Illustration 17: After visiting Mammoth Cave, visitors walk across disinfecting mats to
help prevent the spread of white-nose syndrome to other caves and mines in the area.
(Photo by the author.)

At Carlsbad Caverns National Park, another park whose main attraction is a cave,
preventing the introduction of white-nose syndrome to the park is important as well. At
the visitor center, where visitors purchase tickets to gain entry into the cave, a sign asks
visitors to let the rangers know if they had been to another cave or mine recently. If the
visitor answers yes, they are given material to disinfect shoes and equipment before
entering the cave. By having these policies at national parks, the parks are helping

contain the spread of white-nose syndrome and educate visitors on this disease killing

millions of North American bat species.
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Great Smoky Mountains National Park has also created policies to decrease the
disturbance of bats in the park in the wake of white-nose syndrome. The park has closed
all caves to visitors, both to decrease the amount of disturbance in the caves and
minimize the spread of white-nose syndrome throughout the park. When | spoke to the
ranger at Great Smoky Mountains National Park, the ranger mentioned that many of the
caves had been gated to ensure little disturbance to the bats roosting in the caves. The
eastern coast of North America has experienced high numbers of bat mortalities, and the
park is working to minimize these losses through their protective policies.

Carlsbad Caverns is also actively promoting bat conservation through their
“Adopt a Bat” program. Visitors can symbolically adopt a Brazilian free-tailed bat at the
park, and the proceeds go towards bat research and bat-related education in the park. The
adoption kit, which costs $10.00, includes an adoption certificate, a brochure that gives
details about the bat species, a sticker, and a bookmark. The adoption certificate reads,
“This adoption helps to preserve and protect the bats at Carlsbad Caverns National Park
through scientific research and public education.” Through this creative marketing
mechanism, the park is raising money for research and education that will ultimately help
benefit the conservation of bat species in the park. At the same time, visitors can feel that
they have supported bat conservation, and it is also a mechanism for visitors to share
information about bats with their communities once they return home.

Having bat educators at these rural sites allows for there to be a human mediator
to create a healthy viewing environment for the visitors and the bats. Without an
employee or educator at these rural bat sites, bats could be disturbed by unmonitored

human visitors, or human visitors could risk injury if they were to come into contact with
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a sick bat. Also, by having educators at the sites, visitors can learn about the bats and gain
an appreciation for them. As exhibited by the “Adopt a Bat” program at Carlsbad
Caverns, visitors can also provide monetary support for research related to bat

conservation and education.

Illustration 18: Visitors to Carlsbad Caverns can symbolically adopt bats at the park,
while also supporting bat-related research and education. (Photo by the author.)
Creative ways to engage in bat education.

During my interviews with the educational leaders at bat ecotourism sites, a few
educators mentioned that they were looking for new ideas to engage visitors with bat
education. Since | witnessed a variety of educational activities during my study, I decided
to include this section for educators looking for new ideas for their programs. To begin,
educators emphasized that visualization and engaging activities were the most powerful

tools for bat education. Visualizations can include pictures of bats, taxidermy bat
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displays, or live bats. The ranger at Carlsbad Caverns has noted that throughout her
career, she has noticed that once visitors are able to visualize a bat up-close, they often
find them cute and less frightening. This ranger is in the process of rehabilitating an
injured bat, named Anna, to be used as an educational bat at Carlsbad Caverns National
Park. Anna was injured by a human in a shopping center in Carlsbad, New Mexico, and

as a result, her wing had to be amputated.

Ilustration 19: In the future, Anna the bat will be used as an educational bat at Carlshad
Caverns National Park. The ranger caring for Anna hopes that visitors will have better
perceptions of bats after encountering a real bat. (Photo by Virginia Moyers-Appleton.)
Another powerful tool in bat education is having some sort of engaging activity.
At areas in the Southwestern US, large bat emergences are thrilling activities for visitors

that really engage the audiences. Educators can speak about bats before the emergences,

which really excites visitors that are waiting for the bats to fly out of the cave or bridge.
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However, in areas of the country where bat emergences do not take place at the same
enormous scale as the Southwest, educators have learned to be creative in their
educational programs. This is especially important in the case of Mammoth Cave
National Park, since they conduct a lot of educational outreach to local schools. Engaging

activities in this context include bat hikes, games, and community festivals.

