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alternative to current methods, making it potentially important 
for rapid assessment or in situations where funds are very limited. 

Perhaps more important however, are the results of our PCR 
technique comparison, which could have a potential impact on fu-
ture molecular screening procedures throughout the Bd research 
community. In this study, we detected Bd in 3 of 43 samples us-
ing RT-PCR, but none using traditional PCR. Our results strongly 
support the need to use the more sensitive RT-PCR screening 
method when using a non-invasive PCR-based detection tech-
nique for Bd DNA.
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Batrachochytrium dendrobatidis (Bd) has been found with 
varying prevalence on amphibians in the northeast, midwest, 
and southeast United States (Longcore et al. 2007; Zellmer et al. 
2008; Green and Dodd 2007; Rothermel 2008), but surveys in 
Pennsylvania have failed to find infected individuals (Glenney et 
al. 2010). We studied between-pond variation in Bd infection lev-
els in amphibians of northwestern Pennsylvania, USA. In doing 
so, we focused our sampling efforts on three species, Green Frogs 
(Rana clamitans), Red-spotted Newts (Notophthalmus virides-
cens) and Wood Frogs (Rana sylvatica). These species are locally 
abundant and, if commonly infected, could serve as an indicator 
species for assessing Bd presence in ponds. 

Our surveys were designed to maximize the number of ponds 
sampled for Bd occurrence. We swabbed up to 12 individuals 
per species for Bd at 10 ponds containing Green Frog tadpoles, 
8 ponds containing Red-spotted Newts and 2 ponds containing 
Wood Frog adults between 1 April and 28 May 2008 (Table 1). 
This sampling scheme has low statistical power to detect true neg-
ative results within a pond (e.g., Skerratt et al. 2008), but it is suf-
ficient for Bd detection at ponds with moderate to high infection 
prevalence. For sampling efficiency, we visited each pond only 
once and limited the life stages that we sampled to larval Green 
Frogs, adult Red-spotted Newts and adult Wood Frogs. While 
adult frogs are more commonly sampled, we focused on larval 
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Green Frogs because they often overwinter as tadpoles, which 
increases the opportunity for infection to occur, and because high 
sample sizes can be obtained. In addition to the three focal spe-
cies, we also opportunistically sampled adult Northern Two-lined 
Salamanders (Eurycea bilineata), Northern Dusky Salamanders 
(Desmognathus fuscus), and adult Spring Peepers (Psuedacris 
crucifer) for Bd. All Red-spotted Newts and Green Frogs were 
collected in permanent ponds, whereas Wood Frogs and Spring 
Peepers were sampled in ephemeral ponds. Salamanders were 
sampled in an ephemeral stream. Sites were surveyed until 10 

individuals of a species were collected or no more animals could 
be found in a reasonable time frame. 

To sample Bd, animals were swabbed thirty times along ke-
ratinized tissues where Bd zoospores are highly concentrated 
(Marantelli et al. 2004). Tadpoles were swabbed (Medical Wire 
Company MW113) across mouthparts, adult frogs were swabbed 
along the drink patch, inside lower thighs and foot webbing, and 
newts were swabbed on the ventral side, back legs, and feet. 
Swabs were stored in 95% ethanol and DNA was extracted and 
analyzed for Bd presence and quantity using quantitative PCR 

taBle 1. Prevalence and infection levels of Batrachochytrium dendrobatidis in several species of amphibians sampled in northwestern Pennsylvania, 
USA. “-“ indicates the species was not sampled at that site.

Site name and Red-Spotted Newt Green Frogs Wood Frogs
coordinates  (Notophthalmus viridescens) (Rana clamitans) (Rana sylvatica)
  
  Sample size Infection level Sample size Infection level Sample size 
  (No. Bd-positive),  (zoospore (No. Bd-positive), (zoospore (No. Bd-positive), 
  % equivalents, % equivalents, %
   mean ± SE)  mean ± SE)

 Dodds Road Beaver Pond 1 (1) 1639 ± 131 10 (0) - -
 41.4760°N, 80.3193°W 100%   0%
    
