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Understanding fine-scale spatial variation ininfectionrisk is central

to epidemiology, disease ecology and conservation, yet its causes and
consequences remain poorly understood. Here we investigate the dynamics
of infection with the aquatic fungus Batrachochytrium dendrobatidis (Bd)

in several populations of the fully terrestrial Darwin’s frog (Rhinoderma
darwinii) across southern Chile. Using high-resolution spatial capture-
recapture data, long-term demographic monitoring and a spatial
individual-based model parameterized with empirical estimates, we show

that Bd infection in this system exhibits pronounced spatial heterogeneity
at scales of only metres. This fine-scale clustering arises fromlocalized
transmission of an aquatic pathogen in a terrestrial system, driven by spatial
proximity between infected and susceptible individuals. Such transmission
generates clustered epidemics and can drive rapid subpopulation collapse

in this species, with declines of up to 98% within a year. These epidemics
canremain undetected at the broader population level because of spatial
decoupling of infection among subpopulations. Our findings provide
evidence of epidemic dynamicsin a terrestrial Bd host and underscore a
broader principle: observational scale fundamentally shapes our ability to
detectand interpret infection dynamics in spatially structured populations.

In his seminal paper on the problem of pattern and scale in ecology,
Simon A. Levin emphasizes the universal variability of patterns and
their underlying mechanisms across spatial scales in natural systems'.
Unsurprisingly, examples of multiscale spatial patterns of parasite
infection are common?. For instance, Batrachochytrium dendrobatidis
(hereafter,Bd)—apathogenthatis one of the primary drivers of contem-
porary amphibian declines and extinctions and is responsible for the
greatest recorded loss of biodiversity attributable to a pathogen®*—has
been detected on every continent where amphibians occur’, yet its
spatial distribution appears heterogeneous across all spatial scales
examined to date. Atglobal and regional scales, Bd occurrenceis closely

associated with climatic variables’. At the national scale in Chile, how-
ever, Bdinfections show a stronger association with human footprint
than with climate®. These observations are consistent with ref. 2, who
showed that the factors shaping the distribution of Bd and other patho-
gens, including West Nile virus and Borrelia burgdorferi, vary with the
spatial scale of observation. Specifically, they found that biotic factors
predicted pathogen distributions only at local scales (-102-103 km?),
while climate and human population density were significant only at
larger, regional scales (typically >10* km?).

Understanding the mechanisms that shape patterns of infection
risk across spatial scales is central to epidemiology, disease ecology

A full list of affiliations appears at the end of the paper.

e-mail: andres.valenzuela-sanchez@ioz.ac.uk

Nature Ecology & Evolution


http://www.nature.com/natecolevol
https://doi.org/10.1038/s41559-025-02930-1
http://orcid.org/0000-0002-0445-9156
http://orcid.org/0000-0001-9201-7886
http://orcid.org/0000-0002-4023-1001
http://orcid.org/0000-0002-6535-1958
http://orcid.org/0000-0002-3543-6504
http://orcid.org/0000-0002-8141-2802
http://crossmark.crossref.org/dialog/?doi=10.1038/s41559-025-02930-1&domain=pdf
mailto:andres.valenzuela-sanchez@ioz.ac.uk

Article

https://doi.org/10.1038/s41559-025-02930-1

and conservation, and critical for managing infectious diseases in
natural populations®”°. Yet, traditional approaches to studying wildlife
diseases have often assumed well-mixed host populations, overlook-
ing the spatial structure that characterizes most free-living popula-
tions'. As a result, we still know relatively little about the patterns
and drivers of fine-scale spatial variation in parasite infection among
wild hosts’. This is problematic, as failing to observe host-parasite
systems at fine spatial scales can obscure key drivers of transmission
that might otherwise be targeted through management. For clarity, we
define fine-scale variation in infection as spatial structure detectable
within host populations, in contrast to between-population patterns
more commonly examined in studies of infectious disease’. This is
a notational convenience, as spatial dependence in host-parasite
systems probably occurs along a continuum shaped by host, parasite
and environmental characteristics’.

Moreover, when infection risk is spatially clustered, averaging
infection metrics across broad areas canintroduce aggregation bias—
estimates may appear higher than the risk experienced by most indi-
viduals as aresult of the disproportionate influence of local infection
hotspots, as demonstrated in analyses of COVID-19 data in humans".
In spatially structured populations, such averaging can also obscure
underlying epidemic dynamics—for example, wheninfections are suf-
ficiently clustered to produce asynchronous or decoupled dynamics
among subpopulations and this variation is hidden by aggregation at
the population scale.

Here weinvestigate the fine-scale spatial dynamics of infectionin
the Darwin’s frog (Rhinoderma darwinii)-Bd system. This host-para-
site system is particularly well suited for studying spatial variationin
infection risk at fine scales. R. darwinii is a fully terrestrial amphibian
that forms spatially structured populations in forested environments,
where Bd—whose infective stage is an aquatic zoospore—is probably
transmitted via direct contact or localized environmental exposure, as
shown experimentally in other amphibian-chytrid systems'", Given
the host’slimited vagility (for example, amedian annual displacement
of 3.64 minadults from one studied population'*) and the potential for
Bdtobehavelike adirectly transmitted pathogenin terrestrial settings,
we hypothesize thatinfections will exhibit fine-scale spatial clustering
inour study system.

Beyond the question of spatial scale, it is also important to high-
light that most research on Bd has focused on amphibians that are
aquatic during at least part of their life cycle. Using a comprehensive
sample of field studies that examined the impacts of Bd in free-living
amphibian populations, we found that only 8% of the 49 species studied
were fully terrestrial (Supplementary Information, ‘Lifestyle and Bd
research’). Yet fully terrestrial amphibians are not uncommon, with at
least 34% of amphibians—equivalent to 2,720 species globally—classi-
fied as fully terrestrial (either direct-developing species or those with
terrestrial larval stages) (Supplementary Information, 'Lifestyle and
Bdresearch’). Therefore, here we also seek to advance understanding
of Bd dynamics in fully terrestrial hosts.