Bat-related games and activities

Bat hikes or night hikes are also exciting activities that present the opportunity for
bat-related education. Three sites that I visited, Great Smoky Mountains National Park,
Mammoth Cave National Park, and the New Orleans Audubon Nature Institute, conduct
this type of activity. The New Orleans Audubon Nature Institute held a bat hike during
the Bat Appreciation Day festival, which took place during Bat Week. Before the hike
took place, a professor gave a lecture on bats; afterwards, visitors who had signed up for
the bat hike gathered in the visitor center and were given IPads equipped with
echometers. An echometer is a device that detects bat echolocation sounds, plays the
sounds back to the user, and identifies what type of bat species is making the noises.
Visitors walked the trails of the Nature Institute with the professor, listening to and
identifying bats in the surrounding areas.

At Great Smoky Mountains National Park, the educator | spoke with conducts a
similar type of night hike in the park. The ranger discussed how he carries a bat box on
the hike, which also detects bat echolocation sounds. The ranger said that he uses the
night hike as an opportunity to talk about bats, astronomy, and the history of Cades Cove.

Interestingly, this ranger also mentioned that he had recently conducted a night hike
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around Halloween focused on “fears of the night.” During this Halloween night hike, the
educator wore his bat wings and talked about how there are many “fears of the night”
(like bats, spiders, snakes, and bears), but once you are educated about them, you learn to
appreciate them for their ecological significance. The night hikes conducted at these sites
are great examples of engaging educational activities. Visitors can experience nature
while also learning of its significance.

For educators who are confined to a classroom setting, there are still many bat-
related educational activities to do. During my time at Mammoth Cave National Park, the
educator | spoke with talked about many bat education activities they use in the park and
in local schools. One educational activity Mammoth Cave does with smaller children is
making bat finger puppets. Kids are able to color the puppet while the educators talk
about the basics of bat behavior with the children. The educators will turn the lights off in
the room, since most bats fly at night, and the kids will pretend like their puppets are
flying. This is an interesting activity to help introduce younger age groups to the basics
about bats, while also holding their attention.

For older age groups, Mammoth Cave has created an innovative white-nose
syndrome educational activity. For this activity, the ranger will put glow germ powder on
his/her hands. The glow germ powder represents white-nose syndrome, but the kids are
unaware of the powder in the beginning of the activity. While the kids gather in a circle,
the ranger will shake hands with one kid while introducing who they are, where they
work, etc. Then, the ranger will ask the kids to shake hands around the circle, beginning
with the kid who shook the ranger’s hand. Once the introductions have ended, the ranger

uses a black light to show how the glow germ powder has spread around the group. The
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ranger will then talk about how the powder represents white-nose syndrome, and how this
bat disease is gradually diffusing across the country. It is an engaging educational activity
to easily explain white-nose syndrome and the effect it has on bats to school-age groups.

Another educational activity utilized at Mammoth Cave is called “Bat-Moth.”
This activity teaches kids about the diets of bats, while also teaching them the basic
concepts behind echolocation. Essentially, this game is a bat version of Marco-Polo. Kids
are divided into two groups: the bats and the moths/mosquitos (which the educator calls
the M&Ms). The “bats” are blindfolded to replicate darkness at nighttime, and the
moths/mosquitos disperse around the room or outdoor area. When the “bat” says bat, the
“moth” will say moth or the “mosquito” will say mosquito. The bat then follows the
sounds in order to “catch its food.” The educator acknowledged that it is not true
echolocation, but the activity helps kids understand the basics of the concept. The
educator also uses the opportunity to dispel myths about bats being blind, as well as teach
the kids about bat diets and how they are important for pest control.

A couple of activities | observed at both Mammoth Cave and Great Smoky
Mountains National Park are designed to help kids understand more about bat biology, as
well as understand how unique bats are. One activity teaches kids about the heart rates of
bats and compares it to the human heart rate. First, kids learn about how a bat’s heart rate
can rise from 100 beats per minute to 900 beats per minute during flight. Then, the
educator will have the kids check their resting heart rate, do jumping jacks, and then
check their heart rate after exercise. This activity helps kids understand just how fast a
bat’s heart rate escalates during flight and how fast it is compared to that of a human’s.

