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S Y M P O S I U M  O V E R V I E W  
 

 

T H E  C H A L L E N G E  

Amphibians continue to experience worldwide declines and remain the most threatened 

vertebrate class. Nearly 30 years of research has shown that pathogens, in particular 

chytridiomycete fungi and ranaviruses, are responsible for infectious diseases that cause 

catastrophic population and host community declines on all continents where 

amphibians exist. While our understanding of the conditions required for amphibian-host 

decline has grown significantly, our ability to convert this knowledge into practical 

strategies for managing amphibian pathogens lags far behind. In contrast, the pathogens 

are moving quickly, and beginning to emerge as mixed infections, causing even greater 

declines. 

 

T H E  S Y M P O S I U M  

This two-day symposium is the first international event to approach chytrids and 

ranaviruses as a combined threat to amphibians. It will draw on key research 

communities, as well as on-the-ground conservationists, to aid the process of moving 

beyond single pathogen research and management, into managing mixed infections and 

potentially competing pathogens. Speakers will outline the conservation issues 

amphibians face and how disease figures in these, provide background on the threat 

posed by single versus mixed pathogen dynamics, and the outcomes of field mitigation 

strategies. This symposium will bring together the amphibian research and conservation 

communities to develop 21st century strategies for combating rapidly emerging mixed 

infections that are already threatening global amphibian biodiversity. 
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P R O G R A M M E  

Day 1: Wednesday 24 April 2019 

09:00  Registration opens 

09:30  Welcome by Trent Garner, Zoological Society of London 

SESSION 1: AMPHIBIANS UNDER THREAT, INFECTIOUS DISEASE AND DISTRIBUTIONS 

  Chair: Trent Garner, Zoological Society of London 

09:40  The global effort to conserve amphibians under threat 
Phil Bishop, Amphibian Survival Alliance, Amphibian Specialist Group & University of Otago 

10:05  The Amphibian Conservation Action Plan for Emerging Infectious Diseases 
Reid Harris, Amphibian Survival Alliance & James Madison University 

10:30  BREAK 

11:00  Ranavirus Invasions: 50 years of research – now let’s do something about it! 
  Matthew Gray, University of Tennessee 

11:25  Batrachochytrium dendrobatidis: the first chytrid threat and source of coinfections 
  Trent Garner, Zoological Society of London 

11:50  Bsal: translating basic science in mitigation actions 
  An Martel and Frank Pasmans, Ghent University  

12:15  Mapping the spatial distribution of chytrids and ranaviruses 
  Deanna H. (Dede) Olson, USDA Forest Service 

12:40  DISCUSSION 

13:10  LUNCH (Prince Albert Suite) 

SESSION 2:  IMPACTS, INTERACTIONS AND CO-OCCURRENCES 

  Chair: Xavier Harrison, University of Exeter 

14:10  Amphibian trade and disease 
  Richard Griffiths, Durrell Institute of Conservation and Ecology, University of Kent 

14:35  Using pathogen genomics to track introductions through trade 
Matthew Fisher, Imperial College London and Stephen Price, Zoological Society of London & University College 

London 

15:00 Living with the enemy: Coexistence of a highly susceptible frog species with chytrid fungus 
 Ben Scheele, Australian National University 

15:25 BREAK 

15:55 Environmental influences on ranavirus transmission and disease risk in amphibians 
 Jason Hoverman, Purdue University 

16:20 Pathogenic potential of chytrid co-infections in North American salamanders 
 Ana V. Longo, University of Florida 

16:45 What makes a small country big: the ubiquitousness of amphibian pathogens in the Netherlands 
 Annemarieke Spitzen, RAVON 

17:10 DISCUSSION 

17:40 DRINKS RECEPTION & POSTER SESSION 

18:45 SYMPOSIUM DINNER (Prince Albert Suite) 
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P R O G R A M M E  
Day 2: Thursday 25 April 2019 

SESSION 3: MITIGATING INFECTIOUS DISEASE I: DECISION MAKING AND MANIPULATIONS 

  Chair: Andy Fenton, University of Liverpool 

09:30  Decision making for mitigating amphibian diseases 
  Stefano Canessa, Ghent University 

09:55  Amphibian translocations when disease threat remains 
  Erin Muths, U.S. Geological Survey 

10:20  BREAK 

10:50  Understanding transmission dynamics to identify mitigation targets 
  Cherie Briggs, University of California, Santa Barbara 

11:15  Mitigating chytridiomycosis: an experimental approach 
  Benedikt R. Schmidt, Info Fauna Karch & University of Zurich, Switzerland 

11:40  DISCUSSION 

12:10  LUNCH 

SESSION 4: MITIGATING INFECTION DISEASE II: MICROBIOMES, IMMUNOGENETICS AND NATURAL 

RECOVERY 

  Chair: Matthew Fisher, Imperial College London 

13:10 Manipulating microbiomes in multihost and multipathogen systems 
 Xavier Harrison, University of Exeter and Molly Bletz, University of Massachusetts 

13:35 Host immunity to ranavirus and chytrid fungal pathogens 
 Jacques Robert, University of Rochester Medical Center 

14:00 Understanding multi-host, multi-pathogen infections and coinfections within California amphibian 

communities 
 Pieter Johnson, University of Colorado 

14:25 BREAK 

14:55 Natural recovery of endangered frogs in the presence of Bd as a guide for active conservation 

measures 
 Roland Knapp, University of California, Santa Barbara & Sierra Nevada Aquatic Research Laboratory 

15:20 Long-term monitoring reveals hope for recovery of Panamanian amphibian communities after a 

chytridiomycosis epizootic 
 Corinne Richards-Zawacki, University of Pittsburgh 

14:45 DISCUSSION 

16:15 END OF SYMPOSIUM   
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A B S T R A C T S  

Day 1: Wednesday 24 April 2019 

 

09:30 WELCOME BY TRENT GARNER, ZOOLOGICAL SOCIETY OF LONDON 

 

SESSION 1: AMPHIBIANS UNDER THREAT, INFECTIOUS DISEASE AND DISTRIBUTIONS 
Chair, Trent Garner, Zoological Society of London 

09:40  THE GLOBAL EFFORT TO CONSERVE AMPHIBIANS UNDER THREAT  
    Phil Bishop, Amphibian Survival Alliance, Amphibian Specialist Group & University of Otago  

Global amphibian declines and extinctions have been reported for many decades and it has become 

clear that amphibians are experiencing a global extinction crisis. The amphibian community has built a 

network to respond to this crisis, including: coordinating amphibian conservation scientists and 

practitioners through the Amphibian Specialist Group (ASG) which develops the scientific input to 

support conservation decision-making through recommendations set out in the Amphibian 

Conservation Action Plan (ACAP); the Amphibian Ark (AArk) which coordinates ex situ actions and how 

these can be effectively linked to conservation on-the-ground; and the Amphibian Survival Alliance 

(ASA) a partnership of global organisations that work to promote the conservation of amphibians and 

implement ACAP. This network needs to be continually strengthened by contributors both within and 

outside of the amphibian community.  

ASG, AArk and ASA all share a common vision “Amphibians thriving in nature” and their new Strategic 

and Operational Plans include priority actions such as: mitigating the impact of other key threats such 

as emerging infectious diseases and trade; habitat protection (KBAs); communication and awareness-

raising; assessments of the conservation status of amphibian diversity; rescue and capacity building; 

and developing applied science needed to inform effective conservation actions. While the future for 

amphibians is still precarious, global amphibian conservation is finally moving ahead in a coordinated 

and collaborative way. 

 

 

10:05  THE AMPHIBIAN CONSERVATION ACTION PLAN FOR EMERGING INFECTIOUS DISEASES 
    Reid Harris, Amphibian Survival Alliance & James Madison University  

Authors: Reid N. Harris 1,  Molly C. Bletz 2 & Penny Langhammer 3  
1 Amphibian Survival All iance and James Madison University  
2 University of Massachusetts, Boston  
3 Amphibian Survival All iance and Global Wildlife Conservation  

Emerging infectious diseases are a leading cause of recent amphibian declines and extinctions. In the 

latest update of the Amphibian Conservation Action Plan (ACAP), the infectious disease working group 

of the Amphibian Specialist Group identified priorities for reducing threats and increasing 

conservation efforts for amphibian species that are globally threatened by infectious disease. These 

priorities center in the areas of science, conservation and policy and are necessarily interlinked with 

each other. Science priorities focus on deepening our understanding of the distribution of amphibian 

pathogens, transmission pathways, and host susceptibility and defense. The conservation priorities 

center on finding effective conservation and mitigation strategies, supporting captive assurance 

colonies and reintroduction initiatives, and facilitating communication between scientists, 

conservation professionals and wildlife managers. The policy priorities involve collaborating with 

regulatory bodies to implement screening policies and appropriate trade regulations to prevent 
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pathogen spread. To effectively implement the ACAP and keep it up to date, we suggest broadening 

and strengthening the engagement of local and international conservation organizations, government 

agencies and the scientific community through actions such as tasks forces, inclusive symposia and 

focused journal issues.  The North American Bsal Task Force is one example of this approach.  

 

 

10:30  BREAK 
 

 

11:00  RANAVIRUS INVASIONS: 50 YEARS OF RESEARCH – NOW LET’S  DO SOMETHING 

ABOUT IT! 
Matthew J. Gray, University of Tennessee  

Pathogens have been linked to the declines of cold-blooded vertebrates across the globe. Ranaviruses 

were discovered over 50 years ago, and can infect fish, reptiles and amphibians. Transmission occurs 

efficiently by direct contact between animals, through water, and via contaminated surfaces or 

substrates. Ranaviruses attack multiple organ systems, and cause a hemorrhagic disease similar to 

Ebola. Mortality can exceed 90% during a ranavirus outbreak, and occurs rapidly (<2 weeks) in highly 

susceptible species. Significant economic loss in captive populations, and local population decline and 

extirpation in the wild can occur. Global translocation of ranavirus species and variants through 

unclean and unregulated international trade has contributed to the introduction and emergence of 

ranaviruses. Trade and other captive conditions also facilitate genetic recombination among 

ranaviruses, and evolution of more virulent strains. Increase in anthropogenic stressors on landscapes 

and co-infections with other pathogens has played a role in ranavirus emergence. With the 

accumulation of research, commonsensical biosecurity practices and disease management, strategies 

can be used to prevent and control ranavirus invasions. For example, pet industries and zoological 

facilities can reduce spread of ranaviruses by acquiring animals that have been verified as infection-

free, designing captive housing so that animal isolation is possible if an outbreak occurs, and using 

disinfectants that inactivate ranaviruses. In the wild, management strategies that reduce host contact 

rates, maintain normal water temperature and biochemistry, and limit contaminant exposure will 

help reduce ranavirus enzootic cycles. In aquatic breeding sites where water levels can be controlled, 

dewatering a site for >12 months might be sufficient duration to inactivate ranavirus and for the 

pathogen to be cleared in reservoir host species. Prudent biosecurity practices in the field include 

changing examination gloves between handling animals and decontaminating footwear and gear 

before moving among breeding sites. Currently, there is no therapeutic treatment for ranavirus-

infected animals; however, heat-inactivated and yeast-derived vaccines have shown promise. Gene-

editing technologies such as DNA aptamers and CRISPR have been used to modify ranaviruses to less 

virulent variants, although application in captive and field settings needs further investigation. 

Importantly, as we progress through the 21st century, we know that ranaviruses and other pathogens 

can significantly impact ectothermic vertebrate populations; however, we also have the capability of 

implementing regulations and disease management strategies that prevent careless translocation of 

invasive pathogens and can negatively impact pathogen epidemiology such that host species are 

benefited.     

 

 

11:25  BATRACHOCHYTRIUM DENDROBATIDIS: THE FIRST CHYTRID THREAT AND SOURCE OF 

COINFECTIONS 
Trent Garner, Zoological Society of London  

Batrachochytrium dendrobatidis (Bd) is the most well-studied of the amphibian pathogens and is 

responsible for past and ongoing amphibian declines across the globe. This fungus is composed of 
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several distinct genetic lineages that differ in geographic distribution and impacts on amphibian hosts 

and studies of interactions amongst these lineages suggest that lineages should be treated as 

potentially coinfecting pathogens. Interactions amongst Bd, Batrachochytrium salamandrivorans and 

ranaviruses also occur. How frequently these interactions occur is largely unknown, but the 

consequences of coinfections include recombination generating new lineages of Bd that could exhibit 

even greater virulence, additive effects on host communities and synergistic interactions amongst 

pathogen types that could exacerbate virulence in host communities. 

