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Abstract
Wildlife disease is an emerging threat to biodiversity. The amphibian chytrid
fungus Batrachochytrium dendrobatidis (Bd), which causes the disease
chytridiomycosis, has been documented in over 500 amphibian species globally.
Understanding conditions under which amphibians are vulnerable to Bd is
important for evaluating species risk and developing surveillance strategies.
Here, we investigate the spatial distribution of Bd infection in the ephemeral
pond-breeding yellow-bellied toad Bombina variegata, a species of high conser-
vation concern in the European Union. We sampled 550 toads from 60 ponds in
a traditional agricultural landscape in Southern Transylvania, Romania.
Overall, Bd prevalence was low in B. variegata, but infected toads were widely
dispersed through the landscape and were found in a quarter of all sampled
ephemeral ponds. At the pond level, increased Bd occurrence was associated
with short distances to perennial water sources and high forest cover. These
findings suggest that perennial water sources may act as source habitat for Bd,
with amphibian movements resulting in Bd spillover into ephemeral ponds.
Increased Bd occurrence in ponds surrounded by high levels of forest cover is
likely related to cooler and wetter conditions that are more favourable for Bd.
Throughout the study landscape, patchy environmental suitability for Bd
appears to restrict the pathogen to a subset of B. variegata habitat. Ephemeral
ponds in open landscapes, without nearby perennial habitat, likely provide an
environmental refuge from Bd, where the risk of infection is low. From a con-
servation perspective, these findings highlight the importance of maintaining
ephemeral ponds in open landscapes, but these are currently threatened by land-
use change.

Introduction

Emerging infectious diseases are increasingly recognized as
a key threat to wildlife (Daszak, Cunningham & Hyatt,
2000; Fisher et al., 2012). However, the threat posed by
infectious disease can vary spatially across the range of a
given host species (Meentemeyer, Haas & Václavík, 2012).
Disease prevalence can be high in areas with optimal
conditions for pathogen growth and survival, while areas
with low pathogen suitability can provide important refuges
(Becker & Zamudio, 2011; Forrest & Schlaepfer, 2011;
Puschendorf et al., 2011; Savage, Sredl & Zamudio, 2011).
As such, understanding how environmental conditions
influence pathogen distribution and host exposure is
important for evaluating the risk facing potentially
affected species and for informing disease surveillance

strategies (Ostfeld, Glass & Keesing, 2005; Meentemeyer
et al., 2012).

Fungal pathogens have been identified as a major emerg-
ing threat to wildlife and have been linked to mass declines
across a broad range of taxa (Fisher et al., 2012). One of the
most prominent examples is the disease chytridiomycosis,
which is caused by the amphibian skin pathogen
Batrachochytrium dendrobatidis (Bd; Berger et al., 1998;
Skerratt et al., 2007). Batrachochytrium dendrobatidis was
first identified in 1998 and has subsequently been implicated
in the extinction of over 100 species and the severe decline of
another 100 species (Berger et al., 1998; Skerratt et al., 2007;
Fisher, Garner & Walker, 2009). The pathogen is now
found on all continents where amphibians occur and has
been documented in 516 of 1240 (42%) species sampled
(Olson et al., 2013).
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Batrachochytrium dendrobatidis is a waterborne pathogen
and is primarily transmitted through contact with aquatic
zoospores or infected individuals (Fisher et al., 2009).
However, Bd is intolerant of desiccation (Johnson et al.,
2003) and is not known to persist for extended periods
saprophytically (Johnson & Speare, 2003). Reflecting these
limitations, amphibians with strong aquatic associations are
at greatest risk of infection (Lips, Reeve & Witters, 2003;
Skerratt et al., 2010; Murray et al., 2011b), while direct
developing and ephemeral pond-breeding amphibians are
less commonly infected (Lips et al., 2003; Kriger & Hero,
2007; Skerratt et al., 2010). Despite this, Bd has caused
serious declines in some ephemeral pond-breeding amphib-
ians (Hunter et al., 2010). Recent research has documented
moderate infection prevalence in several species that pre-
dominantly breed in ephemeral ponds (Baláž et al., 2013;
Riley, Berry & Roberts, 2013; Woodhams et al., 2014),
highlighting the limitation of generalizations based on host–
habitat associations.

