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The emerging infectious disease chytridiomycosis has been
implicated in the decline and extinction of numerous amphibian
species worldwide (Berger et al. 1998; Lips et al. 2006; Skerratt et
al. 2007). The fungus causing this disease, Batrachochytrium
dendrobatidis (Bd), has been present in North American amphib-
ian populations since at least the 1960s (Ouellet et al. 2005); how-
ever, in many areas of North America, there is little evidence of
negative effects of the disease on amphibian population persis-
tence. Understanding how environmental factors affect infection
prevalence is thus important for determining under what condi-
tions chytridiomycosis is likely to have a devastating impact on
populations.

We conducted a preliminary assessment of the role of season
and habitat quality on chytridiomycosis infection prevalence in
populations of the Wood Frog, Rana sylvatica, in southeastern
Michigan, USA. In laboratory studies, Bd appears to be limited by
temperatures outside the range of 4-25°C (Piotrowski et al. 2004).
Several studies also have noted that the prevalence and severity of
infections in wild populations tend to vary seasonally (Berger et
al. 2004; Kriger and Hero 2006, 2007; Retallick et al. 2004;
‘Woodhams and Alford 2005). Given this, we predicted that levels
of infection would be higher in the spring as opposed to the sum-
mer because the warmer temperatures experienced during the sum-
mer months in southeastern Michigan should limit Bd infection
rates (Berger et al. 2004; Kriger and Hero 2006, 2007; Ouellet et
al. 2005; Retallick et al. 2004; Woodhams and Alford 2005;
Woodhams et al. 2003). Additionally, habitat quality may affect
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infection rates because the higher stress levels associated with low

quality habitats may make individuals more susceptible to infec-
tion (Carey and Bryant 1995). Ponds that are exposed to high lev-
els of agricultural and urban runoff may be particularly stressful
for amphibians. For example, both pesticides (Relyea 2005) and
road de-icing salt (Sanzo and Hecnar 2006) affect larval Wood
Frog survivorship. Thus, we predicted that Wood Frog (Rana
sylvatica) populations in ponds surrounded by agricultural or ur-
ban areas would show higher levels of infection than populations
surrounded by intact, forested habitat.

Methods.—To assess whether season affects infection preva-
lence, breeding adults and metamorphs were tested for the pres-
ence of Bd DNA, since breeding adults often experience colder
temperatures than metamorphs. Adults were sampled from eight
populations in March 2007 and metamorphs were sampled from
five populations in June 2007. All adults and metamorphs were
sampled from populations on the University of Michigan’s Edwin
S. George Reserve (Fig. 1). Temperatures during the 30 days prior
to sampling ranged from -16-23°C (mean temperature = 2°C) for
the adults and 5-33°C (mean temperature = 20°C) for the
metamorphs. The dorsum, venter, and feet of adults and
metamorphs were swabbed with a sterile cotton swab. Swabs were
stored in 95% ethanol until extraction.

In addition, to assess the relationship between habitat quality
and Bd distribution, we collected larvae of R. sylvatica from 16
populations across southeastern Michigan (Fig. 1) during June 2005
and 2006. Aerial images (Michigan Department of Natural Re-
sources 1998) were used to select ponds with varying degrees of
surrounding forest and wetland fragmentation. Larvae were stored
in 95% ethanol until extraction. The oral discs of six individuals
from each population were excised in the lab using sterilized ra-
zor blades and forceps.

