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AB.STRAC;T: Turtles in Liike Bliickslietir, Cilsp County, Georgia (USA) were evaluated for sliell 
disease during intensive trapping efforts on 8 and 9 May 1990. The disease was most prevalent 
in Pseudeuiy.s concimw (74%) iind Trficheinifs scripta (35%). Tlie degree of necrosis on the car- 
apace was significantly positively conelated with the degree of necrosis on the plastron in T. 
scripta (r^ = 0.5Í)), hut not in P. concinna (r^ = 0.06). Female T. scnpta with lesions were 
significantly larger* than females withont Icisions. Lesions were not detected on six otlieir species 
of turtles. Some areas contained umltinucleate osteoclasts that were destroying hone. No tumors 
were detected in soft tissue samples. 
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INTRODUCTION 

Tliere is widespread recognition that 
tiirtle populations around the world are 
declining (Ernst an<l Barlioiir, 1989), Dis- 
ease is one potential factor of global de- 
cline, and some turtle populations are pur- 
portedly experiencing catastrophic de- 
clines due to disease-induced mortality 
(jacobson, 1994). Turtles facing disease 
threats occupy a diversity i)f habitats and 
belong to several families. For example, 
some populations of grccMi sea tnrtlc;s 
{Chclonia iiti/das), particularly in the Ha- 
waiian Islands (USA) and the Caribbean, 
contain individuals debilitated by fibropa- 
pillomas. Th{\se growths can impair vision, 
locomotion, and ieediiig ability, Fibropa- 
pillomatosis is considered to be a signifi- 
cant worldwide epizootic infecting up to 
92% of some C. mijdas populations 
(Herbst, 1994; Williams ct ah, 1994). Des- 
ert toiloise (Gophents [=Xerobates] agas- 
sizii) populations in California, Nevada, 
Arizona, and Utah (USA) have been di- 
agnosed with chronic upper respiratory 
tract disease (URTD). In one California 
population, 43% of the tortoises sampled 
had outward signs of the disease (Jacobson 

et al., 1991), Large numbers ol adult tor- 
toises died in some California populations 
during a relatively short period of time, 
presumably because of URTD (Jacobs<m, 
199.3). Recently a new malady, shell dis- 
ease, has been reported in desert tortoises 
on the Chnckwalla Bench in California (Ja- 
cobson et al., 1994). Disease reportedly 
presents a significant threat to the recov- 
ery of the federally threatened desert tor- 
toise, including those on the Chnckwalla 
Bench (U.S. Fish and Wildlife Scivice, 
199,3). Finally, a disease causing emacia- 
tion and lesions on the plastrón is sus- 
pected as a cause of major p(í¡)ulation de- 
clines of the flattened nuisk turtle {Ster- 
nothenis depressus), another federally 
threatened species (Dodd, 1988). 

Since 1978 faculty and students of the 
University of Georgia, Savannah River 
Ecology Laboratory have periodically vis- 
ited Lake Blackshear in Cri,sp County, 
Georgia (USA) (3r.58'N, 83°54'W), to col- 
lect and mark turtles. On each visit we no- 
ticed that many river cooters (Fsendernt/s 
concinna) and yellow-bellieil slider turtles 
(Trnchemys scripta) had some degree of 
shell necrosis. The disease was character- 
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i7.e(\ by deep excavating lesions on tlie 
plastron and elevated nodular lesions on 
the carapace. In addition, dead turtles fre- 
quently were found along the margin of 
the iinponnthnent. Other than a briel note 
of the dis<-asc by Beltz (1993), there are 
no published papers dociunenting the oc- 
currence and histopathology of this dis- 
ease. Our objectives were to describe the 
prevalence oí shell disease in ttniiles oc- 
cupying the lake, evaluate the incidence of 
shell diseasi" in relation to species and 
body size, and pro\ide a histological de- 

scription of shell disease. 