Investigating environmental conditions under which
ephemeral pond-breeding species are vulnerable to Bd is
important for determining the risk facing potentially
affected species and informing management actions. A
range of factors are known to influence environmental suit-
ability for Bd, including water temperature (Forrest &
Schlaepfer, 2011; Savage et al., 2011), salinity (Heard et al.,
2014; Scheele et al., 2014b) and predatory microorganisms
(Schmeller et al., 2013). However, most existing research has
focused on Bd dynamics in perennial habitats, such as rivers
and lakes. Similar factors may influence ephemeral pond
suitability for Bd. Yet, as the pathogen is likely extirpated
when ponds desiccate for extended periods, other factors
such as spatial proximity to source populations, from which
Bd can recolonize, may also be important (Ostfeld et al.,
2005; Padgett-Flohr & Hopkins, 2010).

In this paper, we investigate the spatial distribution of Bd
infection in the ephemeral pond-breeding yellow-bellied

toad Bombina variegata in a traditional agricultural setting
in Southern Transylvania, Romania. Bombina variegata is
an ideal study species because it is susceptible to Bd infec-
tion (Baláž et al., 2013) and is widespread throughout the
study landscape (Hartel & von Wehrden, 2013). Moreover,
it is a species of high conservation concern in the European
Union. Batrachochytrium dendrobatidis has recently been
detected in Romania, however, pathogen prevalence, distri-
bution and host impacts are unknown (Vörös et al., 2013).
More broadly, despite the presence of susceptible amphib-
ian species and suitable environmental and climatic condi-
tions, knowledge on Bd in Eastern Europe is currently very
limited (Ohst, Gräser & Plötner, 2013; Vörös et al., 2013).

We hypothesized that the occurrence of Bd infection would
be more likely in (1) B. variegata sampled from ephemeral
ponds in close proximity to more permanent amphibian
breeding areas, which may act as source habitat for Bd
(Padgett-Flohr & Hopkins, 2010; Murray et al., 2011a) and
(2) forested environments, which have cooler, wetter condi-
tions that may favour Bd persistence. To test these hypotheses,
we sampled 550 B. variegata from 60 independent ponds
across a heterogeneous landscape and collected information
on the environmental context of each pond.

Materials and methods

Study region and species

Our study was conducted in Southern Transylvania,
Romania (Fig. 1). The region is undulating and land cover is
dominated by broadleaf forest (42%), pasture (22%) and
arable fields (20%). The region has a temperate climate,
experiencing cold winters and mild, humid summers with
limited spatial variability throughout the region. The land-
scape harbours many small ephemeral ponds that originate
from traditional farming practices and provide habitat for
amphibians, while fish ponds and small perennial streams

Figure 1 The location of the study region in
Central Romania showing the spatial distri-
bution of sampled ponds and ponds where
Batrachochytrium dendrobatidis (Bd)-
infected Bombina variegata occurred.
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occur at low densities throughout the landscape (Hartel &
von Wehrden, 2013). Exotic amphibian species that may act
as vectors for Bd are absent (Vörös et al., 2013).

Bombina variegata has experienced large declines related
to habitat loss in Western Europe (Kuzmin et al., 2009) and
is protected under European Union Habitats Directive
Annex II and IV. However, in many Central and Eastern
European countries, the species remains locally abundant
where suitable habitat occurs (Kuzmin et al., 2009). In the
study landscape, B. variegata is common and widespread
(Hartel, 2008; Hartel & von Wehrden, 2013). Bombina
variegata is susceptible to Bd and is commonly infected in
Western and Central Europe (Baláž et al., 2013; Woodhams
et al., 2014). The frequency of Bd-induced mortality in the
wild is unknown, but infection intensities are generally low
in adults (Spitzen-van der Sluijs et al., 2014). In the labora-
tory, Bd-infected B. variegata tadpoles can experience sub-
stantial (61%) mortality after metamorphosis (Woodhams
et al., 2014). Similarly, Bd-induced mortality has been docu-
mented in recently metamorphosed, wild collected individu-
als of the closely related species, B. pachypus (Stagni et al.,
2004), and chytridiomycosis may have contributed to this
species’ decline (Canestrelli, Zampiglia & Nascetti, 2013).