Extraction of Bd DNA was completed following the methodol-
ogy of Hyatt et al. (2007). DNA from larval samples was extracted
from the oral discs, whereas DNA from the metamorphs and adults
was extracted from the swabs. DNA extracted from larvae was
pooled in groups of three for each population. The pooled-larval
samples and both the adult and metamorph samples were then
diluted 1:10 with double deionized water. Tagman diagnostic quan-
titative PCR (Boyle et al. 2004) was used to detect the presence of
Bd DNA. Quantitative Tagman PCR assays were performed in
triplicate using an Applied Biosystems Prism 7700 Sequence De-
tection System following the protocol of Boyle et al. (2004). VIC_,
Exogenous Internal Positive Control reagents were used for the
detection of PCR inhibitors (Applied Biosystems following Hyatt
et al. 2007). Inhibitors did not appear to be present in any of the
samples. A sample was only considered positive for Bd if all three
replicates indicated the presence of the fungus. Samples testing
positive in one or two replicates were re-assayed once. If the sec-
ond assay produced a consistent negative or positive result for all
three replicates the sample was considered negative or positive,
respectively. Samples testing positive in one or two replicates of
the second assay were considered “suspicious.” Prevalence rates
were calculated by dividing the number of infected individuals by
the total number of sampled individuals. and 95 confidence in-
tervals were calculated based on a binomial disiribution (Stata
Intercooled v. 10.0).

The percentage of combined agricultural and urban land cover

Fic. 1. Wood Frog (Rana sylvatica) sampling locations in southeaster
Michigan, USA, showing areas sampled for Batrachochytriu.
dendrobatidis in adults (open circles), metamorphs (triangles), and la
vae (squares). Agricultural and urban areas are white. Forests, wetland
rivers, and lakes are gray.

within 1 km (estimated genetic neighborhood size of R. sylvaticc
Berven and Grudzien 1990) of each of the 16 ponds sampled fc
larvae was calculated in ArcGIS v. 9.2 using the 2001 Nation:
Land-Cover Database (Homer et al. 2004). This percentage range
from 6.18 to 78.55 (Table 1).

Results—Two of 239 (prevalence = 0.83%; 95% confidenc
interval = 0.1-3.0%) samples tested positive for the presence ¢
Bd. One of 70 (1.4%) adults, zero of 73 metamorphs, and 1-3 ¢
96 (1.0-3.1%) larvae tested positive in each of three replicates
The range surrounding the number of infected larvae arises fron
pooling the larvae into groups of three for the analyses. As a re
sult, a positive sample indicates that at least one of the three indi
viduals was positive for Bd. In addition, one of 70 (1.4%) adult
tested positive in two out of three replicates and thus was classi
fied as suspicious.

Discussion—We found a very low level of Bd infection in popu
lations of R. sylvatica in southeastern Michigan (0.83%). Othe
studies of North American R. sylvatica populations have founc
much higher rates of infection (15.5%, Longcore et al. 2007; 6.6%
Quellet et al. 2005). We calculated 95% confidence intervals fo:
each of these studies to assess the extent to which our results dif
fered from these previous studies and found that our confidence
intervals did not overlap (Longcore et al. 2007: 6.4-29.4%; Ouelle
et al. 2005: 3.4-11.1%). Our results are consistent with the idez
that the quality of the habitat and the season may be importan
predictors of infection rates. For the effects of season, we founc
one adult that tested positive for Bd, while no metamorphs testec
positive. Temperatures during the adult breeding period remainec
at or below the optimal temperature range for Bd, whereas during
the metamorph sampling period, temperatures exceeded the maxi-
mum temperature at which Bd can survive in the laboratory
(Piotrowski et al. 2004). Similarly, we detected Bd in larvae in @
pond exposed to one of the largest areas of anthropogenic distur-



TasLE 1. Wood Frog (Rana sylvatica) larval infection rat
-amount of agricultural and urban habitat surrounding ponds in
istern Michigan, USA.