To capture the breadth of Bd dynamics in R. darwinii, we inte-
grate evidence from two complementary field studies and a spa-
tial individual-based model (IBM) parameterized with empirical
estimates. The first field study comprises high-resolution spatial
capture-recapture data (+10 cm) from two spatially structured popu-
lations (Reserva Forestal Contulmo (RFC) and Reserva Bioldgica
Huilo Huilo (HUI)) in the Austral temperate forests of Chile (Fig. 1a).
These data allowed us to quantify theimpacts of Bd on host survival,
uncover fine-scale spatial patterns of infection risk and examine
potential drivers of spatial variation in infection, including micro-
climatic conditions, host proximity and the diversity of bacterial
familiesin the host’s skin microbiome. The second field study involves
long-term epidemiological and demographic monitoring of two more
subpopulations (Parque Tantauco, site 1 (TAN1) and Parque Tantauco,
site 2 (TAN2)) before and after Bd invasion, which provided evidence

of epidemic infection dynamics capable of regulating populations
of this fully terrestrial host. Finally, the IBM enabled us to assess the
relative importance of spatial, demographic and infection param-
eters in shaping the host-parasite dynamics in this system and to
evaluate potential management interventions such as the exclu-
sion of co-occurring amphibians (hereafter referred to as syntopic).
Together, these approaches allow us to characterize the fine-scale
spatial dynamics of Bd transmission and provide amechanistic under-
standing of how diverse amphibian-Bd outcomes can emerge in
terrestrial systems, including rapid Bd-driven population declines
and extirpations.

Results

Impacts of Bd on host survival

Previous observations from both captive and wild populations sug-
gest that R. darwiniiis highly susceptible to developing fatal chytridi-
omycosis®. To quantify this susceptibility, we developed a Bayesian
spatial multistate capture-recapture (SMCR) model to estimate true,
rather than apparent, survival probabilities in Bd-infected and unin-
fected R. darwiniiindividuals in the wild. This approach overcomes
a key limitation of traditional (nonspatial) multistate models, in
whichsurvival estimates are confounded by permanent emigration
fromthe study area and are therefore considered only ‘apparent’. We
found markedly elevated mortality rates in Bd-infected R. darwinii
individuals (Supplementary Fig. 1). At RFC, monthly survival was
reduced by 67.5% (95% Bayesian credible interval (Crl) 45.0-86.1%)
in infected compared with uninfected juveniles and by 55.8%
(credible interval (Crl) 32.7-77.9%) in infected adults. At HUI, the
reduction in survival associated with infection was similarly 66.7%
(Cr123.2-95.1%) in juveniles and 63.3% (Crl 7.0-98.6%) in adults. At
RFC, weestimated that the overall probability of dying before recover-
ing frominfection was 0.912 (Crl10.772-0.984) in juveniles and 0.854
(Crl1 0.646-0.972) in adults (not estimated at HUI owing to sparse
data). Our time-to-death estimates indicate that disease-induced
mortality occurs rapidly, with 95% of infected juveniles and adults
which do not recover expected to die within 3 months after initial
infection (Supplementary Information, ‘Bayesian spatial multistate
capture-recapture model’).

Fine-scale spatial patterns of infection risk

We found that Bd infection exhibits spatial variation across several
scales within the study system. At the broadest spatial scale, there
was strong evidence (98.3% probability) for a higher mean monthly
probability of Bd infection—defined as the probability of transitioning
from uninfected in month ¢ to infected in month ¢ + 1—in RFC (0.048;
Crl0.034-0.064) compared with HUI (0.015; Cr1 0.006-0.028).

When analysing our data at a finer spatial scale within each spa-
tially structured population, we observed high heterogeneity in Bd
infection across subpopulations separated by only metres (Fig. 1b and
Supplementary Tables1and 2).InRFC, 51.3% of the detected infections
(39 out of 76) in R. darwinii over a2-year period occurred within asingle
subpopulation (RFC5), despite only 25.1% of the individuals captured
atRFCbelonging to that subpopulation. In contrast, just 1.3% of infec-
tions (1out of 76) were recorded in asubpopulation located only 32 m
away (RFC4), even though this subpopulation comprised 26.5% of the
individuals foundin RFC. A similar pattern was observed in HUI, where
76.9% of infections (10 out of 13) over a 4-year period occurred within
asingle subpopulation (HUI3), despite this subpopulation containing
only17.4% of the individualsin the area.

These observations of fine-scale spatial clustering are further
supported by a Bayesian analysis which revealed that during certain
months, some subpopulations at both RFC and HUI significantly devi-
ated from expectations under a spatially homogeneous Bd infection
risk scenario (Supplementary Fig. 2). This represents one of the finest
spatial clustering of parasiticinfection ever documented in wildlife™'°.
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Fig.1|Fine-scale spatial variation in monthly Bd infection probability and
environmental variables in two spatially structured populations of R. darwinii
insouthern Chile. a, Spatial arrangement showing the location of the plots

used inthe SMCR study. b, Mean monthly Bd infection probability in R. darwinii
frogs estimated using an sMCR model. ¢,d, Mean air temperature (°C) (c) and air
relative humidity (%) (d) measured at 15 cm above ground-level at the centre of

each plot. e, Tree basal area (m*ha™) calculated as the sum of the cross-sectional
areaatthebreast height (1.4 m) of all trees having a diameter at the breast
height >5 cm. The pairwise comparisons in b-d indicate the probability that the
parameter was different between a pair of populations (exact numbers provided
inSupplementary Tables 1-3). Strong evidence, probability >0.95; moderate
evidence, probability >0.80 but <0.95; no evidence, probability <0.80.

Drivers of fine-scale spatial variation of infection risk

Fine-scale spatial variation in infection prevalence is often thought
to result from spatial variation in environmental conditions'.
However, we found no evidence of differences in temperature- or
humidity-related microclimatic variables among the plots inhabited
by the studied subpopulations at either RFC or HUI (Fig. 1c,d and
Supplementary Table 3; Supplementary Information, ‘Environmen-
tal variables’). Tree basal area (a proxy of forest biomass that hasbeen
linked to among-population variationin R. darwinii abundance") varied
slightly among plots, but the spatial variation in this variable did not
correspond to the spatial variation in Bd infection probability within
each area (Fig. 1e and Supplementary Fig. 3). Thus, although climatic
factors frequently influence amphibian-Bd host-parasite dynamics'®",
ourresultsindicate that the fine-scale spatial clustering of Bd infection
observed in this system is unlikely to be driven by spatial variation in
environmental conditions.

