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Study on frogs helps scientists understand
disease outbreak and progression

AZGFD biologist is part of study that shows some amphibian species recover
from infectious disease despite a persistently pathogenic fungus

Pristimantis museosus, Chiricahua leopard frog,
Central America Arizona

RENO, Nev. — The search for answers to protect Central American frogs from
extinction is also giving scientists clues on how to predict and respond to

emerging diseases and epidemics in humans, plants and other wildlife.

In their paper published in the magazine Science, March 30, University of

Nevada, Reno’s Jamie Voyles and her colleagues, including Arizona Game
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and Fish Department biologist Mason Ryan, document the recovery of some

tropical amphibians following continued exposure to a lethal pathogen.

“Diseases often shift to be less deadly over time,” Voyles, assistant professor in
the Department of Biology and lead author on the study, said. “But we don't fully
understand why. In our study, we found that the pathogen, in this case a lethal

fungus, remains just as deadly to hosts a decade after it first appeared.”

For amphibians, scientists have known about a highly lethal disease called
"chytridiomycosis" since the 1990s. This disease was especially devastating to
frogs in Central America, where it may have wiped out entire species. The study
shows that nine species that reached critically low numbers are showing
evidence of recovery. In addition, some species have defenses against infection

that are more effective now than they were prior to the epidemic.

“In this study, we made the exciting discovery that a handful of amphibian
species — some of which were thought to have been completely wiped out — are
persisting, and may even be recovering, after lethal disease outbreaks,”

Voyles said. “We wanted to understand how it was happening. Was it a change

in the pathogen, the frogs, or both?”

The fungal pathogen that causes chytridiomycosis, Batrachochytrium
dendrobatidis, has been linked to population declines in amphibian species
around the world. The team investigated the chytridiomycosis outbreak and its
transition away from epidemic by tracking shifts in species detection, community
composition, infection patterns, as well as host resistance and pathogen

virulence over time.

“Because we have pathogen and host samples from before, during and after the
epidemic, we can ask whether some frogs survived because the pathogen grew
weaker through time, or because the frogs’ immune systems or resistance

increased through time,” Voyles said.

“The evidence suggests that the pathogen has not changed. It's possible that
the hosts have evolved better defenses over a relatively short period of time,”
she said. “We found that nearly a decade after the outbreak, the fungal
pathogen is still equally deadly, but the frogs in Panama are surviving and may
have better defenses against it. This suggests that some of Panama's frogs may
be fighting back.”



“Chytridiomycosis has caused significant declines in many of Arizona’s native
frogs, particularly Chiricahua leopard frogs,” said Ryan of AZ Game and Fish.
This work certainly has potential applications for AZGFD’s frog conservation and

recovery programs.”

“This pathogen infects many different amphibian species — sometimes without
causing disease — and can survive in the environment outside of its host, so it's
not going away anytime soon," said study co-author Allison Byrne, a doctoral
student at the University of California, Berkeley. "This study provides hope that
some species can recover despite being constantly exposed to a deadly

pathogen.”

Understanding how amphibian communities are recovering after this disease
outbreak is important for multiple reasons. This work suggests that recovery
after the epidemics is possible, but likely a slow and gradual process, which

underscores the importance of continuing to monitor amphibian populations.

“The study sounds a hopeful note,” said Louise A. Rollins-Smith, a co-author of
the study from Vanderbilt University School of Medicine, said. “Initially it looked

bleak for many frog species, but some of them are certainly recovering.”

Detecting species that exist in small, remnant populations means many hours of
searching across many sites and habitats. Distinguishing between populations
that are lost for good and populations that are limping along, perhaps in need of

conservation support, requires a prolonged and extensive monitoring effort.

“Clarifying how disease outbreaks subside will help us predict, and respond to,
other emerging pathogens in plants, wildlife — and in humans," Voyles said.
“These are increasingly important goals in a time when rapid globalization has

increased the rate of introduction of pathogens to new host populations.”

Contributing authors on the study published in Science, “Shifts in disease

dynamics in a tropical amphibian assemblage are not due to pathogen

attenuation,” are: Douglas C. Woodhams, Smithsonian Tropical Research
Institute, Ancén, Panamé and University of Massachusetts-Boston; Veronica
Saenz, University of Pittsburgh; Allison Q. Byrne and Erica Bree Rosenblum,
University of California, Berkeley; Rachel Perez, New Mexico Institute of Mining

and Technology, Socorro, New Mexico; Gabriela Rios-Sotelo, University of
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Nevada, Reno; Mason J. Ryan, University of Nevada, Reno and Arizona Game
and Fish Department, Phoenix, Arizona; Molly C. Bletz, University of
Massachusetts-Boston; Florence Ann Sobell, Louise A. Rollins-Smith, Shawna
McLetchie and Laura Reinert, Vanderbilt University School of Medicine,
Nashville, Tennessee; Roberto Ibafiez, Smithsonian Tropical Research Institute,
Ancon, Panama and Sistema Nacional de Investigacion, Panama; Julie M. Ray,
La Mica Biological Station, El Copé, Panama; Edgardo J. Griffith, Fundacion
Centro de Conservacion de Anfibios, El Valle, Panama; Heidi Ross, Smithsonian
Tropical Research Institute; Corinne L. Richards-Zawacki, Smithsonian Tropical
Research Institute, and University of Pittsburgh.

Did you know?

The Arizona Game and Fish Department conserves and protects Arizona’s 800+ wildlife species
but receives NO Arizona general fund tax dollars. Contribute to our on-the-ground conservation
efforts at www.AzWildlifeHero.com.

The Arizona Game and Fish Department prohibits discrimination on the basis of race, color, sex,
national origin, age, religion, or disability in its programs and activities. If anyone believes that they
have been discriminated against in any of the AZGFD’s programs or activities, including its
employment practices, the individual may file a complaint alleging discrimination directly with the
Director’s Office, 5000 W. Carefree Highway, Phoenix, AZ 85086-5000, (602) 942-3000, or with
the U.S. Fish and Wildlife Service, Attn: Civil Rights Coordinator for Public Access, 5275 Leesburg
Pike, MS:WSFR, Falls Church, VA 22041-3803. Persons with a disability may request a
reasonable accommodation or this document in an alternative format by contacting the Director’s
Office as listed above.

Arizona Game & Fish Dept. - 5000 W. Carefree Hwy, Phoenix, AZ 85086
(602) 942-3000 - www.azgfd.gov
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