MATERIALS AND METHODS 

Turtles were coliectcd in the (iuin C^reek 
emhaynieut of Lake Bliickshear, Crisp C^onnty, 
Georgia from 8 to 9 May I99(i. Lake Black- 
sheur is a 3,450-hectare ¡nipounclment (in tlie 
Flint River. Most turtles were captured in bait- 
ed hoop traps, but some were collectetl with 
dipnets or by liaiitl. Data taken for each spec- 
imen included species, .sex, and pla.stron length. 
The presence, degree, and location (carapace 
or plastron) of shell di.sease also was noted. The 
degree of shell disease was scored visually using 
the following system: 0 = no necrosis, 1 = ne- 
crotic involvement of 1 to 33% of the shell sur- 
face, 2 = necrotic involvement of 34 to 66% of 
the shell surface, and 3 = necrotic involvement 
of 67 to 100% of the shell surface. Live turtles 
were marked for future identification and re- 
leased. Data were also take'u h'oin the shells of 
dead turtles found along the lake. 

Voucher specimens olturtles were tleposited 
in the U.S. National Museum (USNM), Smith- 
sonian Institution, Washington, D.C., and the 
Vertebrate Museum of the Savannah River 
Ecolog)- Lahoratorj' (SREIJ), Ai ken. South Car- 
olina (USA); Grapfcmi/s harl)oiiri: S RE L 3077; 
Kinostcnton suhnibnim: USNM .306799-SOO, 
306S(il; I'si'iulemijs concinua: SREIj 333Ci; 
USNM 306814-22, 306S30. 306848-52; Tmc/t- 
emtfs .scripfa: SREL 3357, USNM 306823-29. 
306831, .3{)Í7856-.57; Sieniollwni.s minor: .3{)fi8{)l; 
and Stemothenjs odoratns: 306802-13, 306862- 
66. 

Histological examinations of shell lesions 
were conducted by examining lilocks of ne- 
crotic shell tissue fixed in 10% formalin. Ten 
blocks of shell tissue were examined from three 
specimens (Traclicmi/s srripUi USNM .306823 
and 306824, Pseuiicmys vonciiuid USNM 
306817). Samples were taken from the niised 
lesions on the carapace and excavating lésions 
on tlie plastron. The blocks of tissue were re- 

moved with a saw, decalcified, trinuned, em- 
fjedded in paraffin, sectioned at 4 jim, and 
stained by hematoxylin and eosiu. Microscope 
slides were deposited in the Registry- of Tumors 
in Lower Animals (RTLA), Department of Pa- 
thology, George Washington University Medi- 
cal Outer, Washington, D.C: Pscudtmujx con- 
cinua: RTLA 5187; Trachemijs scriptti: RTLA 
5185-86. Liver samples were taken from three 
specimens (7! scripta, USNM 3068f7; P. con- 
cinna, 306823 and 306824) and spleen, kidney, 
pancreas, ovary and gut were taken from one 
or two other specimens. Statistical techniques 
followed Zar (1984). An analysis of variance 
was n.sed to compare means, Spearman's cur- 
relation coeificieut wtis u.sed to measure the de- 
gree of association between disease rank and 
disease location on the shell. To examine the 
incidence of shell lesions relative to the various 
turtle species a 2 X 3 contingency table analysis 
was conducted. Specimens were classified into 
two rows based on the presence or absence of 
.shell lesions. The three coluums contained data 
for T. ficripta. P. concinna, or all other species 
comhined. The category "otiier" constituted a 
guild of higlily aquatic carnivorous turtle spe- 
cies. Statistical significance was .set at ct ^ 0.05. 

RESULTS 

We examined 112 turtles representing 
eight species. Diseased turtles had deep 
excavating lesions or raised, often nodular, 

lesions on the shell (Fig. I). The effect of 
the lesions on the inner surface of the 
plastron was severe in some specimens 
(Fig. 2). The incidence of shell It^sions was 
highest in Pseudernys concinna with 17 
(74%) of 23 specimens possessing cara- 
pace or plastron lesions or both, Trache- 

rmfs scripla had the next highest frequency 
of lesions with 22 (35%) of 63 specimens 
affected. Lesions were observed more fre- 
quently on the plastrcm than on the cara- 
pace in both T. srriptd anil P. concinna. 

