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Abstract

The chytrid fungal pathogens Batrachochytrium salamandrivorans (Bsal) and B. dendrobatidis (Bd) are driving amphibian
extinctions and population declines worldwide. They are thought to have originated in East/Southeast Asia, and hence Asia
remains crucial for understanding the ecology of these pathogens. However, Bsal screening is relatively limited in this region,
particularly in hotspots where Bd lineage diversity is high. To address this gap, we conducted an extensive survey across the
Guangxi region of Southern China, now considered a Bd hotspot. We examined 1230 individuals from 38 amphibian species
and 36 environmental water bodies sampled during mostly the middle spring and summer months of 2019-21. However, PCR
testing revealed absence of Bsal in our samples. A subsequent niche modeling analysis for Bsal suggested that the bioclimatic
conditions of much of the region may not be conducive to Bsal. Although our findings show absence of Bsal in the surveyed
habitats, periodic monitoring in amphibians is still needed, particularly across seasons. This is because Bsal pathogenicity could
increase at relatively lower temperatures, and Bsal may be partitioning its niche with Bd across seasons. Our results suggest
that the climatic conditions of the karstic Guangxi plains and perhaps competition from other Bd lineages may suppress Bsal
establishment in the region. Our study provide interesting insights into Bsal niche dynamics and the knowledge generated will

facilitate the conservation efforts in amphibian populations devastated by chytrid pathogens across other regions of the world.
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Abstract

The chytrid fungal pathogens Batrachochytrium salamandrivorans(Bsal ) and B. dendrobatidis (Bd ) are
driving amphibian extinctions and population declines worldwide. They are thought to have originated
in East/Southeast Asia, and hence Asia remains crucial for understanding the ecology of these pathogens.
However, Bsal screening is relatively limited in this region, particularly in hotspots where Bd lineage diversity



is high. To address this gap, we conducted an extensive survey across the Guangxi region of Southern China,
now considered a Bd hotspot. We examined 1230 individuals from 38 amphibian species and 36 environmental
water bodies sampled during mostly the middle spring and summer months of 2019-21. However, PCR testing
revealed absence of Bsal in our samples. A subsequent niche modeling analysis for Bsal suggested that the
bioclimatic conditions of much of the region may not be conducive to Bsal . Although our findings show
absence of Bsal in the surveyed habitats, periodic monitoring in amphibians is still needed, particularly across
seasons. This is because Bsal pathogenicity could increase at relatively lower temperatures, and Bsal may be
partitioning its niche withBd across seasons. Our results suggest that the climatic conditions of the karstic
Guangxi plains and perhaps competition from other Bd lineages may suppress Bsal establishment in the
region. Our study provide interesting insights into Bsal niche dynamics and the knowledge generated will
facilitate the conservation efforts in amphibian populations devastated by chytrid pathogens across other
regions of the world.
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Introduction

Amphibians worldwide face considerable threats, including habitat loss, climate change, and disease, which
contribute to severe population declines and biodiversity loss (Amphibiaweb, 2023). Chytridiomycosis, a
disease caused by the chytrid fungi Batrachochytrium dendrobatidis (Bd ) and B. salamandrivorans (Bsal ),
is a major driver of these declines (Longcore et al., 1999; Martel et al., 2013; Scheele et al., 2019). Both Bd
and Bsal are thought to have originated in Asia, with Bd portraying multiple lineages in the region (Martel
et al., 2014; O’hanlon et al., 2018).Bd affects all three amphibian orders and has caused widespread declines,
particularly in anuran species across all amphibian-inhabited continents (Scheele et al., 2019). In contrast,
although present in Asia, Bsal has led to severe declines of native salamanders only in Europe so far (Fisher
& Garner, 2020), however, the impending threat for the highly diverse Northern American and Neotropical
urodelans is significant (Carter et al., 2020; Crawshaw et al., 2022; Garcia-Rodriguez et al., 2022; Moubarak
et al., 2022; North AmericanBsal Task Force, 2022; Yap et al., 2015).

Although Bsal primarily infects urodelans, recent studies show that anurans can act as reservoir hosts or as
transmitters (Lotters et al., 2020; Nguyen et al., 2017; Schulz et al., 2020; Stegen et al., 2017; Towe et al.,
2021). This role increases disease risk to sensitive salamander species and populations. Therefore, identifying
reservoir hosts is crucial for understanding infection dynamics and potential occurrences as Bsal continues
to expand its range and threaten biodiversity (Martel et al., 2020; Spitzen-Van Der Sluijs et al., 2016).

Bsal has restricted distributional areas, co-occurring withBd in several microhabitats (Laking et al., 2017;
Lotters et al., 2020). Bd -Bsal occurrences can potentially generate new genotypes with heightened patho-
genicity (Farrer et al., 2011; Fisher & Garner, 2020; Wacker et al., 2023). Bsal has stronger pathogenicity
compared to Bd within a shared host species, leading to more severe infection outcomes (Farrer et al., 2017).
Out of documented 67 susceptible host species for Bsal , nearly 32 species also can be infected by Bd (Castro
Monzon et al., 2023; Olson et al., 2021), these shared species could serve as the hyper-reservoirs or gain grea-
ter impacts from both pathogens. Importantly, Bd -Bsal coinfections have been reported in three urodelean
species in natural habitats (Lotters et al., 2020; Lotters et al., 2018), and such coinfections are known to
increase infection severity and disease risk under the laboratory experimental conditions (Longo et al., 2019;
Ribas et al., 2022). These emphasize the importance of Bsal screening in natural habitats where Bdoccurs.

In Southeast Asia (Vietnam), Bsal co-occurs together with the globalized genotype Bd GPL (Laking et al.,
2017). However, knowledge on Bsal infection is scarce in other Asian amphibian hotspots where different
Bd lineages are found. South China, for example, harbors the unique Asian genotype Bd Asia3 alongside Bd
GPL (Byrne et al., 2019).

Here, we hypothesize that Bsal co-occurs together with Bdpopulations in South China. To investigate this,



we screened forBsal in salamanders and potential anuran reservoir hosts within regional amphibian hotspot
in South China, which is recognized for its diverse Bd genotypes spanning various natural habitats. We also
assessed the influence of climatic factors on Bsal distribution by estimating its potential range under the
current climatic conditions. Analyzing the presence of Bsal in areas with high Bddiversity will enhance our
comprehension of Bsal niche dynamics and pathogenicity. This has significant implications for amphibian
conservation in the context of pathogen virulence evolution.