Percent Agricultural/ Number Infected
Urban Land Cover Sample Size
6.18 0/6
8.73 0/6
14.61 0/6
15.35 0/6
17.06 0/6
17.09 0/6
18.09 0/6
2542 0/6
35.28 0/6
54.07 0/6
55.49 0/6
57.57 0/6
59.24 0/6
62.82 0/6
65.39 (1-3)/6
78.55 0/6

in wood frogs has been found to be higher (Longcore et al. 2007).
Similarly, differences in the structure of the landscape separating
populations may contribute to the variation in infection prevalence
across R. sylvatica’s range. A fragmented landscape, resulting in
reduced connectivity among amphibian populations, may hinder
the spread of Bd and thus keep regional infection rates low. Fur-
ther research at a broader geographic scale will be necessary for
evaluating whether such habitat differences contribute to the ob-
served patterns of infection in R. sylvatica.
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Ampbhibian decline is a global phenomenon with multiple causes
(Stuart et al. 2004). Some declines have been attributed to the
disease chytridiomycosis that affects the skin of amphibians
(Skerratt et al. 2007). The agent responsible for chytridiomycosis
is the fungus Batrachochytrium dendrobatidis (Berger et al. 1998).
There is evidence that the spread of B. dendrobatidis around the
world occurred in the last half century (Ouellet et al. 2005), and
there is a need for detailed information on its current spatial extent.
In Europe, B. dendrobatidis has been reported in several amphibian
species in multiple countries, such as Spain. Portugal, Italy,
Switzerland, France, Germany and the UK (Cunningham et al.
2005; Garner et al. 2005, 2006; Mutschmann et al. 2000; Simoncelli
et al. 2005; Stagni et al. 2004). No comprehensive surveys have
occurred in Denmark but a single record of B. dendrobatidis for
Rana k1. esculenta on the island of Bornholm is reported
(www.spatialepidemiology.net) and confirmed by Trent Garner

(pers. comm. to R. Scalera, 2007). Here, we report the results
surveys carried out at four sites in Denmark (Fig. 1) on two nat
amphibians: Rana temporaria and Rana Kl. esculenta.

In summer 2007, we hand captured individual amphibians a
sampled them for B. dendrobatidis by rubbing a cotton-tipped sw
over the body of each individual. Frogs were held separately pr.
to swabbing and technicians wore a new pair of gloves for ea
individual handled. The sampling is harmless and was carried ¢
in-situ so as to release the sampled animals within just a few mi
utes at the location where they were captured. As the frog w
restrained, the swab was firmly rubbed back and forth 25-30 tim¢
targeting the drink patch, the mouth, and the webbing betwe:
each toe. The swab was immediately inserted, cotton side dow
into a 2 ml screw-cap tube containing 1 ml of 70% ethanol a1
stored upright. Vials were shipped to the laboratory for analysi
and each swab was analyzed individually for the presence of .
dendrobatidis. Swabs were qualitatively analyzed using a PC
assay (45 amplification cycles). Presence of B. dendrobatidis wi
determined by presence of PCR product visualized on agarose ge
(30-90 minute electrophoresis) containing positive controls. Frag
ments were sized using a molecular weight marker (Pisces M
lecular LLC, Boulder, Colorado, USA (Annis et al. 2004; J. Wooc
pers. comm.). All field gear was cleaned with a brush and wate
and then sterilized using a dilute bleach solution between eac
sampling location. .

Two of the 13 amphibians we swabbed were positive for £
dendrobatidis (Table 1). We found B. dendrobatidis on individu
als from both species and at 2 of the 4 study areas we examinec
One of the positive results was for an adult of Rana kl. esculent,
captured in Vestamager. The other positive result was for a juve
nile of Rana temporaria captured in Egense. We did not find an’
frogs that were dead or that appeared to be sick.

Bornholm

Vestamager
R 3. (Copenhagen)
0 60 120 Kilometers

FiG. 1. Locations of study areas in Denmark where amphibians were
sampled for the presence of Batrachochytrium dendrobatidis in 2007.
Circles are filled at locations where we found B. dendrobatidis. The square
symbol indicates the location of the positive record reported by Trent
Garner (see text). Vestamager is located on the island of Zealand, close to
Copenhagen, Egense is on Fyn Island. and both Amtoft and Klosterheden
are on the Jutland Peninsula.