Ten (45%) of 22 affected T scripla had 
lesions on the carapace and 19 (86%) had 
plastron lesions. In affected P. concinna, 

10 (59%) of 17 specimens had carapace 
lesions and all possessed plastron It-sions 
(Table 1). Not all specimens with carapace 
lesions had plastron lesions or vice versa, 
but the degree of carapact; necrtjsis in T. 

scripta was positivt?ly correlated with the 
degree  of plastron  necrosis   (Spearman's 
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FíCUKE 1. Shell tlisetiüe lesions on tlit' plastron 
of a Pseudemya amcinna from Ltike lîlai'kslieiir, 
Georgia. Tilt» sfutps Iiavf been removed to show the 
underlying bone. Bar = 20 nun. 

FiCURli: 2. Interior view of the plastron of a 
Pscudetntjs ctmcinna from Lake Blackshear, Cîeorgia, 
.showing lt\sions can .sed by .shell disease (same speci- 
men as in Fig. 1). Bar = 20 mm. 

rank correlation, r, • 0.50, n = 50, P = 
0.0005), Such wius not the case for P. con- 
cinna (r^ = 0.06, íí - 20, P - 0.78). The 
mean {±SD) plastron length of male T. 
scripta witliout lesions (147 mm ± 19 mm, 
n = 18) was not significantly different 
(ANOVA; df - 2, 23; F - 0.488; P - 0.62) 
from those with le.sions (148 mm ± 23 
mm, n = 8). The difference approached 
significance in ferntile T. scrípta (ANOVA; 
df = 3, 20; ¥ - 3.02; P - 0.054) since the 
mean phistron length of those without le- 
sions (150 mm ± 25 mm, n = 12) was less 
than that of females with lesions (193 nnn 
± 25,0 nnn, n • 12). Since such a small 
nnmher of P. concinna were collected that 
did not possess lesions (íí • 6), statistical 
inteipretation oí tlie aiiected proportions 
of each sex was precluded. 

None of the other species examined 
showed any signs of lesions, but our sain- 
ple sizes were small {Triouifx spinifems, n 

= 1; Chehfdra serj^entina, n • 2; Kino- 
sternon subnihnwi, n • 3; Macroclemys 
teinminckii, n • 2; Stemotherus minor, n 
• 3; Stemotherus odoratus n • 15). On 
previous cnIIeK:ting trips scívtíral individuals 
of Qra])teniijs hnrixniri were examined. 
Although none possessed lesions, all had 
signs of damaged and sloughing shell 
scutes. Based on a 2 X 3 contingency table 

TABLE 1. The location on the shell and approximate 
percentage (snrface ai'ea) of shell disetise on affected 
tnrties collected at Lake Blackshear, Cieorgia, May 
1990, Numerals represent the sample ,size for each 
combination of shell location and damage class. 

Tnirht'mij V fifiipln 
22) 

Pseudemyfi cuncinita 
(n = 17) 

cJcLlltcLl^r C Jiirap:it,'f^ PliUtroii Carafwoe   Plastron 

1-33% 
36-66% 
67-100% 

6 

4 

0 

11 

6 

2 

7                3 

3             9 

0              5 
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TABLE 2, Plastron lenjrtli (mm) for tiirtlt's ctillected 
ill Liike Blac-kslieai; C^eorgia. May 1990. Meatis ± SD 
are followed by sample sizes in parentheses. 

S[ií^t^ic's/sí^x ¡^•íiions absent t^^sioiiN prt^.^eiit 

Psclulatnijx coiiciitttti 

Males 167 (1) 200 ± 12 (7) 
Females 26.5 ± 21 (2) 262 ± .33 (10) 

Trachemijs scrip ta 

Males 147 ± 19 (18) 148 ± 23 (8) 
Females 1.50 ± 2.5 (12) 19.3 + 2.5 (12) 

analysis, the incidence of lesions was not 
independent of species (G • 18.05, df • 
2, P = 0.002); tlins T. scrípta and P. con- 
cinna were far more likely to have shell 
lesions than all the other species com- 
bined. 

