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Bosch et al., 2001; Muths et al., 2003;
Rothermel et al., 2008). Although salamanders do not seem to be affected as
severely by chytridiomycosis as many
anuran species, mortality and sublethal
effects (e.g., weight loss) have been
observed in several salamander species
(Chinnadurai et al., 2009; Vazquez et al.,
2009). Therefore, it seems that at least
some salamander populations are potentially vulnerable to B. dendrobatidis. The
southern Appalachian Mountain region is
an area of high salamander diversity and
endemism (Duellman and Sweet, 1999).
Unfortunately, knowledge of the prevalence of B. dendrobatidis in salamander
populations in this region is limited. Our
objective was to assess the prevalence of
B. dendrobatidis in several plethodontid
species associated with small, headwater
streams in southwestern North Carolina.
Surveys were conducted at the Coweeta
Hydrologic Laboratory (hereafter Coweeta; 35u039N, 83u259W), a long-term
ecological research site located in the
Nantahala Mountains, Macon County,
North Carolina (Swank and Crossley,
1988). Coweeta is a 2,185-ha predominantly forested site at an elevation of 675–
1,592 m that contains a dendritic network
of first- and second-order streams (Swank
and Crossley, 1988). The climate is
predicted to be suitable for B. dendrobatidis (Ron, 2005).
Larval and adult salamanders were
captured in six permanent first- or second-order streams from 10 June to 23 July
2009 (Fig. 1). Larvae were sampled using
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Chytridiomycosis is an emerging infectious disease contributing to the global
decline of amphibian populations (Berger
et al., 1998). Amphibians become infected
when zoospores produced by the fungus
Batrachochytrium dendrobatidis disperse
in water and infect keratinized epidermis
of individuals, although mortality typically
does not occur until metamorphosis (Berger
et al., 2005). The degree to which species
display signs of chytridiomycosis is variable,
with some species remaining subclinical
after infection (Vazquez et al., 2009).
Although B. dendrobatidis is widely
distributed in the southeastern USA,
chytridiomycosis has not been directly
linked with amphibian population declines
in this region. The fungus has been
correlated with population declines in
the western USA, Central America, Europe, and Australia (Berger et al., 1998;
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10 plastic mesh litter bags (70370 cm)
filled with leaf litter collected from stream
banks and placed individually in stream
pools every 10 m (Waldron et al., 2003).
Litter bags were secured in place by using
large rocks and checked approximately
biweekly. Adult salamander surveys were
conducted at least 1 hr after dusk. During
these surveys two researchers slowly
searched for surface-active adults along a
10-m stretch of the stream, including
approximately 1 m of riparian areas
adjacent to streams. Adults were captured
by hand or ‘‘fished’’ from stream bank
refugia (Camp and Lovell, 1989). A
different 10-m stretch was sampled on
each visit so it was unlikely that the same
individual was sampled more than once
because of the small home range size of
many salamander species (Peterman et al.,
2008). Individuals were identified to
species and swabbed to test for the
presence of B. dendrobatidis before being
returned to their site of capture.
Samples to test for B. dendrobatidis were
obtained from Desmognathus monticola (10
adults), Desmognathus ocoee (53 adults),
Desmognathus quadramaculatus (132
adults, five larvae), Eurycea wilderae (73
larvae), Gyrinophilus porphyriticus (four
larvae), and Plethodon shermani (one
adult). All of these species except for P.
shermani have an aquatic larval stage and
adults that use stream habitats to varying
degrees and may therefore encounter
zoospores of B. dendrobatidis. Individuals
were transported to the laboratory in 0.95-l
ZiplocH bags containing approximately
500 ml of stream water maintained at
,25 C. Adults were kept individually in
bags, but up to 15 larvae of the same species
were occasionally kept in the same bag as
part of another study. Individuals were then
transferred to a new ZiplocH bag to collect
B. dendrobatidis samples. Keeping individuals cool and bagged reduced their activity
and made them easier to handle. Samples
were collected by rubbing the complete
ventral surface of an individual with finetipped rayon swabs (DryswabsTM MW113,

FIGURE 1. Location of sampling sites for Batrachochytrium dendrobatidis surveys. The first- and
second-order headwater streams surveyed were
located at Coweeta Hydrologic Laboratory in Macon,
County, North Carolina, USA.

