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Outline

Goals for this presentation: 

• Assess where we are

• Sharpen our questions

Goal for the meeting:

• Decide how we want to move ahead



Six leading non-exclusive hypotheses to explain 
global amphibian decline

• Commercial use

• Introduced species

• Land use change

• Contaminants

• Climate change

• Infectious diseases

Threats to amphibian diversity



In 2001 the UN/FAO made four points in a report on “ The 
world market for frog legs:”

1. Almost 95% of the world demand for frog legs and frog 
products is still supplied from wild stocks.

2. In 1998 international trade in frog legs involved more 
than 30 countries with a value around U.S. $49 million. 

3. The main focus of harvesting is 11 species worldwide. 

4. Worldwide from 1987 to 1997 an average of about 5,200 
tons of frogs were collected annually – and these data 
do not include the major exporting nations of China and 
Vietnam.

Commercial use
What we know:



Schlaepfer et al. (2005) analyzed U.S. trade records from 1998 to 2002:
• 5.2 M kg and 15 M individuals imported and declared as wild caught;
• 96% of the trade was commercial, mainly for pets and food;
• most trade involved 9 frog families and 2 salamander families 

Commercial use

Schlaepfer et al. concluded: the data “ do not provide conclusive 
evidence of widespread, unsustainable collections. They [the data] 
do, however, reveal that the volume of animals taken from the wild 
(for the U. S. market alone, let alone globally) is large enough to 
potentially extirpate populations or species.”

Collecting amphibians for bait diminishes larval population sizes; 
contributes to introgression; may cause “ pathogen pollution.” Picco 
(2008) studied Ambystoma tigrinum virus (ATV) and found that ATV 
moves through the bait trade. 

What we know:



Commercial use

What we know: We have no example yet where commerce 
alone has decreased amphibian population sizes to 
extinction. But the potential is there: Fisher and Garner 
(2007) reported that 28 species of introduced frogs and 
salamanders carried the amphibian chytrid. 

What we need to learn:
• When is commercial use a threat to population 
survival? 
• What is the contribution of local vs. global markets?
• Has commercial use caused species extinction directly 
by reduced population size or indirectly by pathogen 
pollution, introgression, or introduction of exotic 
species?
• Can commercial use be an effective conservation tool?



Introduced species
What we know:
In habitats with exotic species, native species are often 
rare or absent. Examples: introductions of American 
bullfrogs and declines in frog and salamander species; 
trout introductions and decline of mountain yellow-
legged frogs in California. 

Experiments show that when exotic, predaceous fish 
and crayfish are present native amphibians:

• reduce activity;
• use different habitats;
• increase use of refuges;
• are smaller at metamorphosis;
• survive less well; 
• show more injuries; and 
• have fewer resources because of competition.



Introduced species
What we need to learn:

• Why are some species, like American 
bullfrogs and cane toads so successful?
• Has an exotic species, other than Bd, 
caused extinction of an amphibian species?
• What is the relative importance of the 
various ways in which species enter new 
habitats? 
• Does the success of Eleutherodactylus
coqui in Hawaii offer a model for ex situ 
conservation using managed relocation as a 
strategy? 



Land use and land cover change

What we know:

Wetland habitats
185,400 ha lost annually from mid-1950s to mid 1970s

70 to 90% of wetlands in CT, MD, and OH lost from 1780 to 1980

70% loss of ponds in Britain between 1880 and 1980s

Terrestrial habitats
0.01% of native grasslands are in pre-European contact condition

0.2% of original forest remains in Puerto Rico, 13% in Cuba, 10%    
in the Dominican Republic, 5% in Jamaica, and <1% in Haiti 

From: C.K. Dodd and L.L. Smith (2003); Hoekstra et al. (2005)

What are estimated projected losses …?



Species richness of amphibians worldwide

(Source: Lannoo et al. 2007. Copeia)

What we know:



Variables analyzed:
• Increase in agricultural production & creation of new croplands
• Increase in fertilizer use
• Increase in irrigation
• Decrease of forests
• Increase in human population

What we can expect: Predicted habitat changes



Threatened species from GAA 2008

Source: Angulo et al. 2008



What we need to learn: What controls amphibian 
population sizes and species richness as land-use and 
land cover change? 

Source: J. A.  Foley et al. Science  309:570-574 (2005)



Six leading non-exclusive hypotheses to explain 
global amphibian decline

• Commercial use

• Introduced species

• Land use change

• Contaminants

• Climate change

• Infectious diseases

Threats to amphibian diversity



A three-step hierarchical research strategy is now 
generally accepted as a way to study how chemicals 
affect amphibians (Boone and Bridges 2003): 

1. Lab expose individual organisms to chemicals to 
understand basic physiological responses, e.g., LD 50. 

2. Integrate these findings with studies of individuals 
exposed to chemicals under diverse environmental 
conditions, e.g., mesocosms, habitats. 