 

 

11:50  BSAL: TRANSLATING BASIC SCIENCE IN MITIGATION ACTIONS 
    An Martel and Frank Pasmans, Ghent University  

Limiting the impact of Batrachochytrium salamandrivorans (Bsal) invasion on European urodele 

diversity requires a thorough understanding of introduction and transmission pathways and the host-

pathogen-environment interaction. Trade in infected Asiatic amphibians shuttles Bsal into private 

collections, which further spread infection across Europe. When invading wild salamander 

populations, further spread is slow and most likely human mediated. Bsal infection and disease 

dynamics vary and depend on amphibian species, levels of exposure, environmental temperature and 

co-occurring chytrid infections, with a key role for pathogen reservoirs. While lethal infections 

coincide with lack of any protective immune response, innate defences in skin mucosomes, resistance 

to skin invasion and the presence of a functional Bsal quorum sensum system correlate with reduced 

Bsal virulence. Risk assessments based on Bsal native and invasive niches and presumed or confirmed 

susceptibility of urodele species to infection allow prioritizing conservation efforts. The current pan-

European early warning system, trade restrictions and a set of management actions in case of a Bsal 

invasion should minimize opportunities for further establishment of Bsal throughout Europe. 

 

 

12:15  MAPPING THE SPATIAL DISTRIBUTION OF CHYTRIDS AND RANAVIRUSES 
Deanna H. (Dede) Olson, USDA Forest Service  

With burgeoning knowledge of amphibian pathogens and disease threats over the last three decades, 

a challenge emerged to keep abreast of their known scope and extent. Development of three global 

databases and mapping portals has been a boon to both science and management of amphibian 

disease threats. First, the Global Bd Mapping Project was initiated in 2007 to assess Batrachochytrium 

dendrobatidis (Bd) occurrences, and with ingenuity provided by David Aanensen and Matthew Fisher 

at Imperial College, London, it became the first world amphibian pathogen web portal: Bd-maps.net. 

This database now includes >22k records documenting Bd from ~925 of 1700 (54%) species tested 

from >100 countries (20% of world species tested; 93% of world families tested. Second, the Global 

Ranavirus Reporting System (https://mantle.io/grrs) was created in 2015 by EcoHealth Alliance in 

cooperation with the Global Ranavirus Consortium and the US Forest Service. With studies from 25 

countries to date, this is a growing database of a relatively little-known pathogen tied to mass 

mortality events in amphibians, reptiles, and fishes. In 2016, due to widespread North America 

surveillance for B. salamandrivorans (Bsal), an updated chytrid data management portal 

(https://amphibiandisease.org) was created by Michelle Koo at University of California-Berkeley in 

collaboration with the US Forest Service. This chytrid portal includes both Bd and Bsal, proactively 

reports planned and ongoing projects to increase surveillance efficiency (42 projects to date), and has 

advanced import-export data functions. The updated Bd-maps.net database is moving to this new 

platform. These portals have become critical tools informing manager decisions for surveillance and 

biosecurity priorities. They have aided scientist project development and provided novel 

opportunities for pattern assessment. Analyses of community-collated pathogen data have 
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contributed to advances in understanding pathogen habitat associations, projected pathogen climate 

niches, and infection associations with amphibian phylogeny, traits, habitat use, community 

composition, and declining populations. 

 

 

12:40  DISCUSSION 
 

 

13:10  LUNCH (PRINCE ALBERT SUITE) 

 
 

SESSION 2: IMPACTS, INTERACTIONS AND CO-OCCURRENCES 
Chair, Xavier Harrison, University of Exeter 

 

14:10  AMPHIBIAN TRADE AND DISEASE 
Richard Griffiths, Durrell Institute of Conservation and Ecology, University of Kent  

Authors: Richard A. Griffiths 1,  Emma Wombwell 1 , 2 & Trent Garner2  
1Durrell Institute of Conservation and Ecology, University of Kent  
2The Zoological Society of London  

There is increasing and compelling evidence that trade in some species of amphibians is leading to the 

spread of disease around the world. In turn, this can lead to die-offs, population declines or even 

extinctions. In addition to understanding pathology and epidemiology, tackling this issue requires an 

analysis of trade routes, demand and supply, and potential mitigation actions. About 12% of 

consignments of amphibians arriving in the UK contain Bd positive animals, with about 3.6% of 

amphibians in these consignments Bd positive. Further down the trade chain, about a third of pet 

retailers in the UK stock amphibians, and Bd is present in about 6% of these. Effective disease 

mitigation measures are difficult to implement and enforce, and need to be informed by a wider risk 

assessment strategy. However, fluctuations in both supply and demand of different species leads to a 

highly dynamic trade which makes fluctuations in the risk of disease highly likely. Although many 

retailers have sound husbandry protocols, biosecurity is often weak with information about disease 

gleaned from informal sources. Captive bred stock comprises a large and increasing component of the 

live trade in amphibians, but the movement of animals through intermediaries and re-exporters may 

increase disease risk. Compared to more lucrative taxa, trade in live amphibians is not highly 

profitable which may reduce incentives for constructing biosecure facilities. The relationship between 

stress and vulnerability to coinfections along the trade chain is poorly understood. 

 

 

14:35  USING PATHOGEN GENOMICS TO TRACK INTRODUCTIONS THROUGH TRADE 
Matthew Fisher, Imperial College London and Stephen Price, Zoological Society of London & 

University College London 

Anthropogenic activity is a key factor that perturbs natural cycles of infection by increasing long-

distance dispersal of inocula and through environmental forcing of infection dynamics. We 

demonstrate these concepts by analysing patterns and processes across the backdrop of globally-

emerging amphibian pathogens. Firstly, we demonstrate the use of comparative genomics to 

characterise the major evolutionary innovations that have led to the acquisition of pathogenicity 

across the genus Batrachochytrium. Population genomics defines ancient hotspots of 
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amphibian/chytrid biodiversity and pinpoints the origins of panzootic lineages. Tip-dating approaches 

to calibrating molecular clocks then, for the first time, accurately date the timing of these expansions. 

These studies answer the questions ‘why’, ‘where from’ and ‘when’ that have long plagued ecologists 

investigating global amphibian declines. We then show how global patterns of ranavirus likely 

originate from very old associations between ranaviruses and their amphibian hosts with recent 

anthropogenic activity layered atop. Phylogenetic reconstructions from genomic data reveal likely 

translocation events and comparative genomic approaches reveal dynamic evolutionary changes in 

viral genomes that could be facilitated by trade. Our findings also argue that ongoing 'pathogen 

pollution' will increasingly cause the attrition of biodiversity unless further steps are taken to tighten 

global biosecurity for these rapidly emerging classes of pathogens. 

 

 

15:00   LIVING WITH THE ENEMY: COEXISTENCE OF A HIGHLY SUSCEPTIBLE FROG SPECIES 

WITH CHYTRID FUNGUS 
Ben Scheele, Australian National University  

The amphibian disease chytridiomycosis, caused by chytrid fungus (Batrachochytrium dendrobatidis), 

is responsible for declines and extinctions in over 500 amphibian species worldwide. Chytridiomycosis 

has had both immediate catastrophic impacts during initial epidemics, as well as more variable, long-

term effects as the pathogen often remains a major source of mortality in amphibian populations long 

after its emergence. Understanding how susceptible species are able to coexist with chytrid fungus 

can provide key insights to guide the development of conservation responses. Here I synthesise 

research on the coexistence of the endangered alpine tree frog (Litoria verreauxii alpina) with chytrid 

fungus. Once common, the alpine tree frog is now restricted to a small number of remnant 

populations in southern Australia. Exposure trials revealed that the species remains highly susceptible 

to chytrid fungus, while field studies found that high prevalence of chytrid fungus drives almost 

complete mortality of adults during their first breeding season. However, adults successfully mate 

prior to large increases in chytrid fungus prevalence, and disease impact among tadpoles and 

juveniles is low. High adult mortality results in severe age structure truncation, with infected 

populations containing no individuals older than three years of age, while populations historically 

contained individuals up to seven years of age. This high rate of mortality is associated with earlier 

maturation. Loss of long-lived individuals reduces population resilience and leads to increased 

vulnerability to other sources of mortality, such as drought-associated recruitment failure. Truncation 

of age structure explains the contractions of the species to permanent ponds, despite the largest 

populations historically occurring in ephemeral wetlands. Our alpine tree frog research highlights that 

susceptible species can persist despite high mortality associated with chytrid fungus under certain 

environmental conditions. Given difficulties associated with direct mitigation of chytrid fungus, 

alternative approaches that focus on reducing other sources of mortality hold promise for facilitating 

species persistence. 

 

 

15:25  BREAK 
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15:55   ENVIRONMENTAL INFLUENCES ON RANAVIRUS TRANSMISSION AND DISEASE RISK IN 

AMPHIBIANS 
Jason Hoverman, Purdue University  

Predators and pathogens are fundamental components of ecological communities. Although these 

natural enemies have traditionally been examined in isolation, they have the potential to influence 

each other within communities via their interactions with hosts or prey and initiate density- and trait-

mediated effects. In this talk, I will discuss our efforts to understand the influence of predators on 

ranavirus infection dynamics in larval amphibians. While ranaviruses are widespread in amphibians, 

there is significant variation in prevalence and disease outcomes within and across populations, which 

could be driven by the presence of predators. Using a series of experiments, my research group 

discovered that predators reduce infection prevalence within amphibian communities and viral load 

within hosts. Moreover, for some amphibian species, predators completely eliminated infections.  

Moreover, we determined that this healthy herds effect was mediated by reductions in host density 

rather than changes in host behavior induced by the predator’s presence.  We also found that 

ranavirus exposure increased the activity level of larvae. As a result, exposed larvae experienced 

higher predation rates compared to unexposed larvae, which provides support for pathogen-induced 

vulnerability to predation. Collectively, our results provide support for the healthy herds hypothesis in 

amphibian communities and underscore the importance of examining the interactions between 

predators and pathogens in ecology. Moreover, it suggests that management and conservation 

strategies targeting ranaviruses should explicitly incorporate the role of predation in influencing 

disease risk. 

 

 

16:20   PATHOGENIC POTENTIAL OF CHYTRID CO-INFECTIONS IN NORTH AMERICAN 

SALAMANDERS 
Ana V. Longo, University of Florida  

Authors: Ana V. Longo1,  Brenna Friday2  & Karen R. Lips2  

1  University of Florida  
2 University of Maryland  

Invasive fungal pathogens Batrachochytrium dendrobatidis (Bd) and B. salamandrivorans (Bsal) are 

causing mortality events and population declines in amphibians around the world. B. 

salamandrivorans has not been found in the Americas but is predicted to emerge there given the 

presence of competent hosts, high volume import pathways, and lack of effective biosecurity 

measures. Eastern newts (Notophthalmus viridescens) are the most abundant and widespread 

salamanders in United States with known susceptibility to both fungi. However, little is known about 

how their current Bd infections will interact with novel Bsal infections. Here, we ran a series of 

experiments in which we exposed newts to each fungal pathogen, combinations of both fungi, and 

three Bd isolates to: 1) determine if natural exposure to Bd provides protection against Bsal, 2) 

quantify the effect of co-infections on newt survival, and 3) examine if resistance responses are 

general to multiple lineages. We found that hosts exposed under simultaneous co-infections 

experienced 78% mortality over a period of 18 weeks, which was driven by the persistence of Bsal 

because newts cleared Bd infection within a month. In a subsequent experiment, resistant newts also 

resolved infections of three Bd genotypes, suggesting that the defense mechanism is effective across 

all lineages. However, re-exposing these individuals with a 10-fold higher dose (106 Bd zoospores) 

increased their susceptibility to Bsal, and 93% of them sustained Bsal infections. Our findings will 

improve the estimates of decline risk for a species that could serve as a potential superspreader of 

Bsal in North America. 



 

13 | Z S L  S y m p o s i u m  
 

16:45  WHAT MAKES A SMALL COUNTRY BIG: THE UBIQUITOUSNESS OF AMPHIBIAN 

PATHOGENS IN THE NETHERLANDS 
Annemarieke Spitzen, RAVON 

In all invasion stages of emerging infectious (amphibian) diseases, passive surveillance and syndromic 

surveillance organised via an Early Warning System [EWS] is a powerful, economic and useful tool to 

detect an outbreak and follow-up on the impact and severity. The Netherlands is home to 16 native 

species of amphibians and is one of the smallest countries in the world, with an increasing human 

population. Combining these facts, we currently maintain an extensive network of people who are on 

alert to report dead, sick or aberrant amphibians. This has led to the discovery of ranavirosis in the 

north of the Netherlands and a mass mortality event of the rare midwife toad (Pelobates fuscus) due 

to a ranavirus infection, as well as the observation of the decline of the fire salamander (Salamandra 

salamandra) due to Batrachochytrium salamandrivorans (Bsal). Our work shows, albeit preliminary, 

that an EWS provides insight into the distribution of various pathogens, such as herpes, 

Amphibiothecum, Saprolegnia and B. dendrobatidis, and may therefore be considered the main initial 

source of information for detecting an impact of pathogens on wild amphibian populations. We 

therefore suggest more resources should be allocated to the set-up of Early Warning Systems to 

obtain data from remote locations. 

