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The Worldwide Amphibian Crisis

Photo  I. De la Riva

Patricia A. Burrowes
Tópicos Course-2022

My Story

Hyloscirtus pacha

Frogs are dying all over the world!!!

Declines at an 
accelerated rate in the 
last 3 decades: 200 X 
more than historical 

extinction rates

WHY?

• Usual anthropogenic causes:  Habitat 
fragmentation, degradation, 
deforestation, contamination... etc.

• Climate warming: interferes with 
reproductive phenology, recruitment 
failure, physiological stress.

• Emergent Diseases: Chytrid fungi, 
ranaviruses.
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> 500 species have declined or gone extinct due 
to a pathogen! 

Batrachochytrium dendrobatidis (=Bd) 

• Aquatic chytrid fungus that causes the skin disease 
chytridiomycosis in amphibians.

• Kills amphibians -skin inflammation  -electrolyte 
imbalance and heart failure.

(Scheele et al. 2019)

Known asexual life cycle of Bd and its 
implications…

• Zoosporangia in amphibian epidermis

• Mature sporangia release flagellated spores 

• Zoospores can disperse through:
• water bodies,  mist, or water films in moist soil
• No need for a vector

In direct-developers that are not in contact with water:
* Direct transmission via parental care and amplexus
*  Indirect transmission from the environment  

Photos R. L. Joglar
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• At first: genetic variability low –newly evolved pathogen?
• Dispersal? 

?

Origin and Dispersal of Bd??

Xenopus laevis, infected since 
1938

• ~650 individuals from 1879–1999
• Low prevalence (2.7 %) = endemic 

Weldon et al. 2004

Out of Africa Hypothesis

Spread in 1930’s 
due to pregnancy 

tests 

Farrer et al. 2011

• NOT a single clone
• Differences: genetic, 
morphological, virulence 

Genetic Studies:
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New genetic findings 
O´Hanlon et al. 2018 Science

• East Asia as origin and biodiversity hotspot for Bd.
• Bd-Asia1 most diverse - ancestral to pathogenic strains.
• Panzootic dates to early 1900´s – exacerbated by global 

pet trade.

Why is Bd such an effective invader? 

• Host generalist
• Easily dispersed
• Easily transmitted

Ben C. Scheele et al. Science 2019;363:1459-1463

• Has caused the decline of at least 501 species of 
amphibians of which 90 species are presumed extinct. 

• Among the surviving species of amphibians for which 
population trends are known, only 20 % have shown signs 
of recovery.

• Bd is the invasive species that has had the most 
detrimental effect to biodiversity yet known. 

Fig. 1 Global distribution of chytridiomycosis-associated amphibian species declines.

Ben C. Scheele et al. Science 2019;363:1459-1463

Published by AAAS
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Fig. 2 Taxonomic distribution of chytridiomycosis-associated amphibian declines.

Ben C. Scheele et al. Science 2019;363:1459-1463

Published by AAAS

Environmental Synergies  Influence 
the Response of Amphibians to Bd

Photo  I. De la Riva

Ecology

Behavior

Genetics

Physiology

HOST

Resistant / Tolerant

Susceptible

PATHOGEN

Virulent

ENVIRONMENT

Avirulent Optimal Temperature: 17–23 °C 
(Piotrowski et al. 2004)

Very permeable unprotected skin
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Bd – coqui Research 
in PR:

• 3/17 species extinct 
• Bd all over the island © R.L. Joglar

Burrowes et al. 2008

Amphibian 
declines in Puerto 
Rico coincided 
with warmer and 
drier years

Caribbean seasonality: 
Dry-cool versus Warm-wet + cool

Could seasonal changes induce host 
behaviors that may differentially favor 
pathogen prevalence? 
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Burrowes and Longo 2010

Bd + drought

El Yunque, Puerto Rico 

Longo and Burrowes 2010 (DAO) 

Dry-cool season:  drive frogs 
to clump in humid retreat 
sites increasing host 
susceptibility to disease

+ cool
Bd Infection levels

No. of Bd zoospore equivalents

E. coqui – Puerto Rico at 661 m elevation

Population level: 
Bd Prevalence*

Adults  54%
Juveniles 65 % 
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Survival probability estimated from mark-
recapture rates

*
*

Effect of hurricane Maria? 

Bd infection levels increased after 
Hurricane Maria 

X2 = 18.862, df = 3, P = 0.00021
W = 11919, P < 2.2e-16

Can artificial retreat sites help frogs recover 
after severe habitat devastation?  

Burrowes et al.  (2020)
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Bd Research in Bolivia 

• I. De la Riva noticed 
drastic declines in early-
mid 1990’s. 

• Bd ??
• SPH suggested NàS 

dispersal trend should 
have entered Bolivia 
after 1999 (Lips et al. 
2009)?? 

1999?

Telmatobius culeus 
Lake Titicaca 

Bolivia 

Historical and 
geographic 
patterns of Bd
in Bolivia:

Burrowes and De la Riva, 
2017

Pre-declines

Post-declines

1863
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1863

Bd-GPL

Burrowes and De la Riva 2017.  Biol. Inv. Burrowes et al.  2020.  Transboundary 
and Emergent Diseases. 

Bd-GPL

Can aquatic birds disperse Bd across 
the Andes?

• Geographic pattern erratic
• Bd can infect the feet of 

waterfowl

• We sampled birds from 
museum collections

• We detected  Bd in 42 % 
of the birds sampled

Burrowes and De la Riva 2017.  Dis. Aq. Org.

Anas georgica

Fulica ardesiacaLophonetta specularioides

Plegadis ridgwayi
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Ongoing proyect: 

PARTED: 

“POTENTIAL AMPHIBIAN RESPONSES TO 
EXTINCTION DRIVERS UNDER GLOBAL CHANGE: 
COMPARISONS ACROSS SPACE AND TIME” 

Comparison of the way in which similar amphibians have 
responded to stressors of the Antrhopocene in SPACE: 

Barbourula
busuangensis

Comparison of the way in which a community of  
amphibians has responded to stressors of the 
Antrhopocene in TIME: 

La Planada, Colombia  -34 
years later:

How did a rich and diverse community 
of amphibians respond to:

1. Climate warming?

2. Emergent Infectious Diseases?

3. War 

IN THE PAST 34 YEARS  during the Anthropocene

Batrachochytrium dendrobatiidis
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Paruwrobates andinus

Caecilia guentheri Bolitoglossa sp.*

Hemiphractus fasciatus

Gastrotheca guentheri

Centrolene ballux Atelopus mindoensis

Preliminary results: Amphibian “Silent Spring”

• Devastating loss on amphibian diversity 
and quantity!!!

• 78% frog species have not been observed 
since the reserve re-opened in 2013

WHY?

Another Chytrid pathogen on Amphibians: 
Batrachochytrium salamandrivorans

• Affects only 
salamanders

• Discovered in 
Europe, but 
introduced from Asia

• Produces severe 
skin lesions that lead 
to death in 
susceptible species

(Martel et al. 2013) 

Lethal Ranavirus also affect amphibians

Host generalist:  amphibians, reptiles and fish

Tadpoles of Alytes infected both by ranavirus and Bd in Portugal
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Spanish flu 1918–20

Black plague –mid 1300´s

Amphibian chytrid pandemic

What is our hope in face of Pandemics? 

• Amphibians – Bd: Defense from 
microbiome? Evolve resistance? 

• Humans – COVID-19: Vaccine

SCIENTIFIC RESEARCH!!!


