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Abstract. With the further expansion of the invasive amphibian chytrid fungus
Batrachochytrium salamandrivorans (Bsal) in recent years, the nearest known infected
populations to Luxembourg are located at approximately 15 km from the border with
Germany and 30 km from the border with Belgium. As Luxembourg still is considered
untouched by Bsal and the expansion of this pathogen towards the country is ever more
likely, we conducted a removal sampling of the European fire salamander larvae, one of the
most affected species, at 25 populations. The goal was to establish a baseline for population
size estimations and monitoring of population trends in successive years, as part of an early
detection system for Bsal in the European fire salamander. In addition, 57 skin samples from
metamorphosed European fire salamanders were collected from five populations in regions
with low larval presence. Although the pathogen was not detected, low sample sizes prevent
us from drawing final conclusions on its absence. However, a baseline has been established
for recognizing population declines in European fire salamander populations at an early
stage, allowing a targeted Bsal screening in case of sudden declines. Furthermore, we suggest
the need of implementing a Bsal monitoring system as a cornerstone of a national action
plan for Bsal in Luxemburg, which in particular should include additional screening in newt
species.

Keywords. Emerging infectious disease, chytrid fungus, salamander plague, Bsal, population
decline, national action plan, removal sampling, Caudata.

1. Introduction

As one of the most threatened vertebrate
classes (Mendelson et al. 2006, Stuart et al.
2008, Wake & Vredenburg 2008), amphib-
ians are facing multiple threats leading to
declines on a global scale (Grant et al. 2020).
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Among these, the impact of Emerging Infec-
tious Diseases (EIDs), such as ranaviruses
and amphibian chytrid fungi, has been
linked to local mass mortalities and popula-
tion or even species extinctions across a wide
range of taxa (Berger et al. 1999, Lotters et
al. 2009, Allain & Duffus 2019, Scheele et al.
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2019, Fisher & Garner 2020). In Central and
Western Europe, a new threat to urodelan
amphibian diversity arose in recent decades:
the salamander fungus Batrachochytrium
salamandrivorans (Bsal). The invasive path-
ogen, apparently introduced from Asia via
the pet trade, has a devastating impact on
infested populations of the European fire
salamander (S. salamandra) and is affect-
ing newts of the genera Ichthyosaura, Lisso-
triton and Triturus (e. g. Martel et al. 2014,
Spitzen-van der Sluijs et al. 2016, Stegen et
al. 2017, Fitzpatrick et al. 2018, Lotters et al.
2020a, Schmeller et al. 2020). Bsal is increas-
ingly spreading, even over large distances
and possibly through novel introductions,
and has led to infections of urodelans in the
wild in Germany, Belgium, the Netherlands
and Spain (Spitzen van der Sluijs et al. 2016,
Dalbeck et al. 2018, Lotters et al. 2020a,
Schulz et al. 2020, Martel et al. 2020).

The European fire salamander (Salamandra
salamandra) is considered a sentinel species,
being highly susceptible to Bsal infection
(Martel et al. 2014). Declines in European
fire salamander populations due to Bsal
mostly happen undetected and can easily
be overseen, mainly due to the lack of long-
term monitoring programmes and the diffi-
culty to detect the pathogen, especially once
a population decline or local extinction of
the species has occurred (Spitzen-van der
Sluijs 2018, Wagner et al. 2020a, Lotters et
al. 2020a, Sandvof3 et al. 2020). Moreover,
the pathogen poses a threat to other urode-
lan species, as Bsal infected individuals of
all newt species (Ichthyosaura alprestris,
Lissotriton helvetivus, L. vulgaris, Triturus
cristatus) were found during surveys, par-
tially outside the range of European fire
salamander populations (Dalbeck et al.
2018).

Salamander and newt populations in Lux-
emburg are stated as naive to the pathogen
with a high potential to get in contact — and
being afterwards infected with the pathogen.
The reason is that the known edge of the Bsal
ranges in Germany and Belgium are located
15 km to the northeast and 30 km to the
north of Luxembourg, respectively (Fig. 1;
Spitzen van der Sluijs et al. 2016, Sandvof3 et
al. 2020, Wagner et al. 2020a).
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Fig. 1. Overview of larvae monitoring sites (black dots)
and Bsal outbreaks (red crosses) in Western Europe
(after Spitzen-van der Sluijs et al. 2016, Lotters et al.
2020a).

