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ABSTRACT

An overview of Batrachochytrium dendrobatidis in Utah, with a focus on Boreal Toads and their
changing conservation status

by
Samantha A. Beirne, Bachelor of Science

Utah State University, 2015

Thesis Advisor: Dr. Karen H. Beard

Department: Wildland Resources

The Boreal Toad (4naxyrus boreas) has disappeared from a large portion of its range in
southern Utah and it has been questioned whether Batrachochytrium dendrobatidis (Bd, also
known as chytrid) has played a role in its disappearance. The role of chytrid in range contraction
of Boreal Toads and other amphibians in Utah is unknown. The primary objective of this project
is to determine if any historic Boreal Toad specimens have chytrid to determine its arrival in
Utah. If any old specimens test positive, the secondary goal of this study is to determine if there
is a relationship between the presence of chytrid and Boreal Toad disappearance. Previously
collected Boreal Toad specimens from the Natural History Museum of Utah and the Monte L.
Bean Life Science Museum were swabbed for chytrid. Sampling preserved specimens for chytrid
is a fundamental step for a complete understanding of Boreal Toad disappearance in Utah. PCR
and histological methods were the primary techniques for analyzing chytrid presence. The
resulting genetic analysis detected chytrid in specimens dating back to the early 2000s as well as
a specimen from 1961, but further skin analyses could not confirm chytrid presence in the skin of
the specimen from 1961. As a result, this research project was not able to provide enough data

for a thorough understanding of chytrid in historical Boreal Toad populations. However, this



study examines the eflectiveness of swabbing preserved specimens for chytrid and concludes

that further research is needed to make progress in understanding the history of chytrid in Boreal

Touads throughout the state and over time.
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resistant. Furthermore, we have no information about whether or not past populations have

disappeared from Utah because they had chytrid and were not able to overcome the disease.

Currently the Boreal Toad is listed as endangered in Colorado and New Mexico. In Utah,
the Boreal Toad was listed as a candidate species in 1995, meaning that it is warranted but
precluded for federal listing (Hogrefe et al. 2005). This listing is set to be reviewed in 2017. At
this time, the U.S. Fish and Wildlife Service will decide whether the Boreal Toad will be
protected under the Endangered Species Act in Utah, Southern Idaho, and Nevada. Whether or
not Boreal Toads in Utah are threatened by chytrid will play a major role in its listing status.
One of the major reasons the species is listed in Colorado and New Mexico is because chytrid‘
was implicated in their decline (Muths et al. 2000). The primary objective of this project is to
determine if any historic Boreal Toad specimens have chytrid to determine its arrival in Utah. If
any old specimens test positive, the secondary goal will be to determine if there is a relationship

between presence of chytrid and Boreal Toad disappearance.
METHODS

To conduct this project, Boreal Toad specimens were sampled from Utah museums for
chytrid to determine if chytrid was present in previous populations. Specimens were sampled
from the Utah Museum of Natural History in Salt Lake City, UT, and the Monte L. Bean Life
Science Museum in Provo, UT. Combined, the two museums house over 110 historic Boreal
Toad specimens. Additional Boreal Toads collected in Utah have been identified as part of
collections at the California Academy of Sciences and the Museum of Vertebrate Zoology.
While these additional toads were not tested for chytrid, they serve as potential opportunities for

accessing more Boreal Toad specimens that were originally collected in Utah.




Approximately 80 preserved Boreal Toad specimens were swabbed using specific
protocols for museum specimens provided by Pisces Molecular in Boulder, CO. As demonstrated
by Cheng et al. (2011), sampling modifications can be applied for genetic analysis of chytrid in
older specimens (Cheng 2011). Specimens were swabbed using Mediwire (M100) swabs that
were left dry and placed in a corresponding sleeve. Each individual was swabbed individually a
total of 20 times along its ventral surface, ensuring that the underside, legs and feet were
swabbed for each toad. Prior to swabbing, each specimen was rinsed with 70% ethanol to
remove any debris from the surface of the specimen. Each specimen was recorded on an Excel
spreadsheet along with the date and location of where each individual was collected. Using a
figure by Thompson et al. (2005), the location of Utah Boreal Toad museum specimens is

depicted on a map according to where they were collected (Figure 1).

Additionally, both museums organized their Boreal Toad specimens by placing
individuals from the same county into the same jar. Therefore, there were individuals from
varying years in the same jar for a particular county. There were many specimens represented
from the same year and county in some jars. In cases where there were many replicates for the
same location and year, only 1/3 of the specimens from the replicate were swabbed to have the
opportunity to swab individuals from other locales. Individual swabs from the same location and
date were pooled together at full volume for PCR analysis. These samples were combined to
reduce the number of PCR analyses. Single individuals from a separate location and date were
not pooled and were processed individually. The total number of Boreal Toads after pooling

amounted to 40 total samples analyzed by Pisces Molecular.