Materials and Methods
Sample collection

From spring 2019 to early winter 2021, a total of 31 sites (27 field sites and 4 captive sites) were surveyed
throughout the Guangxi region in China (Fig. 1A), which shares its southwestern border with Vietnam,
a country known to harbor Bsal (Laking et al., 2017). The pathogen was detected in an individual of a
salamander species, Pachytriton wuguanfui in Guangxi region (Yuan et al., 2018). It is now known that
basal Asian and global lineages of Bd exist in this region (Fig. 1B, Sun et al., 2023). Occasionally, Bsal
can spill over from captive populations into wildlife communities (Cunningham et al., 2015; Fitzpatrick et
al., 2018; Sabino-Pinto et al., 2015). To account for this, random samples were collected from pet markets
and frog farms within the region. Skin swabs were collected following the sampling protocol for chytrid
pathogens in amphibians, as described in Hyatt et al. (2007). Water samples were collected from bodies of
water for Bsal detection in relation to local populations, to be used for environmental DNA (eDNA) analysis;
eDNA can be used for pathogen detection in the absence of hosts (Kirshtein et al., 2007; Schulz et al., 2020).
For this, approximately 1 L of water was sampled for each water body, then filtered through the 0.40 ym
polycarbonate filter membrane using a sterile 100 ml syringe.

Ethical clearance for this study was obtained from the Institutional Animal Care and Use Committee of
Guangxi University (GXU2018-048, with an extension of GXU2020-501).
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Figure 1. Study region, sampling sites and climatically suitable regions for Bsal. (A) Site
distribution and climatically suitable habitats for Bsal in Guangxi region. (B)Documented sites for Bd
presence in the region (Sun et al., 2023) over a background of amphibian species richness (IUCN 2015) .

Detection of Bsal infection

The genomic DNA for skin swabs was extracted using the PreMan Ultra (Applied Biosystems) (Boyle et al.,
2004) and Qiagen DNeasy Blood and Tissue Kit, following animal tissue part in the modified manufacturers’
protocols (Kosch & Summers, 2012). The environmental DNA for filters was extracted using Qiagen DNeasy
PowerSoil Kit.

We used nested PCR to detect Bsal on DNA extracts from skin swabs (Gaertner et al., 2009; Zhu et al.,
2014). For the first amplification, the primers ITS1f and ITS4 were used which specifically combined the
18S and 28S rRNA genes. The PCR amplification conditions, 4 min at 94°C, followed by 30 cycles of 30
s at 94°C, 30 s at 55°C, and 1 min at 72°C and a final 10 min at 72°C were implemented. For the second
amplification, the specific primers (STerF and STerR) for Bsal were used to amplify a fragment gene of the
ITS-5.8S rRNA region (Martel et al., 2013). The conditions of PCR amplification included 4 min at 94°C,
followed by 30 cycles of 30 s at 94°C, 60°C for 30s, and 1 min at 72°C and a final 10 min at 72°C. PCR
amplification products were visualized by 1.5% agarose gel electrophoresis.

Environmental samples were tested for Bsal using the RT-PCR method described by Blooi et al . (2013,
2016). We used a cycle of an initial step at 95°C for 10 min, followed by 50 cycles of 95°C for 10 s and
60°C for 1 min on Light Cycler®) 480 System (Roche, Mannheim, Germany). Each water sample was run in
duplicate.

We used the synthetic DNA sequences of Bsal as positive controls (Pisces Molecular, Boulder, Colorado,
USA) and two negative controls in each plate. If nested PCR and RT-PCR products yielded positive results,
Sanger sequencing was conducted to verify if the amplified DNA fragments were indeed associated with Bsal

Analyses of Bsal prevalence

Bsal prevalence, defined as the ratio of infected amphibians to the total population, was calculated for each
species, including 95% binomial confidence intervals (CI). The confidence intervals were derived using the



”binom” package (Dorai-Raj, 2022) in R 4.2.2 (R Core Team, 2022).
Climatic suitability for Bsal

To understand how environmental conditions affect the distribution ofBsal , we used Generalized Linear
Modeling (GLM) and Maximum Entropy Modeling (MaxEnt) to estimate its habitat suitability (Breiner et
al., 2015; Phillips et al., 2006). If new positive locations of Bsal were detected in our study, they were to
be combined with the previous verified presence records in native Asia to build the niche model. Previous
present records of Bsal for Thailand, Vietnam, China and Japan in Asia (n=34), were attained from Basanta
et al. (2019), Beukema et al. (2018), Laking et al. (2017), Lotters et al. (2020), and Yuan et al. (2018). We
used the ecoregions (Dinerstein et al., 2017) of these Bsal occurrences as background to improve model
calibration. Nineteen bioclimatic variables representing climatic conditions were download from WorldClim
version 2.1 (Fick & Hijmans, 2017) as environmental predictors, at the spatial resolution of 30 seconds
("1 km?2). To exclude the effects of high collinearity between predictors, we used the bioclimatic variables
with Pearson’s r < 0.7, where the correlation was calculated in the ENMTools (Warren et al., 2010). The
final predictor set included 6 variables: Mean Diurnal Range (BIO2), Maximum Temperature of Warmest
Month (BIO5), Temperature Annual Range (BIO7), Annual Precipitation (BIO12), Precipitation of Warmest
Quarter (BIO18), and Precipitation of Coldest Quarter (BIO19). To trim duplicate observation records, a
single coordinate for each grid cell was retained in our model predictions. The model performance for Bsal
was evaluated using the AUC (Lobo et al., 2008), which was calculated by splitting the training (70%) and
testing (30%) observations. The final ensembled model contained ten replications for each modeling, and
were run in “sdm” package (Naimi & Aratjo, 2016).

Results

A total of 1230 individuals including 1195 wild individuals and 95 captivities (0% prevalence, 95% CI of
0.00%-0.31%; Table 1), representing 38 amphibian species, were sampled during the study. The thirty-six
water bodies sampled were from artificial lakes, natural pools, and slow flow streams (Fig. 1A). However,
Bsal was not detected in any of the sampled individuals or water bodies.

Table 1 Individual numbers and amphibian species detected in this study in Guangxi Region. Bold fonts
represent species which have been recorded positive to Bd infection in previous studies from other regions
(Bai et al., 2012; Gaertner et al., 2011; Sun et al., 2023; Wang et al., 2018; Zhu et al., 2014) ;" denote samples
collected in captivity including a pet market and three frog farms.