Luxembourg is home to five species of the
family Salamandridae, of which only Triturus
cristatus figures on Annexes Il and IV of the
EU Habitats Directive, requiring specific
action. On the national level, all five species
are listed as Least Concern (sensu Proess et
al. 2016) and all are protected by national
law. Given the current conservation status
of these amphibians, so far no Bsal screen-
ing has been performed in Luxembourg.
Besides the national species protection plan
for T. cristatus (Proess & Schneider 2018)
and a long-term monitoring action of one
S. salamandra population in the west of the
country (Willems 2019), no other long-term
monitoring data exist for the urodelan spe-
cies in Luxembourg, increasing the poten-
tial risk of overseeing population declines.
However, at least a preliminary presence/
absence monitoring of larvae confirmed the
presence of S. salamandra throughout most
studied sites in Luxembourg (Proess 2016,
2017).
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Fig. 2, a: Suitable habitat in Schieren; b: unsuitable habitat in Rambrouch. Photos: J. Muller.

According to the recommendations of the
European Bsal Action Plan (see Gilbert et
al. 2020), there is thus an urgent need of
implementing a national Bsal action plan
for Luxemburg. Among others, this includes
an early warning system, as a tool for local
authorities to detect infected populations in
an early stage.

In the present study, we aim to establish a
baseline for population size estimations and
successive monitoring of population trends
as part of an early detection for Bsal in the
European fire salamander. We conducted
a quantitative larval removal-sampling at
selected sites in the north, center and east
of the country which are so far the geo-
graphically closest populations to known
Bsal outbreak sites (i. e. outside Luxem-
bourg). In addition, we collected skin swabs
- a standardized method for Bsal screening
(e. g. Thomas et al. 2018, Lotters et al 2020a)
- in some European fire salamander popula-
tions in regions where first results of larval
monitoring indicated low abundances. Our
primary study is to be seen as a first step
towards establishing both methods as an
early warning system to be integrated in a
national Bsal action plan.

2. Material and Methods

All field work followed the national bio-
security protocol as published on www.sos-
salamandre.Ju (Stassen & Lestang 2021).
Measures included the disinfection of boots
and field material with a fungicide solution
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of 1% VirkonS® before and after entering
field sites and handling all sampled indi-
viduals with a separate pair of nitrile gloves.
Through the National Museum of Natural
History a permit was granted by the Minis-
try of Environment to the researchers, for the
temporary capture, manipulation and trans-
port of all urodelan species in Luxembourg.

2.1. Larval monitoring

Between the end of April 2021 and the
beginning of July 2021, we visited selected
sampling sites for a European fire salaman-
der larvae monitoring (Table 1). The selec-
tion of suitable sites was based on records
from the following data sources. First, we
included data of Proess (2016, 2017) as well
as observations from the iNaturalist® plat-
form provided by the National Museum
of Natural History (MNHN). Second, we
included small, first-order streams sur-
rounded by deciduous forest as potential
habitats by manual review of high-resolu-
tion satellite images (available at www.geo-
portail.lu). Hence, we defined a total of 30
study sites as potential monitoring localities.
Subsequently, we visited these sites to assess
habitat suitability (forest cover, forest type,
width, depth and number of pools in forest
streams) and accessibility for our removal
sampling approach.

With this, we listed 25 sites as monitoring
sites while five sites were classified as unsuit-
able (Fig. 2). The majority were in the north-
eastern and eastern parts of Luxembourg,
due to the proximity with the nearest known
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infected populations in Germany, the high
density of species in this region (Proess et al.
2016) and the high suitability for the estab-
lishment of Bsal according to niche models
in these areas (Beukema et al. 2021). The
larvae monitoring - performed as a quanti-
tative removal sampling method - followed
the standardized and commonly applied
study design of Schmidt et al. (2015). At each
monitoring site, we defined a representative
75 m transect along a stream, divided into
three 25 m sub-transects. We then recorded
the exact coordinates of the starting position
using a GPS unit (Garmin Etrex 32x). In all
three sub-transects, 3 observers searched
for and removed larvae simultaneously for
15 min. Then, observers rotated randomly
(sensu Schmidt et al. 2015). In this way, every
observer has searched for larvae in all three
sub-transects. Larval counts as well as addi-
tional field parameters (see Table 1) were
documented in the field protocol. The cap-
tured larvae were temporarily kept in plastic
aquariums (type faunabox) and immediately
released into the sub-transects of their cap-
ture after the end of the search action. The
larval monitoring and the assessment of
environmental parameters were conducted
upstream of each site (Wagner et al. 2020a).

We used the software R (https://www.r-pro-
ject.org/) for the statistical analysis of our
data. We performed generalized multinomial
mixture models (function “gmultmix ()”)
with the package “unmarked” to determine
the detection probability and the larval
abundance including environmental param-
eters as covariates (Fiske & Chandler 2011).
All models were ranked by their information
loss using the Akaike Information Criterion
(AIC) as decribed by Mazerolle (2006) with
the R-package “AICcmodav” (Mazerolle
2015, function “modsel ()”). Following
Wagner et al. (2020a), we then defined all
models with a AAIC < 2 as eligible for our
data. Finally, we estimated and compared
population estimations (function “ranef ()”)
of all suitable models.