Sampling design

In May 2013, we sampled 550 B. variegata (adults n = 469,
juveniles n = 81) from 60 ponds (Fig. 1). At each pond we
sampled 10 toads, apart from instances when fewer than 10
toads were present (n = 16). In these cases, between seven
and nine toads were sampled. Ponds with fewer than seven
toads were not sampled. The original study design was to
sample 60 randomly selected ponds from the database
reported in Hartel & von Wehrden (2013). However, the
spring of 2013 was unusually dry and many potential ponds
did not form (Scheele et al., 2014a). As such, to reach the
desired sample size, we opportunistically surveyed new areas
in addition to resurveying known breeding ponds described
by Hartel & von Wehrden (2013), sampling toads when
encountered. In total, we sampled 30 ponds in forest and 30
in open pastures and all ponds were separated by distances
greater than 500 metres, with the exception of two ponds.

Batrachochytrium dendrobatidis testing

We used sterile swabs (SWA90006; Biolab, Budapest,
Hungary, 5 mm diameter, n = 466, and MW100-100;
Medical Wire and Equipment, Wiltshire, England, 3 mm
diameter, n = 84) to sample B. variegata for Bd. All sampling
was conducted within a 1-month period to minimize any
impact of seasonal variation (c.f. Phillott et al., 2013). Each
sample was collected in a standardized way with three strokes
on each side of the abdominal midline, the inner thighs,
hands and feet. A new pair of disposable gloves was used for
each sample. Samples were analysed using real-time quanti-
tative polymerase chain reaction following the methodology
of Boyle et al. (2004) and Hyatt et al. (2007). To account for
differences in swab size, only the top 3 mm of the Biolab

swabs was used, while the whole tip of the Medical Wire and
Equipment swabs was used. There was no significant differ-
ence in Bd prevalence between individuals sampled with the
two swab types (Fisher’s exact test, P = 0.78). We recognize
that using only a single type of swab would have been pref-
erable, but this was not possible because of logistic obstacles.
Notably, we focused on presence/absence data in our analy-
ses, and for this reason, we believe using two different kinds
of swabs is unlikely to have affected our results. Samples were
run in triplicate and included an internal positive control
(TaqMan exogenous internal positive control reagents;
4308323; Life Technologies, Budapest, Hungary) to detect
inhibitors present in the DNA extractions. Inhibition
occurred in one sample, which was excluded. We considered
a sample positive if all three wells returned a positive reac-
tion. When a sample returned an equivocal result, it was
re-run. If it again returned an equivocal result, it was consid-
ered negative. The templates were run on a Rotor-Gene 6000
real-time rotary analyser (Corbett Life Science, Sydney,
Australia). Genomic equivalents (GE) were estimated from
standard curves based on positive controls of 100, 10, 1, 0.1
developed from the Bd isolate IA 2011, from Acherito Lake,
Spain. We considered evidence of infection with ≥ 0.1 GE
(lowest observed positive = 0.54 GE).

Environmental variables

For each pond, we recorded the following environmental
variables: elevation (well known to influence Bd e.g.
McDonald et al., 2005), percentage of woody vegetation
cover within 300 m and distance to perennial water. Per-
centage of woody vegetation was derived from a supervised
classification of the panchromatic channels of SPOT 5 data
(CNES 2007, Distribution Spot Image SA, Toulouse,
France) using a support vector machine algorithm (Knorn
et al., 2009). Woody vegetation cover can influence Bd
prevalence (Becker et al., 2012) and a 300-m buffer was used
to capture environmental context and terrestrial habitat
used by B. variegata (Hartel, 2008). Distance to perennial
water was measured as the Euclidean distance to either fish
ponds, livestock water troughs or perennial streams – habi-
tats which are commonly occupied by amphibians in the
study region (Hartel & von Wehrden, 2013). Distance to
perennial water was measured because perennial water
sources may provide important habitat for Bd
(Padgett-Flohr & Hopkins, 2010; Murray et al., 2011a,b).

Statistical analysis

We used logistic regression to investigate whether Bd occur-
rence was related to explanatory variables. We analysed
data at the pond level, classifying ponds as infected or
uninfected based on the presence-absence of infected
B. variegata. Because infection prevalence was higher in
juveniles than adults (see Results section), we included the
proportion of sampled individuals in each pond that were
juveniles as a potential explanatory variable. This variable
exhibited a bimodal distribution and for this reason, was
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converted to presence-absence of juveniles. Prior to analysis,
we ensured that there was no collinearity between the
explanatory variables.

