
SHORTER COMMUNICATIONS 

Juumal of He fology, Vol. 41. No. 1, pp. 145-18.2007 
Copyright 2% Society for the St~rdy of Amphibians and Reptiles 

Occurrence of the Amphibian Pathogen ButPachochyk'tt dendrobatidis in the 
Pacific Northwest 

C I . ~ I S ~ ~ P F T E R  A. P G A R L , ~ ~  EVELYN I,. BULL,' DAVID E. G R I ~  JAY BOWBRMAN: M~cr~nn.  J.  ADAMS,' ALEX HYATTP 
AND WENDY H: W m l  

'USGS Forest and Rangeland Ecosysfm ScL:nce Center, 3200 SW ]firson Way, Cowallis, Oregoti 97331, USA 

4 
"USA Forest Service, PNW Researclr Statio~r, 1401 G e k h  Lane, La Grande, Oregon 97850, LISA 
USGS National 5Wt7dl@ Health Center, 6006 Schroeder Road, Madisoft, Wisconsin 53711-6223, USA 

Sunriver Nature Center, Box 3533, Sunriver, Ortgon, 97707, USA 
6 ~ ~ ~ ~ ~ ,  Lizrtstock ltrdustries, Australian Anirnal H~alth Lobar~toty, 5 Portarlington Road, Gedottg Victorin 3220, 

Pri-ate Bag 2d, Australia 

Ans~ucr.-Chytridiomycosis (infection by the fungus Batrachochytrium dendrobatidis) has been 
associated with amphibian declines in at least four continents. We teport results of disease screens from 
no pond-bleeding amphibians from 37 field sites in Oregon and Washington. We detected B. dendrobntidis 
on 28% of sampled amphibians, and we found 2 1 detection of B. derldrobatidis from 43% of sites. Four of 
seven species tested positive for B. deudrobatidis, including the Northern Red-Legged Frog (Rana aurora), 
Columbia Spotted Frog (Rana luteivn&is), and Oregon Spotted Frog (Rana pretiosn). We also detected B. 
dendmbatidis in nonnative American Bullfrogs (Rnnn cntesbeiarra) from six sites in western and central 
Oregon. Our study and other recently published finding suggest that B. dendrobatidis has few geographic 
and host taxa limitations among North American anurans. Further research on virulence, transmissibility, 
persistence, and interactions with other sh.essors is needed to assess the potential impact of R. dendrobntidis 
on Pacific Northwestern amphibians. 

Ulykridicmycosis is a 1:ecently described disease 
caused by the fungal pathogen Ratrachchytrilrm 
dendrollatidis, and has been linked with amphibian 
mortal.ity or population dhclines in at least four 
contu~ents (Berger et al., 1998; Bosch et al., 2001; 
Green et. aL, 2002; Lips et al., 2006). The origins of the 
pathogen are not well known (see Rachowicz et al., 
2005), but some evidence suggests it is novel to many 
amphibians and has spread rapidly after recent 
introductions (Daszak et al., 1999; Morehouse et al., 
2003; Weldon et a]., 2004). This disease has the 
potential to impact ,amphibian communities direct1.y 
through local extirpations (Berger et al., 1998; Bosch et 
a]., 20U:l; IJounds et al., 2006) and indirectly through 
altering interactions among extant species (Parris and 
Beaudoin, 2004; Parris and Cornelius, 2004). 