 

 

17:10  DISCUSSION 

 

 

17:40  DRINKS RECEPTION & POSTER SESSION 
       For details of posters, see poster abstracts below. 

 

 

18:45  SYMPOSIUM DINNER (PRINCE ALBERT SUITE) 
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Day 2: Thursday 25 April 2019 

SESSION 3: MITIGATING INFECTIOUS DISEASE I: DECISION MAKING AND MANIPULATIONS 
Chair, Andy Fenton, University of Liverpool 

09:30  DECISION MAKING FOR MITIGATING AMPHIBIAN DISEASES 
Stefano Canessa, Ghent University  

Among major causes of biodiversity loss, wildlife diseases are probably the hardest to counter. The 

ongoing disease-driven amphibian declines are a prime example of this struggle. In humans and 

livestock, we have developed methods to rapidly identify, contain and eradicate outbreaks. For 

wildlife, such effectiveness seems unachievable. Obviously, we know human and livestock diseases 

much better. However, lack of knowledge is not the only factor that prevents us from rapidly 

responding to wildlife disease – perhaps not even the most important one. 

Selecting and implementing a mitigation strategy requires making decisions, and decisions have many 

components. We need clear and measurable objectives, but priorities and mandates at multiple 

scales will overlap and complicate things. We need a range of possible management actions to choose 

from, but realistic options are limited and often extremely difficult to implement. We need to know as 

much as we can about the system, but emerging diseases are surrounded by uncertainty and research 

is slow and underfunded. We need to find the best possible strategies, but often there isn’t an 

obviously “optimal” solution, only options with their pros and cons. Finally, we need someone to 

make decisions, but the roles of different actors in the game are often unclear, with multiple and 

competing interests and layers of legislation. 

How can such hurdles be overcome? Amphibian diseases obviously pose an enormous challenge for 

conservation, and a universal solution probably does not exist. But better legislation, clear mandates 

for decision-makers, science that is driven by management, an objective approach to uncertainty, and 

some technical tools for decision analysis can all help. 

 

 

09:55  AMPHIBIAN TRANSLOCATIONS WHEN DISEASE THREAT REMAINS 
Erin Muths, U.S. Geological Survey  

Translocations – moving animals around the landscape – is fraught with difficulty. For amphibians, the 

failures still outweigh the successes and amphibian disease further complicates the situation. Despite 

this, translocation is, theoretically, an attractive action, and might appear to be an option for 

mitigating some amphibian declines. Mitigation is action that is designed to make something better, 

but often in ecology we have no guarantees until we attempt the action. Translocation provides an 

example of how, perhaps, to move forward. Here I present a view of translocation: first, an example 

from the field of what we are faced with; second, an example of a template for deciding whether or 

not to translocate animals when disease is part of the picture; and third, a theoretical strategy for 

dealing with a translocation landscape with disease. Overall this presentation illustrates the decision 

we are faced with in trying to mitigate the effects of amphibian declines: action or inaction. Inaction is 

the “safe” venue of more research, more learning, and more understanding which is comfortable and 

cautious. Action is the route that might involve missteps or mistakes and is distinctly uncomfortable, 

but arguably necessary.  

 

 

10:20  BREAK 
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10:50  UNDERSTANDING TRANSMISSION DYNAMICS TO IDENTIFY MITIGATION TARGETS 
Cherie Briggs, University of California, Santa Barbara  

The emerging amphibian fungal pathogen Batrachochytrium dendrobatidis (Bd) has led to severe 

amphibian declines around the globe. One of the challenges when attempting to mitigate the effects 

of Bd on amphibian populations is that different amphibian populations can show drastically 

divergent outcomes following Bd invasion. These include an increase in amphibian population density, 

no discernible change in population density, a decrease in density, and even population-level 

extinction. Here we integrate extensive data from amphibian-Bd systems and epidemiological theory 

to build a framework for predicting when and why amphibian populations might show different 

population-level trajectories upon Bd invasion. This framework allows us to place seemingly disparate 

population-level responses following Bd invasion in terms of known disease ecology theory to better 

understand and manage amphibian declines and recoveries.  

 

 

11:15  MITIGATING CHYTRIDIOMYCOSIS: AN EXPERIMENTAL APPROACH 
Benedikt R. Schmidt, Info Fauna Karch & University of Zurich, Switzerland  

Chytridiomycosis can kill individual amphibians and it can lead to the local extirpation of populations. 

While it is easy to treat captive amphibians against chytridiomycosis, there are very few experimental 

studies which show how we can mitigate the effects of chytridiomycosis on amphibian populations in 

the wild. Here, I present the results of a mesocosm experiment and a field experiment. This work was 

done by the PhD student Corina Geiger. In both experiments we tried to treat amphibians against 

infection with Bd, the pathogen which causes chytridiomycosis. The results show that some success is 

possible but effects are transient. Thus, it seems unlikely that anti-Bd treatments in the wild might 

work at large scales but we may be able to treat the most valuable populations against Bd.  

 

 

11:40  DISCUSSION 
 

12:10  LUNCH (PRINCE ALBERT SUITE) 

 
 

SESSION 4: MITIGATING INFECTION DISEASE II: MICROBIOMES, IMMUNOGENETICS  

AND NATURAL RECOVERY 
Chair, Matthew Fisher, Imperial College London 

 

 

13:10  MANIPULATING MICROBIOMES IN MULTIHOST AND MULTIPATHOGEN SYSTEMS 
Xavier Harrison, University of Exeter and Molly Bletz, University of Massachusetts  

Host-associated bacterial and fungal communities, often referred to as the microbiome, can play a 

pivotal role in defending hosts against infection by pathogens. Both lab and field studies have 

revealed that variation in the amphibian skin microbiome can correlate with the incidence and 

severity of disease, highlighting the exciting potential for manipulating skin microbiomes to effect 

structural changes that may maximise resistance and resilience to disease. However, the majority of 

studies to date have focussed on the chytrid fungus B. dendrobatidis, and our knowledge of 

microbiome-pathogen relationships for other pathogen groups such as ranavirus and B. 
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salamandrivorans are in their infancy. We will present our recent research directed at understanding 

the factors that shape the amphibian skin microbiome in hosts susceptible to ranavirus and B. Sal, and 

both direct and indirect methods for manipulating the structure of the microbiome to alter the 

incidence and severity of pathogenic infection.  

 

 

13:35  HOST IMMUNITY TO RANAVIRUS AND CHYTRID FUNGAL PATHOGENS 
Jacques Robert, University of Rochester Medical Center  

Authors: Jacques Robert 1  and Anna Savage 2  
1University of Rochester Medical Center  
2University of Central Florida  

The rise of emerging infectious diseases caused by ranavirus and chytrid fungal pathogens in 

amphibians worldwide raises questions about their immune defense capability. The occurrence of 

pathogen-resistant species as well as selection for resistant and tolerant populations within species 

argues against overall defective or incompetent immunity in amphibians. Rather, current data 

suggests complex host/pathogen dynamics combining host adaptation and pathogen virulence and 

escape mechanisms. Population immunogenetic studies have been powerful in identifying rapid 

changes in MHC heterozygosity and selection of MHC alleles associated with differential ranavirus and 

chytrid infection outcomes. Immunity against ranaviruses at the organismal level has progressed 

thanks to Xenopus laevis, which serves as the leading model for studying host defenses, pathogenicity, 

and persistence of the prototypic ranavirus Frog virus 3 (FV3). Xenopus adults clear FV3 infections by 

rapid innate interferon and inflammatory cytokine responses, followed by an efficient conventional 

CD8 T cell response involving macrophages as antigen-presenting cells, and potent antibody 

responses. Another unconventional innate-like T cell subset activated by non-polymorphic MHC class 

I-like molecules is critical to detect and initiate efficient anti-FV3 immunity in adults, and for tadpole 

survival during early infection. Despite prominent T cell-mediated innate and adaptive anti-FV3 

responses, immunocompetent tadpoles cannot clear FV3 and usually succumb within two months. 

Similarly, quiescent virus persists in macrophages of asymptomatic frogs, and inflammation-triggered 

viral reactivation can lead to systemic infection and death. Immune defenses against the main chytrid 

pathogen, Bd, are less well characterised due to lack of good animal models. Susceptible amphibians 

appear to have ineffective innate immune defenses and late-stage responses characterised by 

immunopathology and Bd-induced suppression of lymphocyte responses. Transcriptome profiling in 

Xenopus tropicalis experimentally exposed to Bd detects no significant changes in adaptive immune 

genes and minimal, temperature-dependent responses, of innate immune genes. Transcriptomics in 

non-model amphibians further indicate species-specific patterns, including minimal immune gene 

responses in some species and upregulation of adaptive immune genes in others. Besides a consistent 

increase in skin integrity gene expression upon Bd infection, transcriptomics mostly highlights 

variability in host responses, pinpointing the need to profile genes across more time points, tissues 

and amphibian taxa. 
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14:00  UNDERSTANDING MULTI-HOST, MULTI-PATHOGEN INFECTIONS AND COINFECTIONS 

WITHIN CALIFORNIA AMPHIBIAN COMMUNITIES 
Pieter Johnson, University of Colorado  

Authors: Pieter, T. J. Johnson 1,  Dana M. Calhoun 1,  Travis Mcdevitt -Galles1,  Wynne E.  Moss1,  Cheryl 
J. Briggs2 & Jason T. Hoverman 3  
1University of Colorado 
2University of California, Santa Barbara  
3Purdue University  

Most research on amphibian diseases has focused on infection patterns by individual pathogens, 

often within a single host species. Yet available evidence indicates that hosts are frequently 

coinfected with multiple parasites, the dynamics of which may be sensitive to host community 

composition and environmental conditions. Here, we tested how patterns of infection and coinfection 

varied by pathogen, by amphibian host species, and across time with the aim of better understanding 

disease in complex communities. Lentic-breeding amphibian species in California often become 

infected by a diversity of macro- and microparasites, and this region has recently experienced one of 

the most severe droughts of the last millennium. Between 2013 and 2017, we sampled 12,217 

amphibians from 133 ponds distributed across the Bay Area region with a focus on late-stage larvae 

and recently metamorphosed individuals of native and non-native amphibian species, including 

Pseudacris regilla, Anaxyrus boreas, Rana catesbeiana, Taricha torosa and T. granulosa. We quantified 

infection by the deformity-inducing trematode, Ribeiroia ondatrae, the pathogenic chytrid, 

Batrachochytrium dendrobatidis [Bd], and ranavirus [FV3] using a combination of necropsy and qPCR. 

Overall, 79% of host populations supported infection by at least one pathogen: 23% of hosts were 

infected with R. ondatrae, 18.9% with Bd, and 8.5% with FV3. Thirty-four percent of host populations 

and 8% of host individuals supported two or more infections (i.e., co-occurrence and coinfection, 

respectively). Among parasites, the influence of host species, site, and sample year on infection 

heterogeneity varied sharply: for R. ondatrae, which requires a snail intermediate host, 81% of the 

variance was associated with site, with only 11.5% and 7.1% linked to year and host species, 

respectively. For Bd, host species and year accounted for 46.5% and 33.6% of variation, respectively, 

reflecting the consistently higher infection prevalence and load in P. regilla and A. boreas, regardless 

of study site. For FV3, which declined from 32% prevalence in 2013 to <1% in 2017, sample year was 

the most influential term and accounted for 65% of the variance. The likelihood of infection and 

coinfection varied significantly both among host species and over the study period. Drought severity, 

for instance, correlated negatively with infections by Bd and R. ondatrae (1-year time lag), whereas 

FV3 prevalence was positively linked to drought. These findings highlight the high frequency of 

infection and coinfection in amphibian hosts, offering a foundation for investigations into how disease 

dynamics vary with biological scale, community composition, and environmental condition (e.g., 

drought). 

 

 

14:25  BREAK 
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14:55  NATURAL RECOVERY OF ENDANGERED FROGS IN THE PRESENCE OF BD AS A GUIDE 

FOR ACTIVE CONSERVATION MEASURES 
Roland Knapp, University of California, Santa Barbara & Sierra Nevada Aquatic Research 

Laboratory 

In the Sierra Nevada mountains of California (USA), the spread of the amphibian chytrid fungus 

(Batrachochytrium dendrobatidis - Bd) during the past 40 years has caused the decline and extirpation 

of mountain yellow-legged frog populations (Rana muscosa, Rana sierrae) from hundreds of localities. 