Family Fly Genus Species
N 95%CI Ranidae
Amolops Amolops
chunganensis 23
0.00%-14.31% Ranidae
Amolops Amolops
ricketti 272 0.00%-1.39%
Megophryidae
Boulenophrys
Boulenophrys
brachykolos 6
0.00%-39.03%
Megophryidae
Boulenophrys
Boulenophrys mirabilis 1
0.00%-79.35%
Megophryidae
Brachytarsophrys
Brachytarsophrys
carinense 2 0.00%-65.76%
Dicroglossidae Fejervarya
Fejervarya multistriata
26 0.00%-12.87%
Dicroglossidae
Hoplobatrachus
Hoplobatrachus chinensis
19 0.00%-16.82% Ranidae
Hylarana Hylarana
latouchii 4 0.00%-48.99%
Ranidae Hylarana
Hylarana maosonensis 17
0.00%-18.43% Ranidae
Hylarana Hylarana
guentheri 43 0.00%-8.20%
Microhylidae
Kalophrynus
Kalophrynus
interlineatus 1
0.00%-79.35%
Microhylidae Kaloula
Kaloula pulchra 1
0.00%-79.35%
Rhacophoridae Kurixalus
Kurixalus odontotarsus
69 0.00%-5.27%
Megophryidae
Leptobrachella
Leptobrachella liui 19
0.00%-16.82%
Megophryidae
Leptobrachella
Leptobrachella alpina 4
0.00%-48.99%
Megophryidae
Leptobrachella
Leptobrachella
shiwandashanensis 7
0.00%-35.43%
Megophryidae
Leptobrachium
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The average AUC value for the Bsal distribution model was 0.917 (SD =+ 0.047), signifying strong model per-
formance. The top three variables for model predictions included mean diurnal range, maximum temperature
of the warmest month, and precipitation during the coldest quarter (Fig. 1A).

The modeling predictions estimated that only a small fraction of suitable habitats for Bsal occurrences
exists under current climate conditions, with patchy distribution in the subtropical evergreen forests of the
Guangxi region. (Fig. 1A). The anticipated habitats for Bsal occurrence were situated in southwestern areas
near the coastlines. Among the 27 wild sampling sites, 14 were deemed suitable for Bsal , with suitability
levels ranging from low to high.

Discussion

We analyzed a wide range of species and environmental reservoirs across different seasons to evaluate the
infection patterns of Bsal in relation to geographic and environmental factors in Guangxi region. We did
not detect Bsal in any of the samples from wild and captive animals or sampled water bodies. Our species
distribution model estimated a small fraction of suitable habitats in this region under the current climatic con-
ditions, but with patchy distributions. These results suggest that climate is a potential barrier, limiting Bsal
spread into the surveyed sites. However, there is a possibility that it could be present at undetectable levels,
or occur in specific microhabitats that were not sampled in our study.

Our niche model predicted that climatically suitable areas for Bsal in the Guangxi region are less and frag-
mented, generally low suitability. The model identified mean diurnal range as the most crucial variable in
our models. This corroborates the findings from previousBsal distribution models in its native Asian range
(Moubarak et al., 2022). The relatively high variations in mean diurnal range within the study area seem
to limit the potential distribution of Bsal , emphasizing that environmental temperature is a primary factor
influencing Bsal occurrences (Martel et al., 2013).

Bsal prefer lower thermal conditions for their existence, the temperatures above 22°C adversely affects its
growth and diminish its pathogenicity to hosts (Carter et al., 2021; Martel et al., 2013). Previous studies
have proposed that temperature is a key factor behind the low prevalence of Bsal in Asian amphibians, as
the environmental as well as the water temperatures in these regions are generally considered suboptimal
([?7] 15degC) forBsal ’s survival and growth (Laking et al., 2017; Martel et al., 2013; Yuan et al., 2018). It
has also been documented that warmer temperatures can potentially reduce intraspecific transmission rates,
especially when temperatures surpass 25degC (Blooi et al., 2015) .

Furthermore, the precipitation of the coldest quarter plays a contributory role in modeling predictions for
Bsal occurrences in Asia which shows the same pattern as of European Bsal presence which requires moist,
relatively cool and stable conditions (Beukema et al., 2021), the high fluctuations of precipitation in cool
periods weaken its occurrences.

The absence of Bsal in northern sites in our study might partly result from competition with other pathogens
that share a similar climatic niche, such as Bd . It was identified at ten of the surveyed sites (Fig. 1B),
displaying a high prevalence in the northern locales of the Guangxi region (Sun et al., 2023). One of 38
species we examined, A. davidianus (positive to Bd in our subsequent detections), have been reported as
Bsal -positive species (Fig.1; Laking et al., 2017; Yuan et al., 2018), but it was negative toBsal infection in
our present study. These patterns suggest that Asian Bd lineages might outcompete Bsal when site-specific
conditions and species susceptibility enhance the pathogenic performance of Bd lineages as pathogenicity
of both pathogens varies with species and environmental conditions (Fisher & Garner, 2020; Martel et al.,
2014). This competition could occur because Bd infection can negatively impact Bsal infection under certain
circumstances (Direnzo et al., 2021).

Considering the possibility that Bsal has not yet been transmitted to the current sampling sites, particularly
in highly suitable habitats (e.g., southwestern sites) where Bd is present (Fig. 1), the coexistence of Bd and
Bsal in the same microhabitats could result in severe coinfections or reinfections and potentially generate
new, highly virulent genotypes within the same host once the pathogen is introduced to these sites (Greenspan
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et al., 2018). Among the 38 amphibian species tested for Bsal , none were found to be infected. However, 16
of these species tested positive for Bd infection (Table 1), highlighting the need for further investigation into
the potential co-occurrence of these fungal pathogens. Specifically, we recommend investigating predicted
suitable areas for Bsal where Bd is present, in order to better understand the ecological interactions between
these pathogens and their impact on amphibian species.

Geographic barriers such as drier plains which prevents the migration of susceptible species could be another
potential reasons for absence of Bsal (restricted slowly dispersal) in the region. This may inhibit the host-
dependent intraspecific and interspecific as well as human-mediated transmissions of this pathogen within
landscapes (Malagon et al., 2020; Spitzen-Van Der Sluijs et al., 2018; Tompros et al., 2021). In addition, the
negative result of Bsal is consistent with previous studies of this pathogen in Asia that primarily detected
the fungus in anuran species (Wang et al. 2017; Zhu et al. 2014), which was thought to lead to transient
persistence for Bsal and decreased transmission rates due to low galactose proportions in host skin (Stegen
et al., 2017; Wang et al., 2021). However, it is possible that Bsal could be present sub clinically at low
prevalence in these studied amphibians, with fungal loads below the thresholds of detection. As growth
of Bsal could also depend on relevant plant materials in water (Kelly et al., 2021), extending the range
of sampling efforts in environmental reservoirs can improve our understanding the existence of Bsal in the
region.