Medical Wire & Equipment Co., Corsham,
Wiltshire, England) at least 20 times. Swab
samples were air-dried approximately 5 min,
placed individually into 2-ml plastic vials
(VWR, West Chester, Pennsylvania, USA),
and frozen (approximately 220 C). Samples
were shipped overnight on ice to the
Amphibian Disease Laboratory at the San
Diego Zoo’s Institute for Conservation
Research (San Diego, California, USA).
DNA template for real-time Taqman PCR
was prepared from swabs using PrepManH
Ultra (Applied Biosystems, Foster City,
California, USA). PCR primers, probe,
exogenous internal positive controls, cycling
conditions, chemistry, and quantities of
sample DNA were as described previously
(Hyatt et al., 2007). Reactions were run in
triplicate on a 7900 Real-Time PCR System
(Applied Biosystems). Positive controls and
standard curves were constructed using 10fold serial dilutions of cultured B. dendrobatidis zoospores.
We did not detect B. dendrobatidis in
swabs from any species. One possible
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explanation of this is that the species
sampled are resistant to infection. This is
unlikely because B. dendrobatidis has
been observed in congeneric species, and
several plethodontid species have been
experimentally infected (Chinnadurai et
al., 2009; Vazquez et al., 2009). In
addition, B. dendrobatidis has been observed in a broad range of amphibian
hosts (.200 species; Aanensen, 2010), and
it is likely that many salamander species
are potential hosts as well.
A second possibility is that B. dendrobatidis was present but not detected.
Reports of B. dendrobatidis from watersheds in surrounding areas indicate that
the watersheds we sampled are suitable
habitat for B. dendrobatidis and suggest
that it may have been present (Chatfield et
al., 2009; Chinnadurai et al., 2009). We
sampled a large number of larval salamanders, which may have limited our ability to
detect B. dendrobatidis. Larval salamanders have relatively little keratinized
epidermis, which limits the colonizable
area for B. dendrobatidis. In addition,
several species of salamanders contain
cutaneous bacteria that produce antifungal metabolites that inhibit fungal infections, including B. dendrobatidis (Harris
et al., 2006). We do not know whether the
salamander species we sampled contain
such bacteria; if so, this may have reduced
the amount of B. dendrobatidis on individuals and limited our ability to detect it.
There is also evidence that B. dendrobatidis can be present in populations of
headwater stream salamanders at low
levels that can be difficult to detect during
surveys (Hossack et al., 2010). Given that
the watersheds we sampled seem to be
suitable habitat for B. dendrobatidis, the
potential sampling issues with larval salamanders, and the apparently general low
prevalence of B. dendrobatidis in salamander populations, it is possible that B.
dendrobatidis was present but in such low
levels that we failed to detect it.
A third possibility is that B. dendrobatidis was not present in these watersheds
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at the time of sampling. Assuming a low
prevalence of 1% might have existed,
there was a 94% probability that we would
have detected at least one positive individual by sampling 278 individuals as
calculated using Win Episcope 2.0
(CLIVE, Edinburgh, UK). Surveys from
other North American headwater stream
amphibian populations (including 18 salamander species) indicate a prevalence of
about 3% (Hossack et al., 2010). Assuming
a similar prevalence in the watersheds we
sampled, the probability of detecting at
least one positive would be close to 100%.
It is therefore possible that B. dendrobatidis is absent from the watersheds we
sampled. However, given that B. dendrobatidis has been found in nearby watersheds and the potential sampling issues
discussed above, we are not confident in
ruling out the possibility that it is present.
Rather, we believe that if B. dendrobatidis
is present, it is at such a low prevalence
that we were unable to detect it.
Our results provide support for the
growing body of evidence that if B.
dendrobatidis is present in headwater
stream salamander populations, it is present in such low levels that it can be
difficult to detect (Hossack et al., 2010).
Our results also may indicate that B.
dendrobatidis is absent from the watersheds we sampled, but further sampling is
needed to verify this possibility. The
southern Appalachian Mountains represent an area of high salamander diversity
and endemism and further research is
needed to determine the potential effects
of B. dendrobatidis on salamander populations in this area.
We thank Anna Moyer and Kate Arpen
for field assistance; Joe Milanovich, Jason
Love, and the staffs at Coweeta Hydrologic Laboratory and Highlands Biological
Station for logistic support; and Kristin
Benson, Isa Navarrete, Tammy Tucker,
and Mark Schrenzel from the Amphibian
Disease Laboratory at the San Diego Zoo’s
Institute for Conservation Research for
testing the samples. Funding was provided