Another activity asks kids to “flap their wings” (arms) as many times as they can in thirty
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seconds, then multiply the number by two. The kids learn how bats can flap their wings
up to 600 times per minute, and they compare their own numbers to a bat’s.

One activity at Great Smoky Mountain National Park that was engaging for both
the children and adults was a true or false activity. Visitors were asked to stand while the
ranger read a mixture of bat myths and facts. After each myth or fact, visitors would
move to one side of the area if they believed it to be true or the other side of the area if
they believed the information to be false. After each person decided on true or false, the
ranger would tell everyone the answer. It was an interesting activity to debunk bat myths,
spread bat knowledge, and excite visitors all at the same time.

One opportunity to get involved in bat education is through a local bat
conservation group, such as the Mississippi Bat Working Group. This group invites the
public to join bat scientists during mist net events. During mist net events, scientists erect
large nets to catch bats, record species information, and check the bats for white-nose
syndrome. The public is invited to help the scientists with setting up the net and recording
data, and those who are up-to-date on rabies vaccinations can even assist in handling the
bat species. This is a really creative way to involve the community in citizen science and

educate the public about bats.

Social media as an educational outlet

For many Americans, social media has become a popular means for obtaining
news, socializing, and finding entertainment. In 2018, one study found that 68 percent of
American adults have Facebook, and of those Americans, most (around 3/4) used the

social media app daily (Smith and Anderson 2018). Since so many people use social
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media outlets on a daily basis, social media can be used as an educational tool to reach a
large audience outside of an ecotourism site or classroom. Bat Conservation International
has an active Facebook page, and through the page, the organization shares bat-related
research news, photographs, bat events, and information about different bat species (BCI
Facebook site). People can also raise money for the organization by doing Facebook
birthday fundraisers. In addition to the Bat Conservation International page, there are also
other bat pages on Facebook, including the BatWeek page. This page shares the same
types of materials as the Bat Conservation International page, but it emphasizes the
promotion of Bat Week (BatWeek Facebook site).

Bat Week is the annual, international celebration of bats during the week of
October 24-31. During this week, the BatWeek Facebook page promotes a different bat
species each day, while also promoting the benefits of bats and dispelling common bat
myths (BatWeek Facebook site). The page also promotes state declarations of Bat Week,

as pictured below.
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[ustration 20: Official Bat Week proclamations can help draw the public’s attention to
the ecological significance of bats, as well as the economic significance. (Photo by
BatWeek Facebook site.)

State declarations such as these can draw the public’s attention to bats in their

region and promote the good that bats do in our world. Statewide Bat Week declarations
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can also garner more media attention, which is helpful in disseminating the truth about
bats. For people who are passionate about bats, sharing bat-related social media posts
with friends and family is a great way to engage in bat education without having to be at

an ecotourism site or in a classroom.
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Chapter 5: Conclusion

In the early 1980s, citizens of Austin, Texas, were in a state of fear over the
1,000,000+ bats moving into the Congress Avenue Bridge (Tuttle 2015). Citizens wanted
the bats exterminated over rabies concerns and rumored bat attacks, and the media
steadily reported on the dangers the bats posed to the city of Austin (Tuttle 2015). Dr.
Merlin Tuttle, upon hearing of this news, moved to Austin, Texas, after establishing the
organization Bat Conservation International in 1986 (Tuttle 2015). Through educating
city officials and the public on the benefits of the Brazilian free-tailed bats to the city, as
well as showing the people how “cute” the bats were up-close, Tuttle helped change the
city’s attitude toward the urban bat population (Tuttle 2015). Today, the bat colony at
Congress Avenue Bridge is the largest urban bat colony in the world, and visitors travel
to the city from all over the world to witness the bat emergence take place. The city of
Austin has gained a new reputation as a bat city, and they have set a leading example of
how humans can share space with wildlife. The city receives monetary benefits from this
ecotourism site, and the bat bridge has become a symbol that makes the city of Austin
proud. The Congress Avenue Bridge is an excellent example of a mutualistic relationship
between humans and wildlife, and through education, Austin has become a city that has
truly learned to love their bats.