Seasonality mainly explained by variations in temperature and precipitation, may influence Bsal occurrences
and host susceptibility (Bozzuto & Canessa, 2019; Carter et al., 2021). Our study primarily surveyed
amphibians that are reproductively active during spring and summer, with a limited number of individuals
sampled in autumn. We were unable to conduct any sampling of wild host species during winter, which
limits our understanding of Bsal infection across seasons. Notably, autumn and winter conditions in this
subtropical region might be more conducive for Bsal prevalence.

It is important to understand the resource partitioning and natural behaviors of amphibians across seasons.
One such factor would be overwintering and potential attenuation of defensive mechanisms such as reduced
skin bacterial diversity during hibernation (Tong et al., 2019). This would lead the pathogen to cause sub-
lethal infections in susceptible amphibians during autumn and winter. Hence, we recommend integrating
experimental and field studies in both summer and winter, to enhance our understanding of the effects of
Bsal infection on amphibians in specific ecological contexts.

In conclusion, the absence of Bsal in our study should not undermine the importance of proactive manage-
ment and conservation strategies aimed at minimizing the risk of Bsal transmission in the region. This is
due to the limited presence of climatically suitable areas for Bsal in this region and the isolated suitable sites
within mountains could provide an important refuge for Bsal(Beukema et al., 2021; Lotters et al., 2020).
Implementing stringent biosecurity measures, such as regulating the trade of amphibians can help reduce
the chances of pathogen introduction. Regular monitoring and surveillance programs are crucial for early
detection of Bsal , which could allow for timely interventions to prevent severe declines in amphibian pop-
ulations (Thomas et al., 2019). In addition, further research into the ecology, transmission dynamics, and
host-pathogen interactions of Bsal is essential to generate knowledge that will inform targeted conservation.

Author contributions

Dan Sun: Conceptualization (lead); data curation (lead); formal analysis (lead); investigation (lead);
methodology (lead); resources (equal); software (lead); visualization (lead); writing-original draft (lead);
writing-review and editing (lead).Gajaba Ellepola: Data curation (supporting); methodology (support-
ing); visualization (supporting); validation (equal); writing-original draft (supporting); writing-review and
editing (equal).Jayampathi Herath: Data curation (supporting); methodology (supporting); validation
(equal); writing-original draft (supporting); writing-review and editing (equal). Madhava Meegaskum-
bura:Conceptualization (equal); funding acquisition (lead); resources (lead); software (supporting); project
administration (lead); supervision (lead), validation (equal); writing-original draft (equal); writing-review
and editing (equal).

51



Acknowledgements

We thank Guangxi University Laboratory Startup Funding (MM). We thank YW Liu and EM Hu for their
assistance in field work. We thank John Wood for his advices in RT-PCR method for the detection of
amphibian chytrid fungi.

Conflict of interest statement

The authors declare no conflict of interest.

References

AmphibiaWeb. (2023). University of California, Berkeley, CA, USA. https://amphibiaweb.org

Bai, C., Liu, X., Fisher, M. C., Garner, T. W. J., & Li, Y. (2012). Global and endemic Asian lineages of
the emerging pathogenic fungusBatrachochytrium dendrobatidis widely infect amphibians in China. Diversity
and Distributions, 18 (3), 307-318. https://doi.org/10.1111/j.1472-4642.2011.00878.x

Basanta, M. D., Rebollar, E. A., & Parra-Olea, G. (2019). Potential risk of Batrachochytrium salamandrivo-
rans in Mexico. Plos One, 14 (2). https://doi.org/10.1371/journal.pone.0211960

Beukema, W., Erens, J., Schulz, V., Stegen, G., Spitzen-van der Sluijs, A., Stark, T., Laudelout, A., Kinet,
T., Kirschey, T., Poulain, M., Miaud, C., Steinfartz, S., Martel, A., & Pasmans, F. (2021). Landscape
epidemiology of Batrachochytrium salamandrivorans : reconciling data limitations and conservation urgency.
Ecological Applications, 31 (5), €02342. https://doi.org/10.1002/eap.2342

Beukema, W., Martel, A., Nguyen, T. T., Goka, K., Schmeller, D. S., Yuan, Z., Laking, A. E., Nguyen,
T. Q., Lin, C.-F., Shelton, J., Loyau, A., Pasmans, F., & Wintle, B. (2018). Environmental context
and differences between native and invasive observed niches of Batrachochytrium salamandrivorans affect
invasion risk assessments in the Western Palaearctic. Diversity and Distributions, 24 (12), 1788-1801.
https://doi.org/10.1111/ddi.12795

Blooi, M., Martel, A., Haesebrouck, F., Vercammen, F., Bonte, D., & Pasmans, F. (2015). Treatment
of urodelans based on temperature dependent infection dynamics of Batrachochytrium salamandrivorans .
Scientific Reports, 5 (1), 8037. https://doi.org/10.1038 /srep08037

Blooi, M., Pasmans, F., Longcore, J. E., Spitzen-van der Sluijs, A., Vercammen, F., & Martel, A.
(2013). Duplex real-time PCR for rapid simultaneous detection of Batrachochytrium dendrobatidis
and Batrachochytrium salamandrivorans in amphibian samples.Journal of Clinical Microbiology, 51 (12),
4173-4177. https://doi.org/10.1128 /jcm.02313-13

Blooi, M., Pasmans, F., Longcore, J. E., Spitzen-van der Sluijs, A., Vercammen, F., & Martel, A. (2016).
Correction for Blooi et al., Duplex real-time PCR for rapid simultaneous detection of Batrachochytrium den-
drobatidis and Batrachochytrium salamandrivorans in amphibian samples. Journal of Clinical Microbiology,
54 (1), 246-246. https://doi.org/10.1128/jcm.02941-15

Boyle, D. G., Boyle, D. B., Olsen, V., Morgan, J. A. T., & Hyatt, A. D. (2004). Rapid quantitative detection
of chytridiomycosis (Batrachochytrium dendrobatidis ) in amphibian samples using real-time Tagman PCR
assay. Diseases of Aquatic Organisms,60 , 141-148. https://doi.org/10.3354/dao060141

Bozzuto, C., & Canessa, S. (2019). Impact of seasonal cycles on host-pathogen dynamics and dis-
ease mitigation for Batrachochytrium salamandrivorans . Global Ecology and Conservation, 17 , e00551.
https://doi.org/10.1016/j.gecco.2019.e00551