2.2. Bsal Sampling

Our sampling focused on areas close to
the German border in 5 populations. This
included three sites where low larval counts
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Table 1. Total larvae counts and field parameters for the 25 sampling sites. (Day: Occasion 1-12; Turbity, Aquatic wood, Gammaridae, Terrestrial shelters: 1 = low,

= mud; Forest type:

sand, 3

full cloud cover; Pools: absolute counts; Substrate: 1 = gravel/stone, 2

Coniferous forest).

high; Cloud cover from 1 = no clouds to 8

medium, 3 =
1 = Deciduous forest, 2

2=

Mixed forest, 3
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were recorded during the removal sampling,
with less than 5 larvae found in an other-
wise optimal habitat, and two neighboring
locations in order to extend the search to a
broader area. Herein, we conducted noctur-
nal opportunistic visual encounter surveys
for metamorphosed individuals, aiming to
sample 30 individuals in each location. With
this minimum sample size, it ought to be
possible to detect at least one Bsal-positive
European fire salamander with a probability
0f 95% assuming a prevalence of at least 10 %
(following Cannon & Roe 1986). However,
due to low abundances we did not reach that
number of samples at any site. Our sampling
method followed the standardized protocol
used in earlier Bsal studies (e .g. Dalbeck
et al. 2018, Lotters et al. 2020a): We used
two swabs for each sampled individual. If
the first sample shows a positive result, the
second sample is used for verification in an
independent laboratory. DNA was extracted
using the Qiagen DNeasy Blood and Tissue
kit (Qiagen, Hilden, Germany) following
the manufacturer’s Animal Tissues protocol.
Bsal detection was performed by amplify-
ing the internal transcribed spacer (ITS)
region 1 of rRNA (120 bp) with the quan-
titative polymerase chain reaction (qPCR,
StepOnePlus™, ThermoFisher Scientific)
method following the standard protocols of
Blooi et al. (2013) and Standish et al. (2018).
All samples were run at Trier University in
duplicate with a Bsal standard as well as a
negative control. The calculation of each site
prevalence as well as 95% Bayesian credible
intervals followed the procedure described
in Lotters et al. (2012).

3. Results

3.1. Larval monitoring

In the year 2021 we found European fire
salamander larvae in 20 of the 25 selected
streams. A total of 1,358 larvae were caught.
The mean value was 54.32 individuals. For
a statistical analysis, we had to exclude Site
17 as outlier because of the high number of
captured larvae. Among the localities with
zero larvae counts, Leithum (ID4) was the
northernmost sample site just 16.75 km
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away from the closest Bsal record in Ger-
many. Furthermore, Eisenborn (ID21) and
Kopstal (ID22), the southernmost sample
sites located close to the capital, yielded no
larvae counts. The other two localities with-
out counts were Eselsbach (ID7) and Haller
(ID20) both located in the northeast. The
lowest abundance was detected in Berdorf
(ID19) with only 2 larvae, and the high-
est abundance in Schieren (ID16) with 293
captures. At four sites (ID7, 10, 12, 19), the
number of larvae was less than 5 individuals
(see Fig. 3, Table 1).

Regarding larval counts in combination
with the environmental parameters, the 10
best fit models (all with A AIC < 2) differ
in their explanatory factors in Abundance
(M) (Table 2). The larval abundance is either
constant (i.e. no factor is influencing abun-
dance, Model 1 and Model 3) or is affected
by several covariates. The amount of dead
wood in the water occurs twice (Model 4,

eeeeeee

Fig. 3. Overview of larvae monitoring site and the
Bsal sampling sites in Luxembourg for the year 2021.
Yellow dots indicate sites with larval presence, black
dots indicate sites where no larvae were found, blue
dots indicate sites where skin swabs were collected.
(Number = location ID).

Bull. Soc. Nat. luxemb. 124 (2022)



Table 2. Suitable models ranked by the Akaike Information Criterion (AIC), A = Abundance; p = Detection
probability; AAIC = deltaic; AICwt = Model weight; (.) = constant; (~ Covariable) = dependency).