3. Relate to changes in adult population sizes of 
amphibians at local and regional scales.

What we know:

mesocosm habitat landscape 

Contaminants

lab



1. Lab expose individual organisms to chemicals to 
understand basic physiological responses, e.g., LD 50.

Sparling (2003) reviewed LD50s for 30 organic and 
inorganic amphibian contaminants in which the 
laboratory tests were conducted at or below 
concentrations reported from environmental studies. 
He concluded that many compounds occurred in the 
environment at higher than toxic concentrations.

What we know:

mesocosm habitat landscape 

Contaminants

lab



2. Integrate these findings with studies of individuals 
exposed to chemicals under diverse environmental 
conditions, e.g., mesocosms, habitats. 

What we know:

mesocosm habitat landscape 

Contaminants

lab

Mesocosms: Relyea et al.; Kiesecker; Rohr et al. 

Habitats : Boone et al. ; Rohr et al.; McCoy et al.



3. Relate to changes in adult population sizes of 
amphibians at local and regional scales.

What we know:

mesocosm habitat landscape 

Contaminants

lab

Agricultural 
chemicals as 
a cause of 
declines in 4 
California 
frog species. 
(Davidson et al. 

2002. Ecol. Appl.)

Feminization 
of male 
frogs in the 
wild. (Hayes et 
al. 2002. Nature; 
McCoy et al. 
2008. Env. 

Health Persp.)



Green frogs, Rana clamitans, from Quebec. (Photo by Martin Ouellet)

What about deformities? Contaminants?



What causes deformities in tree frogs and ranids?

• Johnson et al. flatworm parasites (e.g., Ribieroia) and 
deformities

• Trematode-agriculture runoff hypothesis (Kiesecker et al. 2002; 
Johnson et al. 2007; Rohr et al. 2008)

Alaria: a 
trematode 
parasite of 
amphibians

What we know:

Scan by Sessions & Ballengee



Lannoo (2008): Abnormalities 
like missing eyes that are inconsistent 
with the parasite hypothesis occur 
frequently in areas without 
trematodes. He summarizes 10 natural 
(e.g., wounding or high tadpole 
densities) and seven man-made (e.g., 
radiation or agricultural chemicals) 
causes of abnormalities. Trematode-
induced abnormalities are a minority 
of cases, largely restricted to the 
upper Midwest and parts of California 
in the U.S.  

Skelly et al. (2007) find high 
frequencies of amphibian 
abnormalities and no Ribeiroia in 
Vermont ponds. Nearby agricultural 
areas are possible risk factors, but 
urban and suburban areas may be an 
even greater risk. Excess nitrogen is 
a possible cause, but other 
possibilities include insecticides, 
herbicides, or pharmaceuticals in 
surface water. 



(A) Trends in annual rates of application of nitrogenous fertilizer (N), phosphate 
fertilizer (P), and trends in global total area of irrigated crop land (H2O). (B) Trends in 
global total area of land in pasture or crops. (C) Trend in global pesticide production 
rates, measured as millions of metric tons per year. (D) Trend in expenditures on 
pesticide imports.  From: D. Tilman et al. (2001) Science  292:281-284.  

What we can expect: Trends in agricultural practices



1. Ecologically relevant concentrations of the contaminant 
must be a new source of population stress that results in 
reduced recruitment of new animals or increased loss of 
animals beyond that caused by other stressors. 

2. Decreases in population recruitment or increases in 
population losses must exceed those typically 
experienced from natural stressors like predation, 
competition, parasitism, etc. 

Two things needed to conclude a 
contaminant negatively affects a population

These are tough standards to meet and they have not 
been met for amphibians. Indirect evidence suggests 
contaminants play a role in amphibian population 
declines. No evidence toxins cause extinction. 

What we need to learn:



Challenge experiments, 
genetics, microcosm 
studies, etc.

Laboratory studies 
in vitro

Triangulation is the process of gathering scientific evidence about a system through a 
combination of laboratory, field, modeling, and historical investigations facilitated by 
iterative and cross-disciplinary collaboration among research groups (Plowright et al. 2008). 

What we need to learn:

Hypothesis generation, parameter estimation, prediction, sensitivity analyses, etc.

Model exploration:
in silico

Field studies:
in vivo

Historical pre-emergence
system state

Ecological
change

Disease emergence



2005 was the hottest year on record;   
the 13 hottest all occurred since 1990, 
23 out of the 24 hottest since 1980.