Atboth RFCand HUI, we found strong evidence (100% probability)
that Bd infection probability in R. darwinii individuals was positively
correlated with the distance to an infected individual in month ¢
(Fig. 2b). This relationship was modelled using logistic regression
withinthe sMCRmodel, wherea, . representstheinterceptand §,, . .
theregressionslope. Atadistance of O m, the infection probability was
0.337 (Cr1 0.193-0.497) in RFC and 0.645 (Crl 0.143-0.965) in HUI,
representing a 7-fold and 43-fold increase in infection probability
compared with the area-level mean probabilities, respectively. This
finding indicates that intraspecific parasite transmission, whether
direct or near-direct (for example, viaa contaminated forest floor'>"),
plays a key role in Bd spread within R. darwinii subpopulations and
contributes to the fine-scale spatial clustering of infection observed
inour system.

We found moderate evidence (85% probability) of a positive
relationship between infection probability and the Shannon index
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Fig. 2| Effect of individual-level variables on monthly Bd infection probability
inR. darwiniiindividuals from two spatially structured populationsin
southern Chile. a, Bd infection probability (probability of an individual
transitioning from uninfected in month ¢ to infected in month ¢ + 1) in R. darwinii
juveniles and adults. b, Bd infection probability in R. darwinii as a function of the
distance to the nearest Bd-infected frog in month ¢. ¢, Relationship between the
Shannon diversity index of bacterial families on the skin of R. darwinii individuals

of bacterial families

and Bd infection probability. The rugin c represents the observed values of the
Shannonindex. All parameters were estimated using a Bayesian sMCR model.
Estimatesinaandb are based on capture-recapture data from 758 R. darwinii
individuals (RFC, 419; HUI, 339) and estimates in c are based on data from 397

R. darwiniiindividuals captured at RFC. Points or lines represent posterior means
and error bars or shaded areas indicate 95% Bayesian Crls.

(alphadiversity) of bacterial families in the skin microbiome of the host
(measured only at RFC; Fig. 2¢). This may indicate a potential mecha-
nismofhostresistance to Bdinfectionin R. darwinii. However, we inter-
pret thisresult cautiously, as exploration of the raw datarevealed that
individuals acquiring aninfection exhibited only aslightly higher—and
statistically nonsignificant—diversity of bacterial families in the pre-
cedingmonths compared with individuals never detected asinfected
(Supplementary Fig. 4).

Epidemic Bd infection dynamics in a fully terrestrial host

Earlier studies that averaged Bd infection probability or prevalence
across several subpopulations of R. darwiniifound no evidence of epi-
demicdynamics and consistently reported low point prevalence™*° %,
Consistent with these findings and with the low prevalence observed
in other fully terrestrial amphibians, pooled data from subpopula-
tions within each study area in the present study revealed some level
oftemporal fluctuationsin Bd prevalence; however, prevalence never
exceeded16%in either RFC or HUI (Supplementary Fig. 2; Supplemen-
tary Information, ‘Prevalence and spatial clustering of Bd infection’).

Our analyses of high-resolution spatial data demonstrate that
epidemic Bd infection events do indeed occur at the subpopulation
scale in R. darwinii. Using the SMCR model, we estimated monthly
variation in Bd infection probability within each subpopulation
(Supplementary Fig. 5). This revealed that during the peak of an epi-
demiceventinRFC, up to halftheindividualsinasubpopulation could
acquire Bd infection within a single month (for example, subpopula-
tions RFC1, RFC2 and RFCS5; Supplementary Fig. 5).

Our findings of epidemic Bd infection dynamics in subpopula-
tions from RFC and HUI are consistent with observations following
the recent invasion of this pathogen into Parque Tantauco, a protected
area previously considered a Bd-free refugium and a stronghold for
R. darwinii®*'(Fig. 3).In 2023, after 14 years of epidemiological mon-
itoring in this area, we detected Bd infections for the first time in
R. darwinii and syntopic amphibians, with an estimated mean Bd
prevalence of 25.5% (Crl114.7%-38.1%) in two R. darwinii subpopula-
tions (TAN1 and TAN2). From January 2023 to January 2024, these
once-abundant subpopulations, which were near stability before Bd
introduction, experienced rapid declines of 91.3% (Cr1 82%-96.1%) and
98% (Crl 84.6%-100%), with no signs of recovery as of 2025 (Fig. 3).
The TAN2 subpopulation is probably extirpated, as no individuals
were detected in 2024 or 2025.

IBM of Bd infection dynamics in terrestrial systems

To gain a deeper mechanistic understanding of the fine-scale spatial
dynamics of Bd infection in our study system and the potential role
of syntopic amphibians in these dynamics, we developed a discrete
spatial IBM parameterized with empirical estimates (Supplemen-
tary Information, ‘Individual-based model’). This model describes
the spatial, demographic and Bd infection dynamics in a R. darwinii
subpopulation and a Bd-tolerant syntopic amphibian species over a
12-month period, using monthly time steps. The IBM always starts
with theintroduction of Bd viaasingle R. darwiniiindividual infected
atmonth¢=1.

Aglobalsensitivity analysis showed that the infection parameters,
Qe ,and Bpinf,r o consistently exhibited the highest relativeimportance
inshaping the host-parasite dynamics (Supplementary Fig. 6). These
parameters define infection probability as a function of the distance
tothe nearest Bd-infected frog, as described above for the SMCR model.
The density of R. darwinii (A,q4) and syntopic tolerant individuals
(Asyntopic) also played a notable, albeit less dominant, role in these
dynamics. In contrast, other parameters—including survival probabili-
ties of Bd-infected and uninfected frogs, recovery probability from Bd
infection, host movement distances and host spatial clustering param-
eters—had comparatively minor and sometimes negligible, influences
on model outputs (Supplementary Fig. 6).

