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et al. 2004, Geluso et al. 2005, 2008, 2013, 2015, Damm and Geluso 2008). However, 

given the limitations of mist netting in prairie and agricultural landscapes which dominate 

a large portion of Nebraska large information gaps exist in the understanding of bat 

distribution, habitat preferences, and populations in the diverse ecosystems represented in 

Nebraska. With only a limited number of publications on bats’ usage of prairie 

ecosystems in the United States, knowledge is significantly lacking. With the incredible 

advances in ultrasound acoustic bat detection and echolocation call analysis software 

over the past few decades we are now at a point in time when all bat populations can be 

documented and studied, not just those found in corridors that can be sampled using mist 

nets. Using these new technologies, our mission was to establish a monitoring program 

within Nebraska that allows us to fill in information gaps, contributing to the knowledge 

of how the bat species of the plains are utilizing the Nebraska landscape and their relative 

abundance. With an emphasis on long-term monitoring, compatibility with citizen 

scientist involvement, and the ability to contribute to a national database I turned to the 

North American Bat Monitoring Program (NABat) in order to achieve these goals as 

efficiently and effectively as possible. 

THE NORTH AMERICAN BAT MONITORING PROGRAM 

The North American Bat Monitoring Program (NABat), which was finalized in 

2015, is a revolutionary new approach to answering bat specific research questions across 

entire ranges of North American bat species (Loeb et al. 2015).  Though a significant 

amount of research has been conducted in (at times) isolated locations or across only 

portions of species ranges, the developers of NABat had the goal of expanding bat 

research to encompass the entire North American Continent with one consistent 
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framework. With the end goal of conserving bat populations and the ecosystem services 

they provide. The program combines several acoustic sampling techniques in order to 

establish long-term monitoring that can be tailored to fit a state’s needs while also 

allowing research to contribute to a national database (Loeb et al. 2015). The flexibility 

of the program in sampling design and site selection made it seamlessly integrate with the 

needs of Nebraska while simultaneously being useful to the continental efforts. Through 

acoustic based sampling we have been able to collect vast amounts of data on Nebraska 

bats without the limitations of mist netting or sampling/site selection constraints that do 

not directly benefit Nebraska. Another key component of NABat that directly influenced 

a Nebraska based program is the seamless integration of Citizen Science data collection 

into the program that allowed us to increase public awareness of the importance of 

Nebraska bats and allow for direct participation from the public in bat research. 

Through the flexibility and relatively simple structure of NABat we were able to 

develop the Nebraska NABat program with an emphasis on Citizen Science data 

collection. Due to the sometimes cost prohibitive aspects of large-scale research projects 

it can be difficult to establish large datasets that fully encompass a state’s needs and are 

not abandoned due to a lack of funding or resources. Many success stories of the past 

including the Breeding Bird Survey, National Bat Monitoring Programme, and North 

American Amphibian Monitoring Program, heavily influenced our utilization of Citizen 

Science to carry out a portion of our data collection (Schmeller et al. 2009, Barlow et al. 

2015, Kosmala et al. 2016). Though there have been many critiques of data collected by 

Citizen Scientists in the past (Kosmala et al. 2016), reductions to cost and the benefits to 

public awareness and involvement in wildlife research that help conservation throughout 
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a society outweighed our concerns (Forrester et al. 2017). This project followed the 

philosophy that even technicians can perform research poorly if not given the correct 

attention and training. With careful attention to the limitations of specific volunteers, 

detailed training, comprehensive/easy to follow manuals and a program coordinator that 

is on-call for help. This coupled with the majority of expertise required in bat acoustic 

ultrasound research occurring in the data analysis and site selection portions of most bat 

acoustic research projects, portions that my volunteers are not interacting with, put any 

hesitation about volunteer involvement to rest. Throughout the two years of sampling for 

this project, we were able to maintain scientific rigor and include a wide range of Citizen 

Scientists from a diverse set of backgrounds. 

Here I illustrate the process used over two years of sampling and data analysis to 

develop the program, establish long lasting relationships with landowners, recruit 

volunteers, and prepare for the future of NABat. I am hopeful that through documenting 

my process and displaying what I learned and achieved that this document can provide 

insight and be a tool for other states interested in implementing the NABat program. 

METHODS 

NORTH AMERICAN BAT MONITORING PROGRAM 

 The core of the Nebraska NABat program followed the methodology outline in 

Loeb et al. (2015). NABat utilizes 10 km x 10 km grid cells that were first developed by 

the USDA Forest Service for a monitoring program in the Pacific Northwest (Ormsbee et 

al. 2006, Hayes et al. 2009, Rodhouse et al. 2012). The grid was extrapolated across 

North America in order to establish a master sample (Larsen et al. 2008, Loeb et al. 
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2015). These 100 km2 grids are considered a sufficient size for modeling and mapping 

bat species distributions (Rodhouse et al. 2012). In order to account for spatial balance 

across the continent the NABat team assigned values to each grid using the generalized 

random-tessellation stratified (GRTS) survey design algorithm (Stevens and Olsen 2004). 

Subsamples of the master sample can then be specified based on a distinct geographic 

location, which for my purposes was the state of Nebraska (Figure 1.1). This 

methodology ensures randomization and spatial balance by selecting the lowest GRTS 

values within an area.  GRTS allows for grid cell addition and subtraction as monetary 

resources, landowner permission, or other unforeseen changes occur over the course of a 

long-term monitoring project. Using the master sample, I selected the 50 grid cells with 

the lowest GRTS value with an end goal of at least 30 established cells after the first year 

of sampling. 