Breiner, F. T., Guisan, A., Bergamini, A., Nobis, M. P., & Anderson, B. (2015). Overcoming limitations
of modelling rare species by using ensembles of small models. Methods in Ecology and Evolution,6 (10),
1210-1218. https://doi.org/10.1111/2041-210x.12403

52



Byrne, A. Q., Vredenburg, V. T., Martel, A., Pasmans, F., Bell, R. C., Blackburn, D. C., Bletz, M. C.,
Bosch, J., Briggs, C. J., Brown, R. M., Catenazzi, A., Familiar Lopez, M., Figueroa-Valenzuela, R., Ghose,
S. L., Jaeger, J. R., Jani, A. J., Jirku, M., Knapp, R. A., Munoz, A., Portik, D. M., Richards-Zawacki,
C. L., Rockney, H., Rovito, S. M., Stark, T., Sulaeman, H., Tao, N. T., Voyles, J., Waddle, A. W,
Yuan, Z., & Rosenblum, E. B. (2019). Cryptic diversity of a widespread global pathogen reveals expanded
threats to amphibian conservation. Proceedings of the National Academy of Sciences,116 (41), 20382-20387.
https://doi.org/10.1073 /pnas.1908289116

Carter, E. D., Bletz, M. C., Le Sage, M., LaBumbard, B., Rollins-Smith, L. A., Woodhams,
D. C., Miller, D. L., & Gray, M. J. (2021). Winter is coming—Temperature affects immune de-
fenses and susceptibility toBatrachochytrium salamandrivorans . PLOS Pathogens, 17 (2), ¢1009234.
https://doi.org/10.1371/journal.ppat.1009234

Carter, E. D., Miller, D. L., Peterson, A. C., Sutton, W. B., Cusaac, J. P. W., Spatz, J. A., Rollins-Smith,
L., Reinert, L., Bohanon, M., Williams, L. A., Upchurch, A., & Gray, M. J. (2020). Conservation risk of
Batrachochytrium salamandrivorans to endemic lungless salamanders. Conservation Letters, 13 (1), e12675.

https://doi.org/10.1111/conl.12675

Castro Monzon, F., Rodel, M.-O., Ruland, F., Parra-Olea, G., & Jeschke, J. M. (2023). Batra-
chochytrium salamandrivorans ’ amphibian host species and invasion range. FEcoHealth, 19 (4), 475-486.
https://doi.org/10.1007/s10393-022-01620-9

Crawshaw, L., Buchanan, T., Shirose, L., Palahnuk, A., Cai, H. Y., Bennett, A. M., Jardine, C. M., & Davy,
C. M. (2022). Widespread occurrence of Batrachochytrium dendrobatidis in Ontario, Canada, and predicted
habitat suitability for the emergingBatrachochytrium salamandrivorans . Ecology and Evolution,12 (4).
https://doi.org/10.1002/ece3.8798

Cunningham, A. A., Beckmann, K., Perkins, M., Fitzpatrick, L., Cromie, R., Redbond, J., O’Brien, M. F.,
Ghosh, P., Shelton, J., & Fisher, M. C. (2015). Emerging disease in UK amphibians. Veterinary Record,176
(18), 468-468. https://doi.org/10.1136/vr.h2264

Dinerstein, E., Olson, D., Joshi, A., Vynne, C., Burgess, N. D., Wikramanayake, E., Hahn, N., Palminteri,
S., Hedao, P., Noss, R., Hansen, M., Locke, H., Ellis, E. C., Jones, B., Barber, C. V., Hayes, R., Kormos,
C., Martin, V., Crist, E., Sechrest, W., Price, L., Baillie, J. E. M., Weeden, D., Suckling, K., Davis, C.,
Sizer, N., Moore, R., Thau, D., Birch, T., Potapov, P., Turubanova, S., Tyukavina, A., De Souza, N., Pintea,
L., Brito, J. C., Llewellyn, O. A., Miller, A. G., Patzelt, A., Ghazanfar, S. A., Timberlake, J., Kloser, H.,
Shennan-Farpon, Y., Kindt, R., Lilleso, J. P. B., van Breugel, P., Graudal, L., Voge, M., Al-Shammari, K.
F., & Saleem, M. (2017). An ecoregion-based approach to protecting half the terrestrial realm. Bioscience,
67 (6), 534-545. https://doi.org/10.1093 /biosci/bix014

DiRenzo, G. V., Longo, A. V., Muletz-Wolz, C. R., Pessier, A. P.; Goodheart, J. A., & Lips, K. R. (2021).
Plethodontid salamanders show variable disease dynamics in response to Batrachochytrium salamandrivorans
chytridiomycosis. Biological Invasions,23 (9), 2797-2815. https://doi.org/10.1007/s10530-021-02536-1

Dorai-Raj, S. (2022). binom: Binomial Confidence Intervals for several parameterizations. R package version
1.1-1.1, https://CRAN.R-project.org/package=binom.

Farrer, R. A., Martel, A., Verbrugghe, E., Abouelleil, A., Ducatelle, R., Longcore, J. E., James,
T. Y., Pasmans, F., Fisher, M. C., & Cuomo, C. A. (2017). Genomic innovations linked to in-
fection strategies across emerging pathogenic chytrid fungi. Nature Communications,8 (1), 14742.
https://doi.org/10.1038 /ncomms14742

Farrer, R. A., Weinert, L. A., Bielby, J., Garner, T. W. J., Balloux, F., Clare, F., Bosch, J., Cunningham,
A. A., Weldon, C., du Preez, L. H., Anderson, L., Pond, S. L. K., Shahar-Golan, R., Henk, D. A., & Fisher,
M. C. (2011). Multiple emergences of genetically diverse amphibian-infecting chytrids include a globalized

53



hypervirulent recombinant lineage. Proceedings of the National Academy of Sciences, 108 (46), 18732-18736.
https://doi.org/10.1073/pnas.1111915108

Fick, S. E., & Hijmans, R. J. (2017). WorldClim 2: new 1-km spatial resolution climate surfaces for global
land areas. International Journal of Climatology, 37 (12), 4302-4315. https://doi.org/10.1002/joc.5086

Fisher, M. C., & Garner, T. W. J. (2020). Chytrid fungi and global amphibian declines. Nature Reviews
Microbiology, 18 (6), 332-343. https://doi.org/10.1038/s41579-020-0335-x

Fitzpatrick, L. D., Pasmans, F., Martel, A., & Cunningham, A. A. (2018). Epidemiological tracing of
Batrachochytrium salamandrivorans identifies widespread infection and associated mortalities in private

amphibian collections. Scientific Reports,8 (1), 13845. https://doi.org/10.1038/s41598-018-31800-z

Gaertner, J. P., Forstner, M. R. J., O’Donnell, L., & Hahn, D. (2009). Detection of Batra-
chochytrium dendrobatidis in endemic salamander species from Central Texas. FEcoHealth, 6 (1), 20-26.
https://doi.org/10.1007/s10393-009-0229-x

Gaertner, J. P., Mendozaii, J., A. | Neang, T., Forstner, M., R. J. ;, & Hahn, D. (2011). Detection of
Batrachochytrium dendrobatidis in frogs from different locations in Cambodia. Herpetological Review, 42
(4), 546-549.