 Geneva Pond 10 (6) 259 ± 205 - - -
 41.5872 °N, 80.2432 °W 60%  

 Housing Site - - - - 9 (0) 
 41.6229°N, 80.4551°W     0%

 Mark’s Pond 7 (2) 2.9 ± 2.6 9 (1) 44.3 ± 24.9 -
 41.4607°N, 80.3059°W 28%  11%  -

 Mosquito Coast 2 (0) - 10 (1) 27.8 ± 14.5 -
 41.6798°N, 80.4976°W 0%  10% 
    
 Mud Lake - - 9 (0) - -
 41.5594°N, 80.3688°W   0%  -

 Oberdick Pond - - 6 (0) - -
 41.6875°N, 80.4273°W   0%
 
Oxbow Lake, Shenango River 7 (3)  158.7 ± 130.7 8 (1) 69.0 ± 19.1 -
 41.3161°N, 80.3209°W 42.9%  13%  

 Ravine by Shenango Oxbow - - - - -
 41.3214°N, 80.3228°W   

 State Game Land 69  1 (1) 66.2 ± 7.6 8 (1) 3.8 ± 1.6 -
 41.6260°N, 79.1180°W 100%  13%
 
 State Game Land 144 9 (0) - - - -
 41.8419°N, 79.7169°W 0% 
 
 State Game Land 269 - - 5 (0) - -
 41.7969°N, 80.2114°W   0%
 
 State Game Land 277 9 (3) 27.5 ± 22.2 9 (1) 10.0 ± 2.4 -
 41.8166°N, 80.0250°W 33%  11%
 
 Trailer Park Pond - - - - 12 (0)
 41.5687°N, 80.4545°W     0%
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(Boyle et al. 2004). This method is highly sensitive and can detect 
very low-level infections that might be missed with other meth-
ods (Hyatt et al. 2007). Samples were run in triplicate and were 
re-run from the same extraction in cases where results yielded 
only one or two positive results. A re-run sample was considered 
positive if at least 3 of 6 wells tested were positive. Such vari-
ability between wells is common in samples with low infection 
levels (personal observation). Quantitative estimates of infection 
levels were made by averaging positive results within a sample.

To minimize cross-contaminating animals, gloves and equip-
ment that contacted frogs were sterilized with 70% ethanol and 
dried between handling of individuals and all other equipment 
was sterilized with a 10% bleach solution or discarded after leav-
ing a pond (Johnson et al. 2003).

Our results suggest that Bd is widespread throughout north-
western Pennsylvania, USA, yet infection prevalence and inten-
sity varies among species (Table 1). Red-spotted Newts had the 
highest prevalence of the three species that could be surveyed 
with sufficient sample sizes. We did not find infected newts in 2 
of the 9 ponds, however, the sample size was not sufficient to con-
fidently demonstrate that these ponds were infection-free. Among 
tested individuals, infection loads (measured in terms of zoospore 
equivalents) varied over three orders of magnitude among sites. 
There are few other data examining Bd infection loads in Red-
spotted Newts, but infection has been reported for museum speci-
mens in eastern North America and more recently in field-collect-
ed Red-spotted Newts from the southeastern USA (Ouellet et al. 
2005; Rothermel et al. 2008). This suggests that Bd infection in 
Red-spotted Newts is not uncommon. Interestingly, the closest 
area to our study site that has been surveyed for Bd (Delaware 
Water Gap National Recreation Area) did not find infections in 
Red-spotted Newts or any other tested species (e.g., Rana sylvat-
ica, Pseudacris crucifer, Hyla versicolor; Glenney et al. 2010). 
Many of the newts collected in our study also exhibited cysts 
indicating infection by the mesomycetozoan Amphibiocystidium 
viridescens (pers. obs.), and newts in the surrounding area have 
been shown to carry infections of other parasites, including trem-
atodes, nematodes, trypanosomes, acanthocephelans, helminths 
and bacteria (Raffel et al. 2009). This raises the question as to 
whether co-infection with other pathogens alters Bd infection 
rates in Red-Spotted Newts. 