TJw origin, geographic distribution, and effeectfi of H. 
dcndrobntidis in Nortli America remain poorly un- 
derstood. Increased attention and san~pling for the 
disease since the mid-1.990s have revealed its prescsnce 
in eastern Canada (Ouellet et al., 2005), the desert 
southwest (Bradley et al., 2002), California (Fellers ei 
al., 2001; Green et al., 2002), and the Rocky Mountains 
(Green et ai., 2002; Muths el- al., 2003; Green and 
Muths, 2005). Chytridiomnycosffi may be linked to local 
declu~es oC Boreal Toad (Bufo boreas) in Colorado 
(Muths et al., 2003; Schelrr et al., 2005), and Yoxmite 
Toad (Hub canorrrs) and Mountain Yellow-Legged 
Frog (Ttana rnuscosn) in California (Fellers et al., 2001; 
Green and Kagat:ise Shernian, 2001; Green et al., 2002; 
Driggs et al., 2005), as well as the near extinction of the 
Wyoming Toad (HNfo b a x t r ~ )  in Wyoming (Taylor et 
al., 1999). 
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The Pacific Northwest (PNW) is a region of known 
and suspected amphibian declines, which we most 
commonly noted among anurans (Blaustein and 
Wake, 1990; McAllister et al., 1993; Wente et al., 
2005). Causes of amphibian deches in the PNW are 
likely to be complex (Adams, 1999) and declines 
around the western USA have been attributed to 
habitat moclification and the introduction of a variety 
of int~oducecl predators (Fisher and Shaffeer, 1996; 
Adams, 1999; Knapp and Matthews, 2000). The role of 
B. dendrobatidis in PNW declines is currently un- 
known, but conceln is increasing as a result of studies 
in other parts of the western United States (e.g., Fellcrr; 
et al., 2001; Green and Kagarise Sherman, 2001; Mutlls 
et al., 2003). 1nfol:mation on the distribution of R. 
iikndmbatidioinfected amphibian populations in the 
region is sparse: the only published rekrence we were 
able to locate was a single Bullfrog (Rarra catesbeiana) 
collected in Oregon's Willamette Valley (Pearl and 
Green, 2005). Here, we report res~rlts of our broad 
sampling to further define the distribution of B. 
dendrollatidis in PNW anurans. We also put these 
findings in context of recent published surveys in 
North America that add to our understanding of 
the gographic and taxonomic distribution of thrt 
disease. 

MATRRIAI.~ ANI] M ~ J O D S  
Satrtple Colkction and Diagnostic Methods.--Wc op- 

portunistically collected samples for R,  kndrobntidis 
screening during ongoing amphibiw research and 
monitoring projects during 2001-2006. We used 
visual surveys, dip netting, and aquatic trapping to 
capture individuals. All sampled amphibians were 
live with the exception of four Ratla pretiosa and four 
R. cateslieiana in central Oregon. We observed no 
outward signs of infection in swabbed amphibians 



SHORTER COMMUNICATlONS 

prior to sampling. Sample sites ranged from 59- 
2249 m elevation. Samples reported in this paper 
~ l e r e  examined with one of thrw standardized 
techniques for determining B. dendrobatidis presence: 
( 1 )  histological examinations by D. E. Green and 
colleagues at the USGS National Wildlife Health 
Center (NWHC) in Madison, W i o n s i n  (N = 134 
larvae, juveniles, and adults horn all regions of 
Oregon and Washington; 13 B. boreas, 28 PsLlrdncris 
r e f l a ,  11 Rana aurora, 44 R. catrskinna, 21 Rrma 
cascadnc, five Ram luteimtris ,  12 Rana pretiosa); (2) 
PCR analysis by J. Wood and coueagues at Pies 
Molecular 1,abs in Denver, Colorado (N = 47 adult R. 
luteivcnhis from northcastem Osegon); and (3) Taq- 
Man real-ti.me PCR performed by Dr. Alex Hyatt and 
colleagues at The Australian Animal Health Labora- 
tory, CSIRO (N = 13 juveniles and adults from 
cenkal Oregon; four R, catcsbeiana, nine R pretiusa). 
Histological exarninalions followed techniques de- 
scribed in Muths &-al. (2003) and Green and Muhs 
(2005). Histological exams of infected tadpoles 
typically detected chytridiomycosis in deformed 
tooth rows, whereas postmetamorphic stages were 
diagnosed via presence of thaUi among epithelial 
cells. With four exceptiol~s (2 deceased adult R. 
aurora; single deceased adults of R. c n t e s h n a  and R. 
pretwsa), animals examined histologically were col- 
lected and shipped alive to NWHC in sealed plastic 
containers in bleach-cleaned coolers. We held ani- 
mals in clean plastic containers or sterilized aquaria 
for r 3 days prior to shipping. At NWHC, live 
amphibians were euihanized in a 2% solution of 
M.caine methanmulfonate ("MS-222") and necrop- 
sied under a dissedir~g miaoscop within 1.0 days of 
receipt. 

