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+ INTRODUCTION

Batrachochytrium dendrobatidis (Figure 1)
is a newly described chytridiomycete fungus that
infects amphibian keratin (Berger et al. 1998). It is
reported to cause disease and mortality in
metamorphosed amphibians around the world (Lips
1998; Young et al. 2001; Bradley et al. 2002; Muths
et al. 2003). In several cases, this pathogen is
believed to be the primary cause of extinction for
amphibian species (Daszak et al. 1999).
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Figure 1. Batrachochytrium dendrobatidis sporangia containing
zoospores (400x).

-

Within the last few years, the United States
Geological Survey (USGS), in conjunction with
Idaho State University (ISU) and the National Park
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Service, has been screening amphibian populations
for B. dendrobatidis in the Rocky Mountain area.
Boreal toads (Bufo boreas boreas) (Figure 2), once
common in Colorado, have likely been decimated by
chytridiomycosis  (disease associated with B.

dendrobatidis) (Muths et al. 2003). In a recent study
by Carey et al. (2006) the boreal toad from Colorado
was found to be susceptible to the B. dendrobatidis
under laboratory conditions.

Figure 2. Boreal toad, Bufo boreas boreas

On the other hand, B. dendrobatidis has
been identified in at least 4 populations of boreal
toads in Grand Teton National Park (Figure 3) and
the adjacent Bridger-Teton National Forest (Erin
Muths and Susan Wolff, personal communication)
and 2 populations in the adjacent National Elk
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Refuge (D. Patla, personal communication), yet
significant mortality has not been reported. Repeated
sampling of tagged boreal toads by USGS suggests
animals can survive from one year to the next with
the fungus (E.Muths, personal communication).
Similar variation in the mortality rates associated
with this fungus has been reported in other parts of
the world (Berger et al 1998; Retallick et al 2004).
These findings have given rise to a number of
questions regarding the host, pathogen and
environmental factors involved in the manifestation
of chytridiomycosis.

Figure 3. Grand Teton National Park

More information on the spatial and
temporal distribution of this potential pathogen
within the Greater Yellowstone Ecosystem, and the
factors necessary to induce chytridiomycosis is
required. The breeding sites in the greater Grand
Teton area provide a unique opportunity to study this
fungal pathogen in a region where it does not appear
to cause significant acute disease in amphibians.

+ METHODS

We sampled different life stages of boreal
toads at four sites where B. dendrobatidis has been
detected in recent years on the skin of adult
amphibians. These data provide additional
information on the infection status of populations
sampled in previous years. In addition, the data
provide information on the life stage(s) when toads
become infected with the pathogen. Data were
collected in collaboration with members of the USGS
amphibian monitoring program (Erin Muths and
Steve Corn), and the Grand Teton National Park
biologist (Susan Wolff). The sampling scheme used
also provided us with the opportunity to culture of B.
dendrobatidis isolates for our laboratory-based
pathogenicity studies.

Four boreal toad breeding sites (Blackrock
area oxbow pond on the Bridger-Teton National
Forest, Snake River Quarry near Flagg Ranch in the
J.D. Rockeller Memorial Parkway of GTNP, Nowlin
Creek on the National Elk Refuge, and Lower
Schwabacker in GTNP) within a 60 mile radius of the
UW-NPS Research Station were visited (Figure 4).
Different life stages of amphibians were collected
and tested for B. dendrobatidis using PCR techniques
and culture as described in Annis et al (2004) and
Rachowicz and Vredenburg (2004), respectively.

Figure 4. Study sites in relation to Grand Teton National Park

Approximately twenty metamorphs
(toadlets) from each of the sites (except Schwabacker
where no metamorphs were found) were also
swabbed in a similar manner as the adult toads with
the exception that cotton swabs were used for both
the fungal culture sample and the PCR sample.

Approximately twenty adults were non-
lethally sampled during the breeding season at each
of the locations. Adults were also tested whenever
they were found on subsequent visits. Animals were
swabbed twice, once with a sterile plastic bioloop
(Fisher cat # 13-075-3) and a second time with a
cotton tipped wooden applicator stick (Fisher cat #
14-959-91) (Figure 5). The plastic loop was stored in
ethanol and the cotton swab was stored in TGhL
culture broth (Johnson, Amphibian Diseases Ecology
Group, School of Public Health and tropical
Medicine, Townsville, Australia).
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Up to 6 strands of eggs (5 cm in length) at
each of the four study sites, with the exception of the
Snake River Quarry where no eggs were found, were
collected in ethanol for PCR testing. Between 20 and
40 tadpoles were euthanized in Tricaine methane
sulfonate  (MS-222), examined for mouthpart
abnormalities at 10X magnification, and stored in
ethanol for subsequent testing by PCR.