Bd infection also was found in Green Frog tadpoles (Table 1). 
Although infection prevalence was lower than that found in Red-
spotted Newts, infection was detected in more than 50% of ponds 
and sample sizes were not large enough to confidently detect low-
level infections in the other ponds. On average, infection loads of 
Green Frog tadpoles were lower than that found in newts. This 
may reflect the fact that tadpoles possess less keratinized tissue 
than newts (Marantelli et al. 2004). Other surveys examining Bd 
infection in Green Frog adults and metamorphs with qPCR and 
histology have found higher infection levels (18–36% in Maine 
from 2000–2002; Longcore et al. 2007), which also may reflect 
less keratinized tissue in tadpoles (Marantelli et al. 2004). It is 
likely that Bd has been prevalent in Green Frogs for some time; 
the earliest evidence for Bd in North America came from a mu-
seum specimen collected in 1961 in Quebec (Ouellet et al. 2005). 
The tadpoles sampled in our study were in their second larval 
year, allowing ample time for animals to be infected. Since newts 

co-occur in ponds with Green Frogs, Bd may have been transmit-
ted across species. 

No individuals of the four other species sampled were Bd-
positive: Northern Two-lined Salamanders (N = 2, ravine by 
Shenango Oxbow); Northern Dusky Salamanders (N = 4, ravine 
by Shenango Oxbow); Spring Peepers (N = 2, Trailer Park Pond); 
and Wood Frogs (Table 1). However, our sample sizes were small 
and sample sizes >59 are recommended to detect Bd when preva-
lence is low (Skerratt et al. 2008). Past studies of Wood Frogs in 
New England and Michigan, USA show low to moderate preva-
lence of Bd (>1 % to 16.7% with qPCR and histology; Longcore 
et al. 2007; Zellmer et al. 2008), but previous studies of Wood 
Frogs in eastern Pennsylvania (N = 28) did not find infected in-
dividuals, despite using sensitive testing techniques (i.e., qPCR, 
Glenney et al. 2010). Bd also has been found in the Northern 
Two-Lined Salamander and the Dusky Salamander, suggest-
ing that these species are susceptible to infection (Byrne et al. 
2008; Grant et al. 2008). We failed to find any records of infected 
Spring Peepers, although they have been previously surveyed for 
Bd infections (Byrne et al. 2008; Longcore et al. 2007; Ouellet et 
al. 2005; Rothermel et al. 2008; Glenney et al. 2010).

Overall, our results correspond with other studies showing 
that Bd is present in areas where amphibian population declines 
have not been documented (Green and Dodd 2007; Longcore et 
al. 2007; Rothermel 2008; Zellmer et al. 2008). Though we only 
sampled at a single point in time, high prevalence of infection 
and relatively low infection intensities in both Green Frogs and 
Red-spotted Newts suggest that Bd is not uncommon in north-
west Pennsylvania and both species might be good indicators for 
Bd presence in this region. Although no pathology was observed 
in infected individuals we suggest that further monitoring is nec-
essary to test whether this observation is consistent.
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Gaige’s Rain Frog, Pristimantis gaigeae (Strabomantidae) is 
a direct-developing anuran species ranging from the Atlantic 
lowlands in extreme southeastern Costa Rica through eastern 
Panama and on the Pacific versant in central Colombia (Savage 
2002). The species is considered a mimic of dendrobatid species, 
exhibiting a pair of red, orange, or golden dorsolateral stripes 
on a black body, similar to the two toxic species Phyllobates 
aurotaenia and P. lugubris (family Dendrobatidae) with which 
some populations of Pristimantis gaigeae are sympatric (Fig. 1). 

It is the intent of the authors to present methods that have been 
utilized to successfully maintain and reproduce Pristimantis 
gaigeae in captivity. As little information is currently available on 
the captive husbandry and reproduction in species of Pristimantis, 
we believe the information provided herein may prove useful in 
future attempts to maintain ex situ populations of this and other 
species of the genus. 

SPeciMen acQuiSition and HuSBandrY MetHodS

The group of P. gaigeae at the Atlanta Botanical Garden (ABG) 
consisted of one male and two females collected in 2005 from the 
vicinity of El Valle de Antón and one male collected from the vi-
cinity of El Copé, both in Provincia de Coclé, Panamá. The speci-
mens were collected and exported as a part of the Amphibian 
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