Normally the carapace and plastron are 
made up of cancellous bone plates several 
millimeters thick covered by skin. The skin 
consists of a heavily keratinized stratified 
squamous epidermis of approximately five- 
cell layers aiul a thin, well-collage nized fi- 
brous dermis. Ilistolo^cally, elevated le- 
sions of the carapace c<msisted of fibrous 
scar tissue continuous with the dermis and 
extending between and among trabeculae 
of bone that had not been absorbed and 
removed by osteoclasts. Intervening invo- 
hited epidermal pits, in cross section re- 
sembled cpidcnrioid cysts, contained lay- 
ers of keratin, bacteria, fragments of bone, 
pus, and debris. Ostcoblasts lined a few 
trabeculae in an attempt to lay down new 
bone. Other areas contained multinncleute 
osteoclasts that were destroying bcjiie {Fig. 
3). 

Lacunae being etched larger by osteo- 
clasts contained a spectnnn of white blood 
cells although not all white blood cell types 
were present in every location, Eosino- 
phils, containing large, round, orange-pink 
cytoplasinic inclusions, were prominent. 
Hertcropliils, large cells with smaller, 
darker, more nearly rod-shaped cytoplas- 
mic inclusions were observed in some lo- 
catioiLs. Monocytes were rarely seen but 
lymphocytes were widespread.   Sonu^ la- 

^R?S^^'<f^^ 
. ^. 

A  .' 
••.. . t^ H   iC'.,-^ 

FIGURE .3. Paeudeuiys amcinna (RTLA 5187) 
from Lake 13 lacks h ear, Georgia. Miiltiiuicleate o.ste- 
oflasts (top) are absorbing and removing bone, thus 
enlarging lacunae, biilammatory cells and debris 
(pns) fill .some of the eiilai-ged lacimal spaces (bot- 
tom). H&E. Bar = 10 n-m. 

cunae also contained fibrocytes and mela- 
nopliores in addition to the leukocytes. 

The excavating lesions on the plastron 
(Fig, 4) usually were fille<l by a similar fi- 
brosis (Fig. .5) with septic debiis-filled ep- 
idermoid cysts but, in contrast to the car- 
apace, the friable bone and debris often 

FlCURK 4. Fseudcjmjs amcinna (RTLA 5187) 
from Lake Blackshear, Cîeorgia. Outer portion of 
plastron (bottom) has [)een excavated Ifaving a fnr- 
row bordered oti either side by neerotic bone. Inner 
portion of plastron (top) has enlarged lacunae con- 
taining osteoclasts as well as inflammatory ce;lls prob- 
ably in lesponse to hifeotion agents. Soft tis.sue (top) 
is skeletal muscle. Soft tissue (bottom) is fibrous ti.s- 
sue attempting to form a scar II&E. Bar = .300 n-ni. 
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FlC;URE 5. Fsmiclemij.i r.oncinrw (RTLA 5187) 
from Lake Blacksheai', t^eorgia. Fiîjrovis sc;ar (bot- 
tom) replaces erotied shell (plastron). Tlie scar i.s bor- 
(lerraî iiy a layer of keratinized epidermis. Tlie empty 
hole in tlit> scar bordered by epidermis is an epider- 
mal cyst: a cross section of a pit in the epiderinis. To 
the lower liglit is another epidermal cyst filled with 
keratin. H&E. Bar = 300 jiin. 

sloughed off leaving a crater rather than 
an elevated lesion. 

The spleen of USNM 306823 and the 
liver of USNM 306SI7 and 306824 con- 
tained focal chronic inflamntatoiy reac- 
tions (grannlomas) in response to trema- 
tode eggs (Fig. 6). The bile ducts had a 
heavily fibrous cuff. No tumors were de- 
tected in the three specimens, 

DISCUSSION 

Bi(ilogists have known about shell de- 
formities on turtles in Lake Blackshear for 
over 20 yr (Beltz, 1993). Based on our 
sample, shell disease appeared restricted 
to P. condnna and T scripta. Damaged 
and sloughing scutes were observed in sev- 
eral spcîcimens of" Graptemtjs barbimri 
dtat are not typical of this species else- 
where in its range (Sanderson and Lovich, 
1988), but no severe shell disease was ob- 
served as seen in P. concinna aiul T. scrip- 
ta. Both P. concinna and T. scripta spend 
many hours of the day engaged in aerial 
basking (Ernst et al., 1994). In addition, 
both species are omnivorous with P. con- 
cinna tending to be more heibivtjrous 
(Ernst et al., 1994). With tiie exception of 