Garcia-Rodriguez, A., Basanta, M. D., Garcia-Castillo, M. G., Zumbado-Ulate, H., Neam, K.,
Rovito, S., Searle, C. L., & Parra-Olea, G. (2022). Anticipating the potential impacts of Ba-
trachochytrium salamandrivorans on Neotropical salamander diversity. Biotropica, 54 (1), 157-169.
https://doi.org/10.1111 /btp.13042

Greenspan, S. E., Lambertini, C., Carvalho, T., James, T. Y., Toledo, L. F., Haddad, C. F. B., & Becker,
C. G. (2018). Hybrids of amphibian chytrid show high virulence in native hosts. Scientific Reports,8 (1),
9600. https://doi.org/10.1038/s41598-018-27828-w

Hyatt, A. D., Boyle, D. G., Olsen, V., Boyle, D. B., Berger, L., Obendorf, D., Dalton, A., Kriger, K., Hero,
M., Hines, H., Phillott, R., Campbell, R., Marantelli, G., Gleason, F., & Colling, A. (2007). Diagnostic
assays and sampling protocols for the detection ofBatrachochytrium dendrobatidis . Diseases of Aquatic
Organisms, T3 , 175-192. https://doi.org/10.3354/dao073175

International Union for Conservation of Nature - IUCN, and Center for International Earth Science Infor-
mation Network - CIESIN - Columbia University. 2015. Gridded Species Distribution: Global Amphibian
Richness Grids, 2015 Release. Palisades, New York: NASA Socioeconomic Data and Applications Center
(SEDAC). https://doi.org/10.7927/HARR1W66.

Kelly, M., Pasmans, F., Munoz, J. F., Shea, T. P., Carranza, S., Cuomo, C. A., & Martel, A. (2021).
Diversity, multifaceted evolution, and facultative saprotrophism in the European Batrachochytrium sala-
mandrivorans epidemic. Nature Communications,12 (1), 6688. https://doi.org/10.1038/s41467-021-27005-0

Kirshtein, J. D., Anderson, C. W., Wood, J. S., Longcore, J. E., & Voytek, M. A. (2007). Quantitative PCR
detection of Batrachochytrium dendrobatidis DNA from sediments and water. Diseases of Aquatic Organisms,
77 , 11-15. https://doi.org/10.3354/dao01831

Kosch, T. A., & Summers, K. (2012). Techniques for minimizing the effects of PCR inhibitors in the chytrid-
iomycosis assay. Molecular Ecology Resources, 13 (2), 230-236. https://doi.org/10.1111/1755-0998.12041

Laking, A. E., Ngo, H. N., Pasmans, F., Martel, A., & Nguyen, T. T. (2017). Batrachochytrium salaman-
drivorans is the predominant chytrid fungus in Vietnamese salamanders. Scientific Reports,7 (1), 44443.
https://doi.org/10.1038 /srep44443

Lobo, J. M., Jimenez-Valverde, A., & Real, R. (2008). AUC: a misleading measure of the
performance of predictive distribution models.Global FEcology and Biogeography, 17 (2), 145-151.
https://doi.org/10.1111/;.1466-8238.2007.00358.x

54



Longcore, J. E., Pessier, A. P., & Nichols, D. K. (1999). Batrachochytrium dendrobatidis gen et sp nov, a
chytrid pathogenic to amphibians. Mycologia, 91 (2), 219-227. https://doi.org/10.2307/3761366

Longo, A. V., Fleischer, R. C., & Lips, K. R. (2019). Double trouble: co-infections of chytrid
fungi will severely impact widely distributed newts. Biological Invasions, 21 (6), 2233-2245.
https://doi.org/10.1007/s10530-019-01973-3

Lotters, S., Wagner, N., Albaladejo, G., Boning, P., Dalbeck, L., Dussel, H., Feldmeier, S., Guschal, M.,
Kirst, K., Ohlhoff, D., Preissler, K., Reinhardt, T., Schlupmann, M., Schulte, U., Schulz, V., Steinfartz, S.,
Twietmeyer, S., Veith, M., Vences, M., & Wegge, J. (2020). The amphibian pathogen Batrachochytrium
salamandrivoransin the hotspot of its European invasive range: past-present-future.Salamandra, 56 (3),
173-188.

Lotters, S., Wagner, N., Kerres, A., Vences, M., Steinfartz, S., Sabino-Pinto, J., Seufer, L., Preissler, K.,
Schulz, V., & Veith, M. (2018). First report of host co-infection of parasitic amphibian chytrid fungi.
Salamandra, 54 (4), 287-290.

Malagon, D. A., Melara, L. A., Prosper, O. F., Lenhart, S., Carter, E. D., Fordyce, J. A., Pe-
terson, A. C., Miller, D. L., & Gray, M. J. (2020). Host density and habitat structure influence
host contact rates and Batrachochytrium salamandrivorans transmission.Scientific Reports, 10 (1), 5584.
https://doi.org,/10.1038/341598-020-62351-x

Martel, A., Blooi, M., Adriaensen, C., Van Rooij, P., Beukema, W., Fisher, M. C., Farrer, R. A., Schmidt,
B. R., Tobler, U., Goka, K., Lips, K. R., Muletz, C., Zamudio, K. R., Bosch, J., Lotters, S., Womb-
well, E., Garner, T. W. J., Cunningham, A. A., Spitzen-van der Sluijs, A., Salvidio, S., Ducatelle, R.,
Nishikawa, K., Nguyen, T. T., Kolby, J. E., Van Bocxlaer, I., Bossuyt, F., & Pasmans, F. (2014). Recent
introduction of a chytrid fungus endangers Western Palearctic salamanders. Science, 346 (6209), 630-631.
https://doi.org/10.1126/science.1258268

Martel, A., Spitzen-van der Sluijs, A., Blooi, M., Bert, W., Ducatelle, R., Fisher, M. C., Woeltjes, A.,
Bosman, W., Chiers, K., Bossuyt, F., & Pasmans, F. (2013). Batrachochytrium salamandrivorans sp. nov.
causes lethal chytridiomycosis in amphibians. Proceedings of the National Academy of Sciences, 110 (38),
15325-15329. https://doi.org/10.1073/pnas.1307356110

