Protecting the Bat Population
Report by: Shelby Cline, Hallie Rutten, Monae Scott
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Project Summary
Bats are a vital part of ecosystems. Some have been declining due to one of the worst
wildlife diseases in modern history, Pseudogymnoascus destructans, more commonly known as
white-nose syndrome. The Sewanee Bat Study has collected years of data on the behavior and
habitats of local forest-dwelling bat species. We are analyzing the data and creating a dashboard
to help make data-driven forest management decisions. Dr. Turner has invited us to help
organize the data to…
1. Monitor Trends in Bats over time,
2. Ask Which Forest Management Practices are Best for Bats, and
3. Allocate Resources Accordingly.
Dr. Amy Turner and her team have worked together over the last six years on the
Sewanee Bat Study to monitor Sewanee’s bat populations and make land management decisions
in an effort to conserve. The goals of this project included: analyzing the trends in frequencies in
bat activity across time and management areas to see which locations are crucial for bats, what
land management practices are harmful or helpful, and what species seem to be thriving or not.
We are analyzing the data and creating a dashboard to help make data-driven forest management
decisions in collaboration with The Office of Environmental Stewardship and Sustainability and
Domain Management. Other resources to check out include the following: Tennessee Bat
Working Group, The North American Bat Monitoring Program, The Tennessee Wildlife
Resources Agency, and The United States Fish and Wildlife Service.
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Client
Our partner is Dr. Amy Turner, the Director of Environmental Stewardship and
Sustainability at Sewanee. She has an extensive background in Environmental Conservation. For
the past six years, Dr.Turner and her team have focused their efforts on Sewanee’s bat
populations. About a decade ago, a fungal infection by the name of white-nose syndrome was
brought into the U.S. and has caused around 6 million bat deaths in the present day. Her overall
goal is to eradicate the effect that white-nose syndrome has had on Sewanee’s bats but had a hard
time finding a starting point. The data is collected from sensors the OESS has placed around the
domain. Their short-term goal with this is to determine which areas are crucial for the bats and
change forest management plans accordingly.
Additionally, they would like to check for any dramatic decrease in appearances for the
species of bats most affected by white-nose syndrome. Long-term goals include using the
dashboard to continue logging data from our field research and strategizing based on the results.
A key factor that hasn’t seen intense analysis would be how weather patterns affect how a bat
interacts with its environment, especially recently as climate change evolves. There are multiple
aspects of forest management that could be affecting where bats choose to roam, such as if an
area has been burnt recently or not. The interactive dashboard will help the OESS make informed
management decisions.
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Data Dictionary
Data Variables:
Base Variables:
AUTO.ID: the species identified by the processing program Kaleidoscope
ALTERNATES: the alternative species ID(s) for AUTO.ID
DATE: the date the bat call was recorded, in yyyy-mm-dd format
TIME: the time the bat call was recorded, in hh:mm:ss format
COMPARTMENT: the compartment the recording device was placed in
SITE: the site within the compartment the recording device was placed in
path: the file path the data was read from (for purposes of error tracing)
Calculated variables:
year: the year in which the call was recorded
month: the named month in which the call was recorded
monthN: the numeric month in which the call was recorded
hour: the hour in which the call was recorded
type: the environmental type of the compartment/site in which the call was recorded
- types: managed, unmanaged, or cove
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Data Description
Collection:
Dr. Amy Turner and her team have placed passive recording devices across Sewanee’s
campus. The compartment and site placement are recorded, along with the environment
type (managed, unmanaged, cove). The devices record short clips of audio as it occurs
and stores them for later processing. After six years, we have more than four million
observations across roughly 500 spreadsheets.
Processing:
The recordings are typically collected on a bi-weekly basis, though this may vary based
on circumstance. The beginning and end dates of each recording session are recorded.
The audio clips are then run through the processing platform Kaleidoscope, which either
identifies the clip as a bat call, and identifies the most likely species, or identifies it as
noise or noID. Additional aspects of each clip are analyzed and recorded, and the results
are output as either a .csv or .xlsx file. A summary file containing tallies by species is
also output as a .csv file.
Storage:
The processed files for each site and date range are stored in a branching folder system,
following the general pattern Compartment > Site > Fiscal Year > Date Range > data.
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Methods
Our problem was that we had all of this data in separate files that needed to be
transformed into an analysis of activity by numerous aspects. The first thing that needed to be
done was to combine our data into a single set, with consistent variables across the board. Once
that was complete, our team began an exploratory analysis of the data by breaking it into six
categories:
● Long-Term (trends by year)
● Seasonal (trends by month of the year)
● Circadian (trends by hour of the day)
● Spatial (trends within each compartment)
● Diversity (trends in species proportions)
● Sampling effort (monitoring devices)
These categories became the outline of our final product; the interactive dashboard. We
have analyzed the data and created a dashboard to help Dr. Turner and her team track bat activity
and make data-driven forest management decisions. A significant factor in our project is that we
had to account for sampling effort in our data. Since the number of sensors has increased over
time, we had to adjust our calculations to ensure the number of bat calls recorded in a given time
period was due to actual frequency instead of more or less recording devices. This is to ensure
that all of the data is proportional and equally weighted in all analyses.
Working in the statistics platform RStudio, we generated exploratory reports for each tab,
then used what we learned to create an interactive display using RStudio's shiny dashboard
library.
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Final Product
We worked to create an online dashboard to visualize trends in Sewanee’s bat activity
over time and across locations with different management strategies. The findings were what we
expected but still interesting. Overall bat activity has been on a slow and steady decline across
the years and while there might be some variation year-to-year, or species-to-species, the overall
trend is down.

However, when we break it out by management type, we see some unique trends.
Clearly, managed areas show much greater activity than either of the others. Looking more
closely, both cove and unmanaged areas show high activity in 2018 and a plunge in 2019, while
managed areas show the inverse; a plunge followed by a resurgence.
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As our dashboard is meant to be an exploratory tool, we have not yet determined why this
occurred, but this is just one example of all the exciting future research questions that can be
generated from the visualizations on this dashboard.
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These displays also allow us to see changes in the relative proportions of bat species
activity across the years. For instance, Big Brown Bats, shown in maroon, which are a seasonal
cave-dwelling species affected by White Nose, have been declining in activity, while
Silver-Haired Bats, a forest-dwelling species shown in gray-blue, have been increasing in
activity. Yet another trend that opens the door for further investigation.
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Impact
This project will set the foundation for ongoing research to make inferences and inform
future management practices based on the results. Our partner, Dr. Amy Turner, plans to share
the dashboard and findings with organizations that focus on bat conservation, such as The
Tennessee Bat Working Group, The North American Bat Monitoring Program, The Tennessee
Wildlife Resources Agency, and The United States Fish and Wildlife Service as mentioned in our
introduction.
In addition, other domain experts could use the dashboard for their work, for example,
Dr. Ken Smith, Professor of Forestry at Sewanee, who would use it to understand how timber
management affects the environment, which may lead to more focused research in that area. The
findings explored in the dashboard can create an impact on conservation efforts far beyond
Sewanee.
All of our findings will be made available to the public with the hope that the dashboard will
become a tool for education and exploration.
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Future Possibilities
There is still a lot of work to be done on this project. If we had more time, we would have been
able to dive deeper into our analyses and work more closely with the weather data we were
given. Additionally, we could have kept our colorblind palette consistent with all of our tabs and
added more information about the bat species represented in this project.
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Our Team

Monae Scott C’23

Shelby Cline C’23

Hallie Rutten C’22
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External Links
GitHub Wiki: https://github.com/sewaneedata/bats/wiki
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