However, results from long-term monitoring indicate that frog populations in some parts of their 

range are now recovering despite ongoing Bd infection. In these recovering populations, early life 

stages (tadpoles, metamorphs, and juveniles) continue to show high Bd loads, but loads on adults are 

relatively low compared to those observed in populations following their exposure to Bd for the first 

time. Laboratory experiments demonstrate that adult frogs in recovering populations are in fact much 

less susceptible to Bd infection than are frogs from Bd-naïve populations, perhaps due to selection for 

more resistant genotypes. This natural recovery provides the basis for an ongoing program of frog 

reintroductions, in which adult frogs are collected from recovering populations and translocated to 

habitats from which frog populations were extirpated in recent decades following Bd-caused mass 

mortality events. Analysis of mark-recapture data collected from translocated populations indicates 

that despite the reduced Bd susceptibility of adults, high Bd loads are nonetheless associated with 

reduced overwinter survival of adults and with highly variable recruitment into the adult population. 

Both impacts slow the pace of population establishment, and suggest that repeated translocation of 

adult frogs to a site over several years will often be necessary for successful establishment. Despite 

these challenges, reintroductions are allowing the restoration of large frog populations and are 

currently one of the most effective methods of recovering mountain yellow-legged frogs across their 

range.  

 

 

15:20  LONG-TERM MONITORING REVEALS HOPE FOR RECOVERY OF PANAMANIAN 

AMPHIBIAN COMMUNITIES AFTER A CHYTRIDIOMYCOSIS EPIZOOTIC 
Corinne Richards-Zawacki, University of Pittsburgh 

Over a decade ago an epizootic of chytridiomycosis spread through Western Panama causing a mass 

mortality events and dramatic changes to the apparently naïve amphibian communities in this region. 

Because these amphibian communities were well studied prior to and during the epizootic, long-term 

monitoring and research since then has uniquely enabled researchers and conservation biologists 

working in this region to ask the question: what comes next for Panama’s amphibians? Will these 

communities be forever changed by the arrival of Batrachochytrium dendrobatidis (Bd) or will they 

eventually recover? If recovery is possible, how does it happen? Capitalizing on host and pathogen 

samples taken before, during and after the epizootic, our collaborative research aims to shed light on 

the mechanisms that may be driving the start of recovery. We hope to demonstrate the importance 

of long-term monitoring for understanding the threat the Bd poses to naïve amphibian communities 

and to contextualize the discussion of disease mitigation options for chytridiomycosis. 

 

 

14:45  DISCUSSION 

 

 

16:15  END OF SYMPOSIUM 
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S P E A K E R  &  C H A I R  B I O G R A P H I E S  
 

PHIL BISHOP 
AMPHIBIAN SURVIVAL ALLIANCE, AMPHIBIAN SPECIALIST GROUP & UNIVERSITY OF OTAGO 

Phil Bishop is a Professor of Zoology and Director of Ecology at the University of Otago. His research interests 

centre around the biology, ecology and conservation of amphibians.  He has published over 100 peer-reviewed 

journal articles and book chapters. He is currently working on the breeding behaviour of Leiopelma frogs, frog 

population health in native and exotic forests, aspects of chytridiomycosis as well as investigating the role of frog 

skin microbiomes. In 2011 Phil was appointed as the chief scientist of the Amphibian Survival Alliance and in 2012 

as the co-chair of the IUCN Species Survival Commission Amphibian Specialist Group.  In these positions he plays 

an important role in coordinating and driving global amphibian conservation across the world. 

 

MOLLY BLETZ 
UNIVERSITY OF MASSACHUSETTS  

Molly Bletz is currently a David H. Smith Conservation Postdoctoral Fellow working to understand the risk of the 

salamander-eating fungus to US salamanders, and to develop disease mitigation tactics to combat this devastating 

disease before it invades the US. Molly obtained her PhD from the TU-Braunschweig, in Germany under the 

direction of Miguel Vences. Her PhD work focused on understanding the structure and function of amphibian 

microbiomes. Molly earned her MS degree from James Madison University where she investigated the 

effectiveness and the non-target effects of probiotic bioaugmentation, as an amphibian chytridiomycosis 

mitigation strategy under the direction of Reid Harris. 

 

CHERIE BRIGGS  
UNIVERSITY OF CALIFORNIA, SANTA BARBARA 

Cherie Briggs is a professor in the Department of Ecology, Evolution and Marine Biology, and the Biomolecular 

Science and Engineering Program at the University of California, Santa Barbara (UCSB).  She received her PhD from 

UCSB in 1993, and conducted postdoctoral research at Imperial College, Silwood Park. She was on the UC Berkeley 

faculty from 1997-2007, before joining the faculty at UCSB as a Duncan and Susanne Mellichamp Chair in Systems 

Biology in 2007. She is a theoretical population ecologist, whose research combines mathematical modelling and 

empirical studies, and she has worked extensively on the amphibian chytrid fungus in California.  

 

STEFANO CANESSA 
GHENT UNIVERSITY 

Stefano is a conservation scientist in the Wildlife Health research group at Ghent University in Belgium. His 

research focuses on translating scientific evidence into management decisions for endangered species, 

particularly where there are limited budgets and considerable uncertainty. Since obtaining his PhD at the 

University of Melbourne, he has been involved in species recovery plans across three continents, ranging from 

frogs and turtles to birds and bats and, more recently, thinking about mitigation of chytridiomycosis. 

 

ANDY FENTON 
UNIVERSITY OF LIVERPOOL 

Andy Fenton is a theoretical ecologist with a primary focus on host-parasite dynamics.  He is particularly 

interested in the dynamics of host-parasite interactions within natural ecological communities, and all the 

complexities that entails – whether that’s involving multiple coinfecting parasite species, or parasites shared 

across multiple potential host species.  He typically works closely with empiricists studying natural wildlife 

systems, combining simple theory with experimental manipulations to determine the drivers of disease 

transmission, and parasite impacts on host health and population dynamics in their natural setting. 
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MATTHEW FISHER 
IMPERIAL COLLEGE LONDON 

Prof Matthew Fisher works on emerging pathogenic fungi and heads a research group at the Department of 

Infectious Disease Epidemiology, St Mary's Hospital, Imperial College London. His research uses an evolutionary 

framework to investigate the biological and environmental factors that are driving emerging fungal diseases 

across human, wildlife and plant species. Wildlife and their environments play a key role in the emergence of 

human emerging infectious disease (EID) by providing a 'zoonotic pool' from which previously unknown pathogens 

emerge. Conversely, human action impacts on patterns of fungal disease via the perturbation of natural systems, 

the introduction, and the spread of pathogenic fungi into naive environments, and by rapid natural selection for 

phenotypes such as resistance to antimicrobial drugs. These interactions are leading to an upswing of new fungal 

infections in new places, causing new (and exacerbating old) human diseases. Matthew Fisher’s  research group is 

focused on developing genomic, epidemiological and experimental models to uncover the factors driving these 

EIDs, and to attempt to develop new methods of diagnosis and control. 

 

TRENT GARNER 
ZOOLOGICAL SOCIETY OF LONDON  

Although initially a behavioural ecologist working with amphibians, like so many others Trent switched to 

amphibian infectious disease research due to the impact of parasites on the global amphibian decline. He 

transferred his previous experiences in field ecology, amphibian behaviour, population genetics and experimental 

ecology to develop a research programme investigating the circumstances under which chytridiomycete fungi and 

ranaviruses can cause amphibian declines that threaten species survival. He relies extensively on colleagues who 

identify risks and then relies on his students, PDRAs and technicians to test these hypotheses experimentally. His 

research now predominantly focusses on identifying cofactors of disease and techniques that could be exploited 

for disease mitigation, understanding how pathogen genotypes and different pathogens combine to exacerbate 

single pathogen disease dynamics and establishing best practices for welfare in amphibian research. 

 

MATTHEW GRAY 
UNIVERSITY OF TENNESSEE 

Matthew Gray is a wildlife disease ecologist with expertise in amphibian pathogens. He is the founding and past 

director of the Global Ranavirus Consortium, Inc. – a multidisciplinary group of scientists and students focused on 

reducing the threat of ranaviruses. He also serves as co-chair of the Technical Advisory Committee of the North 

American Batrachochytrium salamandrivorans (Bsal) Task Force and is past chair of the North American Disease 

Task Team of the Partners in Amphibian and Reptile Conservation. His research focuses on understanding host-

pathogen interactions, and devising strategies to prevent amphibian disease outbreaks.     

 

RICHARD GRIFFITHS 
DURRELL INSTITUTE OF CONSERVATION AND ECOLOGY, UNIVERSITY OF KENT  

Richard Griffiths is Professor of Biological Conservation based at the Durrell Institute of Conservation and Ecology 

(DICE) at the University of Kent, where he works on a wide range of issues associated with amphibian declines and 

conservation. This work involves long-term population studies in the UK, as well as projects in Latin America and 

Indian Ocean islands studying threats to critically endangered species, including trade-related issues. Richard has 

also carried out disease-related research in collaboration with ZSL for over a decade. He is a member of the IUCN 

Reintroductions Specialist Group, and a Trustee of Chester Zoo, Wildwood Trust and Amphibian and Reptile 

Conservation. 
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REID N. HARRIS 
AMPHIBIAN SURVIVAL ALLIANCE & JAMES MADISON UNIVERSITY  

Reid Harris is Professor Emeritus of Biology at James Madison University and Director of International Disease 

Mitigation at the Amphibian Survival Alliance. His research centers on bacterial-fungal interactions with a focus on 

understanding the microbial ecology of amphibian skins. An important application of his research is the 

development of antifungal probiotics for amphibians affected by the lethal disease chytridiomycosis. He was co-

chair for two years of the North American Bsal Task Force and remains on the Technical Advisory Committee. In 

concert with the Task Force and its working groups, he coordinated the writing of the North American Strategic 

Plan to Control Invasions of the Lethal Salamander Pathogen Batrachochytrium salamandrivorans. He serves as 

co-chair of the Infectious Diseases Working Group of the Amphibian Specialist Group.   

 

XAVIER HARRISON 
UNIVERSITY OF EXETER 

Xavier Harrison is a molecular ecologist with broad interests in disease ecology and the role of host-associated 

microbes in shaping animal life histories. He is particularly interested in how the environment may alter the 

structure and stability of the amphibian skin microbiome, and the consequences of microbiome (in)stability for 

susceptibility to lethal pathogens such as ranavirus and Bd. Most of Xav’s work uses the UK common frog (Rana 

temporaria) and common toad (Bufo bufo) as model systems, in both captive and wild settings.    

 

JASON HOVERMAN 
PURDUE UNIVERSITY 

Jason is an Associate Professor in the Department of Forestry and Natural Resources at Purdue University. 

He received his PhD from the University of Pittsburgh in 2007 and conducted post-doctoral research at 

Pennsylvania State University, University of Tennessee, and University of Colorado, Boulder. He has broad 

interests within the fields of community ecology, disease ecology, and ecotoxicology.  For the last decade, his 

research group has been exploring the factors that influence disease risk in amphibian populations with a focus on 

ranaviruses, trematodes, and chytrid.   

 

PIETER JOHNSON 
UNIVERSITY OF COLORADO 

Dr. Pieter Johnson is a disease ecologist whose research aims to understand the pervasive yet cryptic role of 

parasites in ecological systems. Currently a Professor of Ecology and Evolutionary Biology at the University of 

Colorado, Boulder, he received his Ph.D. from the University of Wisconsin, Madison, and a B.S. from Stanford 

University in 1998. By combining experiments, large-scale data, molecular tools and ecological modelling, Dr. 

Johnson’s lab brings a broad perspective to questions related to (i) biodiversity loss and disease emergence; (ii) 

interactions between invasions and habitat alteration; and (iii) the effects of extreme climate on wildlife 

conservation.  

 

ROLAND KNAPP 
UNIVERSITY OF CALIFORNIA, SANTA BARBARA & SIERRA NEVADA AQUATIC RESEARCH LABOR ATORY 

Roland is a research biologist with the University of California and has worked on the conservation of amphibians 

in California’s Sierra Nevada mountains for more than 20 years. Long-term monitoring conducted at hundreds of 

sites has allowed him and his colleagues to describe the unexpected natural recovery of endangered mountain 

yellow-legged frogs following Bd-caused declines. Lessons learned from recovering populations are being used to 

guide active conservation measures such as frog reintroductions that are broadening the scale of recovery, and 

have potential implications for the recovery of amphibians threatened by pathogens in other parts of the world. 
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ANA V. LONGO 
UNIVERSITY OF FLORIDA 

Ana Longo is a new assistant professor in the Department of Biology at the University of Florida. She is a disease 

ecologist who investigates species interactions among amphibians, their fungal pathogens and skin bacteria. Ana 

did her postdoctoral research at the University of Maryland, received her PhD in Ecology and Evolutionary Biology 

from Cornell University, and masters and bachelors degree from the University of Puerto Rico in San Juan. Ana is 

looking for graduate students and postdocs! 