We constructed a set of 15 candidate models arising from
all combinations of four explanatory variables (elevation,
percentage of woody vegetation cover, distance to perennial
water and juvenile presence-absence). Based on the set of
candidate models, we used an information-theoretic model
selection process to rank models based on their Akaike’s
information criterion value with a correction for small
sample size (AICc) (Burnham & Anderson, 2002) using the
package ‘AICcmodavg’ (Mazerolle, 2013). Models with
ΔAICc values < 2 that contained parameters in the highest
ranked model plus one or more additional parameters were
not considered because these additional parameters do not
explain enough variation to justify their inclusion and hence
have negligible ecological effect (Arnold, 2010). All statisti-
cal analyses were implemented in the R environment (R
Development Core Team, 2014).

Results

Batrachochytrium dendrobatidis in
B. variegata

Overall infection prevalence in B. variegata was 4.5% [con-
fidence interval (CI) = 3–6%]. Juveniles had a higher preva-
lence of infection (14.8%, CI = 8–24%) compared with
adults (2.7%, CI = 1.5–4%). Infection intensities were gen-
erally low (mean = 21.3 GE, se = 7.4), but one individual
had a moderate infection (GE = 164).

Spatial distribution of Bd infection

Sixteen out of 60 ponds (26.6%) contained Bd-infected
B. variegata (Fig. 1). Most ponds with Bd-infected
B. variegata had only one infected individual (Table 1). The
highest ranked model contained two explanatory variables,
namely distance to perennial water and percentage woody
vegetation cover within 300 m (Table 2). The probability of
a pond containing Bd-infected toads decreased with increas-
ing distance from perennial water sources (Fig. 2a) and
increased with high woody vegetation cover (Fig. 2b)
(Table 3).

Discussion
We found that Bd was widespread across the study region.
However, the pathogen was non-randomly distributed, with
ephemeral ponds closer to perennial water sources and those
surrounded by high levels of forest cover more likely to
contain infected toads. We suggest that this pattern reflects
pathogen spillover into ephemeral ponds because of
amphibian movements from nearby, more permanent
breeding habitats. Batrachochytrium dendrobatidis appears
to have a patchy distribution, indicating that environmental
refuges, where the risk of Bd exposure is low, likely occur
throughout the landscape.

The spatial configuration of amphibian breeding habitats
across the landscape appears to be an important determi-
nant of Bd distribution in ephemeral pond-breeding
amphibians. Batrachochytrium dendrobatidis is sensitive
to desiccation and is unlikely to persist in ephemeral
ponds during extended dry periods (Johnson et al., 2003;
Padgett-Flohr & Hopkins, 2010; Murray et al., 2011a),
while perennial ponds can remain Bd-positive over

Table 1 Number of adult and juvenile Bombina variegata sampled
and number infected with Batrachochytrium dendrobatidis in ponds
where the pathogen was detected

Pond

Adult Juvenile

Sampled Infected Sampled Infected

1 6 0 1 1
2 10 1 0 0
3 10 1 0 0
4 8 0 2 1
5 10 2 0 0
6 7 1 1 1
7 8 1 2 1
8 9 1 3 0
9 6 1 4 1

10 6 1 1 0
11 8 1 0 0
12 4 1 4 3
13 9 1 1 0
14 9 0 1 1
15 8 1 2 0
16 3 0 7 3

Table 2 Akaike’s information criterion model rankings for the
different candidate models explaining Batrachochytrium
dendrobatidis occurrence at the pond level

Model k AICc ΔAICc wi

Water + woody vegetation 3 63.01 0.00 0.33
Water + woody vegetation + juveniles 4 64.54 1.53 0.15
Water + woody vegetation + elevation 4 64.89 1.89 0.13
Water 2 65.17 2.17 0.11
Water + elevation 3 65.73 2.73 0.08
Water + juveniles 3 66.02 3.01 0.07
Water + woody vegetation + juveniles

+ elevation
5 66.63 3.62 0.05

Woody vegetation + juveniles + elevation 4 66.68 3.67 0.05
Juveniles 2 70.12 7.12 0.01
Woody vegetation + elevation 3 71.85 8.84 0.00
Juveniles + elevation 3 72.34 9.33 0.00
Woody vegetation 2 73.45 10.44 0.00
Elevation 2 73.80 10.79 0.00
Woody vegetation + juveniles + elevation 4 74.08 11.08 0.00
Woody vegetation + elevation 3 75.58 12.57 0.00