 Within each grid cell two methodologies monitor bat species over the entire 10 

km x 10 km area. The first involved 2-4 stationary acoustic detectors, deployed for at 

least 4 nights in each grid cell during June and July each year in order to sample the 

resident population during the maternity season. The NABat protocol places an emphasis 

on placing detectors in diverse locations to ensure they capture all the bat diversity within 

the grid cell. While these stationary detectors allowed us to determine habitat variables 

that are associated with presence, they do not allow us to determine the populations of 

bats or determine if a decline is occurring. In order to estimate relative bat abundance 

trends and the differences across the state since abundance differs geographically, the 

NABat protocol also uses mobile transects within each cell. 
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While stationary detectors allow us to make inferences about activity patterns and 

use this information as clues to abundance there is debate within the bat research 

community about the use of activity as an approximation of abundance. This debate is 

largely driven by the high level of spatial and temporal variation in bat activity levels, 

since they will routinely adjust their foraging locations in response to unknown or 

difficult variables to account for (Hayes 1997, Ciechanowski et al. 2007). For example, a 

stationary detector could have 1000 recordings of a specific species at a single location, 

however, we are unable to distinguish individuals. Therefore, that could be 1000 

individual bats passing a detector or 1 bat circling a detector 1000 times over the course 

of a night. Mobile transects address these problems. By attaching an ultrasound 

microphone on the roof of a vehicle and driving 32 kph along a predetermined route, 

which is faster than the 9-32 kph that a majority of bats can fly (Hayward and Davis 

1964, Patterson and Hardin 1969), we can assume that each bat recorded is a unique 

individual. These predetermined routes consist of a 25-45 km length of continuous road 

that does not double over any road driven previously in the same transect. Each 10 km x 

10 km grid cell contains one transect that is driven twice each year between June and July 

(Loeb et al. 2015). Transects are sampled within a week of one another and are 

completed on two days with similar conditions of temperature, no precipitation, and wind 

conditions. The transects are established with the goal of crossing and neighboring all of 

the habitat types found within the cell. 

The tested, supported, and comprehensive design of NABat was deemed as a 

natural fit for answering the large-scale questions Nebraska land managers and wildlife 

researchers were interested in answering. With some minor modifications to the 
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stationary detector site selection methodology and an integration of surveying techniques 

that support citizen science, discussed in detail below, I was able to begin implementing 

NABat in Nebraska in 2016. 

YEAR 1 – PILOT YEAR 

 In accordance with the objectives of the Nebraska Game and Parks Commission, 

NE NABat was established with an emphasis on long term monitoring and citizen science 

involvement. This made the first year especially critical in setting a strong base to ensure 

that future years were successful. A primary concern for this project involved access to 

sites. Nebraska is 97.2% privately owned which means that success was dependent on 

access from a network of more than a hundred private landowners to ensure sampling 

was wide spread and encompassed the entire state (U.S. Bureau of the Census 1991). 

This meant that we had to put a large amount of effort in establishing trust with the 

landowners we were planning to work with into the future. Sites would also be re-visited 

by volunteers in the future which meant that thoughtful site selection was a necessity the 

first year to ensure that sites were easily accessible by the general public, represented the 

targeted habitat in the cell, were good locations to successfully record bat echolocation 

sequences, and would be able to be re-visited each year. Another key feature of each cell 

that had to be established were reliable transect routes that were safe to drive at 32 kph, 

reliable during the wet parts of the summer, and crossed all the dominant habitats found 

in the cell. 

EQUIPMENT 
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 For Nebraska NABat I used 16 Anabat Express (Titley Scientific) zero crossing 

bat detectors for stationary deployments. Using a simple bracket developed by my 

colleagues Michael Whitby and Zachary Warren, detectors were attached to an 

extendable 1.8-3.6 m painter’s pole (Figure 1.2). Although this is a shorter pole than 

many studies use, the short overall length made transporting poles by volunteers much 

easier along with widening the range of vehicles that volunteers could have. Anabat 

Express units were selected because they are easy to setup, have a battery life of 8-10 

days, and reduce storage needs because they record zero crossing files. For driving 

transect data collection 4 Anabat Walkabouts with an extension cable and a suction cup 

mounted microphone were used. These devices record in full spectrum and have a real 

time display that shows when bats are being recorded. The display added to the 

enjoyment of volunteers that were driving transects and allowed for better quality control 

if an issue occurred during sampling (i.e. program crashing or cable detachment). With 

this many detectors I was able to establish 4 NE NABat kits making equipment easily 

transferrable from one volunteer to another in the future. 

MODIFYING NABAT FOR NEBRASKA 

In Nebraska we are very fortunate that a majority of the state is covered with 

small roads that boarder agricultural fields and produce a grid like structure. This grid 

structure is especially beneficial for establishing bat driving transects. This is not the case 

in many states especially further to the west. Many states that have been implementing 

NABat have focused on the stationary points of the grid cells while putting less emphasis 

on driving transects because of a lack of roads or a lack of human resources to drive 

them. With the grid system of roads and a volunteer base in mind I made it a priority that 
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a grid cell would not be selected for the Nebraska NABat program unless it had adequate 

roads to safely complete a driving transect. This resulted in some cells especially within 

the sand hills portion of the state being dropped due to only minimum maintenance roads 

being available. 

 To capture all the bat diversity within each grid cell while also including spatial 

balance and randomization I applied the GRTS survey design algorithm to land cover 

classifications. Using the USGS 2011 National Land Cover Database I simplified their 

land classifications into groups that reflected the 9 dominant land cover types in 

Nebraska where detectors could be effectively placed (Table 1.1) (U.S. Geological 

Survey 2014). By calculating the area of each of these land classification groups I was 

able to determine which four were dominant (by area) in the grid cell. Each of the four 

dominant land cover classifications of a cell are then sampled using a single stationary 

detector. If a cell contained only three different classifications, then the highest 

classification by area received a second detector. If the cell contained only two 

classifications, then each classification received two detectors. No cells had less than two 

land cover classifications. In order to reduce the amount of selection bias that could be 

influenced by landowners that are easy to contact, perceived excellent bat habitat, or 

proximity to one another I utilized the same GRTS survey design algorithm used for the 

larger NABat 10 km by 10 km grid selection (Stevens and Olsen 2004). Through 

combining the areas under the same classification and assigning GRTS points within the 

polygons I was able to use the same number ranking system to accept or reject sites based 

on their proximity to the road, landowner permission, and verification that the land 

classification matched on the ground observations. This created an ideal random 
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sampling structure that added organization and a systematic approach to cycling through 

dozens of landowners. 

 In order to prepare the program for citizen scientists all the data collection at the 

site level had an emphasis on efficiency and reducing complexity. The general rule was 

that sampling procedures should be simple enough to teach to anyone in the span of a 

day. This allowed for general site characteristics without bogging down future volunteers 

with intensive data collection that could deter future involvement or increase the risk of 

volunteers not recording certain values. Using strategies such as binning values into 

easily estimated groups served my purposes and created a quick protocol that anyone 

could carry out. Through testing the data collection process in the first year I was able to 

adjust and fine tune the protocol and the data collection sheets. 