Conserving bat species worldwide requires a lot of scientific research, but as in
the case of Congress Avenue Bridge, conservation begins with education. People are
willing to fight to protect things that they love or believe to be important, and in the case

of the bat, hatred and ignorance has plagued their well-being for centuries. In order to
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combat the pervasive myths and legends that have hindered bat conservation throughout
time, educators must help change people’s minds about bats.

Through my research, I learned about the best practices guiding bat education
today. It is important for educators to dispel bat myths and educate the public on the
importance of bats to our ecosystem and our economy. Fostering positive attitudes
towards bats is imperative in educational programs, and by doing so, educators can hope
that their audience will engage in more conservation-related activities or support
organizations that do so. For example, it is essential that we monitor bat and bird
populations and implement fatality reduction strategies as wind energy expands across
the US. In order to do this, we as a community must demand that wind energy facilities
allocate enough resources to monitor bat and bird populations. This is only possible if the
public is educated on the pros and cons of wind energy and their effects on wildlife.
Organizations such as Bat Conservation International also rely on memberships to fund
conservation research, which is only possible if people learn to appreciate bats and join
these types of organizations.

Having educators at bat ecotourism sites also allows for the experience to be safe
for both the humans and the bats. Educators can make sure that humans do not touch bats
or try to harm them, and educators can help protect the bats by strictly monitoring noise
and light pollution. Educators at cave locations can also help prevent the human-caused
spread of white-nose syndrome by making sure shoes and equipment are properly
sanitized before entering a cave.

Bat-related education can take place at ecotourism sites where large bat

emergences occur, but it can also take place in classroom settings or through social media
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outlets. Educators emphasized that visualization and engaging activities seemed to be
most effective at captivating an audience, and educators can employ these strategies
through activities such as bat hikes and games. Social media can reach audiences who are
not able to attend an ecotourism site or festival directly, and educators can also use social
media sites to raise money for research to benefit bat conservation.

Personally, through this research, I have learned a lot about the impact that bat
education and ecotourism sites can have on people. One person | interviewed, now a
professor who studies bats at wind-energy facilities, was inspired to begin her career with
wildlife after visiting the Congress Avenue Bridge with her father as a child. Another
person | interviewed, a ranger at Carlsbad Caverns National Park, has become so
passionate about bats and bat conservation that she is now known around the park as the
“bat ranger.” She has made it her mission to educate people about bats in the park and
promote positive attitudes towards bats.

Through this research, | have also learned how the emerging positive attitudes
towards bats in Texas have influenced city infrastructure. The bats at the Congress
Avenue Bridge have been such a success that the Texas Department of Transportation
has started to design bridges more suitable for bat populations. The positive attitudes
towards bats have also influenced various cultural landscape elements in Texas, and one
can find artwork, infrastructure, and informational displays advertising the bats in many
different places scattered throughout Austin and San Antonio. However, during this
research | have also learned about more emerging threats impacting bat populations. For
example, humans have not yet experienced the full extent of anthropogenic climate

change, but it is slowly starting to affect bat populations through changing temperatures
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and decreasing water levels in arid regions. More than ever, it is essential that humans
support bat conservation efforts.

| have disseminated my research to different classes at the University of Southern
Mississippi, as well as prospective students at the University at USM’s “Honors Day” in
the fall of 2019. | have also shared aspects of my research on bat mythology with the
Mississippi Bat Working Group, and | plan to share this document with them as well.
During my time interviewing educators, many expressed that they wanted new
educational ideas, such as games and activities, to engage with their audiences. I will
share this document with the people who | interviewed, as well as any other bat educators
who are interested in reading about the topic.

My research provides an overview of the current practices currently conducted in
bat-related education, but there are some limitations to my study. Although | observed the
educational programs and spoke with the educators, | have little way of knowing whether
or not the programs are actually effective in promoting positive attitudes and
conservation behaviors in the visitors to the sites. For future research, social scientists can
speak with visitors to bat ecotourism/conservation education sites and test their
knowledge of bats before and after being exposed to educational material related to bats.
One could even conduct a follow-up survey a month after the visit to the ecotourism site
to see if the visitor has engaged in any conservation behaviors since the educational
program.