®

Figure 5. Bufo boreas boreas being swabbed
ventrally for chytrid

Adult' and metamorph PCR samples were
tested at Idaho State University. Tadpoles and eggs
were sent to Pisces Molecular laboratory (Boulder,
Colorado) for evaluation. For tadpoles, only the
mouthparts were submitted for testing as only these
parts contain keratinized tissue necessary for chytrid
growth (Longcore et al. 1999). Mouthparts were
pooled into groups of three to five animals from
similar locations. An attempt was also made to only
submit the outer layer of the egg membrane for PCR
testing to avoid dilution of the samples.

Chytrid PCR Protocol (ISU)

Swabs in ethanol were vortexed and all
liquid was decanted into a centrifuge tube. Samples
with plastic loops were centrifuged directly. Tubes
were spun at 13000 RPM for 10 minutes in a micro-
centrifuge. The ethanol was then decanted and
discarded, while the sample tubes with pellet were
dried at 37° C for approximately 30 minutes, or until
all ethanol had evaporated. Pellets were then re-
suspended in 25 ul of sterile-filtered TRIS. This was
used directly in the PCR reaction.

Each PCR reaction consisted of 50-ul total
volume in a 0.2 mL thin-walled PCR tube. Each
reaction consisted of 5 ul of 10x buffer, 29.5 pl of
nuclease-free water, 8 ul of dNTPs (di-

" The 4 adult toads sampled from the National Elk
Refuge were sent to Pisces Molecular Laboratory for
PCR testing.
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nucleotriphosphates), 1 pl of forward primer Bdla, 1
ul of reverse primer Bd2a, 0.5 pl of Polymerase and 5
ul of sample template. The PCR primers used in this
study are described in Annis et al. (2004). Primer
Bdla was

5'-CAGTGTGCCATATGTCACG-3'

and Bd2a was
5'-CATGGTTCATATCTGTCCAG-3' ; both were
made by Integrated DNA Technologies.

PCR reaction tubes were placed in a
thermocycler and were run on the following program:
10 minutes at 95 °C to lyse cells, 40 cycles of 1
minute at 95°C, 1 minute at 60 “C (annealing) and 1
minute at 72 °C (elongation), followed by a final
elongation of 4 minutes at 72°C. Samples were then
stored at 4 “C.

For each PCR product, 5 pl was added to 1
ul of 6x bromophenyl blue loading dye and loaded
into a 1 % agarose gel stained with Ethidium
Bromide. The gel was run in an electrophoresis block
at 98 V constant for approximately 25 minutes, then
removed. Gels were viewed using a photo imager
using the program "Flour-S". A fluorescent band at
300 base-pairs indicated a positive PCR reaction for
the primers used in this study. Bands from a select
number of positive samples were sequenced to
confirm the product.

Culture

Broth and agar media containing Tryptone,
hydrolysed gelatine, lactose, and the antibiotics
streptomycin, tetracycline and Penicillin G were
made as described by Johnson
(http://www.jcu.au/school/phtm/PHTM/frogs/protoco
1/bd-media-protocol.pdf). Subsequent media for the
toadlet swab samples was made using Fluconozole
(an anti-yeast agent).

Swabs were inoculated in the TGhL broth at
least overnight and up to 3 days at approximately 18"
C. These were subsequently plated on TGhL agar
plates and placed at 18 °C for 7 days. The plates
were examined for growth every other day. Colonies
were examined under 1000X light microscopy.
Plates with excessive growth were sub-sampled, and
later examined for identification of organism(s).
Gram stains were done on approximately 30 smears.
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+ RESULTS

PCR

Batrachochytrium  dendrobatidis was
detected by PCR and confirmed by sequencing on
adults during the breeding season at all four study
sites sampled in 2005 (Table 1). With the exception
of the National Elk Refuge, the prevalence of B.
dendrobatidis was relatively low (range between
2.8% and 25%). Only 4 adults were sampled from
the National Elk Refuge during the breeding season,
but 2 of these were PCR positive for B.
dendrobatidis. ~ The only metamorph that tested
positive by PCR was also from the National Elk
Refuge (Table 1).