 

AN MARTEL 
GHENT UNIVERSITY 

An Martel is professor in wildlife population health at Ghent University. Together with Frank Pasmans, she leads 

the research group Wildlife Health Ghent. The major focus of this group is currently on chytridiomycosis in 

amphibians. 

 

ERIN MUTHS 
U.S. GEOLOGICAL SURVEY 

Erin Muths is a zoologist at the U.S. Geological Survey in Fort Collins, Colorado, USA. She completed her PhD in 

Zoology at the University of Queensland, Australia in 1997. Despite her initial expertise in kangaroos, she was 

hired by USGS to work on amphibians and has been doing that for the last two decades. Her research focuses on 

amphibian conservation, demography, and disease with an emphasis on amphibians in high elevation systems. 

 

DEANNA H. (DEDE) OLSON   
USDA FOREST SERVICE  

As a US Forest Service research ecologist, Dr. Dede Olson conducts basic science research on aquatic species, 

habitats, and processes; conducts applied research and develops integrated management alternatives; and 

creates models, databases, syntheses, and other tools to bridge the science-management interface. Dede is 

courtesy faculty at Oregon State University and an Associate Editor for Herpetological Review (diseases), as well as 

a USA representative for the IUCN Amphibian Specialist Group. In the past, Dede was a Co-Chair of Partners in 

Amphibian and Reptile Conservation and co-lead of the Bsal Technical Advisory Group of the Bsal Task Force–

helping to organize the North American response to Batrachochytrium salamandrivorans. 

 

FRANK PASMANS 
GHENT UNIVERSITY 

Frank Pasmans is professor in reptile and amphibian diseases, and in veterinary bacteriology and mycology at 

Ghent University. Frank has been obsessed with salamanders and newts since childhood. Together with his 

colleague An Martel, he leads the research group Wildlife Health Ghent. The focus of this group is currently on 

chytridiomycosis in amphibians. 

 

STEPHEN PRICE 
ZOOLOGICAL SOCIETY OF LONDON & UNIVERSITY COLLEGE LONDON  

Stephen works on viral pathogens of amphibians. His interests centre on determinants of virulence and host 

range, emergence of novel pathogens, and human interventions with knock on effects for infectious disease 

dynamics. His work includes fieldwork at sites of disease outbreaks, molecular biology, and diverse computational 

analyses. He works at the interface of veterinary science, population genetics, and bioinformatics to research 

questions of conservation and evolutionary importance and interest. 

 

 
 



 

23 | Z S L  S y m p o s i u m  
 

CORINNE RICHARDS-ZAWACKI 
UNIVERSITY OF PITTSBURGH  

Dr. Cori Richards-Zawacki is an Associate Professor in the Department of Biological Sciences at the University of 

Pittsburgh in Pennsylvania, USA, and also the Director of her university's field station, the Pymatuning Lab of 

Ecology. Her research interests are broad, including many aspects of the ecology, evolution and conservation of 

amphibians. The main focuses of her lab's work are on (1) the ecology and evolution of host-pathogen 

interactions and (2) the roles of natural and sexual selection in speciation. She received her undergraduate and 

graduate degrees from the University of Michigan and held positions at the Smithsonian Tropical Research 

Institute in Panama, The University of California, Berkeley and Tulane University in New Orleans before taking her 

current position. 

 

JACQUES ROBERT 
UNIVERSITY OF ROCHESTER MEDICAL CENTER  

Jacques Robert, PhD, Professor of Microbiology and Immunology, and Environmental Medicine at the University 

of Rochester Medical Center, Rochester, New York. He is the Director of the Xenopus laevis research resource for 

Immunobiology, which is the world's only comprehensive facility specialising in the use of this species for 

immunological research.  His research interests include evolutionary aspects of immune surveillance, tumor and 

viral immunity. He has worked extensively in the area of T cell development, innate-like T cells function, 

immunomodulation and anti-tumor immune responses, molecular evolution of immunologically relevant genes, 

and immunity to ranaviruses. An important part of his research interest concerns basic comparative and applied 

studies of viral pathogenesis and immunity in amphibians caused by ranavirus pathogens such as Frog Virus 3 and 

mycobacteria. 

 

BEN SCHEELE 
AUSTRALIAN NATIONAL UNIVERSITY  

Ben Scheele is a Research Fellow in the Fenner School of Environment and Society at The Australian National 

University. Much of Ben’s research focuses on amphibian conservation, and he leads research in temperate 

Australia investigating how some declined frog species are now persisting with chytrid fungus, while others are 

continuing to decline towards extinction. This research is conducted in close collaboration with managers to 

develop and trial conservation strategies to assist species recovery. Ben also leads a global project investigating 

patterns of species decline associated with the emergence of chytrid fungus. 

 

BENEDIKT R. SCHMIDT 
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Benedikt Schmidt completed his dissertation on predator-prey interactions at the University of Zurich in 2003. He 
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University of Zurich and a scientific collaborator for Info Fauna Karch, the Swiss amphibian and reptile 

conservation programme.  
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the Netherlands (RAVON). She has been working on the topic of emerging amphibian diseases in the Netherlands 

since 2009. Her work mainly focuses on the impact of EIDs on native amphibian populations, and on the 

translation of this work into the practical management aspects for disease mitigation. 
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P O S T E R  A B S T R A C T S  
 

1. MITIGATING THE POTENTIAL RISK OF CHYTRIDIOMYCETE FUNGI AND RANAVIRUSES 

INFECTION AT THE SANCTUARY FOR INJURED PROTEUS (PROTEUS ANGUINUS) OF THE 

TULAR CAVE LABORATORY 

Gregor Aljančič 1, Zlatko Golob2, Magdalena Năpăruş -Aljančič1 ,3, Tajda Turk1, Nino Kirbiš 4, Mojca 

Vek4, Rok Kostanjšek5 & Nina Gunde-Cimerman5  

1 Tular Cave Laboratory, Society for Cave Biology, Slovenia 
2 Sanctuary for Protected Wildlife, Slovenia 
3 Karst Research Institute, Research Centre of the Slovenian Academy of Sciences and Arts, Slovenia 
4 Societas herpetologica slovenica, Slovenia 
5 Department of Biology, Biotechnical Faculty, University of Ljubljana, Slovenia 

The Olm or proteus (Proteus anguinus) is the only vertebrate in Europe fully adapted to cave life, in Slovenia 

protected since 1951. The Tular Cave Laboratory is specialized on research and conservation of proteus, with 

long-term isolated ex situ captive breeding since 1960. The laboratory also manages a sanctuary for injured 

proteus (e.g., animals washed-out from their subterranean habitat during flooding) within the national 

network of Sanctuary for Protected Wildlife. Although the groundwater ecosystem is not isolated from karst 

landscape, a weakened proteus stranded on surface habitats (e.g., surface streams, flooded fields) is 

particularly prone to diseases of surface amphibians. Epizootiologcal concern represents chytridiomycete 

fungi and ranaviruses, although their actual pathogenicity on proteus remains unknown. In Slovenia, proteus 

was firstly tested for Bsal in 2017 (project “Invasive species never rest”; analyzed at Department of Biology, 

Biotechnical Faculty, University of Ljubljana, where detailed studies are carried on). One of the aims of the 

project was providing information on strict procedures on how to prevent the spread of amphibian diseases 

during fieldwork. Since 2009 Tular Cave Laboratory has gradually implemented stricter biosecurity measures 

(e.g., disinfection barrier, quarantine facility, disinfection of fieldwork and lab equipment, disease screening in 

laboratory and sanctuary, veterinary care). Animals received at the sanctuary are kept in separate quarantine 

facility (T=10°C), where clinically examined and treated. All individuals are tested for Bsal, Bd and ranaviruses. 

According to Slovene nature conservation legislation, the maximum period to treat animals in sanctuary 

before released into the wild, is limited to three months. 

 

2. MULTI-HOST PATHOGENS AND MULTI-PARASITISED HOSTS: AN INDIVIDUAL-LEVEL 

APPROACH TO UNDERSTANDING TRANSMISSION OF TWO PATHOGENS 

(BATRACHOCHYTRIUM DENDROBATIDIS AND RANAVIRUS) ACROSS THREE AMPHIBIAN HOST 

SPECIES. 
Bryony Allen1, 2, Prof. Andy Fenton 1, Prof. Trent Garner 2, Dr. Dave Daversa1,2 & Ben Tapley2  

1 University of Liverpool, UK 
2 Zoological Society of London  

 

Many important pathogens circulate within multi-host communities. Equally, many hosts can be infected with 

multiple pathogens at any given time. Recent studies of declining amphibian populations indicate that the two 

pathogens of most concern, Ranavirus and Batrachochytrium dendrobatidis (Bd), commonly occur as co-

infections. Yet, experimental evidence of co-infection dynamics in amphibians remains sparse. Both 

pathogens are host generalists with significant heterogeneity seen in the functional roles host species play in 

transmitting and maintaining either emerging infectious disease in a host community. To help unpick the 

tangled dynamics of this multi-host, multi-pathogen system we empirically tested how susceptibility, 
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infectiousness and burden of disease changed with infection scenario (single vs coinfection) across a panel of 

host species (Bufo bufo, Rana temporaria and Alytes muletensis) that range in their reported susceptibility. 

We measured the contributions of each host, at an individual level, to the environmental pool of infectious 

particles, by quantifying Bd zoospores and ranavirus virion outputs for four days post exposure. Endpoint 

infection load of each host was also measured to link the hosts' infection burdens with their infectiousness. 

Our study provides previously lacking empirical evidence of within-host and between-host dynamics 

influencing disease outcome under different exposure scenarios (single vs co-infection), in a system of global 

conservation concern. Understanding the susceptibility and infectiousness of each host, at an individual level, 

allows us to predict how host species community composition influences the establishment and persistence 

of both pathogens, singularly and as coinfections, at the community level. 

 

3. BATRACHOCHYTRIUM DENDROBATIDIS , B. SALAMANDRIVORANS  AND RANAVIRUS IN 

CENTRAL AND EASTERN EUROPE 

Vojtech Baláž1, David Lastra Gonzales 2, Krzysztof Kolenda3, Alena Kulikova4, Matej Kautmann5 & 

Jiří Vojar2  

1 University of Veterinary and Pharmaceutical Sciences Brno, Czech Republic 
2 Czech University of Life Sciences Prague, Czech Republic 
3 University of Wrocław, Poland 
4 National Academy of sciences of Belarus, Belarus 
5 Slovak Academy of Sciences, Slovakia 

Collaboration among researchers from Czech Republic, Slovakia, Poland, Belarus and their outreach to 

surrounding areas managed to fill in gaps in knowledge of amphibian pathogens in Central and Eastern 

Europe. As expected, Batrachochytrium dendrobatidis is widespread in the whole area, the most commonly 

infected, yet asymptotically, are the water frogs (Pelophylax). We have detected positive populations of P. 

esculentus complex from Montenegro in south to borders of Belarus in the north. We have tested over 1100 

samples from wild and captive salamanders in Europe for B. salamandrivorans presence. Based on the results, 

the area seems to be Bsal free at the moment. Focal populations of Salamandra salamandra for long term 

monitoring are being identified (e.g. in Prague, Brno and Bratislava) and we already have multiple year data 

from some of the sites. As a side activity in Bsal surveillance, we have detected positive signal from samples 

collected from wild populations in Spain. We have observed co-infections of Bd and ranavirus in a decreasing 

population of otherwise chytrid nonaffected water frogs Pelophylax in Poland. We collected live frogs in field 

with lesions indicative of RV infection and confirmed Bd presence for treatment which lead to complete 

recovery of the animals. RV and Bd was detected in Belarus from tissue samples of Pelophylax. Quite 

surprisingly we were unable to detect ranavirus in amphibians from Czech Republic. We hope to contact with 

other teams and increase our contribution to EID research, monitoring and mitigation in Europe. 

