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Statement of Purpose

The fungal pathogen Batrachochytrium dendrobatidis (Bd) poses a great threat against
the biodiversity of amphibian species, which play an important role in healthy ecosystems. My
goal is to compare the prevalence and intensity of Bd on frogs at Turnbull National Wildlife
Refuge (TNWR) with those sampled from populations in northern Idaho to assess how

geographic location and amphibian biology influences disease patterns.

Background and Significance

Emerging infectious diseases threaten global biodiversity by contributing to population
declines and extinctions, having been associated with declines in a large range of organisms,
including amphibians, birds, lions, invertebrates, and plants (1, 2). Chytridiomycosis, the disease
caused by Bd, has resulted in the decline or extinction of nearly 500 frog species globally (3-7).
The disease spreads in epidermal cells, which is problematic because amphibian skin is crucial in
regulating the exchange of respiratory gases, electrolytes, and water (8). Bd prevalence, defined
as the proportion of sampled individuals that had Bd detected, and Bd infection intensity, defined
as the estimated number of Bd zoospores found on an infected individual, were measured in
Columbia spotted frogs (Rana luteiventris) sampled from northern Idaho in a large scale study in
2013. Bd prevalence was found to be high, with 65% (N = 261) testing as Bd positive out of 399
frogs, and when summarized by number of sites, Bd was detected in 80% (N =123) of 153 sites
(Figure 1) (9). However, infection intensity was found to be low, ranging from 0 to 98, far below
numbers seen in populations facing decline, e.g. 10,000 zoospores (10). It is unknown how the
high Bd prevalence affects other amphibian species in northern Idaho that coexist in the surveyed

area but were not screened for Bd. The same study area was sampled again in 2018, with



analysis currently underway to quantify Bd prevalence and infection intensity. These results will

provide an opportunity to compare disease status in northern ldaho after approximately 5 years.

Eastern Washington is another potential area of concern for Bd, as Bd has been detected
on Columbia spotted frogs and a second species, the Pacific chorus frog (Pseudacris regilla),
from TNWR based on our lab’s preliminary results. Pacific chorus frogs in Sierra Nevada of
California have been found to act as a reservoir species, being highly tolerant of the disease
despite carrying higher loads of Bd than low tolerance sympatric species facing population
declines (11). In this study by Reeder et al., Pacific chorus frog persisted at 100% of sites where
sympatric species where extirpated from 72% of sites in a wave of disease. Similar patterns of
high tolerance and high infection intensity are seen in known Bd carriers such as the American
bullfrog (Rana catesbeiana) and African clawed frog (Xenopus laevis) (12, 13). This pattern
differs to that observed for Columbia spotted frogs in northern Idaho, where frogs are also
suspected to act as carriers because of the high Bd prevalence observed, but instead carry low

loads of zoospores.

By measuring Bd prevalence and infection intensity in frogs sampled in TNWR, | will be
able to compare these factors in two species that have shown different patterns when Bd is
present. Together with our sample set from northern Idaho, | will be able to use the TNWR
sample set to compare Bd prevalence and infection intensity in populations of Columbia spotted
frogs from two study areas. Results from these comparisons could help inform a future study
involving characterization of the skin microbiomes of TNWR frogs, which would supplement
my current work involving characterization of skin microbiomes on frogs from the 2013 northern
Idaho sample set. Comparisons between the bacterial communities of 1) the two species in

TNWR and 2) Columbia spotted frogs in the two locations could demonstrate how skin bacteria



are involved in tolerance of Bd, which could contribute to conservation efforts of amphibian

species.

Objectives

First, I will measure Bd prevalence and infection intensity in sampled frogs from TNWR.
Results will be used for two types of comparisons: 1) compare Bd prevalence and infection
intensity between two species in TNWR and 2) compare Bd prevalence and infection intensity
between Columbia spotted frogs from northern Idaho and TNWR. I hypothesize that 1) Pacific
chorus frogs will exhibit higher infection intensity than Columbia spotted frogs as seen in the
Reeder et al. study (11) and 2) Columbia spotted frogs in TNWR will have low infection

intensity similar to numbers seen in northern Idaho Columbia spotted frogs.

