were virtually
identical to those described by Brown et
al. (1994) in their transmission study using
M. agassizii. Both tortoises were salvaged
from Joshua Tree National Park, which is
a highly frequented recreational area. Se-
rologic testing helped to confirm the di-
agnosis for all affected tortoises except tor-
toise 29. The reason the ELISA test was
positive for tortoise 13 but not 29 is not
certain. Although antigens from the un-
named species of Mycoplasma were used
to test the blood of tortoise 29, the ELISA
test employed was developed for diagnosis
of M. agassizii (Schumacher et al., 1993)
and has not been standardized for detec-
tion of the other Mycoplasma sp. It also is
possible that tortoise 29 was immunocom-
promised and did not have adequate an-
tibody concentration. Suspect results in
two tortoises (12 and 23) could represent
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early infection, immunosuppression, an
ablated response or a nonspecific reaction.

Fungi were not cultured from the lung
of tortoise 5 with histologic findings of fun-
gal pneumonia, but based on the mor-
phology of the fungal hyphae and ovoid
yeasts, there appeared to be a dual infec-
tion with Aspergillus sp. and Candida sp.
(Chandler et al., 1980). Both organisms
have been isolated from pulmonary lesions
in chelonians (Frye, 1991a). In a review of
causes of mortality and diseases in tor-
toises, no reports on mycotic diseases in
wild tortoises were found (Jacobson,
1994). Fungi often cause infection second-
ary to compromise of immune function
(Jacobson, 1980). In tortoise 5, there was
a marked reduction in numbers of splenic
lymphocytes, possibly resulting in immu-
nosuppression. Citrobacter sp., isolated
from the colon, has been associated with
septicemic cutaneous ulcerative disease of
aquatic turtles (Rossi, 1996) and could
have been responsible for ulcerative en-
teritis found in this tortoise. In turn, the
intestinal lesion may have served as a por-
tal of entry for the fungi.

Clinical signs and lesions in tortoise 31
resembled those of mycoplasmosis; how-
ever, serologic testing and culture for My-
coplasma were negative. This may not rule
out mycoplasmosis, since rhinitis and
blepharitis were acute. Lesions of myco-
plasmosis in tortoises of this and other
studies (Jacobson et al., 1991, 1995) were
more chronic. Failure to isolate other
pathogenic bacteria from the choanae
tends to rule out a bacterial etiology. An-
other cause of upper respiratory and ocu-
lar disease in tortoises is vitamin A defi-
ciency (Jacobson, 1994). However, squa-
mous epithelial metaplasia, a hallmark of
hypovitaminosis A, was not detected.

Three tortoises (23, 24 and 30) had uro-
lithiasis. Factors that predispose animals to
urolithiasis include excretion of calculo-
genic material in the urine, urinary pH,
dehydration, vitamin A deficiency and su-
persaturation of urine by stone-forming
salts (Maxie, 1993). While uroliths may be
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tolerated to some extent, they may incite
an inflammatory response in the urinary
bladder and they occupy space in the uri-
nary bladder that would normally hold flu-
id. In addition to heterophilic inflamma-
tion of the bladder wall, mucosal epithelial
cells were hyperplastic and the apical cy-
toplasm was expanded with mucus. We be-
lieve the epithelial changes were either a
reaction to the uroliths or an indication of
dehydration. The latter is supported by the
presence of similar changes in other de-
hydrated tortoises that did not have uro-
liths. The renal and articular lesions in tor-
toise 23 were consistent with gout (Frye,
1991b). Predisposing factors for gout in-
clude dehydration, pre-existing renal dis-
ease, exposure to a nephrotoxin, or excess
animal protein in the diet (Maxie, 1993).
However, the exact cause in desert tor-
toises is unknown. Based on the severity
of the renal lesion and the lack of inflam-
mation, a preexisting renal lesion was the
likely cause of gout in this tortoise. The
exact cause of death of tortoises 24 and 30
could not be determined. Dehydration
and enteritis, associated with cactus spine
penetration, were likely contributing fac-
tors in tortoise 24. Prior to death, both tor-
toises had biochemical evidence (elevated
BUN and uric acid) of dehydration and/or
renal insufficiency (Campbell, 1996); hy-
peruricemia also can be associated with
gout. Renal damage could not be assessed
due to advanced autolysis.