ΔAICc, difference in AICc compared with the model with the lowest
AICc; AICc, Akaike’s information criterion corrected for small sample
size; elevation, elevation of pond; juveniles, presence-absence of
sampled juveniles at pond; k, number of parameters; water, distance
to perennial water source; wi, model weight; woody vegetation,
percentage woody vegetation cover.
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consecutive years and may act as source habitat for Bd
(Padgett-Flohr & Hopkins, 2010; Murray et al., 2011a).
Because there are no direct physical connections between
perennial and ephemeral ponds in our study region, the
most likely reason for the higher incidence of ponds con-
taining Bd-infected toads closer to perennial water sources is
pathogen spillover because of amphibian movements (c.f.
Padgett-Flohr & Hopkins, 2010). In the study landscape,
B. variegata occurs in approximately one quarter of peren-
nial ponds (Hartel & von Wehrden, 2013), but the species
prefers to breed in ephemeral ponds and moves into such

ponds as they form (Hartel, 2008; Hartel, Băncilă &
Cogălniceanu, 2011). Batrachochytrium dendrobatidis is
also likely to be spread by other amphibians within this
landscape, including Bufo bufo, Rana dalmatina and species
in the Pelophylax esculentus complex (Bosch &
Martínez-Solano, 2006; Hartel, Nemes & Mara, 2007; Baláž
et al., 2013; Hartel & von Wehrden, 2013).

We also found that ponds surrounded by high levels of
forest cover were more likely to contain Bd-infected toads
(Fig. 2b). Ponds in open landscapes are probably less suit-
able for Bd because they experience higher water tempera-
tures compared with forest ponds (B. Scheele, unpublished
data), potentially reducing Bd growth and survival
(Piotrowski, Annis & Longcore, 2004). Additionally, ponds
in forested landscapes in the study region have more reliable
hydroperiods than those in open landscapes (Scheele et al.,
2014a), likely favouring Bd persistence (Padgett-Flohr &
Hopkins, 2010). These findings are consistent with previous
research showing decreased Bd prevalence in ponds with
low canopy cover associated with higher water temperatures
(Raffel et al., 2010; Becker et al., 2012). Similarly, in South
America, deforestation has been found to decrease micro-
climate suitability for Bd, resulting in lower Bd prevalence
in riverine frog species (Becker & Zamudio, 2011). Com-
bined, these results suggest that cooler, wetter conditions
commonly associated with forested environments are con-
ducive to Bd growth and persistence.

The ancient agricultural landscapes of Southern Transyl-
vania are a mosaic of forest, pasture, meadow and arable
land covers (Fischer, Hartel & Kuemmerle, 2012), with rela-
tively few amphibian breeding areas containing permanent
water (Hartel & von Wehrden, 2013). We suggest that this
mosaic results in patchy environmental suitability for Bd, as
ephemeral ponds in open landscapes, isolated from peren-
nial water sources are likely unfavourable for Bd persis-
tence. These ponds may provide an environmental refuge
from Bd (c.f. Puschendorf et al., 2009, 2011). As such, the
overall risk posed by Bd to B. variegata in the study land-
scape may be limited because conditions suitable for Bd
only occur in a subset of B. variegata habitat. The presence
of environmental refugia within a region broadly suitable
for Bd highlights the need to consider fine scale variation in
environmental suitability for the pathogen. Our results
suggest that the creation or maintenance of ephemeral
ponds in open landscapes could be used as a management
strategy to reduce Bd-induced mortality in species threat-
ened by chytridiomycosis. Additionally, other factors such
as reservoir hosts – which are absent in the study region
(Vörös et al., 2013) – may influence Bd infection in ephem-
eral pond-breeding amphibians and need to be considered
when evaluating the threat posed by the pathogen (Scheele
et al., 2014b).

Human landscape modification is well known to alter
environmental suitability for pathogens, directly influencing
pathogen distribution and abundance (Ostfeld et al., 2005;
Becker & Zamudio, 2011). Landscape modification can also
alter pathogen–host dynamics through processes such as
increased host density in remnant forest patches (Allan,
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Figure 2 Predicted probability of Batrachochytrium dendrobatidis
(Bd) occurrence as a function of (a) distance to perennial water and
(b) woody vegetation cover within a 300 m radius around a given
pond. Solid lines indicate model predictions and dashed lines indicate
95% confidence intervals. Predicted values were conditioned to the
median woody vegetation cover value in (a) and the median distance
to perennial water in (b).