Model ID Abundance  Detection AIC A AIC AICwt
Model 1 A() p(~ Width) -4776.338 0.000000 0.08885754
Model 2 A (~Day) p(~ Width) -4775.211 1.126850 0.05058268
Model 3 AC) p(~ Clouds) -4775.113 1.224191 0.04817977
Model 4 A (~Wood) p(~ Width) -4775.025 1.312795 0.04609188
Model 5 A (~Prey) p(~ Width) -4774.820 1.517371 0.04161035
Model 6 A (~Hides) p(~ Width) -4774.452 1.885635 0.03461257
Model 7 A (~Slope) p(~ Width) -4774.448 1.890128 0.03453490
Model 8 A (~Wood) p(~ Clouds) -4774.405 1.932699 0.03380758
Model 9 A (~Pools) p(~ Width) -4774.401 1.936653 0.03374080
Model 10 A (~Forest) p(~ Width) -4774.357 1.981051 0.03300005
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Fig. 4. Overview of estimated population sizes (with confidence intervals) of all eligible models per stream
(Abund = larval abundance; 1-25 = sampling sites (17 not included)).
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Table 3. Overview of 57 S. salamandra Bsal samples per locality including prevalence of each site for
year 2021 (Bayesian credible Intervals (CI) are shown in parentheses).

ID Locality Coordinates
1  Berdorfl 6,335786°E 49,829849°N
2 Berdorf2 6,372156°E 49,819665°N

3 Christnach 6,267146°E 49,767439°N

4  Fischbach 6,090757°E 50,079894°N

5  Parc Hosingen 6,100728°E 49,993934°N

Model 8) whereas sampling day (Model 2),
the amount of prey in the stream (Model 5),
the number of hides (Model 6), the slope of
the stream (Model 7), the number of pools
(Model 9) and the forest type (Model 10) are
represented once (Table 2). In contrast, the
detection probability (p) depended twice on
cloud cover (Model 3) and in all others on
the stream width.

At sites with larval counts, all models show
higher larval population estimations than
absolute larval observations (Fig. 4). In
comparison, only the two models with the
detection probability affected by cloud cover
(Model 3 and Model 8) differ from all other
models resulting in higher population esti-
mations. At four sites (See locality 1, 3, 5, 23
in table 1), this difference is significant for
both and additionally at site 16 it applies to
Model 3 (Fig. 4). In contrast, at site 14, the
estimation is lower (not significant) in these
two models.

3.2. Bsal Sampling

In total, we analysed skin swabs of 57 met-
amorphosed European fire salamanders
(range between sites: 3-28, Table 3). Thus,
prevalence and credible intervals varied. All
studied samples were Bsal-negative. How-
ever, taking into account sample size, only
the sample site “Parc Hosingen” shows reli-
able credible intervals ranging from 0-12%
and a mean prevalence of 3%.
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Number of Bsal Prevalence
samples  detected
3 none 21% (CI: 10%-61%)
9 none 9% (CIL: 0%-30%)
14 none 6% (CI: 0%-20%)
3 none 21% (CI: 10%-61%)
28 none 3% (CL: 0%-12%)

4. Discussion

Although, the presence of Bsal could not be
confirmed in this study, we have to remain
vigilant and further monitoring is required,
preferably within the framework of a com-
prehensive national Bsal action plan. By
monitoring larval abundances in 25 popu-
lations of European fire salamanders, we
have established a baseline for recognizing
population declines at an early stage as part
of an early warning system for Bsal. From
this point of view, quantitative monitoring
should be continued along the same tran-
sects over the long term. Furthermore, we
suggest the addition of monitoring sites (for
a potential selection see Methods) to com-
prehensively cover the species’ distribution
in Luxembourg. This allows a quick action
mechanism in case of Bsal outbreaks. It fur-
ther serves as an effective data source in con-
servation planning. This sampling design
did not cover by far the totality of European
fire salamander populations in Luxembourg.
However, it allows us to continue based on a
robust sample throughout the species range
in the country. Combined with other active
and passive monitoring actions, this should
allow an early detection of a first Bsal infec-
tion within the country, as it has been imple-
mented in other countries (e. g. Gilbert et al.
2020, Martel et al. 2020).

Luxembourg is considered a high-risk area
for Bsal infection, not only due to its prox-
imity with the nearest known German and
Belgian outbreak sites, but also due to the
high habitat suitability (sensu Beukema et

Bull. Soc. Nat. luxemb. 124 (2022)



al. 2021). The pathogen is associated with
humid and relatively cool, stable climates.
Furthermore, the high pressure of out-
door recreational activities and trail den-
sity within some areas near Bsal-positive
regions in neighboring countries poses an
additional risk for human-mediated spread
of the pathogen (sensu Beukema et al. 2021).