PCR Analysis

Samples were shipped to Pisces Molecular in Boulder, CO. lor genetic analvses. which
analyzed our samples for the presence of chvirid DNAL PCR was the primary mcthod of analysis.
moditving the procedure to elute the DNA from the spin column in a smaller volume of buffer
(Cheng 201 1), Individuals from the same location and date were pooled into one sample at full

volume. while single individuals from their own location and date werce run individually.

Iistology

Following penctic analysis. an additional histology was conducted to determine whether a
specific individual rom 1961 was actually positive for chytrid. Small skin samples were taken
(rom the ventral surlace. pelvis. medial thighs and feet of the individual. Histological slides were
then prepared by Dr. Arnaud VanWettere at the Utah Veterinary Diagnostic lab tor further
analysis (Figure 23 Skin samples were cut into strips and dyed 1o make the surface of the skin
visible under a microscope. This method allowed the veterinary pathologist to examine the
epidermis ol the skin. Individuals that are positive for chvtrid have specific zoosporangia
embedded in the subsurface of the skin (Figure 3) (Berger et al., 1999). Without chytrid present

in the skin. the epidermis appears thick and continuous (Figure 4).

RESULTS

Following a thorough PCR analysis by Pisces Molecular. there were two samples positive
for chytrid out of 40 analyzed samples (Table 1 and Table 2). One sample was comprised of a
single specimen dating back 10 1961 (Individual 22142) and the other sample was a pooled

sample of five specimens (Individuals 5046 and 5861-5864), The poeled sample included one

specimen from 1999 and four specimens from 2002. Both of the positive samples were collected




in Wasatch County and all of the individuals were stored in the same jar at the museum.
However, only a few of the specimens were collected on the same date. Individual 22142 was
collected in 1961 near the Upper Falls of the Provo River. Individual 5046 was collected at
Bryant’s Fork in 1999 and individuals 5861-5864 were collected at Strawberry Reservoir in
2002. The individuals from 1999 and 2002 (5046; 5851-5864) were pooled for sampling because
they were both collected from close sites during the same time frame. The 1961 specimen
(22142) was submitted individually because it was collected during an earlier time frame. While
all of these specimens tested positive for chytrid, they were stored in the same jar, indicating a
high probability that a positive individual contaminated the other specimens. While the chytrid
positive individual(s) was unknown, it is more likely it originated from a more recently deceased
specimen because the DNA in more recent specimens is often less degraded than in older
individuals. It is also common for chytrid to be prevalent around Strawberry Reservoir. This area
contains many individuals that have tested positive for chytrid in more recent years. Discovering

the presence of chytrid in Strawberry Reservoir would not have been a significant find.

However, the discovery of chytrid in an individual dating back to i961 would be a
significant find. There have been few discoveries of chytrid in Boreal Toads at such an early
date. If the specimen was indeed positive, it would have been one of the oldest specifnens to test
positive for chytrid in the Rocky Mountains. To confirm the findings of the genetic analysis, the
PCR analyses were supplemented with histology of skin samples from the 1961 specimen. The
resulting skin samples were taken to the Utah Veterinary Diagnostic Lab for analysis to
determine whether the 1961 individual had Bd or was likely contaminated from other specimens

in the jar.



Alter analvzing the several skin sumples from the 1961 specimen. there appeared 1o be ne
presence of the disease within the skin. This result was conlirmed by Dr. David Green. UISGS
(pers. comm.). While this specimen was genctically positive. it is likely that a more recent
individual came in contact with the specimen and made it appear as il the individual was positive
[or chytrid. It cannot be ruled out that the individual never had the discasc. but lack of evidence

of the discase throughout the skin is a likely indicator that it did not have the discasc.

DISCUSSION

Our [irst goal was to determine il there was chytrid present in any historic samples [rom
Ulah, Our rescarch could not confirm chytrid in any specimens collected carlier than the carly
2000°s. There remain historic specimens from Utah in museums in California that should also be
tested for chytrid. Because we did not find any historic samples w ith chytrid. we could not
address our second poal of determining whether there 1s a relationship between the presence of

chyvtrid in populations and historic declines.

Further analysis of chytrid prevaience in Boreal Toad specimens has indicated a need for
improved preseryvation of museum specimens for research. Many of the specimens from the Uitah
Natural History Muscum were previously formalin-fixed betore being placed in ethanol.
Formalin fixation often crosslinks with nucleic acids and proteins that compose DNA. As a
resull. the quality of DNA decreases and it becomes difficult to detect presence of the diseasc

through genetic analysis (Skage and Schander, 2007).