We evaluated plausible combinations of Ag, Aynopic and infection-
parameter values (o, . and B, . ) thatyielded a broad spectrum of
host-parasite dynamics. In some scenarios, Bd was unable to
invade the R. darwinii subpopulation and trigger epidemic events
(Supplementary Fig. 7), whereas in others, Bd-driven extirpation of
R.darwiniioccurred withinthe12-monthperiod (SupplementaryFig. 8).
This range of outcomes could account for the spatial variation in Bd
infection probability observed across spatial scalesin our host-parasite
system. For example, in HUI the empirical mean density of R. darwinii
was <0.05 frogs per m?in all subpopulations (Supplementary Informa-
tion, ‘Individual-based model’) and the density of syntopic amphibians
was extremely low (only 12 individuals were captured over a 4-year
period). Atsuchlow values of A,qand Agyncopic, the IBM predicts that Bd
will either fail to invade or, if invasion occurs, fade out within the
12-month period, resultingina very low number of infections (with the
proportion of ever-infected individuals at the end of the 12-month
period being around 0.2; Supplementary Fig. 39). This prediction is
consistent with our field observations of a low prevalence of Bd
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Fig. 3| Bdinvasion and collapse of two R. darwinii subpopulations in Parque
Tantauco, ChiloéIsland, southern Chile. a, Adult abundance estimated using
aclosed capture-recapture model. b, Geometric mean population growth from
2014 to 2022 showing that both populations were close to stability (growth

rate close to 1) before the first detection of Bd. ¢, Prevalence of Bd infection in
R.darwinii grouped by the period before the first detection of Bd (2010-2022)
and when Bd was present (2023-2024). Data from 2010-2014 also include
results from other R. darwiniiindividuals captured close to TAN1and TAN2
(Supplementary Fig. 9).In 2025, only one R. darwiniiindividual was found,

captured at TAN1, suggesting that TAN2 subpopulationis extinct. In
Supplementary Fig. 9c, we show that during the time of Bd invasion and

R. darwinii population collapse climatic variables in the area were average for

the study period. Parameters ina and b were estimated using a Bayesian closed
capture-recapture model fitted to data from 657 R. darwiniiindividuals (TAN1,
418; TAN2,239). Parameters in ¢ were estimated using a Bayesian binomial model.
The numbersin crepresent the number of Bd-positive individuals over the total
number of individuals sampled. Points represent posterior means and error bars
indicate 95% Bayesian Crls.

infection in HUI. Similarly, within a spatially structured population,
differences in A;g and Agyqeopic alone can lead to spatial variation in
the host-parasite dynamics.

TheepidemicratioinR. darwinii, R, ,q—defined as theratio of the
number of new infections occurringin month ¢ + 1to the total number
ofinfected individuals presentinmonth ¢ (ref. 23)—exceeded 1 (indicat-
ing an epidemic state) during atleast 1 monthin most simulations, with
a maximum of four epidemic months (Supplementary Fig. 7).
These results indicate that epidemic events can readily arise in this
host-parasite system under parameter values estimated from free-
living populations.

Population depression, 5—defined astherelativereductioninthe
size of the R. darwinii subpopulation in the presence of Bd compared
witha counterfactual scenario where Bd is absent—was generally high,
most notably >0.5 under the mean estimates of the infection param-
eters from RFC and HUI, with the exception of scenarios where both
Arg and Agyneopic are very low (Fig. 4 and Supplementary Fig. 8). This
indicates that Bd has the capability to drive rapid collapse in wild
R. darwinii populations, consistent with our observations from
TAN1and TAN2.

A potential disease mitigation action against Bd in R. darwinii
involves limiting contact between this species and syntopic amphibians
through the use of exclusionary fencing and removal of syntopic
species™** (Supplementary Information, ‘Role of syntopic amphibians
inBd transmission’). To assess the potential efficacy of this approach,
we evaluated the relationship between Bd-driven population depres-
sion and Agyncopic- On the basis of the IBM outcomes, this relationship
was accurately described by the Gompertz function:

6(Asyntopic) =L exp(—b exp(_C/lsyntopic)) 1

(Fig. 4b), where L is the asymptotic maximum of §, b controls the
horizontal shift of the curve and ¢ determines its rate of increase. Its

derivative, —% = Lbc exp(—CAsyncopic) €XP (—b exp(—CAsyneopic)) »

syntopic
reveals how changes in syntopic-host density translate into shiftsin 8.
From this analysis, two key management insights emerge. First, the
greatest proportional reductionin é per syntopicindividual removed
occursatlow values of Agyniopic (Fig. 4). Although this effect diminishes
as Agyneopic increases, our simulations indicate that the stabilization

point (beyond which further syntopic-host removal has negligible
impact on 6) lies well above the maximum Agyncopic range explored
in the IBM and was >0.5 frogs m™ in all scenarios. Consequently,
even modest reductions in the density of the tolerant syntopic host
canstill yield measurable benefits in mitigating Bd-driven population
depressioninR. darwinii.

Second, the magnitude of this benefit is highest when R. darwinii
densities are low (Fig. 4¢). As Agyncopic grows, however, the difference
inimpact across varying A,q4 levels narrows. This arises because, as
commonly observed in host-parasite systems®?¢, Bd transmission in
our simulated system saturates at higher total-host densities, reducing
the marginal gain from removing additional syntopic hosts—particu-
larlyifintraspecific transmission within R. darwiniiis already represent-
ing a high proportion of the overall Bd transmission in the system.
Taken together, these findings indicate that interventions aimed at
lowering syntopic-host density are most potent at lower densities of
R.darwiniiand syntopic tolerant species, highlighting a disease mitiga-
tionaction that could rescue terrestrial amphibian populations under
severe Bd pressure.

Discussion

Fine-scale spatial variation in infection is increasingly recognized
as awidespread feature of host-parasite systems, with important
implications for understanding pathogen transmission”'°. For exam-
ple, along-term pattern of infection clustering in the Meles meles-
Mpycobacterium bovis system allowed researchers to identify that
social structure is probably a critical determinant of infection risk™.
Here we show that infection with an aquatic pathogen can display
pronounced spatial heterogeneity at very fine scales in spatially
structured populations of a fully terrestrial host, with marked dif-
ferences among subpopulations only metres apart. This clustering
was not explained by spatial variation in microclimatic conditions but
rather by direct or near-direct host contact. Our empirical results and
IBM simulations show that such localized transmission can generate
epidemiceventsand drive rapid subpopulation collapses, with infec-
tion parameters and host densities exerting the greatest influence on
these dynamics. These findings have important applied implications,
as our empirically informed simulations suggest that reducing the
density of syntopic tolerant hosts could mitigate Bd-driven popula-
tion depressionin R. darwinii.
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Fig. 4 |Relationship between host density and Bd-driven population
depression (6) in R. darwiniiin a12-month period, predicted by a spatial
IBM. a, The influence of A,qand Agyncopic; Which denote the density (frogs m™)
of R. darwinii and a tolerant host, respectively, on & is shown for two
combinations of infection parameters (o(,,mf,rd and ,B,,inf’rd ), representing the

mean estimates of these parameters from RFC and HUL. b,c, The relationship
between 6 and Agyniopic, Whichis well described by the Gompertz function