For the samples analyzed by both PCR technipes, 
. we swabbed postmetamorphic animals 10-20 times 

across the ventral skin on the thighs and abdomen (the 
pelvic patch OK "drink patclx") and interdigital 
webbing of tlie hind limbs. We swabbed live animals 
at the site of cc~llection, and the eight dead an~phibians 
were swabbed immediately upon returning to the lab. 
Swabs whcre packaged in scaled sterile via1.s per lab- 
speci.fied procedures for shipping, and were generally 
processed within Lwo days (CSIRO) and 14days 
(Pisces Molecl~lar) of receipt. Techniques for Pisces 
Molecular and CSIRO lab PCR analyses are described 
in Annis et al. (2004) and Boyle et al. (2004), 
respectively. 

Stiafi?tica! Comparisons.-We used Chiaqua re tesb 
of independence to compare B. dciidrobutidis in- 
fedion frequencies amnong (1) region (eastern Ore- 
gon [Upper Columbia River basin], central Oregon 
[Upper Deschul~s basin], western Oregon will- 
amette and Umpqua basins], and Olympic National 
Park (Washington); (2) amphibian species; (3) -life 
stages (larval, inetamorphic/juvenile [within the 
year of transformition], and adult); and (4) season 
of sample collection (winter/spring = 1 November 
to 30 June; summer = 1 July to 31 October). We 
wed the Yates' Continuity, Correction for variables 
compared with 2 X 2 contingency tables (season) 
per Zar (1999). We considered tests significant if P 
< 0.05. We selected these predictors based on other 
work that has hypothesized their influence on the 
occurrence of B. dntdrobatidis (e.g., Berger et al., 

PIG. 1. Detections of Batrachoc~riunr dendrobatidffi 
in Oreeon. Filled svmbols indicate at least 1 detection 
of B. d"drobtidis &iong sampled amphibians of the 
same species, stage, sample date, and diagnostic 
method st a site. Map includes samples from 37 sites 
in Oregon; samples from two sites in Olympic 
National Park, Was lwton  are described in text. 

1998; Retallick et al., 2004; Blaustein et al., 2005; 
McDonald et al., 2005). 

Resucrs 
We examined 210 field-sampled amphibians from 

Oregon (178 individuals from 35 sites) and Washing- 
ton (32 individuals from two sites; Fig. 1). Samples 
came from one nonnative (R, cntesbeimra) and six 
native anurans (Table 1). All of our R. cuscndae (21 
larvae from two sites) and 11 of our 13 B. boreas larvae 
(1 site) were from Olympic National Park, Washing- 
ton. Our examinations detected B. dendrobatidis in 
28.6% (60/210) of samples. We found 2: 1 detection of 
H. dcndrobntidiq in 43% (16/37) of sampled sites. We 
were able to sample two amphibian species at seven 
sites: four sites had at least one B. dendrobntidis 
detection in a single species and three sites had no 
B. dn~drobatidis detections in either species. We did not 
detect B, dendrobatidis in either of the sites in Olympic 
National T'ark. 

Batrachuchytri~tm dendrohtidis was detected in 14.9% 
(20 of 1.34) of specimms examined with histology, 
28.6% (18 of 63) examined by Pisces PCR, and 92.3% 
(12 of 13) examined by TaqMan PCR. We have no 
comparison of detection techniques using the sanle 
specinien. 