Additionallv. all of the Boreal Toad specimens from the same county werc stored

topether in the same jar, despite having been collected in different years. [ an individual is

positive for chyurid. this is likely to impact the genetic results of all of the other specimens




sharing the jar. It would not be accurate to assume that any of the individuals stored together are
positive individually without further analysis. Thus. a histological method was used to gain a

more accurate understanding of whether an older specimen was actually positive [or the discase.

While most of the older specimens tested negative for chyirid. it is possible that their
DNA was too degraded Tor sampling and does not necessarily indicate that the SPCCIMENS were
negative for chytrid. While this project was largely contingent on funding. it would be interesting
(o examine the DNA of the swabbed specimens to determine whether individuals were negative
for chytrid or whether the DNA was too degraded for sampling. This additional analysis could
provide valuable information regarding the quality of preserved speeimens lor rescarch.
Accordingly. histology ol the amphibian specimens was an effective tool to aid in determining

infection and may prove to be a valuable methad in the future.

There are 120 preserved Boreal Toad specimens collected in Ulah that are available lor
rescarch at the California Academy of Sciences, These individuals were not included in the
study. but may provide additional information tor a more thorough analysis ot chytrid in Utah’s
Boreal Toad populations over time. The next step for the project would be 1o continue sampling

these preserved specimens with the intent to uncover more information about the historical

distribution of chytrid in Utah's Boreal Toad specimens.




REFLECTIVE WRITING

The process of completing my capstone was definitely a success. I contribute the majority
of my success largely to guidance from my undergraduate research mentor. One of the biggest
challenges I faced with my capstone was finding a research project that I was passionate about. I
began several projects before I began researching chytrid in Boreal Toads. After several attempts
to get started on other projects, I realized I was not excited about any of the topics, and decided
to find a professor who would fit my research interests. I contacted Dr. Karen Beard after
learning about her interest in amphibians and conservatioh biology. She suggested a project
would be interested in and [ was excited to get started. Once T had found a research project I was

passionate about, it became a lot easier to write my thesis.

This project required a lot of permission from outside sources and was done
cooperatively with other institutions. It was difficult coordinating with people and traveling to
sample the Boreal Toad specimens, but the museum curators were flexible and eager to assist
with my project. This project would not have been successful without the permission of the
museum curators. They showed genuine interest in my research project and asked me to share

my results with them.

One of the project’s biggest successes was detecting chytrid through the PCR analyses. I
followed a detailed protocol for swabbing, but was unsure whether we would find chytrid in the
preserved specimens. The positive results provided by Pisces Molecular reinforced my
confidence in our procedure and demonstrated that swabbing of preserved individuals was an
effective method for detecting chytrid, at least in more recent specimens and potentially in older

onces.




Perhaps one of the most challenging aspects of the project was determining the success
of the swabbing technique for older preserved specimens. It was difficult to determine whether
this was because the DNA was too degraded for PCR analysis or because the specimens were
negative for the disease. After a 1961 individual was genetically identified as positive for
chytrid, I was excited about the possibility that this could be one of the oldest individuals
positive for chytrid in the Rocky Mountains. After an additional histology demonstrated
otherwise, the results of the study were not as profound as previously thought. There were not
enough data to determine the historical distribution of chytrid in Boreal Toads. Determining how
to evaluate the success of the project was challenging. More extensive research is needed to
evaluate the role of chytrid historically in Boreal Toad populations. Ultimately, this project was a
good experiment for evaluating the swabbing technique of preserved specimens and served as a

basis for further research.

Students that are beginning the capstone process should focus on finding a project they
are passionate about. It is incredibly difficult to write a thesis on a topic that is not motivating to
the student. Once I found a good project, I applied for research funding. I was supported by the
Undergraduate Research and Creative Opportunities Grant, the College of Natural Resources,
and the University Honors Program, Without this funding, my project would not have been

possible. Funding can make a big difference in the success of a capstone project.

I would also recommend starting the capstone process early and begin writing at each
stage of the process. Starting the capstone process early produces a more comprehensive and
thorough paper. Writing at each stage of the process is a good way to document the project more

effectively without trying to remember every detail at the last minute. I also kept a notebook with



all of the components of my project for relerence. Overall, [was pleased with the outcome of my

project and attribute its suceess to good organization and documentation.
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Centrat Region

Southern Region Southeastern Region

¢ Museum records {N = 51)

Pre-1971 reports within reported elevation limits (N = 3)
Tadpoles present 1992-1983 (N =13)

Tadpoles present 1871-1991, not presont 1992-1993 (N = 6)
New record exterior to historic range (N = 3}

Adults oresent 1974-1931 (N = 4)
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Figure 1-Depicts the historical distribution of Boreal Toads in Utah (Thompson et al. (2003).
Boreal Toad Conservation Plan)
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