(hsyncopic) = L eXP(=b exp(—Chsynopic)) (b) andiits derivative (- df _
syntopic

(whichindicates the sensitivity of § to changes in Asyniopic—thatis, how muchthe
population depression changes when Agyqopic is increased by a small amount), for
three values of 1,4 (c). The nonlinear relationship observed in the contour lines in

aarises because at very low A4, stochasticinfection events cause large relative
impacts on &, leading to high population depression when compared with a
no-Bd baseline. As A,qincreases, the effect of stochasticity is reduced, resulting in
atemporary plateauin depression. However, once the host density is high for the
pathogen toinvade, sustained Bd transmission drives further population
depression, and as A,4increases and Bd transmission approaches saturationa
lower value of Agyncopic is required to produce an equivalent population
depression. The resultsinaand b represent the median value from 1,000
simulations for each parameter combination. Contour linesinaindicate § values
0f0.25,0.5,0.75and 1. Value § = 0 means no depression, while § = lindicates
total extinction due to Bd-induced mortality. Intermediate values reflect
increasing levels of population depression.

Our findings are also reminiscent of the universal variability of
patterns and their underlying mechanisms across spatial scales in natu-
ral systems'. In our system, low point prevalence—and the resulting lim-
ited sample sizes of Bd-infected individuals in previous studies—led us
toexamineinfectionas an aggregate process across several local units
within spatially structured populations™?°?, At this broader scale,
epidemic dynamics appear uncommon, probably because populations
able to persist with Bd infection are those in which infection dynam-
ics are decoupled among subpopulations. This decoupling stabilizes
average prevalence across the larger spatially structured population,
as observed in RFC and HUI. Consequently, in previous studies, we

have concluded that epidemic dynamics are not a prevalent feature
of the R. darwinii-Bd system". By examining the system at a finer spa-
tial scale, we uncovered clear evidence of epidemic dynamics within
R. darwinii subpopulations.

Since the discovery of Bd in the mid-1990s, this pathogen has
become a model system in wildlife disease research as a result of its
exceptionally broad host range and ecological impacts**”*, However,
thisbody of research has been strongly biased towards amphibians that
are aquatic during at least part of their life cycle (hereafter, aquatic
species). Importantly, our results highlight that Bd transmission
dynamics can differ between aquatic and fully terrestrial hosts, with
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importantimplications for the design of management strategies aimed
at reducing transmission or enhancing host population resilience to
Bdinfection.

First, the fine-scale clustering of Bd infection observed in our
systemreflects both the limited vagility of the host* and the biology of
Bd, anaquatic pathogen constrained in terrestrial environments. Our
results demonstrate that near-time spatial overlap between infectious
and susceptible individuals is necessary for transmission, probably
occurringviadirect contact or localized environmental exposure'>”.In
fully terrestrialamphibians, such constraints cause Bd to behave more
like a directly transmitted pathogen—where contact rates between
infected and susceptible individuals, often correlated with host density,
are critical for transmission??, as supported by our spatial IBM. This
contrasts with aquatic species, in which environmental transmission
from the aquatic zoospore pool can play a central role?”*' and where
host density may play only aminor role in the host-parasite dynamics'®.

Second, adecoupling of Bd infection and demographic dynamics
among subpopulations may buffer the impacts of Bd infection at the
scale of spatially structured populations®, as experimentally demon-
strated in Paramecium caudatum metapopulations affected by the
bacterial parasite Holosporaundulata®**. Given their low vagility and
potential low dispersal rates'*, potentially low levels of synchronyin
spatially structured populations of fully terrestrialamphibians might
protect them from Bd-driven extinction—a hypothesis warranting
further testing. If confirmed, management strategies aimed at main-
taining or reducing synchrony in spatially structured populations
might be effective for enhancing host stability and resilience to Bd in
this group of amphibians.

Bd prevalencein fully terrestrialamphibiansis typically lower than
in aquatic species, probably due to reduced exposure to zoospores
in terrestrial environments'>*®. However, low prevalence does not
necessarily imply limited population-level impact. If the probability of
disease-induced mortality is high—as appears common in Bd-infected
fully terrestrial amphibians™*—a pathogen can regulate host popula-
tions even at very low prevalence, as predicted by epidemiological
theory™?%, Owing to potentially reduced transmissionrates, the rate of
decline may be slower in fully terrestrial species than in aquatic ones,
particularly when the density of the focal terrestrial host or syntopic
amphibiansis moderate to low. Our findings provide strong empirical
supportthat Bd candrive rapid population declines and even extirpa-
tionin fully terrestrial hosts, at least at the subpopulation level. Prelimi-
nary analyses of monitoring datafrom Tantauco further suggest that Bd
invasion may have caused the extirpation of entire populations within
just afew years of pathogen arrival (A.V.-S., unpublished data). These
results demonstrate that Bd, presentin Chile since the 1970s?, remains
amajor threat to R. darwinii and continues to drive severe declines
decades after its emergence in Chile, highlighting the ongoing threat
of this amphibian pandemic. They also suggest that the risk posed by
Bd to fully terrestrial amphibians—and thus its global conservation
significance—may be critically underappreciated.

More broadly, host-parasite dynamics similar to those observed
inour study may be common in spatially structured host populations
with limited dispersal, particularly when pathogens are directly trans-
mitted or rely on short-lived, localized environmental transmission.
Our results provide rare empirical evidence highlighting the impor-
tance of selecting a relevant scale of observation to detect epidemic
dynamics and to understand parasite-driven population regulation
inwildlife systems.

Methods

Study design

This article integrates empirical data derived from two distinct field
studies along with one in silico study. Field study 1 involves observa-
tional research conducted on two spatially structured populations of
R.darwinii.Field study 2 encompasses long-term epidemiological and

demographic monitoring of two local R. darwinii populations. The in
silico study complements these empirical observations by modelling
the host-parasite dynamics using a spatial IBM. A detailed description
of the methods is provided in Supplementary Information.