 

4. BROAD HOST RANGE OF BATRACHOCHYTRIUM SALAMANDRIVORANS EQUATES TO HIGH 

INVASION PROBABILITY IN NORTH AMERICA 

E. Davis Carter1, Matthew J Gray1, Joseph P. W. Cusaac 1, Anna C. Peterson1, Louise Rollins-

Smith2, Laura Reinert 2, Markese Bohanon1, Brittany A. Bajo 1, Kurt Ash1, Daniel A. Malagon 1, 

Rajeev Kumar1, Bailee J. Augustino 1, Lori A. Williams3, Andrea Upchurch4, Priya Nanjappa 5, Reid 

N. Harris6,7, and Debra L. Miller 1,8  

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee Institute of Agriculture, USA 
2 Vanderbilt University, Nashville, USA 
3 North Carolina Wildlife Resources Commission, USA 
4 Tennessee Wildlife Resources Agency, USA 
5 Conservation Science Partners, Fort Collins, USA 
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6 Amphibian Survival Alliance, UK  
7 James Madison University, USA 
8 College of Veterinary Medicine, University of Tennessee, USA 

Batrachochytrium salamandrivorans (Bsal) is a recently discovered fungal pathogen that has caused declines 

of wild Fire Salamander (Salamandra salamandra) populations across Europe. Risk models suggest that Bsal 

poses high risk to North American amphibian biodiversity, especially in the southeastern and northwestern 

USA. Our goal was to estimate the susceptibility of 29 North American amphibian species to Bsal infection and 

chytridiomycosis. Experimental animals were exposed to one of four Bsal zoospore doses (103-6), and their 

condition monitored for at least six weeks.  We swabbed animals every six days to estimate Bsal infection. 

Approximately 75% of species tested became infected and 30% developed Bsal chytridiomycosis. Susceptible 

species that developed clinical Bsal chytridiomycosis and mortality included: Chiropterotriton sp., 

Aquiloeurycea cephalica, Ensatina eschscholtzii, Aneidis aeneus, Eurycea wilderae, Pseudotriton ruber, 

Notophthalmus viridescens, N. meridionalis, N. perstriatus, Taricha granulosa and Osteopilus septentrionalis. 

Tolerant species that maintained low intensity Bsal infections over several successive swabs included seven 

caudates: Ambystoma opacum, A. mexicanum, Cryptobranchus alleganiensis, Desmognathus aeneus, D. 

ocoee, E. lucifuga and Plethodon metcalfi. Five anuran species were also tolerant of Bsal infection, including 

Anaxyrus americanus, Hyla chrysoscelis, Lithobates chirichahuensis,and Scaphiopus holbrookii. Resistant 

species that did not maintain Bsal infections after exposure included: A. latarele, D. monticola, Hemidactylium 

scutatum, Necturus maculsosis, L. sylvaticus, L. catesbeianus, and P. shermani x teyahalee. Our results suggest 

that most North American amphibian communities will be composed of a combination of amplification, 

tolerant and resistant host species, which could facilitate the emergence, spread and maintenance of Bsal in 

the western hemisphere.  

 

5. WINTER IS COMING: TEMPERATURE DEPENDENT VIRULENCE OF BATRACHOCHYTRIUM 

SALAMANDRIVORANS 

E. Davis Carter1, Debra L. Miller 1,2, Brittany A. Bajo1, Anna C. Peterson1, Markese Bohanon 1, Kurt 

Ash1, Pattarawan Watcharaanantapong 1, and Matthew J Gray 1  

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee Institute of Agriculture, USA 
2 College of Veterinary Medicine, University of Tennessee, USA 

Batrachochytrium salamandrivorans (Bsal) is a recently emergent fungal pathogen that has caused dramatic 

population declines of European fire salamanders (Salamandra salamandra). Initial in vitro growth 

experiments suggest Bsal has an optimum growth temperature between 10 – 15 C and an upper thermal limit 

of 25 C. Preliminary risk analyses suggest temperature will be an important factor driving Bsal invasion in the 

United States if the pathogen is introduced. We exposed adult eastern newts (Notophthalmus viridescens) to 

a sham inoculation of autoclaved water (control) or one of four Bsal zoospore doses (5 x 10e3-6) at one of 

three ambient temperatures, 6 C, 14 C or 22 C. At 14 C, all eastern newts became infected and died within 

one-month post-exposure. Median survival duration at 14 C was 26, 20, 14 and 7 days for 5x10e3, 5x10e4, 

5x10e5 and 5x10e6, respectively. No individuals became infected or died when exposed to Bsal at 22 C. At 6 

C, results were intermediate, with survival durations approximately one to two weeks longer than 14 C. Newts 

that died from chytridiomycosis at 6 C had lower zoospore loads than at 14 C, suggesting lower infection 

tolerance at lower temperature. Our results suggest that Bsal invasion in the United States may be 

geographically narrower than indicated in previous risk models, with greatest likelihood of emergence 

occurring at mid- to northern latitudes and at higher elevations, often where salamander diversity is the 

greatest. Seasonal fluctuations in disease emergence also are expected, with autumn and winter months 

experiencing greatest mortality. 
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6. LATITUDINAL VARIATION AND HAPLOTYPE ASSOCIATED DIFFERENTIAL SURVIVAL IN 

RESPONSE TO EXPERIMENTAL INFECTION OF TWO BD-GPL STRAINS IN COMMON TOADS 

Maria Cortazar-Chinarro 

Animal Ecology Department, Uppsala University 

While the both innate and adaptive immune system mechanism have been implicated resitance against the 

Chytrid fungus Bd, studies on the role of specific MHC haplotypes o Bd infection are rare. Here, we studies 

latitudinal variation in MHC ClassIIB loci along a latitudinal gradient from southern to northern Sweden in 

common toads, Bufo bufo. Sweden toad population had fewer MHC Class IIB haplotypes compared to 

populations in Britain. Furthermore we found MHC diversity to decline from south to the north within 

Sweden. The low diversity may compromise northern populations´s ability to fight emerging disease, such as 

the chtrid fungus Batrachochytrium dendrobatidis. In a laboratory experiment, we infected newly 

metamorphosed toads with two strains of the Global Pandemic Lineage of the fungus (Bd-GPL) and compared 

survival with sham controls. We found Bd-infected toads had lower survival compared to controls. Survival 

was dependent on Bd-strain and whether experimental toads where collected in the south or the north of 

Sweden with lower survival in northern individuals. MHC diversity was lower in toads of northern origin, all 

northern animals being monomorphic for a single MHC haplotype, whereas we found seven different 

haplotypes in southern animals. Survival of infected animals was dependent on both Bd-strain and MHC 

haplotype suggesting differential infection dynamics depending on both Bd-strain and host MHC 

characteristics. 

 

7. DISTRIBUTION OF AMPHIBIAN PATHOGENS IN A MONTANE LANDSCAPE 

Adriana Paula B. Cravo1, 2, Dirk S. Schmeller2, Adeline Loyau2 & Antonis Chatzinotas1,3  

1 Helmholtz Centre for Environmental Research (UFZ), Germany  
2 Université de Toulouse, CNRS, INPT, UPS, France  
3 German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany 

The major threats for amphibian population declines are habitat degradation, climate change and spread of 

diseases caused by pathogenic fungi and viruses. Amphibian skin bacteria may play a crucial role in protecting 

their host against these pathogens. However, it remains unknown if anthropogenic factors alter the 

amphibian skin microbiome and thus its role against pathogens. Therefore, we analyzed the distribution of 

two pathogens, i.e. Batrachochytrium dendrobatidis (Bd) and Ranavirus (Rv) in Pyrenean lakes which are 

exposed to different anthropogenic pressures such as presence of livestock, introduction of fish or touristic 

exploitation. Here, we present the first results from a seasonal sampling campaign of tadpoles on the 

potential links between pathogens, skin microbiome composition and anthropogenic impact. In 2018, we 

sampled skin swabs of the species Alytes obstetricans and Rana temporaria from 20 lakes in the Pyrenees. 

Samples were obtained in three different periods, i.e. beginning (June/July) and middle of summer (August) 

and beginning of autumn (September/October). We determined the individual Bd and Rv infection status, 

respectively, using qPCR and are currently obtaining a first snapshot of the skin bacterial community 

composition using 16S rRNA gene based high throughput sequencing. Our results show distinct distributions 

of each pathogen; only in one lake did both pathogens appear together. For Bd, we found more infected 

tadpoles in the beginning of summer, while Rv infection was higher in the middle of summer. Overall, the 

infection load of Bd was higher than that of Rv in lakes where only one of these pathogens was detected. 
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8. INTRODUCING THE AMPHIBIAN SURVEILLANCE PROGRAM OF CATALONIA (ASPRCAT) 

Johan Espunyes1, Maria Puig2, Albert Martinez-Silvestre3, Lourdes Lobato1, Josep M. Alonso 4, 

Oscar Cabezón1,5  

1 Wildlife Ecology & Health group (WE&H), Servei d’Ecopatologia de Fauna Salvatge (SEFaS), Autonomous University of 

Barcelona (UAB), Spain 
2 The Frog Research Team, Southern Cross University, Australia 
3 Catalonia Reptile and Amphibian Rescue Center (CRARC), Spain 
4 Research and Conservation Department, Zoo de Barcelona, Spain 
5 UAB, Animal Health Research Centre (CReSA, IRTA-UAB), Campus of the Autonomous University of Barcelona, Spain 

Sixteen amphibian species inhabit Catalonia (NE Spain), including endemic and threatened taxa. Despite 

chytridiomycosis and ranaviral disease having been sporadically detected, the health status of amphibian 

populations in Catalonia has received little attention, with current publications relying on opportunistic data. 

Therefore, information about the presence, distribution and potential impact of emerging diseases on 

amphibian populations in this region is limited. In order to contribute to the knowledge of health threats 

relevant to the conservation of these species, the Wildlife Ecology & Health Group has established the 

Amphibian Surveillance Program of Catalonia (ASPrCAT), in the framework of the wildlife health surveillance 

program of the Government of Catalonia. The aim of this program is to systematically survey 13 proxy areas 

per year. Skin swabs from 60 specimens of three to four species will be collected annually per area, coinciding 

with reproductive aggregations. Abundance surveys will be performed concurrently at each site to estimate 

population densities. Skin swabs will be tested for the presence of Bd and Bsal DNA and postmortem exams 

will be conducted in animals found dead or moribund. Relevant tissues will be also screened for the presence 

of Ranavirus DNA. Specifically, the long-term objectives of this program are: (1) to establish baseline data on 

the presence of critical amphibian diseases, (2) to monitor the spatiotemporal trends of these diseases and 

relate them to population trends, (3) to early detect new disease entities in specific areas and (4) to create a 

sample and tissue bank. 

 

9. WOUND HEALING AS A POSSIBLE MECHANISM CONTRIBUTING TO RESISTANCE TO 

CHYTRIDIOMICOSES 

Elena Grasselli1, Zeinab El Rashed 1, Leila Rovegno 1, Linda Queirolo 1, Laura Canesi 1, Alessandro 

Catenazzi 2, Sebastiano Salvidio 1 and Ilaria Demori 1 

1 DISTAV, Università degli Studi di Genova, Italy 
2 Florida International University, USA 

Amphibian skin is not to be considered a mere protective tegument: it has a multitude of functions related to 

respiration, osmoregulation, and thermoregulation, thus allowing the individuals to survive and thrive in the 

terrestrial environment. The central role of this organ in Amphibians points out that any kind of insult can 

exert adverse effects on individual fitness. Amphibians are currently suffering a dramatic decline worldwide, 

mainly due to chytridiomycosis, a skin disease caused by the pathogenic fungus Batrachochytrium 

dendrobatidis (Bd). Bd is able to invade the amphibian skin with motile zoospores, which encyst and 

proliferate in keratinized dermal tissues, thus causing the onset loss of the integument functionality, ulcers 

and eventually animal death. Wound healing (WH) is an evolutionarily conserved process leading to tissue 

restoration, that occurs in Amphibians without scar formation. Skin antimicrobial peptides secreted by 

granular glands contribute to speed up WH process thus increasing individual fitness. A better understanding 

of why some species seem to resist several environmental insults can help to limit the ongoing amphibian 

decline through the development of appropriate strategies, particularly against pathologies such as viral and 

fungal infections. 
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10. CHYTRID FUNGUS DYNAMICS AND INFECTION TRADE-OFFS WITH MOVEMENT DISTANCES 

IN A RED-LISTED AMPHIBIAN  

Simon Kärvemo1, Gustav Wikström1, Lina A Widenfalk 2, Jacob Höglund1  & Anssi Laurila 1  

1 Uppsala University, Sweden 
2 Swedish University of Agricultural Sciences, Department of Ecology, Sweden 

In this study, Swedish pool frogs (Pelophylax lessonae) were provided with external radio transmitters and 

tracked during the summer and autumn to compare movements among infected and non-infected 

individuals. Additionally, we tested some individuals for chytrid twice during the summer to study infection 

dynamics within this period. We also compared results from a previous Bd-sceening 2005-2008. Our results 

suggest that the chytrid fungus has invaded this red-listed pool frog population recently. Movement distances 

of pool frogs were reduced in the autumn. We also found that the pool frog in Sweden can clear Bd infections. 