Two tortoises that sustained trauma (6
and 12) had multicentric visceral inflam-
mation. Fungal dermatitis accounted for
the flakiness of the skin of tortoise 6. Al-
though fungi can be primary cutaneous
pathogens, superficial cutaneous mycotic
infections in reptiles usually occur second-
ary to some predisposing factor such as
poor sanitation, high humidity, malnutri-
tion or overcrowding (Jacobson, 1980).
Heterophilic hyperplasia in the bone mar-
row was a response to the multicentric in-
flammation (Garner et al., 1996). Visceral
inflammation in tortoise 12 was most se-
vere in the intestine. The transmural in-
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testinal necrosis was considered to be a
post-burn complication, probably associ-
ated with impaired humoral and cell-me-
diated immunity (Griswold, 1993). Burn
wound infection is usually caused by en-
dogenous bacteria from the skin or gastro-
intestinal tract (Saxon and Kirby, 1992).
Citrobacter sp. and P. testudinis were iso-
lated from the colon, and the subcutis of
the burned foreleg was colonized by bac-
teria. Unlike tortoise 6, bone marrow was
depleted of heterophils, which was most
likely the result of an overwhelming de-
mand for heterophils in the intestine (Gar-
ner et al., 1996). Two tortoises (15 and 27)
had evidence of acute blunt trauma as
would occur subsequent to being struck by
a moving vehicle. There was no other ev-
idence of underlying disease in the tor-
toises. The cause of death of tortoise 1 was
acute bacterial-induced bronchopneumon-
ia, consistent with Streptococcus sp. etiol-
ogy, likely occurring secondary to the head
and neck lacerations.

Hepatic lesions seen in 15 tortoises
were degenerative, but were otherwise
nonspecific. Causes of lipidosis and hy-
dropic degeneration overlap and include
bacterial or environmental toxins, hepato-
cellular hypoxia, anorexia or dietary and
metabolic imbalances (Kelly, 1993). Ani-
sokaryosis represents a regenerative or tox-
ic change, while hemosiderosis may have
occurred due to inability to mobilize iron
stores, as occurs in anemia of chronic dis-
ease (Smith, 1989). Iron-laden macro-
phages were reported to increase in livers
of tortoises with URTD (Jacobson et al.,
1991). The liver may undergo catabolism
during starvation, resulting in atrophy
(Kelly, 1993). Livers of chronically ill tor-
toises commonly contained increased
amounts of melanin, suggesting that mel-
anosis is a marker of chronic disease, as
described in fish (Kennedy-Stoskopf,
1993). Melanin is not harmful. Conversely,
melanin can neutralize free radicals and
may have a bactericidal effect (Kennedy-
Stoskopf, 1993).

The high frequency (16 tortoises) of
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acute skeletal muscle lesions suggests that
tortoises might be prone to exertional
rhabdomyolysis (Bartsch et al., 1977). This
lesion may have occurred when tortoises
were restrained for blood collection. Mus-
cle lesions seen in traumatized tortoises
were also consistent with exertional rhab-
domyolysis. Six tortoises had organisms re-
sembling Sarcocystis sp. within muscle fi-
bers, occasionally associated with mild
chronic myositis. Sarcocystis spp. are gen-
erally not considered to be pathogens of
reptiles (Barnard and Upton, 1994).

A number of chronically ill tortoises had
a history of weight loss and were emaci-
ated at the time of collection. In these tor-
toises, weight loss was an excellent indi-
cation of chronic disease and was often as-
sociated with muscle, pancreatic and/or
hepatic atrophy. However, body weight
versus carapace length cannot be used by
itself to assess the health of tortoises be-
cause body weight is influenced by ovipo-
sition, time since hibernation, imbibition
of water, defecation and micturition, and
thickness of dermal bone (Jacobson et al.,
1993). Liver as a percent of body weight
may be a better indicator of chronic dis-
ease, since there was a significant differ-
ence between the percentage in tortoises
with chronic respiratory diseases or sys-
temic illness associated with urolithiasis
and that of the other tortoises in this study.

This study was designed to address the
types of diseases and associated pathologic
changes occurring in wild desert tortoises,
rather than the prevalence of disease. It
was part of a larger investigation on den-
sity of desert tortoise populations. Only
dead tortoises or those with obvious signs
of illness were collected. Diseases may
have a direct and obvious impact on mor-
tality in populations of free-ranging desert
tortoises. However, the effects of many
diseases may be more subtle. Diseases
may contribute to reduced growth, re-
duced reproductive vigor, and reduced
survivorship of individuals and popula-
tions. Cutaneous dyskeratosis, for example,
appears to contribute to or cause thinning
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of the scutes and dermal bone, thereby
rendering the tortoise more vulnerable to
other diseases such as fungal infections
and multicentric visceral inflammation.
Diseases also may inhibit or slow growth
rates of individuals by reducing appetite,
resulting in malnutrition. For females, re-
duction in growth rates limit carapace
length and size, thereby limiting numbers
of eggs produced annually. For juveniles,
reduction in growth rates prolong the pe-
riod of vulnerability to predators and en-
vironmental stresses.
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