ESTABLISHING LANDOWNER RELATIONSHIPS 

 Because private landowners are an integral component to the Nebraska NABat 

program, a large portion of time and energy was dedicated to creating good relationships 

with them and providing them with information regarding the program. Previous 

members of the Nebraska Fish and Wildlife Cooperative Research unit had experienced 

extremely low success rates with cold calling landowners to ask for permission. With this 

knowledge of the Nebraska environment I decided to pursue face to face interactions with 

landowners. My technicians and I approached landowners as excited bat researchers from 

the university that were eager to research their property and discover what bats were 

there.  We placed an emphasis on selling our passion as students of ecology eager to help 

the bats of Nebraska. 
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My technicians were also trained in a series of procedures and principles on how to 

approach and interact with landowners.  I provided my technicians with a series of quick 

facts that were easy for landowners to relate to, show the importance of the work we were 

doing, and pique their interest in what bats were utilizing their property. These facts 

included the importance of bats to agricultural ecosystems due to their predation on 

insects, how many species could be found in the state, how the detectors we are 

deploying work, information about white nose syndrome and the current threats facing 

bats. In order to avoid the appearance of a salesman or person of authority my team 

members wore School of Natural Resources at University of Lincoln Nebraska hats and I 

instructed them to not carry clip boards or other documents in their hands as they 

approached doors. Any materials needed after making a first impression could be 

removed from the work vehicle later. My technicians were instructed to not appear as 

authoritative scientists but instead as excited students.  

 Upon arrival at a landowners house we provided them with a letter briefly 

discussing the project and providing my contact information. Business cards from the 

University with my contact information were also provided. Detailed maps of the site we 

were planning on sampling were also provided with roads clearly marked to give them an 

idea of where a detector would be. This was a time to discuss their preference on where a 

detector would go. Since I was planning on establishing a long term relationship with 

each landowner I wanted them to have some say in where the detector went within 

reason. This allowed us to find a good access point, avoid cows in pastures, and put the 

landowner at ease with where we would be on their property. Once we had established 

contact and confirmed that they were interested in sampling on their property I had each 
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landowner provide an address for them to receive results from our survey and a preferred 

phone number for us to speak with them in the future or alert them to any issues we had 

(e.g., cows escaped, down fences, hazards they may want to know about). My crew was 

instructed to treat their property with extreme respect by being very careful to close gates 

if they were used, avoid stepping on crops, etc. I did not want a small mistake to prevent 

a future relationship with a landowner or their neighbors. 

GRID CELL ESTABLISHMENT 

 When establishing a site for a stationary deployment we used a buffer system 

around the random points in order to pick the best recording spot available. Within a 200-

meter buffer around the random point we selected the best open recording environment in 

order to obtain good clear echolocation calls. The point was also placed in a spot that 

reflected the land classification type that it was assigned to. For example, if a point was 

supposed to be in upland forest but the random point placed the surveyor in an open field 

next to a forest the point was shifted so that it was within an upland forest. This was 

necessary due to general amount of error found in the NLCD layer. The next step was to 

attempt to locate a feature or vegetative structure that would be likely to harbor the 

highest abundance of bats.  Once a site was selected GPS points were taken, site maps 

drawn, and photos were taken in each direction. This would make finding the exact 

location easier in the future for volunteers. 

 Driving transects were assessed to ensure that they were safe and reliable. With 

the help of aerial photography and NLCD land cover layers a route was selected for each 

grid cell (U.S. Geological Survey 2014). Transects maps were established in base camp 

and transferred to hand held GPS units to provide turn by turn directions throughout the 



15 
 

route (Garmin BaseCamp Version 4.7.0). Transects were tested by technicians and 

myself during daylight hours in order to verify drivability. It was very common in the 

first year for a grid cells transect to require revision due to minimum maintenance roads, 

high volumes of cars on 50 mph roads, and bridges that were no longer standing. Careful 

consideration was given to ensure that volunteers in the future would get their vehicle 

stuck or have an increased risk of collision due to a transect route. 

YEAR 2 – VOLUNTEER YEAR 

DEVELOPING RELATIONSHIPS WITH LANDOWNERS 

 Since the project was so dependent on the continued support of landowners, effort 

was put into providing them with information about the NE NABat program and the bats 

of Nebraska in general after the first year. Each landowner received a packet of 

information which discussed in detail all of the sampling procedures and the research 

questions associated with NE NABat. Another portion of the packet discussed the threats 

facing NE bats including wind energy and white nose syndrome along with the general 

benefits that bats provide to Nebraskans and agricultural systems. Landowners were also 

given a document that gave a detailed profile for each bat species that can be found in 

Nebraska with a picture, common insects they consume and what their conservation 

status is. The final portion of the packet was a personalized letter thanking them for their 

support, a listing of all of the species recorded on their property the summer before, and a 

request to continue sampling into the future. 

 About 2 weeks after sending the packets to each landowner, I started calling each 

landowner to confirm they had received the packet. This was also the time when I 
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discussed the future of the project, our goals to continue it for as long as possible, and if 

they would be willing to allow us on their property in the summer of 2017. This was a 

somewhat risky strategy but I wanted the first year to show landowners how non-invasive 

the sampling was and how they would barely realize we had been there. Calling each 

landowner was a highly time consuming process but it was the best course of action 

given the personal interaction with the public I was trying to achieve for with this 

program. 

OBTAINING AND TRAINING VOLUNTEERS 

 From August 2016 through March 2017 I reached as many members of the public 

as possible in the form of information talks about bats in general and more specifically 

NE NABat. This took the form of about a dozen bat talks at colleges, high schools, and 

non-profit organizations. At the end of every presentation I gave a pitch to anyone 

interested that I was looking for volunteers willing to help with NE NABat. Through this 

outreach and the support of the Master Naturalist Program, a University of Nebraska 

Lincoln program that allows volunteers to work for research and management projects 

around the state in exchange for training, I established a citizen science base to conduct 

surveys throughout the state. 