Our population estimations confirm that the
European fire salamander still occurs in par-
tially high abundances in the study area, as
suggested by earlier findings (Proess 2016,
2017). However, no population trends can
be estimated after just one year of removal
sampling. The rapid detection of declines
depends on continuity of the larvae moni-
toring. Our findings on the factors shaping
our results go in line with those of Wagner
etal. (2020b): We found significant relation-
ships between the detection probability and
the creek width as well as a negative corre-
lation between the abundance and the sam-
pling day. This is explicable with an increase
of metamorphosis events and a possible drift
(sensu Wagner et al. 2020a). The number
of pools and the amount of wood in the
water correlated also with the abundance of
larvae, as both covariates shape the stream
and increase microhabitats. Moreover, these
findings are congruent with the results of
Wagner et al. (2020a). Additionally, mixed
forest as well as the slope of the terrain in the
100 m buffer area enhances the estimated
population size, as both variables provide
preferred habitats for adult salamanders
(Thiesmeier 2004). Surprisingly, our results
show an effect of cloud cover on the detec-
tion probability of European fire salamander
larvae in streams. At most sites, where no
(clouds =1) or few clouds (clouds =2) were
detected during the larval sampling, fewer
larvae were found (compare Table 1, Fig. 3).
We conclude that with less sunlight available
the detection probability of European fire
salamander larvae increases. We assume,
that low light conditions during the day
enhance the larval activity and thus detec-
tion of otherwise strictly nocturnal sala-
mander larvae (Thiesmeier 2004).

All sampled salamanders were free from
Bsal. However, the broad confidence inter-
vals prevent us from drawing conclusions
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on pathogen presence in the sampled locali-
ties. These are mainly caused by low sample
size due to time restrictions — except the site
Parc Hosingen. At the current stage, it is not
possible to clearly state if we failed to detect
Bsal or if the pathogen is yet not present in
Luxembourg. Our sampling should be con-
sidered (1) as a first basis for further studies
and (2) as a quick reaction to the results of
the larval monitoring. Further investigations
should therefore aim on higher sampling
efforts (i.e. increase sample size and locali-
ties). Increasing sample size is possible with
the inclusion of other urodeles (cf. Stegen
et al. 2017). We moreover recommend that
sampling designs with different sampling
periods should be implemented in the
future. Own investigations as well as other
expert opinions (A. Spitzen van der Sluijs,
Netherlands; Jirgen Thein, Germany) sug-
gest, that Bsal detection in urodelan popu-
lations possibly fluctuates between seasons.
However, we are aware, that expert opinions
are to be seen as suggestions rather than
solid information (Lambert et al. 2020).

Although most studies on the distribution
and prevalence of the pathogen focused on
the European fire salamander, further cau-
tion is required as severe declines in newts
such as the great crested newt (Triturus cris-
tatus) were recorded recently in Germany,
indicating a high probability these species
are equally affected by the pathogen (Lot-
ters et al. 2020a). On the other hand, the
palmate newt (Lissotriton helveticus) as well
as the alpine newt (Ichthyosaura alpestris)
are capable of surviving sublethal infections
thus likely functioning as a reservoir and
vector for Bsal (Martel et al. 2014, Stegen at
al. 2017, Lotters et al. 2020a). In addition,
Beninde et al. (2021) show a high connec-
tivity between alpine newt populations in
Rhineland-Palatinate implying that multi-
ple pathogen translocations (i.e. Bsal range
expansion) are likely. Thus, future Bsal
screening should include these tolerant taxa
simplifying Bsal detection.

To enable a quick response to observed
mortalities and increase screening capacities
withinthecountry,werecommendanintegra-
tive approach combining several tools: mol-
ecular analysis with standardized methods
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of qPCR, the recently launched portal at
www.sos-salamandre.lu where actors in the
field and the public can alert when dead sal-
amanders are found and the implementation
of strict biosecurity protocols. As Bsal detec-
tion in populations with low pathogen prev-
alence or host abundances is challenging,
we recommend the addition of eDNA-based
approaches in these cases (Spitzen-van der
Sluijs et al. 2020).

This allows the efficient use of resources for
mitigating a pathogen causing unnoticed
population declines and deploy measures to
minimize further spreading towards other
Bsal-naive populations.

Acknowledgements

We are grateful to Stefan Lotters and Michael
Veith for their constructive input and expertise
throughout the study. We are further thankful
to Tobias Hildwein, Laura Murseli, Dimitrios
Ziogas, Ambarka Giehler, Annika Adam, Caroline
Schubert, Damien Robert, Elisabeth Gold, Hanna
Petgen, Julie Walter, Sven Wagner, Sven Weber
and Paulina Kruse Zavala for their help during
field work and to Karin Fischer, Lara Feiler and
Sabine Naber for assistance in the laboratory. We
are also grateful to Heather Gaya for comments
on the statistical analyses. We thank the Natural
Museum of Luxemburg for their constructive
input, support throughout the project, as well as
providing essential data. We as well thank Roland
Proess for sharing additional data with us. We
thank Louis Lestang, Tiago de Sousa and Sandra
Cellina from the ANE as well as Nora Elvinger
from the Ministry of Environment, Simone
Schneider and Liza Glesener from SICONA for
their fruitful discussions and data availability.
We are grateful to Maximilian Schweinsberg
for his constructive and helpful review. Finally,
we are thankful for the support of the Martine
and Bertram Pohl Foundation throughout this
project.