Detection of B. dendrohtidk was not wuform 
among species ((X'6 = 46.80, P < 0.001; Table 1). We 
detected B. dendrobatidis in native R. aurora (9.0%), R. 
Ir~teivetitris (47.0%), and R. pretiosa (57.1%), as well as 
nclnnative R. uxtesbciaiia (31.24). We did not detect R. 
dendrobafidis in 13 B. boreas, 28 P. regilla or 21 R. 
cascadoe. We detected B. dendrobntidis in all three life 
stages and i 6  ogcwrrencc differed with respect to 
stage (,$2 = 14.24, P < 0.001), with the highest 
percentage in adults. Frequency of B. dPtidrohatidffi 
was also unequal among regions (%'3 = 22.46, P < 
0.001). We found 8. dendrobntidis in all three regions 
of Oregon but not in the two sites in Olympic 
National Park, Washington. Detection of B. deldroba- 
tidiq was higher in winter and spring than sum- 
mer samplmg --. 21.61, P < 0.001). 
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TARIB 3. Detections of ,ftr11ch0~lzyytrillm Lndrobatidis in PNW anurans in relation to selected predictors (N = 
21.0 amphibians). Rarw catesbeiaria is introduced in the PNW. 

Stage 

Season 

Region 

5% (number) of samples testing positive 
Variable Category for Batrnrhochyt~+um dendrobatidiq value df P 

Species H. boreas 0 8  (0/13) 46.80 6 < 0.001 
P, reg.illa 0% (0/28) 
R. aumro 9% ( I  /11) 
R ,  cascadac! 0% (0/21) 
R. catesbeiana 31.2% (15/48) 
R. lrrteiventris 47.0% (32/68) 
R .  pretiosa 57.1% (12/21) 
Larvae 14.3% (12/84) 
Met/Juv 34.5% (10/29) 
Adult 39.2% (38/97). 
Winter/Spring 38.6% (56/145) 
Surmner 6.15% (4/65) 
Olympic NP, WA 0% (0/32) 
Western OR 22.6% (12/53) 
Central OR 50% (16/32) 
Eastern OR 34.48 (32/93) 

nscussrm 
Our examinations of field-collccted samples pro- 

vide evidence that 13. dendmbatidis is currently 
widespread geographically and taxonomically in 
PNW anurans. We report what appear to be the first 
confirmations of B. dendrohtidis in R. aurora, R. 
luteivcnfris, and R. prntio.~. Concern about B. dcndro- 
batidi~ first became acute in Central America, but our 
findings add to others that show B. derrdrobatidis to be 
widespread in U.S. anurans. Published reports of 
chytridiomycosis now exist for at least three species of 
Bufonidae, three Hylidae, and 16 ranidae (Green et 
al., 2002; Carey el al., 2003; Ouellet el al., 2005). Our 
detectioi~ of B. dendrollatidis in 28.6% of samples is 
similar to the 30.5% (47/154) reported from field- 
collected anurans in and around Colorado's Rocky 
Mountain National Park (Green and Muths, 2005). 
Ouellet et al. (2005) rcported H, dendrohntidis in 13.18 
(383/2931.) of museum specimens collected primarily 
since 1960 horn eastern Canada and the United States. 
Both the aforementioned sh~dies used histological 
examinations, and differences in detectability of A. 
dendrobatidis by method are cu~:rently inmmpletely 
understood. The broad occurrence of B, dendrobatidis 
across regions and host species suggests there may be 
few limits to its potential distribution arnong North 
American anurans. 

We found correlative evidence that suggests that 
species, life stage and season of san~ple collection may 
affect H. kndmbntidis occurrence in the Pacific North- 
west. We caution that our sampling was limited and 
noru.andom: these results should be ccmsidered only 
a preliminary assessment of factors that may affect 
occurrence and detection of R. dendrol~atidis. The 
higher occurrence of B. dendrobntidis in our winter 
and spring samples is consi.stent with other work 
suggesting detecticn~ and e h d s  of A. dendrobatidi can 
be more pronounced during cool seasons (Bradley et 
al., 2002; Retallick et al., 2004; Woodhams and Alford, 
2005; but see Green et al., 2002). Batrachoch!ytriunr 
detrdt'ohfidis appears to survive and grow better at 
low and moderate (14-21°C) temperatures lhan in 

warmer water (Woodhams et al., 2003; Piotrowski et 
d., 2004). 