The knowledge obtained from this study increases the understanding of implications of Bd-infection in an 

anuran fringe population. 

 

11. THE IMPORTANCE OF FIRE SALAMANDERS (SALAMANDRA SALAMANDRA TERRESTRIS) 

WITHIN BELGIAN FOREST ECOSYSTEMS 

Alexandra Laking 1, Marta Miñarro, Kris Verheyen 2, Dries Bonte 3, Frank Pasmans1 & An Martel1  

1 Faculty of Veterinary Medicine, Ghent University, Merelbeke Belgium 
2 Laboratory of Forestry, Ghent University, Melle-Gontrode, Belgium 
3 Biology Department, Ghent University, Ghent, Belgium 

The fungal pathogen Batrachochytrium salamandrivorans (Bsal) poses a major threat to amphibian 

biodiversity driving local declines of fire salamander (Salamandra salamandra terrestris) populations within 

Belgium, the Netherlands and Germany. Extensive research is being conducted on the driving factors of this 

pathogen, however, little is known about the ecosystem consequences of amphibian loss within forest 

habitats. Amphibians are important predators, therefore, their decline could result in ecosystem level effects 

including, but not limited to, shifts in primary production and changes in the abundance or composition of 

invertebrate communities. Here we aimed to determine the effects of the loss of fire salamander populations 

within a Belgian forest over 1.5 years by means of forest mesocosms. 18S sequencing of fecal samples 

collected throughout the experiment shows that the salamanders consume significantly more detritivores 

than any other type of prey. We see a significant functional shift in invertebrates within the salamander 

mesocosms, with a decrease in detritivores and increase in predators. We also have found significantly faster 

leaf litter decomposition in the control oak litter bags than in salamander litter bags. Maple showed no 

significant difference between treatments. Overall, these results indicate the potential importance of fire 

salamanders within Belgian forests. The loss of these animals could cause leaf litter to decompose at a faster 

rate, possibly driving cascades within these forest habitats. This illustrates the importance of increasing our 

knowledge of the role amphibians play within forest ecosystems and devising amphibian conservation 

strategies within Bsal affected areas to help protect these forest ecosystems. 
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12. ROLE OF DENSITY AND HABITAT STRUCTURE ON EASTERN NEWT CONTACT RATES AND 

PATHOGEN TRANSMISSION 

Daniel A. Malagon 1, E. Davis Carter1, Luis Melara2, Olivia F. Prosper 3,  Suzanne Lenhart 4, Debra L. 

Miller1,5 & Matthew J. Gray1  

1 Department of Forestry, Wildlife and Fisheries, University of Tennessee Institute of Agriculture, USA 
2 Shippensburg University, USA 
3 University of Kentucky, USA 
4 College of Arts and Sciences, University of Tennessee, USA 
5College of Veterinary Medicine, University of Tennessee, USA 

Batrachochytrium salamandrivorans (Bsal) is an invasive fungal pathogen emerging across Europe and 

appears to be highly pathogenic to many salamander species.  The Eastern Newt (Notophthalmus viridescens) 

is a member of Salamandridae and known to be susceptible to Bsal. This species is one of the most widely 

distributed salamanders in North America. Given their widespread distribution and high abundance, this 

species has the potential to significantly influence Bsal epidemiology if the pathogen emerges in the USA. We 

designed two studies to estimate host contact rates given different host densities and habitat structure, and 

the probability of transmission from infected to susceptible individuals via direct contact. We found that Bsal 

transmission due to contact was very efficient between infected and susceptible newts even at early stages of 

infection when pathogen loads were low. We also found that contact rates were density dependent, and that 

adding habitat structure (i.e., plants) reduced contact at higher newt densities. Simulations from a system of 

ordinary differential equations show rapid transmission of Bsal among individuals, such that an entire 

population can become infected quickly under most scenarios. Disease-induced mortality of susceptible 

individuals following contact with an infected individual was relatively high (>75%) and fast (<30 days post-

contact). These results demonstrate that Bsal can have severe population impacts on eastern newts. 

Moreover, this abundant amphibian species could play a major role in Bsal emergence if it is introduced in the 

USA. Reducing newt density or increasing habitat structure at Bsal positive sites might reduce transmission 

and outbreak size.    

 

13. LATITUDINAL DIFFERENCES IN RESPONSE TO BD INFECTION IN TWO NATIVE SWEDISH 

AMPHIBIAN SPECIES 

Sara Meurling1, David Åhlén1, Maria Cortazar-Chinarro1, Erik Ågren3, Trenton W.J. Garner 2, Jacob 

Höglund1 & Anssi Laurila1  

1 Animal Ecology/ Department of Ecology and Genetics, Uppsala University, Sweden 
2 Zoological Society of London 
3 National Veterinary Institute, Sweden 

Since the chytrid fungus Batrachochytrium dendrobatidis (Bd) was first found in Sweden in 2010 studies have 

shown that the fungus is more widespread than expected, occurring at 45.5 % of sampled localities with an 

overall prevalence of 13.8%. While the negative effects of Bd are well known, little attention has been paid to 

within-species geographical variation in sensitivity to Bd. In the northern hemisphere, high-latitude 

populations may be more sensitive to disease than their low-latitude conspecifics. Due to postglacial 

colonization processes they may have lower genetic variation in disease resistance genes than their low-

latitude counterparts. For example, northern Swedish populations of Rana arvalis have lower variation in a 

major histocompatibility (MHC) class II gene –implicated to play a role in Bd resistance - than southern 

populations. We performed inoculation trials on two common amphibians, Bufo bufo and R. arvalis, using 

populations from northern and southern Sweden, separated latitudinally by more than 1200km. We found 

high mortality rates in infected B. bufo with significantly higher mortality in individuals from the north. The 

same pattern but with lower mortality rates was found in R. arvalis. Both species showed significantly reduced 
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growth when infected. Moreover, infected B. bufo individuals from the northern region had a significantly 

lower growth rate than those from the southern region. These results suggest that northern amphibians are 

more sensitive to infectious disease than those from more southern populations.  

 

14. THE AMPHIBIAN CHYTRID FUNGUS BATRACHOCHYTRIUM DENDROBATIDIS IN SWEDEN 

Sara Meurling1, Maria Cortazar-Chinarro1, Simon Kärvemo4, Erik Ågren3, Trenton W.J. Garner 2, 

Jacob Höglund1 & Anssi Laurila 1  

1Animal Ecology/ Department of Ecology and Genetics, Uppsala University, Sweden 
2 Institute of Zoology, Zoological Society of London 
3National Veterinary Institute, Uppsala, Sweden 
4Department of ecology, SLU, Sweden 

The chytrid fungus Batrachochytrium dendrobatidis (Bd) infects amphibians and has caused severe population 

declines in all continents where amphibians occur. While Bd is widespread in southern and central Europe, its 

occurrence and distribution in northernmost Europe is unknown. To get a comprehensive picture of the 

distribution of the chytrid in Sweden we conducted a larger survey of 101 sites during 2015-2018. We 

collected samples from 1917 individuals from 9 species of amphibians. Bd was detected in 45.5 % of the 

localities studied with an overall prevalence of 13.8% and in all nine species studied, varying from 1.9% in R. 

temporaria to 61.4% in B. variabilis. No infected animals were detected in the northern sites. No individuals 

showing signs of chytridiomycosis were found in either of the areas. The Swedish amphibian fauna can 

roughly be divided in to two groups: common, widespread species, and rare southern species with their main 

distribution in Central Europe and a limited distribution restricted to southern Sweden. The prevalence in the 

three common species was on average significantly lower (6.20 ± 6.19%) than in the six rare species (40.47 ± 

14.75%; W = 0, p = 0.02381). This could be a result of the rare species being exposed to temperatures farther 

from their optima and that populations at the edge of their range are likely to have lower genetic variation 

which may render them more vulnerable to disease. This can be of considerable conservation concern if Bd is 

becoming more common at high latitudes. 

 

15. RANID HERPESVIRUS 3 AND BUFONID HERPESVIRUS 1 IN FREE RANGING FROG AND TOAD 

POPULATIONS 

Francesco C. Origgi  

University of Bern, Switzerland 

During the last two years we have discovered and characterized two novel amphibian herpesviruses named 

Ranid herpesvirus 3 and Bufonid herpesvirus 1, infecting common frogs (Rana temporaria) and common toad 

(Bufo bufo), respectively, in Switzerland. Both viruses are associated with a proliferative skin disease affecting 

the infected hosts. The two viruses appear to be species specific and both contains within their genome a 

number of genes encoding for putative immunomodulatory molecules. Preliminary transcriptomic data 

support the expression of these genes, which might be partially involved in suppressing the host immune 

response against the viruses, as lack of inflammatory infiltrate confirmed by histological observations in the 

affected tissues would suggest. Their potential immunosuppressive potential might predispose infected 

individuals to coinfections by other infectious agents. A number of reports and few suggest that these two 

viruses and their associated diseases have been observed in Europe for at least 25 years. Ranid herpesvirus 3 

has been observed at least in Italy, Switzerland, UK and Germany. Since 2015, the observations of affected 

frogs and toads is increasing in Switzerland. The significance of these two viruses in the broader contexts of 

amphibian disease ecology is not clear, however the more and more frequent detection of these viruses and 

their associated diseases might suggest changes either occurring in the viruses, in their hosts, in the 
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environment or in all of them. Close monitoring of these two viruses in free ranging frog and toad populations 

is warranted. 

 

16. POOL CHOICE STRATEGIES AND DISEASE TRANSMISSION POTENTIAL IN PHYTOTELM-

BREEDING FROGS 

Bibiana Rojas1, Shirley Jennifer Serrano 2, Juan David Carvajal3, Janne K. Valkonen 1 & Andrius 

Pašukonis4  

1 University of Jyväskylä, Jyväskylä, Finland 
2 University of Glasgow, Glasgow, UK 
3 Instituto de Investigaciones Alexander von Humboldt, Bogotá, Colombia 
4 Stanford University, Stanford, USA 

The choice of offspring-rearing sites is crucial for many animals, as it greatly influences offspring survival. 

Many frog species use phytotelmata —water-holding cavities formed in trees, logs, leaf axils or other plant 

structures— as breeding or rearing sites. While phytotelmata represent an essential resource for many 

rainforest frogs, we currently lack comprehensive knowledge on which pool characteristics are key for pool 

choice and offspring survival, how these pools can be partitioned among the several species using them, and 

what is their role in the dispersion of frog diseases that spread through water, such as the chytrid fungus, Bd. 

At Les Nouragues Nature Reserve (French Guiana), at least 9 amphibian species rely on different types of 

phytotelmata for reproduction; most of them are restricted to either arboreal pools high above the ground or 

to pools at the ground level. The dyeing poison frog (Dendrobates tinctorius) is the only species commonly 

using the pools at all heights. This flexibility may entail benefits for this species, but it may also facilitate the 

spread of pathogens from the ground to the canopy, potentially affecting arboreal species, as D. tinctorius has 

been recently found to have high prevalence of Bd in French Guiana. Here, we show preliminary results of a 

study (1) quantifying differences in pool quality between terrestrial, intermediate, and arboreal pools; (2) 

relating this to patterns of pool occupancy along the height gradient; and (3) assessing Bd occurrence in pools 

at different heights, in relation to the presence/absence of D. tinctorius tadpoles. 

 

17. LOWERING BD PREVALENCE AS A PART OF MITIGATION MEASURES 

Roman Rozínek, Jiří Francek, Anna Kozáková  & Jan Kovařík  

NaturaServis s.r.o., Czech Republic 

Due to planned development of nuclear power plant Temelín has the company NaturaServis provided 

mitigating measures for amphibian and reptiles population. There was a wetland occupied by 12 species of 

amphibians and 4 species of reptiles on 8 hectare area. During 2014 NaturaServis created 78 new ponds 

literally on a greenfield site, about 5 km away from original habitat. For reptiles have been created artificial 

hibernation and aestivation shelter, stonewalls and egg-laying areas. Meanwhile we investigated Bd presence 

in the area of interest. In 2015 initiated the company transfers to new habitats, what we proceeded with till 

the end of 2017 season. We ended up on number of around 115 000 individuals. Species susceptible to Bd 

were tested before releasing. Positively tested individuals were kept in artificial tanks designed by our 

company until they were cured. Bottom of these tanks is sloping and covered by black foil. It allowed us to 

create aquatic habitat, or both aquatic and terrestrial habitats. Success rate of this therapy was almost 100%. 

Individuals, who underwent this cure and were tested negatively for Bd, were then released to new ponds. 