Procedures and Rationale

The Idaho Department of Fish and Game sampled Rana luteiventris during the periods of
May-September 2013 (N=396) and 2018 (N=163) (Table 1). The study area consisted of most of
the Idaho Panhandle, the northernmost region of Idaho encompassing 10 counties (see Figure 1).
Skin swab samples were collected using sterile buccal swabs to swab the underside of the frog
back and forth 15 times (30 total swipes) as described in the Multi-species Baseline Initiative
project report (9). DNA isolation and screening for Bd prevalence and infection intensity have
previously been completed for Idaho and are currently being processed for 2018 samples. | am

requesting funds to assess Bd loads for the 2019 TNWR samples.



Rana luteiventris Skin Swab Samples: # Samples (# Sites)
Idaho 2013 Idaho 2018 Sites Sampled In Both Years
396 (153) 163 (68) 53 Sites

Table 1. Number of skin swab samples and sites sampled from the years 2013 and 2018.
Sampling effort was lower in 2018. Data from Idaho Department of Fish and Game.

Skin swab samples were collected as above from 29 Columbia spotted frogs and 52
Pacific chorus frogs at TNWR in May and June of 2019. | isolated DNA from these samples
using the Qiagen DNeasy Blood & Tissue Kit for DNA purification. | will run a preliminary
screening to detect presence of Bd using conventional PCR with primers Bdla and Bd2a (14),
which is a cost-effective way to assess presence/absence of Bd, but is limited in that it does not
provide critical infection intensity data. Samples will then be sent for g°PCR to measure infection
intensity (i.e. Bd zoospore loads per individual). DNA will be sent to Dr. Jake Kerby’s lab at
University of South Dakota for duplex gPCR reactions, which allow for simultaneous screening
of prevalence and intensity of two amphibian pathogens: Bd and the newly emerging chytrid
fungus, Batrachochytrium salamandrivorans (Bsal), which is not yet widespread in North
America, but its surveillance is critical for a rapid response if necessary (15, 16).

Bd infection intensity data, measured in zoospore equivalents, or genomic equivalents
based on the quantity of Bd DNA found through gPCR, will be log-transformed to normalize the
data. Separate student’s t-tests will be used to test for statistically significant differences in the
two comparisons: 1) Bd prevalence and infection intensity between two species in TNWR and 2)
Bd prevalence and infection intensity between Columbia spotted frogs from northern Idaho and

TNWR.



Multi-species Baseline Initiative: Chytrid (Batrachochytrium dendrobatidis)
Detections on Columbia Spotted Frogs (Rana luteiventris)
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Figure 1. Map of northern Idaho study area by Idaho Fish and Game. Bd was detected on
Columbia spotted frogs in 80% of sampled locations (N = 123 out of total N = 153).



Budget Justification

Item Cost Quantity | Total Cost
(+ shipping)
gPCR $10 per 81 $810.00*
sample
TOTAL BUDGET REQUESTED $750.00

*Remaining $60 to be supplemented with Dr. Walke’s discretionary research funds.

Timeline
Quarter | Winter 2020 Spring 2020
Tasks e Receive Bd prevalence and e Receive gPCR results and conduct

infection intensity results for
2018 Idaho samples

Run Bd presence/absence PCR
on 2019 Turnbull samples

Send 2019 Turnbull samples for
gPCR to measure Bd intensity
(depending on funding)

Data analysis to characterize skin
microbiomes in 2013 samples
and compare bacterial
communities in infected and
uninfected frogs*

statistical analyses
e Thesis defense
e Submit paper for publication

*Described in Fall 2018 mini grant
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