 In order to ensure volunteers were serious and able to conduct the work I sent a 

list of requirements to each person that showed interest in the project. Volunteers had to 

be able to complete a full grid cell of sampling (2-4 stationary deployments and 2 driving 

transects), be able to drive at night, have a vehicle that can handle dirt roads, carry 20 

pounds up to a mile, and be willing to take a one-day intensive training course. This strict 
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set of requirements pushed out those that were only partially interested or had physical 

limitations that would have been problematic in a field based setting. 

 Training days were established based on simple polling to determine the best day 

for a group of individuals. I had three trainings in three regions of the state which made 

the process more convenient for volunteers. Training consisted of a two hour talk that 

discussed bat echolocation and the importance of bat detector placement, safety concerns, 

and a hands on use of all of the equipment used. This was followed by training outdoors 

for volunteers to practice setting up the equipment and taking site measurements. After a 

break for dinner I had volunteers come back for a night time mock transect so that they 

were able to get used to the GPS turn by turn directions and using the Anabat 

Walkabouts. Since an emphasis was placed on simplifying the protocol for citizen 

scientists these trainings were very successful and very much appreciated. 

DESIGNING SAMPLING SCHEDULE AND ROTATING EQUIPMENT 

 One of the biggest hurdles when establishing a sampling protocol involving an 

entire state, volunteers, and a limited number of sampling kits, is getting the equipment 

into the hands of those who needed it. A logical and effective answer to this was 

establishment of sampling “hubs” in different portions of the state. Partnering with the 

Chadron Game and Parks office and the Crane Trust I established 3 “hubs” to house 

equipment when it was not being used by volunteers (with the third being my office). 

This meant that a volunteer could simply visit one of the “hub” locations and checkout 

the kit when they were scheduled to sample a grid cell. 
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 In an effort to increase the effectiveness of our driving transect data I made an 

effort to have each grid cell be sampled within a week of the date it was sampled the 

previous year. This was to account for the only known variation over the course of the 

summer when newly volant young bats begin to forage on their own, which occurs 

between the beginning and middle of July each year (Benedict 2004, K. Geluso et al. 

2004, K. N. Geluso et al. 2004). Bat populations are known to increase dramatically as 

young born that year begin to forage for themselves later in the summer. I wanted to 

avoid this causing artificial increases or decreases in the number of bats recorded from 

one year to another by maintaining similar dates each year for transects.  This proved to 

be a beneficial restriction since I was able to set a specific set of dates that each grid cell 

had to be completed, making volunteer sign up much easier to schedule. 

MANAGING VOLUNTEERS 

 Even with a long training day that walked through the entire protocol in detail, 

volunteers cannot be expected to remember each and every specific step by heart after a 

few weeks. Knowing this issue would most likely come up, I developed a detailed 

protocol to help guide volunteers. This protocol included detailed pictures and 

explanations to show each operation that needed to be performed from simply turning on 

a GPS to measuring the DBH of a tree. The protocol was very effective at illustrating all 

of the activities and volunteers were encouraged to read over areas they were not 

confident the night before.  

In order to maintain as safe of an environment for volunteers as possible, I was in 

constant contact with them. Volunteers were instructed to either call, text, or email me 

when they were planning on leaving for sampling and to follow up with me once they had 
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returned home. If any difficulties or confusion arose, volunteers were instructed to 

contact me night or day. However, this constant contact fostered relationships, placed 

them and myself at ease, and produced an overall positive experience for everyone. No 

volunteers, technicians, supervisors, or coordinators were harmed in the forging of this 

program. 

RESULTS 

YEAR 1 – NE NABAT ESTABLISHMENT 

 In 2016 with the help of 2 technicians I was able to fully establish 35 NABat grid 

cells in Nebraska (figure 1.3). This included 125 unique stationary detector locations 

sampled for between 4 and 6 nights and 35 driving transects sampled twice. In total there 

were 100 private landowners that allowed us onto their property in 2016. These 

landowners represented 122 of the total number of stationary points, with three of the 125 

points being located on the Game and Parks Commission property. 

 The door to door method for contacting landowners received a very positive 

response and high rate of success. There were only 10 landowners across the state that 

did not allow us to sample their property. My entire crew was extremely surprised at the 

response to our approach and the relative ease at which we established trust with 

landowners when they were approached in a thoughtful and respectful manner. However, 

the door to door method did pose its own set of obstacles and challenges. Frequently the 

owner of a piece of property did not live on site and forced my crew to drive a half hour 

or more to track them down. The other downside was not necessarily catching the 

landowner at home and being forced to come back later and try again. Usually through 
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good planning at the beginning of a work day it would be possible to create an efficient 

method for a specific cell but it took a few weeks to create a rhythm. 

YEAR 2 VOLUNTEER INVOLVEMENT AND LANDOWNER RETENTION 

 In the second year of NE NABat I was able to maintain a high level of site and 

landowner retention. All of the 35 cells established in 2016 were sampled again and all of 

the transects that had been vetted and tested the previous year were driven again. Of the 

125 sites from 2016, 119 of them were sampled again in 2017, with 1 more added as a 

replacement, bringing the total to 120 stationary sites. Of the 100 private landowners that 

gave us permission in 2016, 96 participated in 2017, with one being added as a 

replacement, bringing the total to 97 private landowners. 

 After establishing contact and trust with landowners in 2016 and sending them 

detailed information packets about the project and the bats that were discovered on their 

property we received a high amount of validation and support. Through personally 

calling each and every landowner I was able to connect with them, establish continued 

trust, and answer any questions they had and/or send them to website for them to explore 

more information about bats. Though this proved to be a cumbersome task it was very 

fruitful and at times extremely entertaining (many of the landowners I have the pleasure 

to work with are very fun and pleasant people). During this process at times I had to 

make several phone calls to the same landowner in hopes of catching them at a good 

time. The most successful call time was between 3:00pm and 6:00pm, however many 

landowners that did not answer during these times did answer between 9:00am and 

11:00am. After attempting to contact all landowners through phone calls over 1 month, 9 

were still not answering their phones or the number they had given was no longer 
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working. To deal with this scenario a colleague and I drove a loop around the state to 

knock on doors and re-establish contact. This was successful for 7 of the 9 landowners.  

 The most prevalent reason for dropping a landowner from the project was not 

being able to get ahold of them. Only one of the landowners actually said no when asked 

for permission again. Many landowners were eager to have a discussion with me and 

many of the phone calls ended up being about a half-hour. During these conversations I 

would routinely take notes about topics we had discussed for reference the following 

year. The packets given to each landowner were also received very well. Many 

landowners were excited to share the information with their children, neighbors, and 

friends. 

