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EXECUTIVE SUMMARY  

White-Nose Syndrome (WNS) is estimated to have killed more than 5.7 million bats in eastern North 

America since it was identified in New York in 2006 (Gillies 2017, Bektas et al. 2018). Due to WNS and 

increased disturbance of habitats used by bats for roosting and foraging, there has been a growing 

concern about the U.S. bat population over the last decade. Due to the steep decline in the bat 

population, the U.S. Fish and Wildlife Service (USFWS) listed the northern long-eared bat (Myotis 

septentrionalis) as threatened under the federal Endangered Species Act (ESA) in 2015. It is anticipated 

that additional bat species will be listed in coming years. 

Bridge repair and replacement projects are required to follow additional regulatory requirements to 

avoid and minimize impacts to bats when protected bat species are present on bridges. Some of these 

requirements (e.g., timing restrictions) are challenging to implement given Minnesota’s short 

construction season.  

The objective of this project was to evaluate the feasibility and efficacy of deploying non-lethal 

ultrasonic acoustic devices in the field to temporarily deter bats from roosting on bridges ahead of 

construction or maintenance activities, while minimizing harm to bats and non-target species. Ultrasonic 

deterrent technology provides a broad range of frequencies to deter different bat species and push bat 

activity out of the treated area. This new technology has been used for wind turbines with positive 

results. 

The technology was evaluated at two test sites in Minnesota, one short-term and one long-term, during 

the summer of 2019. Acoustic monitoring data showed a consistent reduction in bat call recordings 

when deterrents were on roosting location(s) at bridge abutments. This can be explained either by bats 

avoiding the area in response to the sound produced by the deterrents and/or that the sound produced 

by the deterrents inhibited the ability of the acoustic detectors to record bat calls even if bat activity did 

not change. However, the field inspections heavily suggest that the deterrents were quite effective at 

reducing and/or eliminating bat presence. Considering the findings from both the acoustic monitoring 

data and the field inspections, acoustic deterrents appeared to effectively work to temporarily deter 

bats from select abutments.  

Based on the findings of the field study, it is suggested that the Minnesota Department of 

Transportation (MnDOT) implement ultrasonic bat deterrent technology to temporarily deter bats at 

construction sites. The implementation of this technology by MnDOT will require the development of an 

agency protocol through collaboration with relevant offices.  
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CHAPTER 1:  INTRODUCTION  

White-Nose Syndrome (WNS) is estimated to have killed more than 5.7 million bats in eastern North 

America since it was identified in New York in 2006 (Gillies 2017, Bektas et al. 2018). Due to WNS and 

increased disturbance of habitats used by bats for roosting and foraging, there has been a growing 

concern about the U.S. bat population over the last decade. Due to the steep decline in the bat 

population, the U.S. Fish and Wildlife Service (USFWS) listed the northern long-eared bat (Myotis 

septentrionalis) as threatened under the federal Endangered Species Act (ESA) in 2015. It is anticipated 

that additional bat species will to be listed in coming years. 

During the summer months, bat species may use bridges as daytime roosting habitats and as places to 

form maternity colonies where they give birth and raise their young. Bridge repair and replacement 

projects are required to follow additional regulatory requirements to avoid and minimize impacts to 

bats when protected bat species are present on bridges. Some of these requirements (e.g., timing 

restrictions) are challenging to implement given Minnesota’s short construction season.  

The objective of this project was to evaluate the feasibility and efficacy of deploying non-lethal 

ultrasonic acoustic devices in the field to temporarily deter bats from roosting on bridges ahead of 

construction or maintenance activities, while minimizing harm to bats and non-target species.  

Ultrasonic deterrent technology, the chosen deterrent technology for this project, provides a broad 

range of frequencies to deter different bat species and push bat activity out of the treated area. This 

new technology has been used for wind turbines with positive results. Physical exclusion and utilization 

of bright light devices are two other methods used to deter bats, particularly for buildings, but they 

were not selected for this project. Physical exclusion has potential when bats are present in an area with 

certain entrance and exit points. Bridge locations and structures are quite variable with wide openings 

and do not always provide similar openings to a building that can be physically blocked. To effectively 

use light as a deterrent, very bright lights with high power demands should be used in a way that would 

illuminate all crevices in a structure. This method is difficult to implement and creates a potential 

electrical hazard.  

The ultrasonic technology was evaluated at two test sites located in Minnesota, one short-term and one 

long-term, during the summer of 2019. This report presents the field study design, findings from the 

field implementation, research benefits, and implementation steps for the Minnesota Department of 

Transportation (MnDOT). 
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CHAPTER 2:  FIELD STUDY DESIGN 

2.1 SCOPE 

The study investigated the efficiency and feasibility of ultrasonic bat deterrent technology for temporary 

exclusion of bat species at two bridge sites. Having two locations provided the ability to test the 

technology in two different environments. Also, deterrents were active for one week at one site and for 

one month at the other site. The reason for having two different durations for deterrent use was to test 

whether bat species become accustomed to the deterrents after some time so that the deterrents lose 

their effectiveness.  

The research team had an online meeting with the technical advisory panel (TAP) on May 10, 2019 to 

finalize the selection of two bridge sites for installing ultrasonic bat deterrents and monitoring bat 

activity. The locations ideally should be structures with prior bat roosting evidence and suitable for field 

implementation. MnDOT’s ecologists and the project team did initial site visits for seven candidate sites 

and assessed them based on evidence of bats at the bridges, power availability for deterrent units, ease 

of installation at the site, and security (Table 2-1). 