Field study1

From2018t02022, we studied the spatiotemporal dynamics of Bd infec-
tionintwo spatially structured populations of R. darwiniilocated intwo
geographical areas 230 km apart in southern Chile: RFC and HUI. The
study was concluded prematurely at RFC after March 2020 because of
asurgeinviolentattacksinthearea, including anincendiary attack on
ourresearchteam at the study site. We collected individual-level demo-
graphic, search-encounter spatial capture-recapture and Bd infection
dataon1,720 captures from 758 R. darwiniiindividuals (RFC, 419; HUI,
339) that were naturally distributed across six nearby study plots within
each area. Mean abundance values ranged among plots from 21 (Crl
15-28) to 45 (Crl 38-52) R. darwinii frogs in RFC and from 12 (Crl 6-18)
to 21 (Crl15-28) frogs in HUI (Supplementary Table 8). This species is
known to form population clusters withindividuals showing extremely
high site fidelity'*. The study plots were selected on the basis of a sur-
vey conducted at the onset of this study, with plots centred in areas of
apparently highest frog density. Opportunistic observations outside the
study plots suggest that R. darwinii is much less abundant elsewhere.
Low rates of dispersal between plots (mean annual dispersal probability,
RFC=0.046 [Cr] 0.023-0.075]; HUI = 0.040 [Cr] 0.024-0.059]; Sup-
plementary Information, ‘Probability of dispersal’), demonstrated that
each study plot held a subpopulation of our model species.

Additionally, we collected dataon 259 captures from 228 syntopic
amphibians (RFC, 216; HUI, 12), including four species (RFC, Contulmo
Ground Frog (Eupsophus contulmoensis) and Valdivia Ground Frog
(E. vertebralis); HUI, Grey Wood Frog (Batrachyla leptopus) and Rosy
Ground Frog (E. roseus)) found inside the study plots.

From November to March, each plot was surveyed once per month
(thatis, primary capture occasion) during three consecutive days (that
is, secondary capture occasions), totalling 10 and 19 primary capture
occasions inRFC and HUI, respectively. During each secondary capture
occasion, two researchers surveyed each plot for 30 min. R. darwinii
is a diurnal species, so we visually surveyed each site during daylight
hoursinamanner that covered the entire plot with an apparently equal
search effort throughout the site. Details on searching and handling
methodology have been extensively described in previous studies'>?,
Briefly, all captured frogs (R. darwinii and syntopic amphibians) were
measured (snout-to-vent length, SVL), skin-swabbed for Bd infection
detection and skin bacteriome characterization (thelatterin RFC only)
(section ‘Bd infection detection’ below), photographed for individual
recognition using their colouration patterns and released at the exact
pointof capture. We assigned each captured R. darwiniifrogto one of
two age classes: juvenile (SVL <24 mm) and adult (SVL = 24 mm). Each
study plotwas permanently delimited using plastic strings placed every
10 m, allowing us to record the spatial location (x- and y-coordinates)
of each capture with a+10-cm precision'**’.

Field study 2

From 2014 to 2025, we carried out a capture-recapture study of two
R. darwinii subpopulations in Parque Tantauco (TAN1 and TAN2),
Chiloélsland, southern Chile. These populations are within native old-
growth forests, where no other anthropogenic stressors besides Bd are
known to occur. Asabove, the capture-recapture data were collected
attwo nested levels of capture occasions. Eachyear, we carried out one
primary survey period in early summer during the peak of the repro-
ductive season (January-February). During each primary period, we
conducted three to four secondary survey occasions, each consisting of
al-hdailysurvey per plot on consecutive days. The searching and sam-
pling methodology is the same as that described for the field study 1,
with the only distinction that in this areawe did not record the spatial
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location of captures. In total, we collected data on 952 captures from
657 R. darwiniiindividuals (TAN1, 418; TAN2, 239).

Bd infection detection

All samples for Bd detection from field studies were obtained from
live amphibians using a dry swab (MW100, Medical Wire & Equip-
ment), which was firmly stroked five times over the ventral abdomen
and pelvis, each ventral hind limb (femur and tibia) and the plantar
surface of each hind foot, for atotal of 35 strokes?. DNA was extracted
from skin swabs using the PrepMan Ultra protocol and Bd DNA was
detected withavalidated TagMan quantitative PCR assay targeting the
ITS1/5.8S region*®, with extracts diluted 1:10 and supplemented with
bovine serum albumin to reduce PCR inhibition*. Negative controls
and quantitation standards (also serving as positive controls)at 0.1, 1,
10 and 100 zoospore equivalents were run in duplicate on each qPCR
plate. Quantitative standards were prepared from a Bd isolate of the
global panzootic lineage (ref. 1A043). A swab was considered positive
if both replicates showed amplification with clear sigmoid curves. In
cases of conflicting results (one replicate positive, one negative), the
qPCR was repeated in duplicate; if still conflicting, it was repeated a
third time in duplicate using a new dilution from the original extrac-
tion. If conflict persisted, the swab was classified as negative?**:. We
assumed that a Bd-positive swab indicated infection of the swabbed
animal. At RFC, the number of R. darwinii captures and Bd-positive
samples per plot were: RFC1(130/19), RFC2 (99/9), RFC3 (129/5), RFC4
(271/1), RFCS5 (240/39) and RFC6 (85/3), totalling 76 positives. At HUI,
the corresponding values were: HUI1 (57/0), HUI2 (114/1), HUI3 (142/10),
HUI4 (181/2), HUIS (154/0) and HUI6 (118/0), totalling 13 positives. At
Parque Tantauco, the corresponding values were TAN1 (592/9) and
TAN2 (360/4), totalling 13 positives.

Capture-recapture models
To estimate Bd infection and recovery probability, as well as host sur-
vivalin field study 1, we developed a Bayesian sSMCR model (Supple-
mentary Information, ‘Bayesian spatial multistate capture-recapture
model’). Thismodel considers two states, Bd-infected and uninfected.
Thereturnrate ofinfected frogs (percentage of infected frogs that were
recaptured at least once during the course of the study) was very low
(only 11 frogs in RFC and one in HUI). Therefore, recovery probability
could only be estimated for RFC. Of these 12 frogs, only two individu-
als (16.7%) with low infection intensities (11 and 12 zoospores) were
later recaptured as uninfected only (Supplementary Fig.12), suggest-
ing infection clearance. In all ten R. darwinii individuals detected as
infected across 2 months, infection intensity was considerably higher at
the later month (Supplementary Fig. 12), indicating infection progres-
sion and potential disease development. Owing to the low return rate
ofiinfected frogs, the recapture probability of infected frogs was set as
equal to that of uninfected frogs. In previous studies in R. darwinii, we
have used simulations to demonstrate that this assumption does not
affect the result of areduced survival probability ininfected frogs".
In one of our sMCR model variations, we modelled Bd infection
probability as afunction of the diversity of bacterial families in the skin
microbiome of the host. Briefly, for this analysis, we characterized the
skin microbiome of 397 R. darwinii individuals captured at RFC using
16S ribosomal RNA gene sequencing of skin swabs. Amplicon data
were processed with standard pipelines to infer and classify bacterial
amplicon sequence variants, followed by filtering and rarefaction to
standardize sequencing depth (Supplementary Information, ‘Microbi-
ome’). Owing to the complexity inherentinincorporating time-varying,
individual-level covariates into capture-recapture models”, we aver-
aged each bacteriome metric per individual for analysis. Although
we evaluated several diversity metrics at the family level—including
observedrichness, Shannon diversity index and Pielou’s evenness (Sup-
plementary Information, ‘Microbiome’)—we present results only for
the Shannon diversity index, asit proved to be the strongest predictor

