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Over 1/3 of the world’s amphibians are threatened 
with extinction. –Stuart et al, 2004

DEATH



Batrachochytrium 
dendrobatidis
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Washington Amphibians

• 27 total amphibian species
• 11 species have some type of state 

conservation status

The Northern Leopard Frog is extremely endangered in the state



Amphibian declines

• Complex causes
– Habitat destruction
– Climate change
– Pathogens
– Introduced species
– Pollution

• Synergistic interactions



Major pathogens of 
amphibians

• Saprolegnia ferax
• Batrachochytrium dendrobatidis
• Iridoviruses/Ranaviruses
• Aeromonas hydrophila
• Ribeiroia ondatrae
• Various parasitic infections



Batrachochytrium dendrobatidis (Bd)

A fungus associated with widespread amphibian 
declines 



Bd Worldwide

http://www.parcplace.org/bdmap2008update.html



Batrachochytrium dendrobatidis
A member of a larger family of Chytrids
• Produces round, almost spherical zoosporangia with 

one - several discharge papillae
• 7-15 µm in diameter
• Produced within the cells of the stratum corneum

• Zoosporangia contain several 2-5 µm  in diameter 
zoospores 

Symptoms
•Sloughing skin
•Abnormal reddening of the skin
•Lethargy
•Death



Bd Detection in Washington State

• Kittitas County
– Engelhorn Pond
– McElroy Pond
– Naneum Pond
– Swamp Lake

• Yakima County 
– Zillah

• King County 
– Auburn

• Grant County
– Potholes

• Klickitat County
– Dog Creek





Rana pipiens

• State Endangered Species

• In 2005:
Washington Department of Fish and Wildlife (WDFW) 

brought 4 individuals to the lab

–All individuals showed symptoms of Bd
–Both histology and PCR were positive

Bd appears to be playing a role in the extirpation 
of this endangered species



Engelhorn Pond
Located adjacent to Central Washington University campus 

(Kittitas Co., Wa)

• Study site since 
2003
– Ongoing 

mark/recapture 
study

• Bd detected in 
2006
– Continued 

mark/recapture 
study as well as 
swabbing for Bd



Mark-Recapture Study

• Visual surveys are 
used to collect frogs

• Each collected 
individual is marked 
with an alpha-
numeric fluorescent 
tag

• Each frog is  also 
swabbed for Bd

Each frog has individual weight, snout-vent 
length, color, sex, overall appearance, and 

swab number recorded.



PCR assay

• Amplification 
results in a 
300 bp 
fragment

R
P3 Pectoral

R
P3 Pelvic

R
P4 Pectoral

R
P4 Pelvic



Engelhorn Pacific Tree Frogs

Is Chytrid the Killer?



ABUNDANCE ESTIMATES
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		1		276		1		2.440		0.8920814316