CITIZEN SCIENTISTS 

 In an attempt to not overwhelm myself with managing volunteers, I had planned 

on only about half of the cells surveyed in 2017 to be completed by volunteers. Of the 35 

grid cells 13 were completed by volunteers. In total there were 12 volunteer “groups” that 

participated in sampling. The reason I have called them groups is because several 

individuals brought significant others or family members with them when they went out 

to survey a grid cell. This was encouraged if available for safety reasons. Most volunteers 

only worked two days on any given grid cell. The average amount of time spent on the 

first day was about 6 hours before travel time and 4 hours the second day. Most 

volunteers had a commute of about a half hour to the cell they surveyed but 2 participants 

had over an hour commute. This meant that on average a volunteer spent about 12 hours 

completing a single grid cell. 
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 The data collected by volunteers was comparable to technicians that worked on 

the project both in 2016 and 2017. A majority of this can be attributed to the 

simplification of the sampling procedures that were easy to teach volunteers. Following 

up with volunteers after they had finished a grid cell gave me a significant amount of 

positive feedback. The largest obstacle while working with volunteers occurred towards 

the end of the season when a scheduled volunteer had forgotten specific portions of the 

procedures learned in May. Most of these issues were easily remedied through on the 

phone support provided by myself and the guided referencing of the protocol provided to 

each volunteer. 

COST OF SAMPLING  

The first year of sampling had the highest cost associated with it. Not only was 

equipment purchased the first year but also a second technician was hired in order to 

ensure that the highest number of grid cells possible were established. Based on the 

sampling designed I developed the cost of equipment was about $28,300.00 (table 1.2).  

Vehicle costs were also much more expensive in 2016 due to the added mileage 

associated with tracking down landowners (Table 1.3). Since vehicle costs are specific to 

the entity that is implementing a wildlife research project I have calculated our mileage 

and put them in the context of gas mileage and the federal mileage rate for simplification 

(Table 1.3). A simple break down of the costs associated with labor was also created to 

give an idea of the change in price over the course of the project (Table 1.4). A 

summarization of the total costs of labor and vehicle mileage was also created to show 

the change in costs over time (Table 1.5). 
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After the initial establishment year, we were able to cut costs through offsetting 

labor with volunteers and reducing mileage by not having to go door to door to 

landowner homes. This resulted in a savings of around $8,000, with a majority of money 

being saved on mileage. In the future when a technician is no longer needed to support a 

coordinator we will be able to further reduce cost. The projected savings from 2016 to 

future years is $12,300; this money can be used to update and fix damaged or 

malfunctioning equipment, replace aging batteries, and increase outreach opportunities.  

DISCUSSION 

VOLUNTEERS – PROS AND CONS 

 There are several pros and cons when working with a group of volunteers on a 

large scale research project. On the negative side, utilizing volunteers involves a wide 

range of skill levels and experience in working outdoors that can be difficult to manage. 

Although some volunteers were retired biologists that have an extensive background in 

natural resources, for others this was the first time they have worked on a research project 

in a field based setting. After receiving a high amount of interest in the project and a lot 

of emails of potential participants, it became clear that I had to set a strict list of 

requirements to weed people out. This can be a tricky endeavor since you do not want to 

turn down available help however, the coordinator needs to be comfortable with sending 

volunteers out into the field. Some of the basic requirements I laid out proved to be very 

helpful such as setting an estimated time commitment, requiring volunteers to be able to 

carry 20 lbs. of equipment over a mile in the heat, and being able to drive at night 

discouraged several volunteers that I would not have been comfortable sending into the 

field. 
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Figure 2.2. Hoary bat final model plot. Model selected was site model 2. 
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Figure 2.3. Northern long-eared bat final model plot. Model selected was the 500m Global model. 
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Figure 2.4. Evening bat first final model plot. This is the site Global model. 
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Figure 2.5. Evening bat second final model plot. This is the site model 9. 
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CHAPTER 3: HOW LONG DOES IT TAKE TO DETECT A DECLINE? A POWER 

ANALYSIS OF NEBRASKA NABAT DRIVING TRANSECTS 

INTRODUCTION 

Long term monitoring of plant and animal populations is often paramount to 

efficient and effective conservation of biodiversity. However, many studies of 

environmental systems follow timelines limited by graduate student program length. This 

can result in short term studies that are applied to long term challenges; given that slow 

drivers of change at global scales are frequent, solutions based on limited data may result 

in erroneous conclusions. In an attempt to move away from these short timelines, I 

implemented the North American Bat Monitoring Program throughout the state of 

Nebraska. The Nebraska North American Bat Monitoring Program has the potential to 

continue monitoring far into the future and aid in the conservation and biodiversity of bat 

species across the state. The program is also replicated in other states, providing for 

broader scale inference and potential for benefits in bat conservation across entire species 

ranges. 

The 11 species of bat commonly found in Nebraska are insectivores and consume 

massive quantities of insects throughout the diverse ecosystems of Nebraska. Estimates 

of their economic contribution to agricultural systems globally are approximately over 

3.7 billion dollar annually, so conserving their populations is likely beneficial not only to 

humans but the ecosystems they inhabit (Boyles et al. 2011, Maine and Boyles 2015). 

However, like many wildlife species in our increasingly anthropogenically influenced 

world, bats have suffered disturbance and habitat loss throughout the past century (Racey 

and Entwistle 2003, Weller et al. 2009). This disruption to their populations has occurred 

at an unprecedented level in the past two decades in North America with the emergence 
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of two new threats, wind energy development and the disease white-nose syndrome 

(Blehert et al. 2009, Frick et al. 2010, Foley et al. 2011, Blehert 2012). 