Martel, A., Vila-Escale, M., Fernandez-Giberteau, D., Martinez-Silvestre, A., Canessa, S., Van Praet, S.,
Pannon, P., Chiers, K., Ferran, A., Kelly, M., Picart, M., Piulats, D., Li, Z., Pagone, V., Perez-Sorribes,
L., Molina, C., Tarrago-Guarro, A., Velarde-Nieto, R., Carbonell, F., Obon, E., Martinez-Martinez, D.,
Guinart, D., Casanovas, R., Carranza, S., & Pasmans, F. (2020). Integral chain management of wildlife
diseases. Conservation Letters, 13 (2), e12707. https://doi.org/10.1111/conl.12707

Moubarak, M., Fischhoff, I. R., Han, B. A., & Castellanos, A. A. (2022). A spatially explicit risk assess-
ment of salamander populations to Batrachochytrium salamandrivorans in the United States.Diversity and
Distributions, 28 (11), 2316-2329. https://doi.org/10.1111/ddi.13627

Naimi, B., & Araujo, M. B. (2016). sdm: a reproducible and extensible R platform for species distribution
modelling. Ecography,39 (4), 368-375. https://doi.org/10.1111/ecog.01881

Nguyen, T. T., Nguyen, T. V., Ziegler, T., Pasmans, F., & Martel, A. (2017). Trade in wild anurans vectors
the urodelan pathogen Batrachochytrium salamandrivorans into Europe. Amphibia- Reptilia, 38 (4), 554-556.
https://doi.org/10.1163/15685381-00003125

North American Bsal Task Force. (2022). A North American strategic plan to prevent and control invasions
of the lethal salamander pathogen Batrachochytrium salamandrivorans . http://salamanderfungus.org.

O’Hanlon, S. J., Rieux, A., Farrer, R. A., Rosa, G. M., Waldman, B., Bataille, A., Kosch, T. A., Murray,
K. A., Brankovics, B., Fumagalli, M., Martin, M. D., Wales, N., Alvarado-Rybak, M., Bates, K. A., Berger,
L., Boll, S., Brookes, L., Clare, F., Courtois, E. A., Cunningham, A. A., Doherty-Bone, T. M., Ghosh, P.,

95



Gower, D. J., Hintz, W. E., Hoglund, J., Jenkinson, T. S., Lin, C.-F., Laurila, A., Loyau, A., Martel, A.,
Meurling, S., Miaud, C., Minting, P., Pasmans, F., Schmeller, D. S., Schmidt, B. R., Shelton, J. M. G.,
Skerratt, L. F., Smith, F., Soto-Azat, C., Spagnoletti, M., Tessa, G., Toledo, L. F., Valenzuela-Sanchez,
A., Verster, R., Voros, J., Webb, R. J., Wierzbicki, C., Wombwell, E., Zamudio, K. R., Aanensen, D.
M., James, T. Y., Gilbert, M. T. P., Weldon, C., Bosch, J., Balloux, F., Garner, T. W. J., & Fisher, M.
C. (2018). Recent Asian origin of chytrid fungi causing global amphibian declines. Science, 360 (6389),
621-627. https://doi.org/10.1126/science.aar1965

Olson, D. H., Ronnenberg, K. L., Glidden, C. K., Christiansen, K. R., & Blaustein, A. R. (2021). Global
patterns of the fungal pathogenBatrachochytrium dendrobatidis support conservation Urgency. Frontiers in
Veterinary Science, 8 , 685877. https://doi.org/10.3389/fvets.2021.685877

Phillips, S. J., Anderson, R. P.; & Schapire, R. E. (2006). Maximum entropy modeling of species geographic
distributions. Ecological Modelling, 190 (3-4), 231-259. https://doi.org/10.1016/j.ecolmodel.2005.03.026

R Core Team. (2022). R: a language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/.

Ribas, M. P., Cabezon, O., Velarde, R., Estruch, J., Serrano, E., Bosch, J., Thumsova, B., & Martinez-
Silvestre, A. (2022). Coinfection of chytrid fungi in urodeles during an outbreak of chytridiomycosis in
Spain. Journal of Wildlife Diseases, 58 (3), 658—663. https://doi.org/10.7589/jwd-d-21-00170

Sabino-Pinto, J., Bletz, M., Hendrix, R., Perl, R. G. B., Martel, A., Pasmans, F., Lotters, S., Mutschmann,
F., Schmeller, D. S.; Schmidt, B. R., Veith, M., Wagner, N., Vences, M., & Steinfartz, S. (2015). First
detection of the emerging fungal pathogen Batrachochytrium salamandrivorans in Germany. Amphibia-
Reptilia, 36 (4), 411-416. https://doi.org/10.1163/15685381-00003008

Scheele, B. C., Pasmans, F., Skerratt, L. F., Berger, L., Martel, A., Beukema, W., Acevedo, A. A., Burrowes,
P. A., Carvalho, T., Catenazzi, A., De la Riva, L., Fisher, M. C., Flechas, S. V., Foster, C. N., Frias-Alvarez,
P., Garner, T. W. J., Gratwicke, B., Guayasamin, J. M., Hirschfeld, M., Kolby, J. E., Kosch, T. A., La
Marca, E., Lindenmayer, D. B., Lips, K. R., Longo, A. V., Maneyro, R., McDonald, C. A., Mendelson, J.,
Palacios-Rodriguez, P., Parra-Olea, G., Richards-Zawacki, C. L., Rodel, M.-O., Rovito, S. M., Soto-Azat,
C., Toledo, L. F., Voyles, J., Weldon, C., Whitfield, S. M., Wilkinson, M., Zamudio, K. R., & Canessa,
S. (2019). Amphibian fungal panzootic causes catastrophic and ongoing loss of biodiversity. Science, 363
(6434), 1459-1463. https://doi.org/10.1126/science.aav0379

Schulz, V., Schulz, A., Klamke, M., Preissler, K., Sabino-Pinto, J., Musken, M., Schlupmann, M., Heldt, L.,
Kamprad, F., Enss, J., Schweinsberg, M., Virgo, J., Rau, H., Veith, M., Lotters, S., Wagner, N., Steinfartz,
S., & Vences, M. (2020). Batrachochytrium salamandrivorans in the Ruhr District, Germany: history,
distribution, decline dynamics and disease symptoms of the salamander plague.Salamandra, 56 (3), 189-214.