Occurrence of R. dr?ndrohntidis also varied among the 
anurans we sampled. Interspecific variation in sus- 
ceptibility to H. dendrobatidis among anurans has been 
implied in other portions of North America as well as 
Australia and Central America (Retallick et al., 2004; 
Blaustein et al., 2005; Ouellei et al., 2005; Pounds et al., 
2006). We detected B, dcndrobatidis more frequently in 
highly aquatic species (43.1% of 137 R, catesbeiana, R. 
lutciz?al~tris, and R. pretiosa) than in the species with 
more terrestrial adult stages and shorter larvalperiods 
(1.4% of 73 B. boreas, P.  reg'ZLa, R. aurora, and R. 
cascadae). This is consislenl with other data that 
suggest anurans with highly aquatic habitat use and 
life histvry may experience elevated exposure and 
infection by B. dendrobakidis (Woodhams and Alford, 
2005; Bosch and Martinez-Solano, 2[H)6, Lips et al., 
2006). Of concelm is our detection of H. dendrobatidis in 
adults of several native amphibians tl~at have declined 
in most (H. prctiosa; McAUister et al., 1993; Pearl and 
Hayes, 2005) or parts (K. l u t e i v c ~ i t ~ ;  &xser, 1.997; 
Wente et al., 200.5) of their historic range. For most 
pond-breeding anurans, elevated mortality in post- 
metamorphic stages (compared to eggs or larvae) is 
more likely to contl.ibute toward population declincs 
(Biek et al., 2000). 

We found B. da~drobatidis in nonnative Bullfrogs in 
two of the three regions (c,entral and westem Oregon) 
where we sampled the specics. Bullfrogs have in- 
vaded lowlands throughout the western United 
States, including much of the ranges of the K. aurora 
and R .  prctwsa (McAllister et al., 1993; Pcarl et al., 
2004). We detected H. dcrldrol~atidis in Bu1lii:ogs that co- 
occur with K. atimra in western Oregon and K. pretiosa 
in central Oregon. Bullfrogs may host R. dei~drobafidis 
with limited negative effects, raising the concern that 
they could serve as disease reservoirs for native 
anurans (Daszak et al., 2004; Hanselmann et al., 
2004). Transmission of B. dendrobatidis between post; 
metamorphic Bullfrogs is suspected (Hanse lnm et 
al., 2004) and has been docun~ented between life 
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stages of K .  mlcscosa (Rachowia and Vredenberg, 
2004). Given the conservation concern for many 
western species, we recommend additional research 
on h e  potential for Bullfrogs to transmit B. dnuiroba- 
tidis to native anurans. 

It is currently difficult to assess the threat posed by 
B. dendrobatidk to IJNW amphibians: data on infection 
ratcs, interacting stressom, and species-specific popu- 
lation respoilses over time are currently lacking. A 
growing number of field surveys, morbidity and 
mortality events in free-living amphibians, and 
experimental transmission studies (e.g., Berger et al., 
1998; Muths et al., 2003; Green and M u h ,  2005; Lips 
et al., 2006) indicate that B. dcridrohntidis can be 
contagious, environmentally persistent, and lethal to 
some anurans. Effects of chytridiomycosis are com- 
plex and are likely to vary among amphibian species 
and local conditions. For example, B. dendrobatidis is 
strongly linked with declines in some species and 
regions (Bosch et al., 2001; Muths et al., 2003; Lips et 
al., 2006). Elsewhere, selected amphibians have 
persisted for > 30 yr in the presence of B. drmdrobutidis 
(Ouellet et al., 2005), declined for other reasons in the 
presence of the disease (Daszak et al., 20051, or 
rebounded from declines in the continued presence 
of the disease (Retallick et al., 2004). Trends among 
our sampled amphibian populations are incompletely 
known, and additional monitoring is warranted for B. 
dmdrobatidis infected sites. 
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