Kirstin Fagan and Emma and Adam Wilcox have surveyed visitor’s attitudes
towards bats at Smoky Mountains National Park (Fagan, Wilcox, and Wilcox 2018), but

one could potentially replicate the study at other parks, such as Mammoth Cave National
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Park or Carlsbad Caverns National Park. A similar study could also be conducted at bat
festivals and events, such as the evaluation done by researchers at the Great Lakes Bat
Festival (Hoffmaster, Vonk, and Mies 2016). A researcher could also replicate the
aforementioned study or the format of my study in a different region of the United States.
For example, a future bat researcher could focus their study strictly on the eastern coast
of the United States, where white-nose syndrome first arrived in North America. Given
the “batty” reputation of Texas, one could focus a research project exclusively on Texas
and bat-related ecotourism in the state, or one could focus a study on rural regions where
the population is not as frequently exposed to bats. A researcher could also focus on a
different country or region of the world, where perceptions of bats might be different due
to different cultural beliefs and a different level of exposure to negative portrayals of bats
in the media.

Throughout this research process, | have learned of the value of bats to our world
and our economy. Mostly, I learned of the value of education in encouraging positive
attitudes and interactions with bats and other forms of wildlife. During the timeframe in
which | was writing the final portions of this paper, the world has been inflicted with the
novel virus COVID-19. Bats are quickly becoming the scapegoat for this pandemic, and
it is creating conservation problems worldwide. Merlin Tuttle’s Bat Conservation has
reported conservation crises and deliberate bat killings in multiple regions of the globe.
This crisis demonstrates that the world is still very much in need of educational initiatives
for bats, and I hope that this paper can provide organizations with some guidance on the

best practices regarding bat-related conservation education.
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Lastly, I have learned that research is not possible without the help and
participation of others. This project would not have been possible without the guidance of
my advisor Dr. Mark Miller and the other geography professors in my department. It also
would not have been possible without my interviewees and their willingness to
participate in this project. I hope to distribute the information | have learned to bat
conservation groups across the country, as well as utilize the information in my own
home state through the Mississippi Bat Working Group. Through both small and large bat
organizations, we can make the world a better, safer place for bats to live and encourage

positive interactions between humans and wildlife.
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Appendices

Interview Question Guide

e Can you describe your current job/role as it is related to conservation education?

o]

o]

Can you describe the density of bat populations in your area?
Why did you decide to work with bat-related conservation education?

e Do you believe bat-related conservation education is important?

o]

o]
o]

Can you describe some of the threats bat face in your area? Outside your area?
Tell me about the impact of white-nose syndrome in your area.
Do you believe humans are a threat to bats?

e (Can you describe your work with bat-related conservation education?

o]

o]

Tell me about your education programs related to bats.

What type of educational materials do you distribute to the public? Are people
receptive to this material?

On average, how many people do you encounter during your education
programs and how often?

Do you ever have people visit your area for the sole purpose of seeing the bats?
Can you describe the average level of knowledge the public has about bats?
Do the people you encounter generally have a positive or negative attitude
towards bats?

Have you noticed a trend in recent years of more positive or negative attitudes
towards bats?

Do you believe there is a need for more bat-related conservation education
programs? Why or why not?

e Can you tell me about any misrepresentations of bats you see in the media?|

o]

Do any of the people you encounter still believe myths portrayed about bats in
the media?

What tactics do you use to mitigate their fears towards bats?

Do you ever use social media as a tactic to spread more positive information
about bats?

e (Canyou describe any environmental impacts bats have in your area?

o]

Is the public aware of these benefits? Do you describe these benefits in your
educational programs?

Do you encourage your audience to participate in bat-related conservation
strategies, such as building bat houses? Do you believe these activities are
important?

e Do you have any ideas or strategies you would like to implement in your program that
you do not employ right now?

e Do you have any advice for other professionals implementing bat-related education in
their communities?
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