Number tested Number
positive
Blackrock
Adults during breeding 36 1(2.8%)
scason
Adults during summer 5 2 (40%)3
Eggs S strands 0
Tadpoles 9 samples (36 0
tadpoles)
Mectamorphs 21 0
Schwabacker
Adults during breeding 19 1 (5.3%)
scason
Adults during summer 10 0
Eggs 1 strand 0
Tadpoles 7 samples (20 0
tadpoles)
Mectamorphs 1 0
National Elk Refuge
(Nowlin)
Adults during breeding 4 2* (50%)
scason
Adults during summer 11 0
Eggs S strands 0
Tadpoles 4 samples (8 0
tadpoles)
Mectamorphs 32 1
Snake River Quarry
Adults during breeding 20 5 (25%)
scason
Adults during summer 0 NA
Eggs 0 NA
Tadpoles 6 samples (28 0
tadpoles)
Mectamorphs 20 0
Table 1. Summary of test results for animal sampled for

Batrachochytrium dendrobatidis. Included arc the location where
the animal was sampled and its life stage.

*Pisces lab

'Two tadpoles had missing pigment on their mouth parts.

? One of these samples was abnormally shedding skin.

None of the tadpoles sampled or any of the
egg samples were positive for B. dendrobatidis by
PCR (Table 1).

Culture

No samples cultured positive for B.
dendrobatidis. Many of the cultures were overgrown
by yeast within 3 days. Samples cultured on TGhL
agar plates containing fluconozole were negative for
B. dendrobatidis by PCR and culture. These had
limited yeast growth.

+ DISCUSSION

Batrachochytrium dendrobatidis was
identified by PCR in breeding adult boreal toads from
each of the four locations sampled, which is
consistent with previous studies conducted in these
areas. However, with the exception of the adult toads
sampled from the National Elk Refuge, which were
tested at a different laboratory, the prevalence of the
fungus in populations sampled in this study was
generally lower than in previous years.  The
discrepancy in prevalence between sites and between
years may be attributed to the different laboratories
(and technique) used for PCR testing.

No mortalities were noted at any of the sites
visited and all toads sampled, with the exception of
one which was abnormally shedding its skin,
appeared normal. The individual with clinical signs
of chytridiomycosis (abnormally shedding its skin)
tested positive for B. dendrobatidis by PCR (Table
1).

Based on these results it would appear that
B. dendrobatidis is still present in the Grand Teton
National Park area, and toads with the fungus
generally do not have clinical signs of
chytridiomycosis.

We did not detect the fungus on any eggs or
tadpoles, and these findings were consistent with
other reports that these life stages of the boreal toad
are not susceptible to the fungus. However, a recent
report by Blaustein et al. (2005) suggests tadpoles
may be susceptible to disease when exposed to B.
dendrobatidis experimentally. Based on the data in
our study it would appear that toads are likely
becoming infected with the pathogen as adults, and
perhaps occasionally as metamorphs (toadlets).
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Batrachochytrium dendrobatidis was not
confirmed by culture in any of the samples collected
(n=150). In many cases, yeast was apparent on the
cultures within 3 days.  Whether or not this
prohibited B. dendrobatidis from growing is
unknown. Fluconozole was added to the culture
media for the samples collected from the toadlets and
the adults sampled late in the summer to suppress
yeast; however, these individuals (with the exception
of 1) were negative for the fungus by PCR so the
media could not be properly assessed on field
samples. Using an established laboratory culture
Fluconozole appears to suppress B. dendrobatidis
slightly.

+ FUTURE RESEARCH

More research is required on the role water
quality parameters play in the manifestation of
chytridiomycosis. The pH of water at the sites
sampled last year was above 8.0 and the conductivity
was greater than 140 ps (Table 2). These water
quality parameters may not be conducive for B.
dendrobatidis growth and may explain why it is not
causing acute disease in toads found at the four sites
sampled.

Location UTM pH Conductivity | Temperatur
(Nad 27 (us) ¢ (0)
z12)

Blackrock 552480, 9.8 176.4 18
4853370

Schwabacker | 526473, 8.4 161.7 16
4839952

National Elk | 522372, 9.0 300 30

Refuge 4818872

Snake River | 525406, 9.58 139.5 24

Quarry 4881761

Table 2. Location of sites where toads were sampled and water
quality parameters at the sites. Water quality was taken the first
week of August 2005.

In a study by Hawk (2000) it was found that
the boreal toad populations with the best breeding
success in the Greater Yellowstone area were those
using ponds with high conductivity water. It was
hypothesized that this water parameter reduced
osmoregulatory stress (Hawk, 2000).

In the summer of 2006, we will investigate
the role of water quality parameters on the
development of chytridiomycosis by sampling more
sites for B. dendrobatidis and collecting detailed
water quality information, including temperature,
conductivity and pH, over time at each location, and
by conducting laboratory challenges using different
water conductivity and pH. Our laboratory study will
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also permit us to evaluate the susceptibility of the
boreal toad found in Wyoming to B. dendrobatidis.
Furthermore, we will modify our culture media and
attempt to culture the fungus again in 2006 on
animals that are likely to be infected (i.e. breeding
adults).
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