References

Allain, SJ.R. & A.LJ. Duffus, 2019. Emerging
infectious disease threats to European
herpetofauna. Herpetologica, 29: 189-206.

Beninde, J., F. Keltsch, M. Veith, A. Hochkirch
& N. Wagner, 2021. Connectivity of Alpine
newt populations (Ichthyosaura alpestris)
exacerbates the risk of Batrachochytrium
salamandrivorans outbreaks in European
fire salamanders (Salamandra salamandra).
Conservation Genetics, 22: 653-659.

176

Berger, L, R. Speare & A.D. Hyatt, 1999. Chytrid
fungi and amphibian declines: overview,
implications and future directions. In:
Declines and disappearances of Australian
frogs (Campbell, A. ed.), Environment
Australia, Canberra : 23-33.

Beukema, W., J. Erens, V. Schulz, G. Stegen,
A. Spitzen-van der Sluijs, T. Stark, A.
Laudelot, T. Kinet, T. Kirschey, M. Poulain,
C. Miaud, S. Steinfartz, A. Martel & FE
Pasmans, 2021. Landscape epidemiology
of  Batrachochytrium  salamandrivorans:
reconciling data limitations and conservation
urgency. Ecological Applications 31: €02342.

Blooi, M., F. Pasmans, ].E. Longcore, A. Spitzen-van
der Sluijs, F Vercammen & A. Martel, 2013.
Duplex real-time PCR for rapid simultaneous
detection of Batrachochytrium dendrobatidis
and  Batrachochytrium  salamandrivorans
in amphibian samples. Journal of Clinical
Microbiology 51: 4173-4177.

Cannon, R.M. & R.T. Roe, 1986. Livestock disease
surveys: a field manual for veterinarians.
Australian Government Publishing Service,
Canberra, 35 pp.

Dalbeck, L., H. Diissel-Siebert, A. Kerres, K. Kirst,
A. Koch, S. Lotters, D. Ohlhoff, J. Sabino-
Pinto, K. Preifller, U. Schulte, V. Schulz, S.
Steinfartz, M. Veith, M. Vences, N. Wagner &
J. Wegge, 2018. Die Salamanderpest und ihr
Erreger Batrachochytrium salamandrivorans
(Bsal): aktueller Stand in Deutschland.
Zeitschrift fiir Feldherpetologie 25: 1-22

Fitzpatrick, L.D., F. Pasmans, A. Martel & A.A.
Cunningham, 2018. Epidemiological tracing
of  Batrachochytrium  salamandrivorans
identifies widespread infection and associated
mortalities in private amphibian collections.
Scientific Reports 8: 13845.

Fisher, M.C. & T.W.J. Garner, 2020. Chytrid
fungi and global amphibian declines. Nature
Reviews microbiology 18: 332-343.

Fiske, I.J. & R.B. Chandler 2011. Unmarked, an
R package for fitting hierarchical models of
wildlife occurrence and abundance. Journal
of Statistical Software 43: 1-23.

Gilbert, M.J, A.M. Spitzen-van der Sluijs,
S. Canessa, J. Bosch, A. Cunningham,
E. Grasselli, A. Laudelout, S. Lotters,
C. Miaud, S. Salvidio, M. Veith, A.
Martel & F. Pasmans, 2020. Mitigating
Batrachochytrium  salamandrivorans  in
Europe. Batrachochytrium salamandrivorans
emergency action plan for European urodeles.
European Commission, Directorate-General
Environment, Directorate B — Natural Capital
Unit B.3 - Nature, Nijmegen.

Bull. Soc. Nat. luxemb. 124 (2022)



Grant, E., D. Miller & E. Muths, 2020. A synthesis
of evidence of drivers of amphibian declines.
Herpetologica 76: 101-107.

Lambert, M.R,, M.C. Womack, A.Q. Byrne,
O. Herniandez-Gomez, C.E Noss, A.P.
Rothstein, D.C. Blackburn, J.P. Collins, M.L.
Crump, M.S. Koo, P. Nanjappa, L. Rollins-
Smith, V.T. Vredenburg & E.B. Rosenblum,
2020. Comment on “Amphibian fungal
panzootic causes catastrophic and ongoing
loss of biodiversity”. Science 367: 6484.

Lotters, S., J. Kielgast, J. Bielby, S. Schmidtlein,
J. Bosch, M. Veith, S.F. Walker, M. Fischer
& D. Rodder, 2009. The link between rapid
enigmatic amphibian decline and the globally
emerging chytrid fungus. EcoHealth 6: 358-
372.