of infection probability. Given the potential for Bd infection to alter
host microbiome composition** and that our objective was to assess
whether the bacteriome represents amechanism of resistance toBdin
R.darwinii,werestricted analyses involving bacteriome predictorsto
individuals thatwere either never detected asinfected or were detected
asinfected only once, with bacteriome averages calculated exclusively
from data collected before infection detection.

In another of our sMCR model variations, we used the distance
to the nearest Bd-positive individuals as a predictor of R. darwinii
survival probability. This was used as a time-varying, individual-level
covariate, using an imputation submodel to deal with missing data
(Supplementary Information, ‘Bayesian spatial multistate capture-
recapture model’).

For field study 2, we estimated R. darwinii adult abundance during
each primary capture occasion in the two study populations using a
Bayesian closed capture-recapture population model as described by
ref. 41. We used model M,, where detection probability is modelled as
being constant over individuals and over time. We constructed asingle
Bayesianmodel, but because of differences inthe number of secondary
capture occasions each year, we estimated the parameters for each
primary occasion separately. In the Bayesian model, we estimated asa
derived quantity the annual population growthrate defined as N,,,/N,,
where N, is adult abundance at year t. We also calculated as a derived
quantity the geometric mean population growth rate for the period
2014-2022, consistent with the period previous to the first detection
of Bdinfectionin the area that occurred in 2023.

Allthe capture-recapture models were fitted to datain aBayesian
framework with uninformative priors, usingJAGS through the R pack-
age jagsUI"*"*. In most cases, we ran four Markov chain Monte Carlo
chainswith200,000 iterations, aburn-in of20,000, without thinning.
Chainconvergence was evaluated using visual inspection of the chains
and the Gelman-Rubin R statistic (R <1.1)*.

Individual-based model

A detailed description of the IBM, including the empirical parameter
estimates used to parameterize the model, is provided in Supplemen-
tary Information, ‘Individual-based model’. Akey feature of this IBMis
thatthe spatiallocation ofindividualsis simulated using a Log-Gaussian
Cox Process model, which consistently and accurately predicted the
statistical properties of the spatial distribution of R. darwinii frogs in
RFC, HUland TAN2 (Supplementary Information, ‘Spatial point pattern
analysis’). Each R. darwiniiindividualis assigned a fixed age class (juve-
nile or adult) and a time-varying infection status (Bd-positive or
Bd-negative). Syntopic amphibians are classified only by infection
status. All individuals begin the simulation uninfected; to initiate Bd
introduction, one randomly selected R. darwinii individual is reas-
signedtoaninfected stateat ¢ =1. Ateachmonthly time step, individu-
alsmove and thentransition between states. A key feature of the model
is that the infection probability for individual i at time ¢is determined
bya,, . .and g, ., asestimated from the sSMCR model.
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Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.
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Data availability
The dataforreproducing the analyses from this study are available via
Zenodo at https://doi.org/10.5281/zenodo0.17148244 (ref. 46).

Code availability
The code used for data analysis is available via Zenodo at https://
doi.org/10.5281/zen0do.17148244 (ref. 46).
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Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study
design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This article integrates novel empirical data derived from two distinct field studies and one in-silico study. Field Study 1 comprises
observational research on two spatially structured populations of Rhinoderma darwinii located in Contulmo (RFC) and Neltume (HUI),
southern Chile. In each of these spatially structured populations, six permanent plots, each covering 400 square metres, were
established within the forest to collect spatial capture-recapture data. Field Study 2 involves the long-term epidemiological and
demographic monitoring of two local populations (TAN1 and TAN2) of R. darwinii from Inio, Chiloé Island, southern Chile, with
permanent study plots measuring 700 and 538 square metres, respectively.

Research sample All amphibians found inside the study plots during visual encounter surveys were captured, this included R. darwinii, Eupsophus
contulmoensis, E. roseus, E. vertebralis, and Batrachyla leptopus.

Sampling strategy Capture-recapture methods require to capture all individuals observed during a given searching period. In terms of statistical power,
the critical aspect is the number of recaptures per individual, as capture-recapture models can generally provide robust parameter
estimates even with small sample sizes (e.g. 10-15 individuals per local population) if return rates are relatively high. For our focal
species, R. darwinii, recapture probability is generally moderate to high (between 0.3 and 0.6) with the searching effort and
methodology used in our study, allowing us to obtain good estimates for most of the parameters of interest.

Data collection Two researchers surveyed each plot for 30 min to 1 hour per day depending on the site. Rhinoderma darwinii is a diurnal species, so
we visually surveyed each site during daylight hours in a manner that covered the entire plot with an apparently equal search effort
throughout the site. all captured frogs (R. darwinii and syntopic amphibians) were measured (snout-to-vent length), skin-swabbed for
Batrachochytrium dendrobatidis infection detection and skin bacteriome characterisation (the latter in RFC only), photographed for
individual recognition using their colouration patterns, and released at the exact point of capture. In RFC and HUI, each study plot
was permanently delimited using plastic strings placed every 10 m, allowing us to record the spatial location (x- and y-coordinates) of
each capture with a £10 cm precision.

Timing and spatial scale Field Study 1 was conducted from 2018 to 2022. The study was concluded prematurely at RFC after March 2020 due to a surge in
violent attacks in the area, including an incendiary attack on our research team at the study site. From November to March each




year, each plot was surveyed once per month (i.e., primary capture occasion) during three consecutive days (i.e., secondary capture
occasions), totalling 10 and 19 primary capture occasions in RFC and HUI, respectively. Field Study 2 was conducted from 2014 to
2025. As above, the capture-recapture data were collected at two nested levels of capture occasions. Each year, we carried out one
primary survey period in early summer during the peak of the reproductive season (January-February). During each primary period,
we conducted three to four secondary survey occasions, each consisting of a 1-hour daily survey per plot on consecutive days.
Additionally, during 2010, 2011, and 2014 we surveyed amphibians and sampled them for B. dendrobatidis infection in eight
additional study plots near to TAN1 and TAN2 using the same methodology. The spatial scale of the study plots is described in 'Study
description' above.