J. Hansen et al., PNAS 103: 14288-293 (26 Sept 2006)

Green bars show 95% 
confidence intervals

Climate Change: Earth is getting warmer

°C



Climate change





From Tracie Seimon et al. (2007) Global Change Biology

Glacial recession since the Little Ice 
Age (1850-1900) maximum in the 
Peruvian Andes

Climate change and amphibian declines

What we know:



Climatic change and wetland desiccation cause amphibian 
decline in Yellowstone National Park. 2008. McMenamina et al. 

What we know:

“ Amphibians are a 
bellwether for 
environmental degradation, 
even in natural ecosystems 
such as Yellowstone 
National Park in the western 
United States, where 
species have been actively 
protected longer than 
anywhere else on Earth. We 
document that recent 
climatic warming and 
resultant wetland 
desiccation are causing 
severe declines in 4 once-
common amphibian species 
native to Yellowstone.”



What we know:



What we know:



Climate change and amphibian declines



Climate change and amphibian declines

Chytrid-thermal-optimum hypothesis:

Pounds et al. (2006) Nature

Lips et al. (2007) PNAS
Woodhams et al. (2008) Ecology
Lips et al. (2008) PLoS
Rohr et al. (2008/09) PNAS



Across a range of studies no evidence 
indicates UV-B is a cause of 
extinctions, and there is conflicting 
evidence regarding its role in declines. 
The results suggest that this 
mechanism can be removed from 
among the hypothesized causes of 
amphibian extinctions. 

What we know:



Climate warming’s effects vary from none to positive or 
negative depending on the species. Atmospheric warming 
is projected far into the 21st century in the most recent 
IPCC report. How will expected changes affect 
amphibians? 

Araújo et al. study climate warming and range 
distributions. For European amphibians they asked (2006): 
What proportion of species will lose and gain suitable 
climate space in the future? 
Do projections vary with taxonomic, spatial, or 
environmental properties? 
What climate factors drive projections?

And how will climate change affect extinction 
probabilities? 

What we need to learn:



Two grand challenges for 21st

century environmental biology

1. Global loss of biodiversity
2. Emerging infectious diseases

Do emerging infectious diseases 
have a role in the decline and 

extinction of species? 

Amphibian diseases

What we know



Proposed major extinctions due to EIDs
• Hawaiian birds (Reynolds et al. 2003)

• Amphibians (Stuart et al. 2004)

• Pleistocene large mammals 
(MacPhee & Marx 1997)

• Polynesian snail (Daszak and Cunningham 1999)

• Sharp-snouted day frog (Schloegel et al. 2006)

• Endemic Christmas Island rat (Wyatt et al. 2008) 

Proposed single species extinctions 
due to EIDs

What we know



A pathogen is unlikely to drive a host 
population to extinction

(Kermack & McKendrick 1927, Anderson & May 1979)

Assumptions: 
density dependent transmission

homogeneous mixing
no alternate hosts

no environmental reservoirs

Host – pathogen theory

What we know



Empirical tests of the theory

Do the transmission dynamics of 
Ambystoma tigrinum virus (ATV) place 
ATV infected amphibian populations at 
risk for pathogen-induced extinction? 

Best evidence suggests the answer is “ No:”
Greer et al. 

Brunner et al.

What we know



The chytrid fungus meets four conditions 
that could result in a pathogen causing 
extinction: 

(1) biotic or abiotic disease reservoir; 
(2) density-independent transmission; 
(3) small host populations susceptible to 
demographic or environmental 
stochasticity
(4) broad host range

What we know



p = 1 (habitat can support chytrid)

p = 0 (habitat cannot support chytrid)

The model was also extended 
using Eastern Hemisphere data.

Source: Santiago Ron (2005)

What we know



2002
2004

1987

1993
1996

2006

25 km/yr

20 km/yr

20 km/yr
29 km/yr

17 km/yr

1987

100 km

N

Historical and recent 
spread of 
Batrachochytrium
through Neotropical
amphibian communities

What we know



1. We find that Bd-associated extinctions in this region [Costa 
Rica and Panama] were nonrandom and disproportionately, 
but not exclusively, affected low-occupancy and endemic 
species, resulting in homogenization of the remnant 
amphibian fauna. 

2. The pattern of extirpations also resulted in phylogenetic
homogenization at the family level and ecological 
homogenization of reproductive mode and habitat 
association. 

3. Our results indicate that amphibian declines in this region are 
an extinction filter, reducing regional amphibian biodiversity to 
highly similar relict assemblages and ultimately causing 
amplified biodiversity loss at regional and global scales.



Gene genealogy of chytrids

• Morehouse et al. (2003) analyzed 35 isolates of 
chytrids collected from Africa, Australia, North and 
Central America.

• Multilocus sequence typing suggests chytrid is a 
recently emerged clone.