Table 3 Model coefficients and SEs for environmental variables from
the highest ranked model

Term Coefficient SE

Intercept −1.030 0.522
Water −0.003 0.001
Woody vegetation 0.017 0.008

B. C. Scheele et al. Chytrid fungus in ephemeral pond-breeding amphibians

Animal Conservation •• (2015) ••–•• © 2015 The Zoological Society of London 5



Keesing & Ostfeld, 2003). In Southern Transylvania,
ephemeral ponds in open landscapes are disappearing
because of a transition from cattle and buffalo to sheep
grazing and agricultural intensification (Hartel & von
Wehrden, 2013). The loss of ephemeral ponds from open
landscapes is likely to cause B. variegata to contract into
forest and stream-side ponds, which appear to have higher
Bd risk. As such, a higher proportion of the total habitat
area occupied by B. variegata is likely to be suitable for Bd
in the future. To examine the potential consequences of such
a shift, more research is needed in the study region to better
understand Bd prevalence in amphibians using perennial
water sources, as well as the capacity for amphibian move-
ments to disperse Bd.

Whether Bd infection causes mortality in B. variegata in
our study region is unknown. Our evidence indicates that
substantial mortality is unlikely because the majority of
sampled individuals were Bd-negative and infected toads
had low infection intensities. This is consistent with long-
term research detecting no unusual mortality events or
major declines in populations of B. variegata where Bd was
detected (Hartel et al., 2007, 2011; Vörös et al., 2013). Unfa-
vourable environmental conditions and terrestrial habitat
use probably restrict the development of intense Bd infec-
tions in B. variegata (Spitzen-van der Sluijs et al., 2014).
Similar processes have been documented in other species
where environmental conditions have been linked to low Bd
prevalence (Forrest & Schlaepfer, 2011) and infection inten-
sity (Puschendorf et al., 2011). However, it should be noted
that Bd prevalence was highest in the juvenile life-history
stage and given that Bd-induced mortality has been docu-
mented at metamorphosis in B. variegata tadpoles
(Woodhams et al., 2014), it is possible that the pathogen
may cause some early life-history mortality. This could be
investigated by temporarily bringing tadpoles from
Bd-positive and Bd-negative ponds into captivity and
holding them through metamorphosis and quantifying
whether any mortality is Bd-related (Tobler & Schmidt,
2010; Bosch et al., 2013).

The impact of Bd on European amphibians is likely
underestimated, with further research needed to determine
the threat posed by this pathogen (Bosch et al., 2013). Our
study provides the first landscape-scale investigation of Bd
infection in Eastern Europe. We documented lower Bd
prevalence in B. variegata compared with recent reports
from Western and Central Europe (Baláž et al., 2013;
Woodhams et al., 2014). However, our sampling coincided
with an unusually dry spring, which may have reduced
prevalence. Bd prevalence can vary seasonally and between
years (Padgett-Flohr & Hopkins, 2010; Spitzen-van der
Sluijs et al., 2014) and re-sampling ponds over consecutive
years is likely to provide additional insights into Bd dynam-
ics. Additionally, other factors not explored in our study
may influence Bd prevalence and infection intensity. We
suggest that further research is needed to evaluate whether
B. variegata density within a pond and population density
across the landscape affect Bd prevalence. At an individual
level, research on microbiome, body temperature and

microhabitat use is likely to improve our understanding of
Bd infection in B. variegata (e.g. Rowley & Alford, 2013).
Finally, it is important to determine the lineage of Bd
present in Romania (Vörös et al., 2013). Pathogenicity
varies significantly between Bd lineages (Farrer et al., 2011)
and the lineage present in Romania may have low virulence,
making mortality unlikely. If the hypervirulent global pan-
demic lineage associated with mass amphibian declines in
other regions is absent, efforts must be focused on prevent-
ing its introduction (Fisher et al., 2009).

Conclusions

Understanding the spatial distribution of infectious patho-
gens at a landscape scale is important for evaluating disease
risk to host populations (Ostfeld et al., 2005). Our study
showed that despite Bd being widely distributed, the patho-
gen appears to be restricted to a subset of B. variegata
habitat, with unfavourable environmental conditions likely
resulting in patchy Bd distribution. Our results indicate
amphibians using ephemeral ponds may be at greatest risk
of Bd infection when such ponds occur in close proximity to
amphibian breeding habitats with more permanent water.
In contrast, isolated ponds in open landscapes likely provide
an environmental refuge from Bd, further highlighting the
conservation value of habitat features originating from
human land use.
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