Wind energy development has increased in the past several decades and causes 

high levels of mortality in migratory and tree roosting bats like the silver haired bat 

(Lasionycteris noctivagans), eastern red bat (Lasiurus borealis), and hoary bat (Lasiurus 

cinereus) which are all common in Nebraska (Arnett et al. 2008, Arnett and Baerwald 

2013, Hein and Schirmacher 2016). Some estimates have determined that 3-4 bats are 

killed at each wind turbine each year, which when extrapolated to the number of turbines 

in the country is a mortality rate that could have significant population impacts over time 

(Arnett et al. 2008, Hein and Schirmacher 2016). Unfortunately, unlike cave or building 

hibernating species that congregate in high concentrations in locations that have been 

monitored for decades, giving us relatively reliable population estimates, many of the 

migratory species are understudied and researchers have little to no idea how much wind 

energy is impacting them (Kunz et al. 2007). 

White-nose syndrome (WNS), a disease caused by the fungus Pseudogymnoascus 

destructans, has caused catastrophic decline of cave and building hibernating bats since 

2006 in the eastern portion of the U.S. (Frick et al. 2010). Since it was discovered in New 

York State the disease has spread across the United States and produced >70% mortality 

in a majority of the hibernacula that are infected with it with some species reaching 99% 

mortality (Frick et al. 2010, Fisher et al. 2012). These challenges mean that largescale 

efforts that cross state boundaries need to be implemented in order to conserve bat habitat 

and influence their recovery or we may be facing an extinction event in North America 
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with potentially significant ecological and agricultural ramifications (Coleman et al. 

2011). 

  An emerging methodology to study bat populations over time is the use of 

acoustic driving transects. Many studies in Europe and in the United states have used 

driving transects to assess population changes in bats, although many in the United States 

have been conducted for only a handful of years (Russ et al. 2003, Roche et al. 2011, 

McGowan and Hogue 2016, Braun de Torrez et al. 2017, Fisher-Phelps et al. 2017). The 

goal of many of these studies is to determine if declines are occurring within the bat 

populations of a specific region. Factors that affect species decline, such as WNS and 

wind energy in bats, need to be documented as early as possible in order to prevent loss 

of biodiversity. To avoid surprising population declines due to emerging threats it is 

critical that we maintain monitoring programs that can potentially warn managers of 

declines that are occurring and allow for evidence to support researching potential 

solutions. 

 This study was developed using the driving transect portion of NE NABat and 

determine its viability and effectiveness for detecting declines in Nebraska bats. In order 

to evaluate NE NABat transects I utilized a power analysis that would provide insight 

into how many years of data are required for the dataset to reveal if a population decline 

is occurring. I used decline scenarios outlined in the International Union of Conservation 

(IUCN) for Amber and Red level declines and determined a third scenario which I have 

called a Catastrophic decline. Through power analysis I was able to show that in a 

relatively short period of time NE NABat would be able to reveal if a decline was 
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occurring in the Nebraska bat population. This is crucial in providing a justification for 

continuing NE NABat into the future. 

METHODS 

SURVEY METHODS 

 The methodology for data collection in this study was based on the North 

American Bat Monitoring Program (NABat) (Loeb et al. 2015). In NABat a web of 10 

km by 10 km grids are numbered using a generalized random tessellation stratified 

(GRTS) survey design algorithm to establish spatially balanced random sampling 

locations (Stevens and Olsen 2004). Thirty-five grid cells of the NABat master sample 

were selected within the state of Nebraska that had >75% of their area within the state 

and adequate roads to establish a 25-45 km transects that could be driven safely at 32 

km/h. Each transect was driven twice in the months of June and July in 2016 and 2017 

within 7 days of one another and with similar weather conditions. Transects were not 

driven during rain, on exceptionally cold nights or when winds were consistently >20 

km/h.  A significant amount of effort also went into making sure that transects were 

driven within a week of the date they were driven the previous year in order to account 

for young volant individuals born that year. Each of the transect routes were placed so 

that they crossed or neighbored all habitat types found within the cell whenever possible. 

 Bat echolocation files were recorded using Anabat Walkabout full spectrum 

acoustic detectors from Titley Scientific. Each Walkabout was attached to an extension 

cable and suction cup-mounted external microphone on the roof of a vehicle. The 

adjustable microphone was pointed straight up for easier repeatability. The Walkabout 

trigger settings were set to a 15 in ZC sensitivity, and an 8 in Crest Factor Threshold, the 
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minimum trigger frequency was 15 kHz and the maximum trigger was 220 kHz. The 

recording settings for Walkabouts were a ZC Division Ratio of 8, an Auto Record 

Window of 2000ms and a Max File Length of 15 secs.  Transects were started 45 minutes 

after sunset and all routes were driven at 32 km/h until they were complete. Transects 

were driven 32 km/h because this is faster than a majority of bats can fly (Hayward and 

Davis 1964, Patterson and Hardin 1969), which allows for the assumption that each 

recording is from an individual bat. Driving transects were driven twice each field season 

in order to establish replicates. Data was analyzed using Kaleidoscope Pro 4 auto 

classification, created by Wildlife Acoustics, on the liberal setting with the default 

parameters. Sub-samples of recordings files were verified using defined bat species call 

metrics and visual classification in AnalookW (Titley Scientific). 

 This analysis was restricted to the 5 most frequently encountered species: big 

brown bat (Eptesicus fuscus), Eastern red bat (Lasiurus borealis), hoary bat (Lasiurus 

cinereus), silver-haired bat (Lasionycteris noctivagans), and the evening bat (Nycticeius 

humeralis). Although a handful of recordings from other species were captured along NE 

transects, the overall numbers for other species was low. Due to the landscape 

characteristics around the roads of Nebraska this is not surprising since many of the other 

species are interior forest or edge of forest species which is not easy to sample with 

Nebraska roads. Although transects have been criticized for their inability to record or 

document rare bat species (Braun de Torrez et al. 2017), it does not delegitimize them.   

SCENARIOS 

Two of the declines, Amber and Red, were based on the International Union of 

Conservation (IUCN). The Amber alert decline imposes a 25% decline over 25 years 
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(1.144% per year), the Red alert decline imposes a 50% decline over 25 years (2.735% 

per year), and the final decline rate which I have labeled a Catastrophic decline rate 

imposes a 75% decline over 25 years (5.394% per year). Using the expand.grid function 

in R the data were simulated at 9 different year intervals (4,5,6,7,8,9,10,15 and 20) for 

each category of decline. 

