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OBJECTIVES OF THE STUDY

 where & when do bats get infected?

 what is the environmental reservoir from 
which bats get infected?

 what is the infection dose?

Answer key questions regarding the infection of bats:



THE CONTEXT

Fischer et al. 2021, Mol. Ecol.



THE CONTEXT

Fischer et al. 2020, Biol. Lett; Fischer et al. 2021, Mol. Ecol.



18 microsatellites
+ Mating type loci 

METHODS

Drees et al. 2017, J. Dis. Wild; Dool et al. 2020, Cons. Genet Res.



WHERE & WHEN DO BATS GET INFECTED?
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GENETIC ASSIGNMENT

Reassignment to the correct site

e.g. DAPC, Discriminant Analysis of Principal Components
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THE ENVIRONMENTAL RESERVOIR

Time

ELDENA; 2015-2019; 1062 isolates



THE ENVIRONMENTAL RESERVOIR
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THE ENVIRONMENTAL RESERVOIR
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THE ENVIRONMENTAL RESERVOIR

To test for the difference in genotypic richness (eMLG) between bats and walls of 
each year a one-sided, paired t test was calculated (t = –2.83, df = 4, p = .038)



THE INFECTION DOSE
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THE OBJECTIVES
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THE CONTEXT

Questions:



SUBSAMPLING INFECTION DOSE



MONITORING DISEASES

Monitoring disease outbreaks and dynamics is important

Diseases are generally known to:
• Regulate populations (Anderson & May 1979, Nature)
• Drive populations to extinction (De Castro & Bolker 2004, Ecol. Lett.)
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Batrachochytrium dendrobatidis

GPL:
Global Panzootic Lineage

HYBRID INVASIVE SPECIES, THE CHYTRID



PRESENCE IN EUROPE

500 sites visited
36 countries



Area: 2,000 x 2,500 km = 5 million km2 (454 sites with Pd)

1,000 km

PAN EUROPEAN SAMPLING



EUROPEAN POPULATION STRUCTURE

Western Europe 
+ Scandinavia

Central /
Northeastern

Southeastern

N=3,000 isolates (250 sites, 26 countries)
MLG=1208
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GENETIC ASSIGNMENT
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GENETIC ASSIGNMENT

Site 1 Site 2

Site 3

Site 4

4 sites
20 samples
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GENETIC ASSIGNMENT

Reassignment to the correct site
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GENETIC ASSIGNMENT

Reassignment to the wrong site
Error can be estimated (percentage, distance and direction)

Geographic 
distance
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GENETIC ASSIGNMENT

4 sites
20 samples

If the site of origin was not sampled ...

Geographic 
distance

Reassignment to the wrong site (systematically)
Error in distance can be estimated

DAPC using the leave-one out procedure



GENETIC ASSIGNMENT
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55 % of samples are correctly 
identified to their original site

80% of the samples assigned 
within 80 km

95% of samples assigned 
within 310 km



PATTERNS OF MIS-ASSIGNMENT
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BAT MOVEMENT



PATTERNS OF MIS-ASSIGNMENT
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Hutterer et al. 2005 (P. nathusii)



IS SEXUAL REPRODUCTION HAPPENING?

N=1,800 isolates (5 years temporal sampling, 1 site, NE Germany)
MLG=150



50 km

IS SEXUAL REPRODUCTION HAPPENING?



N=283, MAT1-1=127, MAT1-2=156

IS THERE SEXUAL REPRODUCTION?



CONCLUSIONS & PERSPECTIVES

-The use of genetic data is an extremely powerful tool to 
elucidate the population structure in Europe,

The population structure is very strong,

The is a risk that a recombinant becomes virulent and 
could kill European bats although evaluating precisely the 
level of risk is extremely challenging, -> though the higher 
the number of long distance movements, the higher this risk 
is!

The fungus moves relatively little (likely via bats) 
but some long distance movements are 
suspected (via humans?),



AN WHAT ABOUT THE EU ORIGIN OR THE
INTRODUCTION TO NA?
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WHITE NOSE SYNDROME/DISEASE

WHITE NOSE SYNDROME

ORIGINAL DEFINITION (Reeder & Turner, 2008; Veilleux, 2008)
Set of symptoms, including visible fungal growth on skin surfaces, 
depletion of fat reserves, altered torpor patterns and aberrant winter 
behaviour,

OTHER DEFINITION (Meteyer et al., 2009)
Fungal hyphae form cup-like epidermal erosions and ulcers in the 
wing membrane with involvement of underlying connective tissue.



WHITE NOSE SYNDROME/DISEASE

WHITE NOSE SYNDROME

ORIGINAL DEFINITION (Reeder & Turner, 2008; Veilleux, 2008)
Set of symptoms, including visible fungal growth on skin surfaces, 
depletion of fat reserves, altered torpor patterns and aberrant winter 
behaviour,

WHITE NOSE DISEASE (diagnosed via Histophatology)
Pd fungal hyphae form cup-like epidermal erosions and ulcers in the 
wing membrane with involvement of underlying connective tissue.

Frick, Puechmaille & Willis, 2016. In Bats in the Anthropocene: Conservation of bats 
in a changing world. Springer.



FURTHER GENETIC EVIDENCE (MICROSATS)

Mostly reproduces clonally       (genetically 100% identical)

N=3,000 isolates (125 sites, 26 countries)
MLG=1208



TEMPORAL SAMPLING (MICROSATS)

N=1,800 isolates (5 years temporal sampling, 1 site, NE Germany)
MLG=XXX



Gd very common

Gd restricted

Gd rare

Next Generation Sequencing: 
38 sites, ca. 1 million sequences

1,500 Operational Taxonomic Units
0.2 gram of sediment ->600 OTU and no less 

than 100 (mean=240).