We designed management of these new habitats on the basis of experience with therapy in artificial basins. 

That means we preserve many of brightened shallows, which should hopefully help to keep the Bd prevalence 

in new habitats as low as possible. 
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18. BATRACHOCHYTRIUM SALAMANDRIVORANS  IN ITALY: FIRST DATA FROM WILD 

POPULATIONS AND CAPTIVE COLLECTIONS  

Sebastiano Salvidio 1, Giorgia Bianchi1, Lorenzo Dondero1, Vittoria Marchianò 2, Marco Carafa 3,  

Matteo Perrone4 & Elena Grasselli 1  

1 DISTAV, Università degli Studi di Genova, Italy 
2 Parco Nazionale del Pollino, Italy 
3 Parco Nazionale della Majella, Italy 
4 Parco Nazionale delle Cinque Terre, Italy 

Italy hosts one of the most diverse amphibian fauna of the entire Mediterranean, and several endemic 

salamander species are found in the Alps, along the Apennines and in Sardinia. Therefore, the introduction of 

the highly pathogenic chytrid fungus Batrachochytrium salamandrivorans (Bsal) could threaten Italian 

amphibian diversity and cause the loss of many unique evolutionary lineages of salamanders. To counteract 

and prevent the spread of this pathogen in Italy, a preliminary molecular screening was performed on wild 

salamanders from different parts of the country and also from four live collections owned by private keepers.  

Salamanders’ skin swabs were obtained following a standard protocol and samples were analysed for the 

presence of both Batrachochytrium dendrobatidis (Bd) and Bsal DNA, using a duplex quantitative polymerase 

chain reaction (qPCR). Overall 189 skin swabs were analysed: 136 from seven wild native species, and 53 from 

seven Asian, two North-American and one European salamanders bred in captivity. All samples were negative 

for Bsal (prevalence 0%, confidence interval 0 – 2%), while 4 out of 136 wild salamanders were positive for Bd 

(prevalence 3%, confidence interval 1 – 7%), with low individual Bd loads (68 ≤ genome equivalents). Although 

our findings are not sufficient to infer with confidence about the presence or absence of this pathogen in 

Italy, they may possibly contribute to increase awareness of professional herpetologists and also among 

amphibian private keepers. 

 

19. TITLE OF POSTER BATRACHOCHYTRIUM DENDROBATIDIS PRESENCE WITHIN SPECIES: A 

REVIEW ON ECOLOGICAL SCALES AND INFLUENTIAL VARIABLES 

Thais Sasso Lopes , Laura Grogan & Hamish McCallum 

Environmental Futures Research Institute, Griffith University, Australia 

Since the identification of the infectious agent Batrachochytrium dendrobatidis (Bd) 20 years ago, numerous 

studies have helped to build solid documentation on the impact of chytridiomycosis worldwide. Bd presence 

in frogs has been investigated over a broad range of ecological scales. Studies have extended from differences 

in infection load within individuals, disease prevalence among populations, as well as presence of Bd across 

the landscape level. These studies have examined both environmental and intrinsic species-specific factors to 

explain the variable occurrence of Bd within species. The scale of interest has a profound influence on our 

understanding of which processes underpin the disease dynamics and on the scope of our conclusions and 

predictions. To evaluate the breadth of studies performed to date we quantitatively reviewed the Bd 

literature, and classified studies with regard to the spatial scale explored, methodological design and overall 

findings. We systematized which variables were most strongly associated with heterogeneity of disease 

occurrence. Among the 80 peer reviewed papers published between 2004 and 2018 that fitted our criteria, air 

temperature and rainfall or humidity were commonly investigated environmental parameters. Variables such 

as life stage, distance to urban areas or zooplankton composition were seldom investigated, but were shown 

to influence Bd prevalence among different populations of the same species. Chytridiomycosis remains a dire 

threat to amphibians worldwide, and an intricacy of factors influences its occurrence and consequently its 

effects. Our review emphasises that understanding the complexity of Bd impact requires an integration of 

studies tackling Bd-host interaction at multiple scales and perspectives. 
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20. PATHOGENS AS ECOSYSTEM LEVEL STRESSORS 

Dirk S. Schmeller & Adeline Loyau  

Toulouse INPT, ENSAT, avenue de l’Agrobiopole – Auzeville Tolosane, France 

Despite the importance of freshwater habitats, studies on pathogen impact on freshwater habitats, biohealth 

and human health risks are largely lacking. Pathogens can be important stressors on an ecosystem level, as 

they can change the biological community profoundly and may not only impact on animals and plants, but 

also on humans. Pathogens are an important part of food webs, which themselves are much dependent on 

the environment. The pressures from climate and the anthropogenic pressures of land use and pollution will 

modify and disequilibrate the environments and therewith food webs. Such changes allow some species to 

gain dominance and maybe pathogenicity. Epidemic events then are important stressors for both human 

society and natural communities. Depending on the magnitude of the impact on community, ecosystem level 

changes will occur, which then will further change the environment. Impacts on human society also may lead 

to changes in land use patterns and will also be changing the environment. The outcome might be further 

increased stress or a breakdown of the ecosystem functioning and the ecosystem services. We will present 

the research strategy of the projects P³ (People, Pollution and Pathogens, p3mountains.org) and GloMec 

(GLObal change in Mountain Ecosystems) to investigate the role of pathogens as ecosystem level stressors. 

 

21. RAPID EXPANSION OF THE CHYTRID FUNGUS BSAL IN GERMANY 
Vanessa Schulz  & Kathleen Preißler  

University of Leipzig, Germany 

 

Emerging infectious diseases are one of the major drivers of global decline in amphibian species. Since 2010, 

the invasive chytrid fungus Batrachochytrium salamandrivorans (Bsal) is causing a disease called 

chytridiomycosis in European fire salamanders (Salamandra salamandra), entailing massive population 

declines, and regional die-offs. After first being recorded in the Netherlands and Belgium, Bsal was also 

detected in captive collections as well as wild populations in 2015 in Germany. The first infected fire 

salamanders were registered in the Eifel area close to the Belgian border. Due to intensive monitoring in this 

area, more and more affected populations were documented. Furthermore, since 2017 the distribution of this 

highly infectious pathogen is seemingly expanding northwards following records from the Ruhr district. By 

now, several populations in the district are severely affected including observation of two mass extinctions. 

Germany has a special responsibility for the conservation of the fire salamander since it is the species’ main 

area of distribution. The monitoring actions as well as public relations conducted by the nationwide acting 

Bsal-project team shed light on the alarming distribution pattern of Bsal; and predictions hint on a continuous 

spread throughout the country. Here, we present the current status and the ongoing work of the Bsal project 

team in Germany. 

 

22. CAN CANNIBALISTIC BEHAVIOR REDUCE THE RISK OF FUNGAL INFECTION?  

Janne. K. Valkonen  & Bibiana Rojas  

University of Jyväskylä, Finland 

Larvae of the dyeing poison frog (Dendrobates tinctorius) develop in small water pools where males take them 

to on their back, one or two at a time. Cannibalism is common among larvae of this species, often occurring 

within 24 hours after the deposition of new larvae; sometimes, however, larvae can coexist for longer before 

the smaller tadpole gets cannibalized. Larger resident larvae can gain extra nutrients and eliminate 

competition by consuming newly deposited tadpoles. Conspecific larvae can also act as a vector for pathogen 

infections. Tadpoles adhere to the back of the transporting male with their mouth parts, which are the only 

keratinized structure in their body. Thus, tadpoles may get infected with the cythrid fungus (Bd) during 
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transportation to a water pool. As the duration of transportation is rather short, it is unlikely that Bd infection 

of larvae can develop to an infectious stage before its deposition in the pool. Thus, resident larvae could 

reduce the risk of getting infected by consuming newly-deposited larvae before Bd sporangia are developed 

to the point where new zoospore are released. In this poster we present a study plan and experimental design 

to address the effects of recognizing infected conspecifics on cannibalistic behavior of dyeing poison frog 

larvae.  

 

23. MIMICKING EARLY HOST-CHYTRID INTERACTIONS USING AN IN VITRO-INFECTION MODEL 

Verbrugghe Elin , Martel An, Van Rooij Pascale  & Frank Pasmans  

Ghent University, Belgium 

While the greatest loss of vertebrate biodiversity from disease is due to chytridiomycosis, knowledge of this 

disease’s pathogenesis is still poorly known. The early interactions of Batrachochytrium dendrobatidis (Bd) 

with the amphibian skin have been documented as attachment of zoospores to host skin (adhesion), zoospore 

germination, germ tube development, penetration into skin cells (invasion) and invasive growth in the host 

skin (Van Rooij et al., 2015). Mostly, transmission electron microscopy and light microscopy on skin tissues are 

used to visualize and examine the early infection stages, but an assay that can be applied to examine the 

fundamentals of early host-chytrid interactions at cellular level is still lacking. The aim of this study was to 

elaborate a cell-based in vitro invasion test mimicking early host-Bd interactions. Therefore primary 

keratinocytes from Litoria caerulea were isolated and fluorescently labelled using a green celltracker. Bd 

spores were labelled with a red celltracker and added to the cells. Using fluorescent microscopy, clear contact 

between the spores and host cells was observed after an invasion period of 4 hours, mimicking adhesion. 

When increasing the contact time till 24 hours, host cells were now invaded by Bd spores and intracellular 

chytrid thalli were observed. Confocal microscopy was used to confirm the intracellular localization. In 

conclusion we optimized a fluorescent in vitro model that mimics early host-pathogen interactions 

(attachment and invasion), reflecting endobiotic chytrid development. The availability of a cell-based assay 

that allows rapid and efficient screening of the early host-Bd interactions opens new perspectives in chytrid 

research. 

 

24. PRIOR PATHOGEN EXPOSURE AND A PRELIMINARY VACCINE INCREASE AMPHIBIAN 

RESISTANCE TO CHYTRIDIOMYCOSIS 

Anthony W. Waddle 1,2 ,3, Jacques Robert 2 & Jef R. Jaeger1  

1 University of Nevada, Las Vegas, USA 
2 James Cook University, 1 James Cook Dr, Douglas QLD 4814, AUS 
3 Xenopus Research Resource for Immunobiology, Department of Microbiology and Immunology, University of Rochester 

Medical Center, 601 Elmwood Ave., Rochester, NY 14642, USA 

The amphibian disease chytridiomycosis, caused by Batrachochytrium dendrobatidis (Bd), presents an 

enormous challenge for captive breeding and headstarting programs that aim to introduce amphibians to 

sites where Bd persists. One possible solution for increasing the success of these efforts is to immunize 

animals before release. Although immunizations against chytridiomycosis have been tested with limited 

enduring success, the utility of vaccines to broadly mitigate chytridiomycosis is not known because only a few 

species have been used in experimental trials. For our experiments we used two species of ranids, the 

northern leopard frog (Rana pipiens) and the relict leopard frog (Rana onca), which have experienced drastic 

declines in the southwestern United States. For both species, reintroductions to historical or experimental 

sites are likely limited by the presence of Bd. Therefore, we aimed to increase resistance of these species to 

chytridiomycosis using two approaches: (1) exposing frogs to a live-attenuated Bd isolate; and (2) exposing 
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frogs to a virulent Bd isolate followed by clearance with itraconazole. We found that both approaches led to 

drastically reduced Bd infections in previously exposed frogs as compared to controls. Mean maximum 

infection intensities of previously exposed frogs were 84-92% lower than those observed in naïve controls. 

Importantly, both approaches led to significantly greater survivorship. Although we have not tested the 

success of these approaches in the field, these laboratory experiments indicate that immunizations may be an 

important conservation tool for these species.  
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S I T E  M A P S  &  T R A V E L  I N F O R M A T I O N  

 

Location of lunch & dinner: Prince Albert Suite 
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SUGGESTED ROUTE  

(THROUGH TUNNEL) 
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Travel Information 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To walk between ZSL London Zoo and Camden Town underground station takes around ten minutes.  

 

Transport for London Travel information  

Telephone: 0843 222 1234 (24 hours a day); Textphone: 020 7918 3015  

 

BUS 274 to Camden Town and Baker Street  

www.tfl.gov.uk/  

www.citimapper.com  

 

Taxi numbers  

Taxi One-Number bookings:  0871 871 8710 

Call-A-Cab: 020 8901 4444 

Computer Cab:  020 7908 0207 

DataCab: 020 7432 1540 

Dial-A-Cab: 020 7253 5000 

Radio Taxis:  020 7272 0272 

Addison Lee:  020 7387 8888 
 

CAMDEN TOWN 

STATION 

(NORTHERN LINE) 

ZSL MEETING 

ROOMS 

http://www.tfl.gov.uk/
http://www.citimapper.com/