FlctJRE 6. Pseuclemi/s concinna (RTl^A 5187) 
from Ijake Blacks h ear, Cîeorgia. A cluster of five spi- 
rorchid trematode eggs lodged in blood vessels of the 
liver have elicited an inflammatory host response c<m- 
sisting of epitlielioid niacniphages, lymphocytes and 
m elan o macrophages. H&E. Bar = 50 jjLm. 

Graptemtjs barhouri, none of the other 
turtle species in Lake Blackshear were ob- 
served basking as much as P. concinna and 
T. scripta. In fact, most are highly aquatic 
and tend to be carnivorous bottom-walkers 
{Berry and Shine, 1980). Because of di- 
chotomy in disease incidence between 
guilds of semi-afjuatic omnivorous turtles 
and highly aquatic carnivorous turtles, we 
propose that c-cological differences are re- 
lated to the etiology of shell disease. 

Lesions on the shell of affected turtles 
appeared to be caused by a reactive fibro- 
sis of the dermis which was continuous 
with an abnormal intertrabecular fib rosis 
within the bone itsc;lf Islands of outwardly 
migrating bone probably were being cre- 
ated by the pits and fib rosis. On the car- 
apace the material was piling up while on 
tlie plastron the material appeared friable 
enough to be slouglu^tl off during move- 
ment over the substrate, leaving an ulcer- 
ated area of dehydrated bone. There was 
little evidence of new bone formation, but 
greater c;vidence of bone destruction by 
osteoclasts as well as inHammatory cc^Us. 
The disease may have been caused by bac- 
terial invasion of the keratin layer, leadi ng 
to reactive dermal fibrosis extending into 
the bone, involuting epidermal pits, ulcer- 
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ation and inflaimnation, and excavation of 
the bone. The increase in fibrous tissue 
may have been part of the reactive repar- 
ative process. CHnically the diseased tur- 
tles appeared to be suffering from chronic 
shell dermatitis and osteitis ^vitll shell plate 
sloughing. 

Shell disease also has been observed in 
a free-ranging population of desert tor- 
toises (Gophenifi agassizii) in southern 
Cahfornia (Jacobson et al., 1994). The dis- 
ease, termed cutaneous dyskeratosis, af- 
fects tilt; shell and tliickened forelimb 
scutes. Affected areas were gray-white and 
occasionally orange and had a roughened 
flaky appearance. Interestingly, the authors 
also obseived that tiit; plastron was more 
severely affected than other areas t)f the 
integument. 

The treniatode eggs that causc;d the 
granulomas observed in the liver and 
spleen of some specimens may have been 
shed by cardiovascular trematodes {Spiror- 
chidae) which are common in some tur- 
tles. Wolke et al. (1982) described the 
pathologic response by loggerhead sea tur- 
tles {Caretta caretta) to some of these 
blood flukes and cited pertinent refer- 
ences. The heavily fibrous cuff observed in 
bile ducts is similar to that which we have 
seen in some fish from polluted areas, but 
reference turtle specimens from unaffect- 
ed areas were not avtiilable for c<nnpari- 
son. 

Toxic or immvniosuppressivc chemicals 
may be predisposing factors in shell dis- 
ease of turtles at Lake Blackshear, Differ- 
ential effects among species may be a con- 
sequence of dietaiy habits, increased ex- 
posure to ultraviolet radiation, or other 
ecological and behavioral factors that are 
interactive. Jacobson et al, (1994) noted 
that cutaneious dyskeratosis in desert tor- 
toises was suggestive of either a deficiency 
disease or toxicosis, although the exact 
cause of the disease could not be deter- 
mined. Further study will be required to 
verify tlte role ol these factors in the in- 
cidence oí shell disease in turtles. 
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