





Key questions about the impact of the salamander plague on Triturus cristatus

All captured individuals were photographed ventrally
for individual identification and recapture analysis with
the software Amphldent (MATTHE et al. 2008) or Wild-ID
(BOLGER et al. 2012).

We used information on the Northern Crested Newt dis-
tribution from the online atlas of amphibians and reptiles
in Germany (DGHT 2018). Bsal localities, except the new
ones reported here (see below), were adopted from LOT-
TERS et al. (2020Db). All other data were obtained from the
references quoted throughout the text and from our own
field studies (Supplementary Table S1). Maps were created
in ArcMap (v. 10.7.1, ESRI). We calculated prevalence and
95% Bayesian credible intervals (CI) following LOTTERS et
al. (2012) by using the ‘R2Winbugs’ package in R (v. 4.0.3).

Results and discussion
How do Northern Crested Newt populations
with known Bsal histories develop?

At Study Site 1, Bsal has been known since 2019 (LOTTERS
et al. 2020b), at Study Site 2 since 2020 (Fig. 2, Supplemen-
tary Table S1). At Study Site 1, 28 T. cristatus (18 females,
10 males) were caught, of which 21 (75%) tested Bsal-pos-

itive. Time series for 11 recaptured individuals (5 females,
6 males) are available. At Study Site 2, 18 T. cristatus (7 fe-
males, 11 males) were caught, of which 16 (89%) tested Bsal-
positive. Time series for 9 recaptured males are available.
Syntopic newts tested Bsal-positive in both years at both
sites (Site 1: L. vulgaris, N = 6; L. helveticus, N = 15; L. alpes-
tris, N = 24; Site 2: L. vulgaris, N = 32; L. alpestris, N = 37).
Opverall, the numbers of captured T. cristatus were low at
both sites, despite extensive monitoring over 16-26 weeks.
Fewer Northern Crested Newts were caught at Study Site
11in 2021 than in 2020. At the same time, infection preva-
lence decreased from 69% (14 out of 21; CI: 49-85%) to 50%
(5 out of 10; CI: 23-75%). Out of the 14 infected specimens
in 2020, 1 male was found dead at the margin of the pond
and 2 were recaptured Bsal-free in 2021. One Bsal-negative
specimen caught in 2020 was recaptured Bsal-free again
in 2021. At the same time, 4 other Bsal-negative individu-
als from 2020 were not recaptured in 2021. In contrast, at
Study Site 2, the number of caught individuals increased
from 4 (2020) to 17 (2021), while infection prevalence in-
creased from 75% (3 out of 4; CI: 27-95%) to 88% (15 out
of 17; CL: 64-96%). Of the 3 infected specimens in 2020, 2
were recaptured with Bsal loads in 2021. The Bsal-negative
individual from 2020 was recaptured Bsal-positive in 2021.

Figure 1. (A) Northern Crested Newt (Triturus cristatus) occurrence in 10 km x 10 km grid cells in Germany: black = presence in
2000-20138; light grey = 1900-1999; red = cells with present populations potentially affected by Bsal (modified after DGHT 2018).
(B) Presence of Bsal in Germany: blue = sensu LOTTERS et al. (2020b) and authors’ unpubl. data; black = new records.
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We cannot exclude the possibility that the differences
between the two study sites represent distinct stages of
rampant Bsal infections. Both populations persist for now
with a low number of individuals, suggesting that each site
is already in a late invasion (epidemic) or established (en-
demic) phase (sensu GILBERT et al. 2020). Hence, we do
not rule out mass mortality events in these populations af-
ter first Bsal contact.

Moreover, we cannot exclude the possibility of poten-
tial effects of increased sampling effort at both study sites
(i.e., number of traps, sampling events and netting surveys
at least doubled in 2021) on capture numbers/recapture
rates. However, increased effort did not result in higher
numbers of individuals in the second year (Fig. 3). Study
Site 1 even yielded a reduction of T. cristatus observations
from 2020 to 2021 despite an identical sampling scheme.
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Figure 2. Detailed view of Bsal records (dots, as in Fig. 1B) in North Rhine-Westphalia and Rhineland Palatinate and Northern Crested
Newt (Triturus cristatus) presence 2000-2018 (squares), including populations potentially affected by Bsal (filled in red). Stars indicate
populations with confirmed Bsal presence (blue = sensu LOTTERS et al. (2020b); black = new records; yellow = Study Sites 1 and 2).
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Furthermore, as we framed only a two-year dataset, our
observations potentially lie within normal fluctuations
(e.g., due to individual reproduction breaks) of Northern
Crested Newt populations (THIESMEIER et al. 2009, VoN
BULow & KUPFER 2019). Nevertheless, it should be em-
phasized that a large proportion of the infected animals
from 2020 were not traced in the subsequent year, and
multiple recaptures of infected individuals in 2021 were
rare at both sites. A more profound knowledge about mor-
tality as well as resistance rates of newts in natural popu-
lations is required to comprehensively interpret our find-
ings. Furthermore, the role of abiotic factors needs to be
further investigated, as higher temperatures may temper
infections later in spring and may reduce mortality both
by decreasing fungal growth and by increasing newt de-
fenses.

How does a Bsal infection manifest
in Triturus cristatus?

Based on our data at Study Sites 1 and 2, no Northern Crest-
ed Newts with external skin lesions were detected during
our monitoring, suggesting that visual diagnosis of Bsal in-
fection in this species is challenging in the field (if possible
at all) despite high detected zoospore loads (i.e., > 800 GE,
sensu MARTEL et al. 2014, STEGEN et al. 2017, BENINDE et al.
2021). Hence, inferring disease progression from detected
zoospore loads appears unfeasible.

Subadult and adult Northern Crested Newts car-
ried Bsal zoospores in varying amounts (Supplementa-
ry Table S1). Our highest detected GE amount on a live
T. cristatus was 477,900 GE. Moreover, there is notable
GE variation within specimens (Study Site 2: in 2021, 174-
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Figure 3. Individual Bsal infection histories of 46 Northern Crested Newts (Triturus cristatus) in 2020 and 2021 at two localities in
Germany (Weeks 12 to 26 of the year; for details of study sites see text). Bsal infection loads (GE) are shown in colours, with warmer
colours indicating higher infection loads, given in steps of the common logarithm (log, ). Open cells indicate that only newt species
other than the Northern Crested Newt were sampled; shaded cells indicate that no newts were sampled.
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The following data are available online:

Supplementary Table S1. Localities in Germany with Batracho-
chytrium salamandrivorans sampling in Northern Crested Newt
populations (Triturus cristatus).

Supplementary Table S2. Known sites with Batrachochytrium
salamandrivorans occurrence in Germany until July 2022.