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

Martel, A., A. Spitzen-van der Sluijs, M. Blooij,
W. Bert, R. Ducatelle & M.C. Fischer, 2013.
Batrachochytrium salamandrivorans sp. nov.
causes lethal chytridiomycosis in amphibians.
Proceedings of the National Academy of
Sciences of the USA 110: 15325-15329.

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

Martel, A., M. Vila-Escale, D. Fernandez-
Giberteau, A.  Martinez-Silvestre, 8.
Canessa & S. Van Praet, 2020. Integral
chain management of wildlife diseases.
Conservation Letters 13:e12707.

Mazerolle, M. J. 2006. Improving data analysis
in herpetology: using Akaike’s Information
Criterion (AIC) to assess the strength of
biological hypotheses. Amphibia-Reptilia 27:
169-180.

Mazerolle, M. J. 2015. AICcmodavg: Model
Selection and Multimodel inference based
on (Q)AIC(c). - R package version 2.0-2,

Bull. Soc. Nat. luxemb. 124 (2022)

http://CRAN.R-project.org/package=AIC
cmodavg.

Mendelson III, J., K.R. Lips, R.W. Gagliardo, G.B.
Rabb, J.P. Collins, ].E. Diffendorfer, P. Daszak,
R. Ibafiez D., K.C. Zippel, D.P. Lawson,
K.M. Wright, S.N. Stuart, C. Gascon, H.R.
Da Silva, PA. Burrowes, R.L. Joglar, E. La
Marca, S. Lotters, L.H. Du Preez, C. Weldon,
A. Hyatt, ].V. Rodriguez-Mahecha, S. Hunt,
H. Robertson, B. Lock, C.J. Raxworthy, D.R.
Frost, R.C. Lacy, R.A. Alford, J.A. Campbell,
G. Parra-Olea, E Bolafos, J.J. Calvo Domingo,
R. Pethyagoda, M. Boone, M.J. Lannoo,
A.R. Blaustein, A. Dobson, R.A. Griffiths,
M.L. Crump, D.B. Wake & E.D. Brodie Jr.,
2006. Confronting amphibians declines and
extinctions. Science 313 (5783): 48.

Proess, R., A. Arendt, E. Engel, R. Gerend & G.
Schmidt, 2016. Rote Liste der Amphibien
Luxemburgs. In: Verbreitungsatlas der
Amphibien des Grof$herzogtums Luxemburg
(Proess Hrsg.), 2016. Ferrantia 75, Travaux
scientifiques du Musée national d’histoire
naturelle: 99-102.

Proess, R., 2016. Untersuchung zum Vorkommen
des Feuersalamanders in Luxemburg. -
Bericht im Auftrag des Naturhistorischen
Museums Luxemburg. Unpublished.

Proess, R., 2017. Untersuchung zum Vorkommen
des  Feuersalamanders im  Norden
Luxemburgs. - Bericht im Auftrag des
Naturhistorischen Museums Luxemburg.
Unpublished.

Proess, R & S. Schneider, 2018. Nationaler
Naturschutzplan 2017-2021, Artenschutzplan
Kammolch (Triturus cristatus). Ministére
de TIEnvironnement, du Climat et du
Développement durable. 16 pp.

Sandvof3, M.,N. Wagner, S. Lotters, S. Feldmeier, V.
Schulz, S. Steinfartz & M. Veith, 2020. Spread
of the  pathogen  Batrachochytrium
salamandrivorans and large-scale absence
of larvae suggest unnoticed declines of the
European fire salamander in the southern
Eifel Mountains. Salamandra 56 (3): 215-226.

Scheele, B.C., E. Pasmans, L.F. Skeratt, L. Berger,
A. Martel, W. Beukema, A.A. Acevedo, PA.
Burrowes, T. Carvalho, A. Catenazzi, I. De la
Riva, M.C. Fisher, S.V. Flechas, C.N. Foster,
P. Frias-Alvarez, TW.J. Garner, B. Gratwicke,
J.M. Guayasamin, M. Hirschfeld, J.E. Kolby,
T.A. Kosch, E. La Marca, D.B. Lindenmayer,
K.R. Lips, A.V. Longo, R. Maneyro, C.A.
McDonald, J. Mendelson III, P. Palacios-
Rodriguez, G. Parra-Olea, C.L. Richards-
Zawacki, M.O. Rodel, S.M. Rovito, C. Soto-
Azat, L.E Toledo, J. Voyles, C. Weldon, S.M.

177



Whitfield, M. Wilkinson, K.R. Zamudio & S.
Canessa, 2019. Amphibian fungal panzootic
causes catastrophic and ongoing loss of
biodiversity. Science 363: 1459-1463.