POWER ANALYSIS 

 A simulation approach was used to test the power of the sampling design to detect 

decline scenarios occurring evenly across the entire state. Using the data from two years 

of driving transects across the state a simple mixed effects model was created for each 

species with adequate numbers and all the species combined. Number of calls for each 

species and the total were transformed using log( x + 1) in order to deal with the high 

number of zeros and normalize the data. Originally I attempted to use a Poisson and a 

Negative Binomial distribution but these models did not converge.  Transect length was 

also log transformed since each transect is a different length depending on the cell. 

log(species +1) ~ Year + offset(log(Transect Length)) + (1|Grid) 

 Values were pulled from the results of the model including the random effect for 

each grid, the estimate and the standard deviation (Table 3.1). A new dataset was created 

using these values and imposing three different levels of decline. Declines were based on 

the scenarios discussed above. Data was simulated 1,000 times for each scenario (i.e. Big 

brown bat declining at 2.735% a year over 8 years). A linear regression was then done on 

the new generated data using the original model. Each simulation was assessed and 

determined to successfully detect the trend used to generate the data if the upper 

confidence interval was < 0 and labeled “pass” if it did. In order to calculate power, the 



109 
 

 

sum of all simulations within a scenario that “pass” was divided by the total number of 

simulations (1,000). This resulted in a percentage that represents the power for that 

specific scenario. 

RESULTS 

SURVEY EFFORT AND NUMBER OF BAT ENCOUNTERS 

 In 2016 and 2017, 35 grid cells were surveyed with driving transects. Transect 

length ranged from 28.6 km to 49.4 km with a mean of 39.7 km and a median of 40.6 km. 

Including each transect being run twice each year, the total amount of road sampled was 

5,553 km. In total 1,753 identifiable bat encounters were recorded along transects. Figure 

3.1 shows the proportion of bat encounters for each species. The lowest number of 

recordings were of the evening bat (Nycticeius humeralis) with 180 identified or 10.3% 

of the total. The evening bat was only found in the southeastern quarter of the state. The 

hoary bat (Lasiurus cinereus) had 184 recordings (10.5%), silver-haired bat 

(Lasionycteris noctivagans) 365 (20.8%), Eastern red bat (Lasiurus borealis) 483 

(27.6%), and the big brown bat (Eptesicus fuscus) had 541 encounters (30.9%) (Figure 

3.1). Other than the evening bat all of the species analyzed in this study were found 

throughout the state of Nebraska although the distribution of bat encounters varied by 

species across the state (Figure 3.2 and Figure 3.3). These maps show the rate of calls per 

hour sampled over two years of sampling. Grid cells in the panhandle and the Western 

Sandhills of the state consistently had the lowest number of bat encounters in the state 

(Figure 3.2 and Figure 3.3). 
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AMBER SCENARIO POWER ANALYSIS 

 80% power was present for each species and total bats within at least 20 years of 

simulated data for an Amber decline (25% decline over 25 years) scenario (Table 3.2 and 

Figure 3.4).  The Amber scenario, as expected, took the longest amount of time to be 

detected by the model for each species. The big brown bat (Eptesicus fuscus), Eastern red 

bat (Lasiurus borealis), and silver-haired bat (Lasionycteris noctivagans) reached the 

80% power threshold after 15 years of data (Table 3.2 and Figure 3.4). The hoary bat 

(Lasiurus cinereus), evening bat (Nycticeius humeralis), and all of the species combined 

took 20 years to reach a power of 80% or higher in the Amber decline scenario (Table 3.2 

and Figure 3.4).  

RED SCENARIO POWER ANALYSIS 

 Except for the evening bat, all the bat species and total bats combined reached 

80% power within 10 years of data in the red decline (50% decline over 25 years) 

scenario (Table 3.2 and Figure 3.4). The evening bat did not reach the 80% threshold 

until 15 years of data was tested, although it was just below in the 10th year of data (Table 

3.2 and Figure 3.4). The silver-haired bat took the lowest number of years with power 

reaching 82% at 7 years of data (Table 3.2). The Eastern red bat and hoary bat were 

estimated to reach sufficient power within 9 years of data while the big brown bat and 

total bats took 10 years in the Red decline scenario (Table 3.2 and Figure 3.4). 

 CATASTROPHIC SCENARIO POWER ANALYSIS 

 All bat species and total bats had significant power for the Catastrophic decline 

(75% decline over 25 years) within 7 years of data collection (Table 3.2 and Figure 3.4). 

The silver-haired bat also required the fewest number of years in this scenario with 94% 
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power obtained after 5 years of data collection (Table 3.2). The Eastern red bat and hoary 

bat both reached 80% power after 6 years of data collection (Table 3.2 and Figure 3.4). 

The big brown bat, evening bat, and total bats did not reach a power level of 80% for the 

Catastrophic decline scenario until 7 years of data had been collected. 

DISCUSSION 

 Sufficient power was calculated for all 5 species and total bats combined in each 

of the three decline scenarios within 20 years of sampling. The Amber level decline of 

25% over 25 years, or approximately 1.144% per year, understandably took the greatest 

number of sampling years to detect. However, with each increase of 25% in population 

decline over 25 years the amount of sampling years needed decreased dramatically.  This 

analysis shows that given the data from 2016 and 2017, if monitoring is continued, 

population declines could be detected, on average, within about 11 years.  

 The number of years to detect both an Amber and Red level decline was 

comparable to the results from Roche et. al. (2011) though the survey design was slightly 

different. Roche et al. (2011) reported 14.7 and 7.6 years to reach 80% power with an 

Amber and Red decline within the common pipistrelle bat, 20.3 and 9.7 for the Soprano 

pipistrelle, and 23.5 and 12.7 for the Leisler’s bat with transect lengths that were closest 

to the NE NABat driving transect design. The number of years required in NE NABat 

was very similar to these (Table 3.2). For the Amber and Red decline scenarios in this 

study I found that the big brown bat (Eptesicus fuscus) reaches 80% power at 15 and 10 

years, Eastern red bat (Lasiurus borealis) 15 and 9 years, hoary bat (Lasiurus cinereus) 

20 and 9 years, silver-haired bat (Lasionycteris noctivagans) 15 and 7 years, and the 

evening bat (Nycticeius humeralis) 20 and 15 years (Table 3.2 and Figure 3.4). This was 
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a surprising result since the number of bat recordings was substantially lower in this 

study than in Roche et al. (2011). 