		2		2381		2		3.377		1.2169380953

		3		875		3		2.942		1.0791395221

		4		598		4		2.777		1.0212112786

		5		365		5		2.562		0.9409025078

		6		2165		6		3.335		1.2046099715

		7		648		7		2.812		1.0338242612

		8		850		8		2.929		1.0747414588

		9		945		9		2.975		1.0904055547

		10		355		10		2.551		0.936330433

		11		162		11		2.210		0.792773041

		12		169		12		2.227		0.8007648486

		13		3333		13		3.523		1.2592784807

		14		580		14		2.764		1.0165170885

		15		2450		15		3.389		1.2205838983

		16		338		16		2.529		0.9277910293

		17		450		17		2.653		0.9757711751

		18		12500		18		4.097		1.4102330342

		19		14566		19		4.163		1.4263177102

		20		16000		20		4.204		1.4360649927

		21		566		21		2.753		1.0126245444

		22		367		22		2.565		0.9418282808

		23		876		23		2.943		1.0792609556

		24		987		24		2.994		1.0967162098

		25		789		25		2.897		1.0637022988

		26		899		26		2.954		1.0830788307

		27		12344		27		4.091		1.4089008757

		28		14566		28		4.163		1.4263177102

		29		9000		29		3.954		1.3747890556

		30		789		30		2.897		1.0637022988

		31		648		31		2.812		1.0337448266

		32		876		32		2.943		1.0792609556

		33		435		33		2.638		0.9702065022

		34		980		34		2.991		1.0956833621

		35		5677		35		3.754		1.322853609

		36		6546		36		3.816		1.3391964645

		37		7890		37		3.897		1.3602267858

		38		567		38		2.754		1.0129029941

		39		579		39		2.763		1.0162007032

		40		932		40		2.969		1.088365271

		41		1300		41		3.114		1.135889882

		42		567		42		2.754		1.0129029941

		43		1200		43		3.079		1.1246637324

		44		7600		44		3.881		1.3560448204

		45		5505		45		3.741		1.3192880838

		46		2700		46		3.431		1.232957781

		47		2345		47		3.370		1.2149551313

		48		1200		48		3.079		1.1246637324

		49		989		49		2.995		1.0970097692

		50		675		50		2.829		1.0400306647

		51		450		51		2.653		0.9757711751

		52		678		52		2.831		1.0407111381

		53		2300		53		3.362		1.2124550787

		54		13456		54		4.129		1.4180148976

		55		14567		55		4.163		1.4263248714

		56		10900		56		4.037		1.3956074835

		57		12988		57		4.114		1.4142845259

		58		15987		58		4.204		1.4359810221

		59		11087		59		4.045		1.3974355785

		60		546		60		2.737		1.0069328122

		61		678		61		2.831		1.0407111381

		62		456		62		2.659		0.9779368902

		63		345		63		2.538		0.9313050882

		64		245		64		2.389		0.8709443864

		65		670		65		2.826		1.0388887534

		66		430		66		2.633		0.9683017817

		67		245		67		2.389		0.8709443864

		68		303		68		2.481		0.9088400961

		69		569		69		2.755		1.0134581918

		70		450		70		2.653		0.9757711751

		71		324		71		2.511		0.9204998651

		72		578		72		2.762		1.0159289281

		73		432		73		2.635		0.9690667503

		74		123		74		2.090		0.7371186637

		75		456		75		2.659		0.9779368902

		76		342		76		2.534		0.9298093842

		77		210		77		2.322		0.842523321

		78		150		78		2.176		0.777530267

		79		230		79		2.362		0.8593934851

		80		378		80		2.577		0.9468167555

		81		450		81		2.653		0.9757711751

		82		130		82		2.114		0.7485550906

		83		160		83		2.204		0.7903283284

		84		240		84		2.380		0.8671892408

		85		265		85		2.423		0.8851079117

		86		320		86		2.505		0.9183486043

		87		678		87		2.831		1.0407111381

		88		459		88		2.662		0.9790073514

		89		545		89		2.736		1.0066419097

		90		560		90		2.748		1.0109417952

		91		780		91		2.892		1.0619810156

		92		689		92		2.838		1.043176821

		93		567		93		2.754		1.0129029941

		94		879		94		2.944		1.079765422
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Chytrid Conclusions

• Bd has been associated 
with mortality events 
throughout the state

• Bd may be a significant 
contributor to the decline 
and potential extirpation
of Rana pipiens in WA 
state

• Bd infection appears to 
negatively impact 
recapture of individuals



Saprolignia

Fungus like organism associated with infection 
and mortality of local amphibian egg masses



Saprolegnia

• Small group of fungus-like organisms

• Opportunistic pathogens
– Saprolegnia ferax is the most abundant and 

widespread species of Saprolegnia
• Causes morbidity and morality in adult fish

• Causes mortality in fish embryos 

• Causes mortality in amphibian embryos 

• S. anisospora, S. parasitica, and S. diclinia are also 
known to parasitize adult fish and embryos

• Often unidentified in amphibians



Identification?

• Many studies have not or have 
misidentified Saprolignia species

• Difficult to identify
–Need taxonomic expertise
–Sexual structures

• DNA barcoding allows for accurate 
identification of all species present



Continuing Research

• Sample as many strains as possible from 
nature

• Investigate the species interactions
– Different taxa of Saprolignia
– Amphibian specific species

• Look at other synergistic interactions with 
this fungus

• Monitor amphibian status and infections
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