• “ The data do not support the hypothesis that 
Batrachochytrium dendrobatidis has emerged from a 
pre-existing relationship between the fungus and 
amphibians via recent climatic change or other abiotic
factors, and are more consistent with the recent 
introduction of the pathogen into naïve populations.”

What we know



1. One strain isolated from a bullfrog possessed as much 
allelic diversity as the entire global sample, suggesting the 
current epidemic can be traced back to the outbreak of a 
single clonal lineage. 

2. These data are consistent with the current chytridiomycosis
epidemic resulting from a novel pathogen undergoing a 
rapid and recent range expansion. 

3. The widespread occurrence of the same lineage in both 
healthy and declining populations suggests that the 
outcome of the disease is contingent on environmental 
factors and host resistance.

PLoS Pathogens | www.plospathogens.org 1 May 2009 | Volume 5 | Issue 5 | e1000458



PLoS ONE | www.plosone.org 1 August 2009 | Volume 4 | Issue 8 | e6494

However, we detected surprisingly little 
evidence of an immune response to Bd
exposure, suggesting that this 
susceptible species may not be 
mounting efficient innate and adaptive 
immune responses against Bd.



Behavior decreases and increases the 
likelihood of infection 

Evidence for increasing the likelihood of infection: 
Climate change, amphibian disease, and density 

independent transmission

Three interesting examples: Whitfield et al.; Burrowes 
et al.; Bosch et al. 

Evidence for decreasing the likelihood of infection: 
Alford & Rowley; Woodhams et al. 

What we know



• Gastric Brooding Frog  

– Declined to extinction in 1985-86

• Eungella Day Frog 

– Abundant, then sudden decline in 1985-86  
– Now persists in a few small populations

What happens after Batrachochytrium emerges?

[Source:  Retallick et al. 2004. PLoS Biology]

Batrachochytrium
was the suspected 
cause of the declines 
and is now endemic 

EungellaEungella
PlateauPlateau

Batrachochytrium in frog populations after decline 
(Queensland, Australia; 1994-98)

What we know



DENSITY DEPENDENT 
TRANSMISSION

Density (# infected / 
volume)

Proportion of 
susceptible 
hosts that 
become infected

Prevalence (# infected / 
total # of hosts)

Proportion of 
susceptible 
hosts that 
become infected

DENSITY INDEPENDENT 
TRANSMISSION

Images: A. Hyatt and L. Berger

PERSISTENCE

DECLINE / EXTINCTION

What we know



• How might Bd drive species extinct?
• Does Bd have exceptional traits that 
make it a pathogen likely to cause 
extinction?
• What confers Bd resistance or tolerance 
in some host species: skin peptides, skin 
microflora, behavior, immunology, variation 
in Bd pathogenicity, host genetics? All of 
the above….? 
• What are the population dynamics of 
local and regional host-pathogen biology? 

What we need to learn



• Does the biology of the amphibian-chytrid
association have features consistent with 
what we know in theory about traits of a host-
pathogen system that might under some 
conditions cause host extinction? 
• Will species recover after a selective 
sweep? 
• Where/how did Bd originate? 
• How does/did Bd disperse between 
regions?
• Are there effective Bd mitigation strategies? 

What we need to learn



• What are the ecological and evolutionary 
consequences of losing amphibian species? 
• How should we respond to the growing 
awareness that some amphibian species are 
declining even to extinction? 

What we need to learn



Six leading hypotheses to explain amphibian 
decline and extinction

• Commercial use

• Introduced species

• Land use change

• Climate change

• Contaminants

• Infectious diseases

Threats to amphibian biodiversity

GAA cited these as 
possible causes of 
“enigmatic declines”



Assessment
GAA/Amphibians on the IUCN Red List

• First comprehensive Global Amphibian Assessment 
in 2004: one-third of all amphibian species 
threatened

• Two reactive updates completed for 2006 and 2008; 
third reactive update currently underway for 2009

• Additions and changes to the IUCN amphibian 
database have not resulted in major changes in the 
original assessment

• Implementation of the Amphibian Red List Authority 
currently underway



Assessment
GAA/Amphibians on the IUCN Red List

What we have
• global database on the conservation status of amphibians 
• A global network of amphibian experts in diverse fields
• Clearer understanding of major threats, major habitats, 

patterns of amphibian diversity, trends over time via the Red 
list index; platform to identify conservation actions

What we need
• How do we optimize coding and data retrieval for 

unconventional threats such as climate change or disease?
• How do we decentralize assessment and still coordinate it? 
• What protocols are needed to ensure annual updates and a 

global update?
• How do we sustain the GAA? What’s the new model? What 

are the new approaches to reassessment?
• Integrate GAA and AArk prioritization tool



Outline

Goals for this presentation: 

• Assess where we are

• Sharpen our questions

Goal for the meeting:

• Decide how we want to move ahead
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