Data exclusions No data were excluded from the analyses.

Reproducibility To ensure reproducibility of this field study, detailed methodological protocols—including the spatial arrangement of study plots,
sampling methodology, data collection procedures, and data analysis scripts—have been provided. All data and code required to
replicate our findings are publicly available in a dedicated repository (https://doi.org/10.5281/zenodo.17148244), enabling
independent verification and reproducibility of the analyses.

Randomization This study is observational and based on naturally occurring spatially structured populations. No experimental treatments were
applied, and hence randomization of individuals or groups was not applicable to this study.
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Blinding Given the observational nature of this field study, full blinding was not possible during data collection; however, fieldworkers were
unaware of the Bd infection status of the captured animals. For laboratory analyses, personnel had access to sample codes and were
generally unaware of the species, age, sex, or other characteristics of the animals during DNA extraction and PCR analysis.

Did the study involve field work? X ves [INo

Field work, collection and transport

Field conditions This study was conducted in the Austral temperate forests of Chile, where air temperatures typically range from approximately 5°C to
25°C. Surveys were not conducted during periods of heavy rain or strong winds, as such conditions reduce amphibian detectability
and pose an unacceptable risk to fieldworkers.

Location The coordinates of the study sites are: RFC (38°01'50.9"S 73°12'17.0"W), HUI (39°52'21.4"S 71°54'49.2"W), TAN1 (43°21'36.13"S 74°
6'20.87"W), TAN2 (43°21'31.60"S 74°6'41.30"W).

Access & import/export  Fieldworkers took special care to minimise habitat disturbance during surveys by walking slowly and avoiding damage to vegetation
and substrates. Footwear was always cleaned and disinfected with a 1% Virkon S (10 g/L) solution before entering any study site,
even if disinfection had already been carried out at a nearby site earlier that same day. Disinfection of footwear and equipment was
consistently performed when moving between study sites located more than 1 km apart; in areas with a high risk of B. dendrobatidis
spread, this distance threshold was reduced. Other gear and vehicle tyres were cleaned and disinfected with a 1% Virkon S solution
when necessary (e.g., in the presence of mud).This research was conducted in accordance with Chilean law under permits no.
5666/2013, no. 230/2015, no. 212/2016, no. 1997/2016, no. 1695/2018, no. 6618/2019, no. 7669/2020, no. 226/2021, no.
6488/2021, no. 7161/2022, no. 7163/2022, no. 8157/2023, no. 6001/2024 of the Servicio Agricola y Ganadero de Chile, and no.
04/2018 IX, no. 10/2018 IX, and no. 10/2020 IX of the Corporacién Nacional Forestal de Chile.

Disturbance We did not observe any evident disturbance to the habitat or the sampled animals.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals

Reporting on sex
Field-collected samples

Ethics oversight

This study did not involve laboratory animals.

We made 2,672 captures of 1,415 Rhinoderma darwinii individuals (RFC: 419, HUI: 339, TAN: 657). We also made 383 captures from
352 syntopic amphibians (RFC: 216, HUI: 12: TAN: 124), including eight species (RFC: Contulmo Ground Frog [Eupsophus
contulmoensis] and Valdivia Ground Frog [Eupsophus vertebralis]; HUI: Grey Wood Frog [Batrachyla leptopus] and Rosy Ground Frog
[Eupsophus roseus]; TAN: Grey Wood Frog [Batrachyla leptopus], Banded Wood Frog [Batrachyla taeniata], Emerald Forest Frog
[Hylorina sylvatica], Chiloe Island Ground Frog [Eupsophus calcaratus] and Emilio’s Ground Frog [Eupsophus emiliopugini]) found
inside the study plots. All post-metamorphic amphibians found during the searches were captured, without differentiating by sex.

These procedures applied to all amphibian species captured in this study.

Source of animals / capture techniques:

All amphibians were studied in the field using visual encounter surveys in plots. During each survey period, each site was generally
surveyed daily on three or four consecutive days by two researchers, in a manner that covered the entire plot with an apparently
equal search effort throughout the site. Any frogs seen were captured by hand while wearing a new pair of disposable, powder-free
nitrile gloves. Captured frogs were maintained individually in clean, disposable plastic bags filled with air and kept out of direct
sunlight until they were processed. Only post-metamorphic individuals were captured.

Handling:
Each amphibian was always handled using clean, disposable, powder-free nitrile gloves. A pair of gloves was used to handle only one
individual and was then safely disposed of.

Sampling:
Sampling consisted of the procedures detailed below. Importantly, sampling lasted no more than five minutes per individual, and
animals were always handled while wearing a new pair of clean, powder-free nitrile gloves.

Morphometric measures and identification: Captured animals were measured (snout-to-vent length, SVL) using digital callipers,
weighed using a digital scale, and photographed for individual identification using unique colouration patterns.

B. dendrobatidis detection from amphibian skin: We used a sterile, dry, rayon-tipped swab (MW100, Medical & Wire Equipment Co.)
to sample for B. dendrobatidis DNA that may have been present on the skin of captured frogs. For this, a new swab was firmly run
five times each over the ventral abdomen and pelvis, each ventral hind limb (femur and tibia), and the plantar surface of each hind
foot, to complete a total of 35 strokes per individual. Using a second swab, this process was immediately repeated in some
individuals to estimate pathogen detectability. Each frog was sampled for B. dendrobatidis detection no more than once per month
(either using a single swab or two swabs in tandem), up to five times per year.

Release:

After sampling, each amphibian was released at the exact point of capture, which had been marked using a coloured peg. Release
always took place within 3 hours of capture.

Sex-specific analyses were not conducted in this study, and sampling was not biased by sex.

Skin swabs were stored at ambient temperature in a dry, cool place in the field, and stored at —20°C in the lab until processing.

This research was approved by the ethics committees at Universidad Austral de Chile (no. 305/2018), Universidad Andrés Bello (no.
13/2015), and Zoological Society of London (no. WLE709 and no. 102222).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied.
Describe-any-authentication procedures for-each seed stock tised-ornovel-genotype generated. Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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