Schmeller, D.S., R. Utzel, F. Pasmans, A. Martel,
2020. Batrachochytrium salamandrivorans
kills alpine newts (Ichthyosaura alpestris) in
southernmost Germany. Salamandra 56 (3):
230-232.

Schmidt, B.R., G. G. Gschwend, J.A. Bachmann &
P. Dermond, 2015. Use of removal sampling
to estimate abundance of larval salamanders
(Salamandra  salamandra) in  streams.
Amphibia-Reptilia 36: 87-92.

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

Spitzen-van der Sluijs, A., A. Martel, J.
Asselberghs, E.K. Bales, W. Beukema, M.C.
Bletz, L. Dalbeck, E. Goverse, A. Kerres,
T. Kinet, K, Kirst, A. Laudelout, L.LEM. da
Fonte, A. Nollert, D. Ohlhoff, J. Sabino-Pinto,
B.R. Schmidt, J. Speybroeck, F. Spikmans, S.
Steinfartz, M. Veith, M. Vences, N. Wagner,
E Pasmans & S. Lotters, 2016. Expanding
distribution of lethal amphibian fungus
Batrachochytrium  salamandrivorans  in
Europe. Emerging Infectious Diseases 22:
1286-1288.

Spitzen-van der Sluijs, A., T. Stark, T. DeJean, E.
Verbrugghe, J. Herder, M. Gilbert, J. Janse,
A. Martel, E Pasmans & A. Valentini, 2020.
Using environmental DNA for detection
of Batrachochytrium salamandrivorans in
natural water. Environmental DNA 2: 1-7.

Standish 1., E. Leis, N. Schmitz, J. Credico, S.
Erickson, J. Bailey, J. Kerby, K. Phillips & T.
Lewis, 2018. Optimizing, validating, and field
testing a multiplex qPCR for the detection of
amphibian pathogens. Diseases of Aquatic
Organisms 129: 1-13.

Stassen, R. & L. Lestang, 2021. Protocole d’hygiene
et conseils pratiques pour la prévention
de la transmission dagents pathogenes
Batrachochytrium salamandrivorans (Bsal),
Batrachochytrium  dendrobatidis (Bd) et
ranavirus entre les populations damphibiens.
Version  préliminaire du  18/05/2021.
Administration de la nature et des foréts,
Luxembourg. 15 pp. https://environnement.

178

public.lu/content/dam/environnement/docu
ments/natur/biodiversite/sos-salamandre/
Protocole-d-hygiene-et-conseils-pratiques-
Bsal-Raf-Stassen-et-Louis-Lestang.pdf

Stegen, G., E Pasmans, B. R. Schmidt, L. O.
Rouffaer, S. Van Praet, M. Schaub, S. Canessa,
A. Laudelout, T. Kinet, C. Adriaensen,
E Haesebrouck, W. Bert, E Bossuyt &
A. Martel, 2017. Drivers of salamander
extirpation mediated by Batrachochytrium
salamandrivorans. Nature 544: 353-356.

Stuart, S.N., M. Hoffmann, J.S. Chanson, N.A.
Cox, RJ. Berringer, P. Ramani & B.E. Young
eds., 2008. Threatened amphibians of the
world. Lynx Editions, Barcelona, 758 pp.

Thiesmeier, B. 2004. Der Feuersalamander.
Laurenti Verlag, Bielefeld 190 pp.

Wagner, N., S. Lotters, L. Dalbeck, H. Diissel,
M. Guschal, K. Kirst, D. Ohlhoff, J. Wegge,
T. Reinhardt & M. Veith, 2020a. Long-term
monitoring of European fire salamander
populations (Salamandra salamandra) in
the Eifel Mountains (Germany): five years of
removal sampling of larvae. Salamandra 56:
243-253.

Wagner N., W. Harms, F. Hildebrandt, A. Martens,
S. I. Ong, K. Wallrich, S. Lotters & M. Veith,
2020b. Do habitat preferences of European
fire salamander (Salamandra salamandra)
larvae differ among landscapes? A case study
from Western Germany. Salamandra 56: 254-
264.

Wake, D.B. & V.T. Vredenburg, 2008. Are we in
the midst of the sixth mass extinction? A view
from the world of amphibians. Proceedings
of the National Acadamy of Sciences 105
(Supplement 1): 11466-73.

Willems, G., 2019. Beobachtung einer
Feuersalamander-Population  (Salamandra
salamandra Linnaeus, 1758) im Nordwesten
Luxemburgs. Bulletin de la Société des
naturalistes luxembourgeois 121: 115-134.

Bull. Soc. Nat. luxemb. 124 (2022)





