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RACE brief

Fungal disease and European amphibian  
biodiversity – risk assessment and management

Summary
Batrachochytrium dendrobatidis (Bd), is a chytrid fungus that causes the infectious 
disease chytridiomycosis in amphibians. The infection is considered to be a panzootic 
with cases reported in more than 50 countries worldwide. Infection by the fungus has 
led to catastrophic population and amphibian community declines on four continents, 
and is responsible for several amphibian species extinctions. Consequentially, Bd is 
widely believed to be a proximate factor driving global amphibian species declines. 
Within Europe, the fungus has been detected in 17 EU Member and affiliated states, 
in French Guiana (an outermost region of the EU), and on Mediterranean islands that 
harbor a large proportion of endemic species, including Corsica and Sardinia. In several 
European countries it is likely that Bd has not been detected due to insufficient samp-
ling and most likely increased sampling effort will reveal that chytridiomycosis is more 
widespread than current data suggests. 

Background & RACE objectives
Around 100 species of amphibian (40 salamanders, newts and more than
50 toads and frogs) occur in Europe including two exotic species that are considered 
to be invasive within European freshwater ecosystems - the North American Bullfrog 
(Lithobates catesbeianus) and the African Clawed Frog (Xenopus laevis). The IUCN Red 
List currently lists 88 European amphibian species, of which more than 60 are ende-
mic to Europe.

The RACE project (originally involving five European countries) was initiated in res-
ponse to the perceived threat posed by the Bd-fungus to European amphibian spe-
cies. The overall goal was “to develop a European-wide scientific program in response 
to the detection of lethal chytridiomycosis in Europe”. Targets set to achieve this goal 
were:

     To identify natural and anthropogenic drivers of chytridiomycosis.
  To develop an informatics solution to acquire field data.
  To analyse species’ susceptibility and environmental drivers across scales.
  To assess the effectiveness and efficiency of policy instruments to respond 
 to emerging infectious diseases and disease-related biodiversity loss.
  To disseminate results to a range of relevant policy makers, public sector  
 representatives, land users, NGOs, scientists, and the general public.

Global Bd-Mapping Project - Bd-Maps
Europe

Midwife toad (Alytes obstetricans), Asturias, northern 
Spain. Photograph by Jaime Bosch.
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Juveniile Sardinian brook salamander (Euproctus platy-
cephalus), Sardinia, Italy. Photograph by Giulia Tessa.



The Problem
The occurrence of chytridiomycosis and its impact on amphibian population dynamics 
was described in tropical rainforest systems. However, the scale and extent of the im-
pact of the pathogen on populations and species of European amphibians still needs 
to be fully understood.

During the first years of this millennium Bd was described in only a few countries 
around the world, whereas today we know that the fungus occurs in more than 55 
countries, and examples of invasion and spread are frequently described. In Europe the 
fungus is now known to be widespread, and local extinctions of important European 
amphibian species have been recorded. Introductions and onwards spread of the 
infection have also been recorded, however the vectors little understood.

Knowledge also indicates that Bd outbreaks in species and populations may also be 
the result of synergistic effects, e.g. the impact of chemical pollution or other environ-
mental change (such as climate change) leading to an increase in immunosuppressed 
amphibians that are more susceptible to the pathogen.

Current research data also demonstrates that anthropogenic movements of amphi-
bians (i.e. the introduction of exotic and invasive species that carry the fungus) likely 
provide one aspect that explains the spread of Bd. This is because the commercial and 
intercontinental amphibian trade for pets reveals transboundary movement of tropical, 
and temperate, Bd-infected species.

The Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES) regulates the international trade in wildlife where unsustainable trade 
is believed to pose a threat to the species. However, it does not regulate the trade in 
species carrying infectious diseases, that may pose an onwards threat to red-listed spe-
cies. As far as amphibians are concerned, only a very small proportion of them (≈150 

Relevance to policies

  EU Biodiversity Strategy to 2020
  Habitats Directive 92/43/EEC
  EU Wildlife Trade Regulations - Council Regulation (EC) No. 338/97
  OIE (World Organization for Animal Health) – Terrestrial Animal  Health   
 Code  
  EU Commission Animal Health – Animal Health Strategy 
  EU Veterinary Checks of live animals – Council Directive 91/496/EEC

Dyeing Poison Frog (Dendrobates tinctorius),  
Nouragues, French Guiana. Photograph by  
Dirk Schmeller. 

Balkan Frog (Pelophylax kurtmuelleri), Plan de Canjuers  
(SE-France). Photograph by Rémy Eudeline.

African Clawed Frog (Xenopus laevis), Widely establish- 
ed in western Europe. Photograph by Alexander Haas.

American Bullfrog (Lithobates catesbeianus), Ambarès 
(SW-France). Photograph by Matthieu Beronneau.

Dead Brazilian Poison Frogs (Ranitomeya vanzolini) 
and Maranon Poison Frogs (Excidobates mysteriosus) 
during a shipment of tropical fish destined for Europe 
in 2005. Photograph by Jason L. Brown.



Study site in Ansabère, Pyrenees. Photograph by  
Matthew C. Fisher.

/// The RACE project has demonstrated that the prevalence 
of Bd and disease varies between species. Several of Europe’s 
amphibian species are relatively resistant to infection; some 
have the capacity to eliminate infections and others appear 
to tolerate infection without evidence of substantial morta-
lity. However, others suffer substantial mortality that can be 
attributed to infection with the fungus, leading to catastro-
phic effects in nature. ///

/// RACE studies have shown that the effects of Bd on indi-
vidual amphibian species can vary geographically within 
Europe. Some populations of susceptible species experience 
catastrophic decline and local extinction due to chytridio-
mycosis, while others do not appear to decline. This varia-
tion has been linked to environmental factors (ultraviolet 
radiation, temperature) and biological factors (Bd genotype, 
microbial water community composition). ///

/// Three genetically-diverged lineages of Bd have been iden-
tified, all of which occur in Europe, and one of which (BdGPL) 
is highly virulent. Two of these have been detected infecting 
amphibians on other continents and the pan-global, recent, 
distribution of BdGPL strongly suggests widespread intro-
duction – very likely through intercontinental amphibian 
trade. ///

/// The release of infected non-native species has been 
shown to have introduced Bd into naïve amphibian popu-
lations in the United Kingdom. Release of infected native 
species has introduced Bd into naïve populations in Spain 
(the island of Mallorca). ///

/// RACE studies have identified environmental covariates 
(temperature, humidity, altitude, salinity, UVB, microbial 
factors) that modify the interaction of host and Bd. ///

/// RACE will produce a protocol for a comprehensive EU-
wide surveillance scheme to provide population baseline 
data on the occurrence and causes of amphibian mortalities. 
The RACE database incorporates national reporting systems 
as they are developed, e.g. mortality sightings in France (see 
website below). ///

/// RACE has developed standard protocols to reduce the 
risks of spreading infectious and other parasitic agents du-
ring field and laboratory work, and these have been transla-
ted into several European languages. ///

/// RACE has developed protocols for treating infections, 
and has been testing disease mitigation protocols at various 
locations in Europe. ///

RACE Research Highlights   

species out of ≈7000 species) are listed on the three Appendices of CITES. Nonetheless, 
species listings do not prevent illegal trade activities, as exemplified by the extensive 
global trade in live dart frogs and reported seizures. Studies have revealed that several 
species within this group are Bd-infected in the wild and in captive populations (e.g., 
Dendrobates tinctorius). 