 NE NABat driving transect data showed a very low number of bat recordings per 

survey effort.  The rate of identifiable bat recordings per minute was 0.168 across the 

entire state, which is lower than the numbers reported in other parts of the country. 

Whitby et. al. (2014) reported a bat recording rate of 1.224 per minute in Southern 

Illinois (Whitby et al. 2014). This can partially be explained by the difference in 

agricultural land prevalence between southern Illinois and Nebraska and the shift to 

grassland as you move from the East to the West in Nebraska. Fisher-Phelps et. al. (2017) 

reported 0.214 per minute in Texas in what they classified as semi-arid agricultural 

landscapes. Although rates of recordings in Nebraska were lower than study sites in the 

Eastern portion of the United States, we were still able to achieve sufficient power. 

Nebraska’s high winds likely had a large impact on where bats and their prey 

reside in the state. Technicians, volunteers, and I noticed increases in the number of bats 

recorded on transects when shelter belts, river corridors, or other tree associated features 

were crossed during transects. In Nebraska aside from shelter belts many of the dips in 

elevation or tree stands in the grid cells sampled did not occur along the road. These are 

likely havens from the wind that may have much higher levels of bat activity. This issue 

became more prevalent as we moved to the western portion of the state. As can be seen in 

the distribution maps in Figure 3.2, the densities of bat recordings were substantially 

lower in the western portion of the state, with some cells only having a handful of bat 

recordings over two years of sampling. Since grid cells were selected using the NABat 

GRTS value, selection of more “bat ideal” transects was not considered in this study.  
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 The results of this power analysis come at a pivotal time due to increasing interest 

in wind energy facilities effects in the state of Nebraska. Three of the species that are 

prevalent along NE NABat transect routes, L. borealis, L. cinereus, and L. noctivagans, 

are species that are common casualties at wind turbine facilities (Hein and Schirmacher 

2016). These three species represent 78% of the documented fatalities at wind turbine 

facilities (Hein and Schirmacher 2016). Monitoring these species over the next decade in 

Nebraska could provide valuable insight into the possible connections between wind 

turbine fatalities and population trends for the state. 

Although I have shown that a trend can be determined using NE NABat driving 

transect data, it is possible that lower or higher numbers on transects are not the direct 

result of population changes. Species assemblages in the Nebraska landscape are likely to 

change in the wake of white-nose syndrome moving across the state which could result in 

lower amounts of inter species competition across the landscape. Species that are 

consistently recorded during Nebraska driving transects are also the same species that 

have not been documented to be affected by WNS. Reduction of populations of species 

that are susceptible to WNS may cause a reduction of competition in areas away from 

roads which could change the number of encounters with bats along road transects. 

Maintaining both the driving transects and stationary deployments of NE NABat will be 

the best way to decipher future changes in species assemblages throughout the Nebraska 

landscape. 

 This study has shown that the NABat design as implemented in NE can detect 

population declines over time. Since these transects require the least amount of training 

and expertise to be conducted and require significantly less time to complete than 
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stationary deployments, they also provide a great opportunity for citizen science 

involvement. It is paramount that driving transect surveys continue into the future in 

order to inform our understanding of bat population dynamics and provide critical 

management information should declines occur. 
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TABLES AND FIGURES 

Table 3.1. Coefficients and random effects of models used to generate simulated datasets. Data was collected from driving transects 

conduct throughout Nebraska in the months of June and July in 2016 and 2017. The formula for each model was log(species +1) ~ 

Year + offset(log(Transect Length)) + (1|Grid). 

All Species Combined Eptesicus fuscus (Big Brown Bat) 

Estimate SE t-value p value Estimate SE t-value p value 

Intercept -1.69633 0.26623 -6.372 5.19E-09 Intercept -2.85263 0.20684 -13.791 <2e-16 

Year -0.8783 0.12642 -0.695 0.489 Year 0.03016 0.09539 0.316 0.753 

Random effect Grid = 1.0403 Random effect Grid = 0.8374 

Residual = 0.7479 Residual = 0.5644 

Lasiurus borealis (Eastern Red Bat) Lasionycteris noctivagans (Silver-haired Bat) 

Estimate SE t-value p value Estimate SE t-value p value 

Intercept -2.85689 0.19339 -14.773 <2e-16 Intercept -2.9 0.14641 -20.255 <2e-16 

Year 0.08666 0.09404 0.921 0.359 Year -0.1347 0.07032 -1.916 0.0582 

Random effect Grid = 0.7316 Random effect Grid = 0.5636 

Residual = 0.5563 Residual = 0.4160 

Lasiurus cinereus (Hoary Bat) Nycticeius humeralis (Evening Bat) 

Estimate SE t-value p value Estimate SE t-value p value 

Intercept -2.5565 0.1929 -13.255 <2e-16 Intercept -2.4833 0.2108 -11.782 <2e-16 

Year -0.1487 0.103 -1.443 0.152 Year -0.4549 0.1265 -3.596 0.000547 

Random effect Grid = 0.6112 Random effect Grid = 0.3518 

Residual = 0.6094 Residual = 0.6694 
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Figure 3.1. Proportion of bat recordings by species across the entire state of Nebraska. 

Recordings that were unidentifiable, removed due to misclassification or from other 

species not included in this study have been removed. N. humeralis (evening bat) is only 

present in the Southeastern quarter of the state. All other species can be found throughout 

the entire state. 
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Figure 3.2. Activity levels of big brown bats, Eastern red bats, and silver-haired bats on 

transects throughout Nebraska. Shade represents the number of calls per hour of 

surveying time. Data collected on driving transects for NE NABat.  

Big brown bat (Eptesicus fuscus) 

Eastern red bat (Lasiurus borealis) 

Silver-haired bat (Lasionycteris noctivagans) 

> 10

recordings/hour 

> 5 - 10

recordings/hour 

> 0 - 5

recordings/hour 

0 
 recordings/hour 



122 

Figure 3.3 Activity levels of hoary bats, evening bats, and all species combined bats on 

transects throughout Nebraska. Shade represents the number of calls per hour of 

surveying time. Data collected on driving transects for NE NABat. 
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Figure 3.4. Power curves for each species and decline scenario showing how many years are required to reach 80% power. The grey 

horizontal line shows 80% power, dotted lines Amber decline, dot hash lines Red decline, and solid black line Catastrophic decline.  
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