458

JOURNAL OF WILDLIFE DISEASES, VOL. 47, NO. 2, APRIL 2011

by a Highlands Biological Station grant-inaid, the Purdue Center for Climate
Change Research, and the Department
of Forestry and Natural Resources and
School of Veterinary Medicine at Purdue
University. The Amphibian Disease Laboratory at the Zoological Society of San
Diego is partially supported by grant LG25-08-0066, ‘‘Infectious Disease Control
and Bioresource Banking for the Amphibian Extinction Crisis’’ from the Institute of
Museum and Library Services (IMLS).
Any views, findings, conclusions or recommendations expressed in this publication do not necessarily represent those of
the IMLS. The Purdue University’s Animal Care and Use Committee approved
our animal use protocol (PACUC 09-041).
LITERATURE CITED
AANENSEN, D. M. 2010. Bd-Maps. www.spatialepide
miology.net/bd-maps/. Accessed December 2010.
BERGER, L., R. SPEARE, P. DASZAK, D. E. GREEN, A. A.
CUNNINGHAM, C. L. GOGGIN, R. SLOCOMBE, M. A.
RAGAN, A. D. HYATT, K. R. MCDONALD, H. B.
HINES, K. R. LIPS, G. MARANTELLI, AND H. PARKES.
1998. Chytridiomycosis causes amphibian mortality associated with population declines in the
rain forests of Australia and Central America.
Proceedings of the National Academy of Sciences
of the United States of America 95: 9031–9036.
———, A. D. HYATT, R. SPEARE, AND J. E. LONGCORE.
2005. Life cycle stages of the amphibian chytrid
Batrachochytrium dendrobatidis. Diseases of
Aquatic Organisms 68: 51–63.
BOSCH, J., I. MARTINEZ-SOLANO, AND M. GARCIA-PARIS.
2001. Evidence of a chytrid fungus infection
involved in the decline of the common midwife
toad (Alytes obstetricans) in protected areas of
central Spain. Biological Conservation 97: 331–337.
CAMP, C. D., AND D. G. LOVELL. 1989. Fishing for
‘‘spring lizards’’: A technique for collecting blackbelly salamanders. Herpetological Review 20: 47.
CHATFIELD, M. W. H., B. B. ROTHERMEL, C. S.
BROOKS, AND J. B. KAY. 2009. Detection of
Batrachochytrium dendrobatidis in amphibians
from the Great Smoky Mountains of North
Carolina and Tennessee, USA. Herpetological
Review 40: 176–179.
CHINNADURAI, S. K., D. COOPER, D. S. DOMBROWSKI,
M. F. POORE, AND M. G. LEVY. 2009. Experimental infection of native North Carolina
salamanders with Batrachochytrium dendrobatidis. Journal of Wildlife Diseases 45: 631–636.
DUELLMAN, W. E., AND S. S. SWEET. 1999. Distribution patterns of amphibians in the Nearctic

Region of North America. In Patterns of
distribution of amphibians: A global perspective,
W. E. Duellman (ed.). Johns Hopkins University
Press, Baltimore, Maryland, pp. 31–110.
HARRIS, R. N., T. Y. JAMES, A. LAUER, M. A. SIMON,
AND A. PATEL. 2006. Amphibian pathogen
Batrachochytrium dendrobatidis is inhibited by
the cutaneous bacteria of amphibian species.
Ecohealth 3: 53–56.
HOSSACK, B. R., M. J. ADAMS, E. H. C. GRANT, C. A.
PEARL, J. B. BETTASO, W. J. BARICHIVICH, W. H.
LOWE, K. TRUE, J. L. WARE, AND P. S. CORN.
2010. Low prevalence of chytrid fungus (Batrachochytrium dendrobatidis) in amphibians of
U.S. headwater streams. Journal of Herpetology
44: 253–260.
HYATT, A. D., D. G. BOYLE, V. OLSEN, D. B. BOYLE, L.
BERGER, D. OBENDORF, A. DALTON, K. KRIGER, M.
HERO, H. HINES, R. PHILLOTT, R. CAMPBELL, G.
MARANTELLI, F. GLEASON, AND A. COLLING. 2007.
Diagnostic assays and sampling protocols for the
detection of Batrachochytrium dendrobatidis.
Diseases of Aquatic Organisms 73: 175–192.
MUTHS, E., P. S. CORN, A. P. PESSIER, AND D. E.
GREEN. 2003. Evidence for disease-related
amphibian decline in Colorado. Biological Conservation 110: 357–365.
PETERMAN, W. E., J. A. CRAWFORD, AND R. D.
SEMLITSCH. 2008. Productivity and significance
of headwater streams: Population structure and
biomass of the black-bellied salamander (Desmognathus quadramaculatus). Freshwater Biology 53: 347–357.
RON, S. R. 2005. Predicting the distribution of the
amphibian pathogen Batrachochytrium dendrobatidis in the New World. Biotropica 37: 209–221.
ROTHERMEL, B. B., S. C. WALLS, J. C. MITCHELL, C. K.
DODD, L. K. IRWIN, D. E. GREEN, V. M. VAZQUEZ,
J. W. PETRANKA, AND D. J. STEVENSON. 2008.
Widespread occurrence of the amphibian chytrid fungus Batrachochytrium dendrobatidis in
the southeastern USA. Diseases of Aquatic
Organisms 82: 3–18.
SWANK, W. T., AND D. A. CROSSLEY, JR. 1988.
Introduction and Site Description. In Forest
hydrology and ecology at Coweeta. W. T. Swank
and D. A. Crossley, Jr. (eds.). Springer-Verlag,
Berlin, Germany, pp. 5–16.
VAZQUEZ, V. M., B. B. ROTHERMEL, AND A. P. PESSIER.
2009. Experimental infection of North American
plethodontid salamanders with the fungus Batrachochytrium dendrobatidis. Diseases of
Aquatic Organisms 84: 1–7.
WALDRON, J. L., C. K. DODD, AND J. D. CORSER. 2003.
Leaf litterbags: Factors affecting capture of
stream-dwelling salamanders. Applied Herpetology 1: 23–36.
Submitted for publication 24 March 2010.
Accepted 22 October 2010.