We currently have knowledge of three Bd-asymptomatic amphibian species, clawed 
frogs (X. laevis), bullfrogs (L. catesbeianus) and green frogs (Pelophylax kurtmuelleri) 
which are potentially important vectors in the spread of Bd. Former two species 
naturally do not occur in Europe, while latter species is moved from east to western 
Europe. CITES is implemented in the EU under the EU Wildlife Trade Regulations. These 
regulations are stricter than CITES in certain aspects – including the regulation of trade 
within and between EU members. In the four Annexes of the EU Wildlife Trade Regu-
lations, two species are listed that occur in Europe, i.e. the native Pelophylax (Rana) 
shqiperica listed in Annex D and the exotic L. catesbeianus, listed in Annex B. Therefore 
for the majority of exotic amphibians entering the EU, trade is not regulated. This also 
applies to species used in biomedical research and those imported live for the frogs’ 
legs trade. Between 2000 and 2009, the EU imported more than 45,000 tonnes of frogs’ 
legs (Eurostat 2010). While a large amount of frogs intended for human consumption 
are imported as processed, chilled or frozen frogs’ legs (and thus pose little threat of 
importing Bd), a substantial amount is still imported as live frogs. For instance, annual 
imports of frogs into Switzerland purely intended for the consumption trade comprise 
approx. 450,000 live specimens. 

The above points clearly demonstrate a lack of legislative efforts to regulate and 
manage the global trade in exotic amphibian species, and in particular that of disease 
infected species that could potentially be carrying various genetically-different strains 
of Bd that could invade naïve European amphibian populations.

RACERs conducting field work in Ariège, French  
Pyrenees. Photograph by Adeline Loyau.  
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Challenges & Recommendations
/// One genetic strain of the fungus that has recently evolved and has spread globally 
during the 20th Century. At present it is assumed that anthropogenic movements 
are the likely explanation for this pattern, but little is understood about the relation-
ship between humans, the distribution of the different strains of the fungus and the 
impact of the fungus on amphibians. Amphibians are traded for a variety of purposes, 
e.g. frogs’ legs, pets, or biomedical research and multiple pathways are known that 
can potentially lead to cross-species transmission of the Bd and release into natural 
ecosystems e.g., food markets, exotic pet fairs and pet shops, garden centers, research 
laboratories etc. Concern has been expressed about new evolving strains spreading 
through exotic species into naïve European amphibian populations.  ///
   
/// Precautionary measures as outlined in the RACE hygiene protocols need to be ela-
borated and disseminated through awareness programs, print material etc. The most 
important target groups should be people that work with amphibians in the field and 
those who frequently use potential amphibian habitats for leisure activities. ///
 
/// All amphibian-trade activities (monitoring trade pathways) across all entities that 
either house or deal with amphibians need to be monitored. ///

/// No hygiene/quarantine standards are imposed prior to the distribution of amphibi-
ans into the EU or across European countries. To control the spread of amphibian disea-
ses in Europe all commodities with amphibians require appropriate regulation based on 
an EU-imposed disease-control directive. It is a prerequisite to train relevant stakehol-
ders and to maintain a science-policy dialogue on the national and on the EU-level. ///

/// On-going research shows that Bd has a global distribution. This has not yet been 
recognized by the World Organization of Animal Health (OIE), whose recommenda-
tions refer to trade in Bd-free countries, zones or compartments. In 2008, OIE included 
Bd (and ranavirus) as notable amphibian diseases. Since then no further updates have 
been made in the context of mitigating and controlling their global spread. Instead, 
the OIE can provide a starting point for relevant international standards that are im-
plemented by the EU Commission with the EU Member states. ///

/// Infectious diseases are not explicitly mentioned in the Habitats Directive (HD), 
despite the fact that several amphibian species listed on the HD Annexes are known 
to suffer mortality due to Bd infection. EU Member States need to consider diseases 
that threaten native wildlife, and thus need to invest in a) the monitoring of species, 
b) research on mitigation strategies, and c) avoiding threats to amphibians, including 
the implementation of strict conservation measures and field protocols. ///
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