Spitzen-van der Sluijs, A., Martel, A., Asselberghs, J., Bales, E. K., Beukema, W., Bletz, M. C., Dal-
beck, L., Goverse, E., Kerres, A., Kinet, T., Kirst, K., Laudelout, A., Marin da Fonte, L. F., Nollert,
A., Ohlhoff, D., Sabino-Pinto, J., Schmidt, B. R., Speybroeck, J., Spikmans, F., Steinfartz, S., Veith, M.,
Vences, M., Wagner, N., Pasmans, F., & Lotters, S. (2016). Expanding distribution of lethal amphibian
fungusBatrachochytrium salamandrivorans in Europe. Emerging Infectious Diseases, 22 (7), 1286-1288.
https://doi.org/10.3201/¢id2207.160109

Spitzen-van der Sluijs, A., Stegen, G., Bogaerts, S., Canessa, S., Steinfartz, S., Janssen, N., Bosman,
W., Pasmans, F., & Martel, A. (2018). Post-epizootic salamander persistence in a disease-free refugium
suggests poor dispersal ability of Batrachochytrium salamandrivorans . Scientific Reports, 8 (1), 3800.
https://doi.org/10.1038/s41598-018-22225-9

Stegen, G., Pasmans, F., Schmidt, B. R., Rouffaer, L. O., Van Praet, S., Schaub, M., Canessa, S., Laudelout,
A., Kinet, T., Adriaensen, C., Haesebrouck, F., Bert, W., Bossuyt, F., & Martel, A. (2017). Drivers of

56



salamander extirpation mediated by Batrachochytrium salamandrivorans . Nature, 544 (7650), 353-356.
https://doi.org/10.1038 /nature22059

Sun, D., Ellepola, G., Herath, J., Liu, H., Liu, Y., Murray, K., & Meegaskumbura, M. (2023). New
climatically specialized lineages of Batrachochytrium dendrobatidis and their sub-lethal effects on amphibians
establish the Asiatic origins of the pathogen. Preprint at https://doi.org/10.1101/2023.01.23.525302.

Thomas, V., Wang, Y., Van Rooij, P., Verbrugghe, E., Balaz, V., Bosch, J., Cunningham, A. A., Fisher, M.
C., Garner, T. W. J., Gilbert, M. J., Grasselli, E., Kinet, T., Laudelout, A., Lotters, S., Loyau, A., Miaud, C.,
Salvidio, S., Schmeller, D. S., Schmidt, B. R., Spitzen-van der Sluijs, A., Steinfartz, S., Veith, M., Vences, M.,
Wagner, N., Canessa, S., Martel, A., & Pasmans, F. (2019). Mitigating Batrachochytrium salamandrivorans
in Europe. Amphibia-Reptilia, 40 (3), 265-290. https://doi.org/10.1163/15685381-20191157

Tompros, A., Dean, A. D., Fenton, A., Wilber, M. Q., Carter, E. D., & Gray, M. J. (2021). Frequency-
dependent transmission of Batrachochytrium salamandrivorans in eastern newts. Transboundary and Emerg-
ing Diseases, 69 (2), 731-741. https://doi.org/10.1111/tbed.14043

Tong, Q., Hu, Z.-f., Du, X.-p., Bie, J., & Wang, H.-b. (2019). Effects of seasonal hibernation on the
similarities between the skin microbiota and gut Microbiota of an amphibian (Rana dybowskii ).Microbial
Ecology, 79 (4), 898-909. https://doi.org/10.1007/s00248-019-01466-9

Towe, A. E., Gray, M. J., Carter, E. D., Wilber, M. Q., Ossiboff, R. J., Ash, K., Bohanon, M., Bajo, B. A.,
& Miller, D. L. (2021).Batrachochytrium salamandrivorans can devour more than salamanders. Journal of
Wildlife Diseases, 57 (4), 942-948. https://doi.org/10.7589/Jwd-D-20-00214

Wacker, T., Helmstetter, N., Wilson, D., Fisher, M. C., Studholme, D. J., & Farrer, R. A. (2023). Two-speed
genome evolution drives pathogenicity in fungal pathogens of animals. Proceedings of the National Academy
of Sciences, 120 (2), €2212633120. https://doi.org/10.1073/pnas.2212633120

Wang, H., Wang, H. N., Regassa, J. F., & Wang, X. L. (2018). Independent origin of chytrid fungus in
China. Russian Journal of Herpetology, 25 (4), 299. https://doi.org/10.30906,/1026-2296-2018-25-4-299-310

Wang, S. P., Zhu, W., Fan, L. Q., Li, J. Q., & Li, Y. M. (2017). Amphibians testing negative for Batra-
chochytrium dendrobatidisand Batrachochytrium salamandrivorans on the Qinghai-Tibetan Plateau, China.
Asian Herpetological Research, 8 (3), 190-198. https://doi.org/10.16373/j.cnki.ahr.170010

Wang, Y., Verbrugghe, E., Meuris, L., Chiers, K., Kelly, M., Strubbe, D., Callewaert, N., Pasmans, F., &
Martel, A. (2021). Epidermal galactose spurs chytrid virulence and predicts amphibian colonization. Nature
Communications, 12 (1), 5788. https://doi.org/10.1038/s41467-021-26127-9

Warren, D. L., Glor, R. E., & Turelli, M. (2010). ENMTools: a toolbox for comparative studies of environ-
mental niche models. Ecography,33 (3), 607-611. https://doi.org/10.1111/j.1600-0587.2009.06142.x

Yap, T. A., Koo, M. S.; Ambrose, R. F., Wake, D. B., & Vredenburg, V. T. (2015). Averting a North
American biodiversity crisis.Science, 349 (6247), 481-482. https://doi.org/10.1126/science.aab1052

Yuan, Z., Martel, A., Wu, J., Van Praet, S., Canessa, S., & Pasmans, F. (2018). Widespread occurrence
of an emerging fungal pathogen in heavily traded Chinese urodelan species. Conservation Letters,11 (4),
€12436. https://doi.org/10.1111/conl.12436

Zhu, W., Bai, C., Wang, S., Soto-Azat, C., Li, X., Liu, X., & Li, Y. (2014). Retrospective survey of museum
specimens reveals historically widespread presence of Batrachochytrium dendrobatidis in China.FcoHealth,
11 (2), 241-250. https://doi.org/10.1007/s10393-013-0894-7

Zhu, W.; Xu, F.) Bai, C., Liu, X., Wang, S., Gao, X., Yan, S., Li, X., Liu, Z., & Li, Y. (2014). A
survey for Batrachochytrium salamandrivorans in Chinese amphibians. Current Zoology,60 (6), 729-735.
https://doi.org/10.1093/czo0lo/60.6.729

57