Table 2-1. Assessment of candidate sites 

MnDOT 
OES 
rank District 

Hwy 
# 

Bridge 
# Lat. (N) Long. (W) 

Bat 
evidence 

(2x weight) Power 
Ease of 

installation Security 
Total 
score 

1 6 61 25017, 
25018, 
25021, 
25023 

44.574876 -92.649262 10 0 5 4 19 

2 Metro 494 9217E, 
9217W 

44.862657 -93.206656 9 4 3 1 17 

3 6 14 28017, 
28018 

43.818927 -91.274176 6 4 1 2 13 

4 1 70 58004 45.773324 -92.782016 9 2 5 3 19 

5 3 6 18001 46.544167 -93.956088 1 1 5 4 11 

6 6 43 23016 43.835599 -91.761052 8 1 5 5 19 

7 6  23012 43.803158 -91.753112 1 4 5 4 14 

Two sites, Candidate Site 1 (Site 1) and Candidate Site 6 (Site 2), were then selected as the final study 

sites. Throughout the project and in this document, the sites are referred to as Site 1 and Site 2. This 

report includes details on the bat deterrent and monitoring technology used, details of the field 

implementation as required by the TAP during the kick-off meeting, and critical dates for field 

implementation.  

2.2 PERMITS 

The project PI and a MnDOT ecologist reached out to USFWS and Minnesota Department of Natural 

Resources (DNR) for potential permit requirements for this study. No permits were required by the 

agencies. At both locations, the project team did not observe northern long-eared bats (Myotis 

septentrionalis), which were listed as threatened under the federal Endangered Species Act in 2015. 

Little and big brown bats were observed at the chosen sites. The project team planned to work with the 
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TAP in case any other bat species were discovered at the study sites to make modifications to the study 

plan. 

The project team obtained the necessary permits and training from the Iowa State University 

Institutional Animal Care and Use Committee (IACUC). The approved IACUC protocol for this study is in 

Appendix A. 

2.3 STUDY SITES 

2.3.1 Site 1 

Site 1 was located at US 61, in Red Wing, Minnesota, with the coordinates of 44°34'29.6"N 

92°38'57.3"W. At this site, there is a southern and northern set of two-lane bridges (FHWA # 25017, 

25018, 25021, 25023). Initial site visits indicated significant amounts of guano on the southern set of 

bridges and some on the northern set. More than 40 bats were observed during the initial site visit on 

May 14, 2019 (Figure 2-1).  

 

Figure 2-1. Location of Site 1 and bat observations from the initial site visit 

No power was is available at this location, and a power generator was used for the deterrents. Batteries 

were used for the monitoring equipment. Since there is a bike trail next to the south abutments, and 

thus the equipment was more vulnerable to vandalism, the deterrents and acoustic monitors were 

located close to and targeted the north abutments at this site. This site was also chosen to be the short-

term site with the deterrents being active for a week. The deterrent system was installed with a tripod 

mounting and acoustic monitors were positioned based on the final deterrent locations to minimize any 

potential conflict between the two systems. 
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At Site 1, six tripod-mounted deterrents were installed on each bridge (6 for the southbound north 

abutment and 6 for the northbound north abutment, for 12 total). Four deterrents were placed 25–30 ft 

away from the abutment, aimed back at the abutment, and into the spaces between beams. Two 

deterrents were aimed at a 45° angle into the ends of the abutments. One deterrent unit controller per 

bridge was located in between deterrent units three and four. The deterrent setup is shown in Figure 

2-2. 

 

Figure 2-2. Positioning of deterrent units at Site 1 

2.3.2 Site 2 

Site 2 was located at MN 43, in the city of Rushford Village, Minnesota, with the coordinates of 

43°50'08.2"N 91°45'39.8"W. At this site, there is a single bridge with FHWA # 23016. During the initial 

site visit on May 14, 2019, the project team observed some guano on the south abutment and three 

bats. On May 20, 2019, a MnDOT ecologist visited the site and observed a couple dozen big brown bats.  

No power was available at this location, and a power generator was used for the deterrents. Batteries 

were used for the monitoring equipment. This site was chosen as the long-term site with the deterrents 

being active for a month, due to the lower risk of vandalism compared to Site 1. The deterrent system 

was temporarily mounted on the beams without drilling into or damaging the structure, and acoustic 

monitors were positioned based on the final deterrent locations to minimize any potential conflict 

between the two systems. The deterrents targeted the south abutment (Figure 2-3).  

beam beam beam beam 
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Figure 2-3. Location of Site 2 and bat observations from the initial site visit 

At this site, seven beam-mounted deterrents were installed 20–25 ft away from the south abutment on 

the beams. Five deterrents were placed 20–25 ft away from the abutment, aimed back at the abutment, 

and into the spaces between beams. Two deterrents were aimed at a 15° angle into the airspace around 

the ends of the abutment. One deterrent unit controller was located on the opposite side of the 

deterrent unit four bracket (Figure 2-4). 
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Figure 2-4. Positioning of deterrent units at Site 2 
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2.4 BAT MONITORING TECHNOLOGY 

Bat activity was monitored by recording bat echolocations using Wildlife Acoustics’ Song Meter SM4BAT 

FS bioacoustics recorders (detectors). The detectors were weatherproof, programmable, full-spectrum 

ultrasonic recorders capable of long-term monitoring of bat activity. Full-spectrum, 16 bit WAV 

recordings were created that can be viewed and analyzed in a variety of bat echolocation software 

programs to derive an index of bat activity and determine what species are present. A weatherproof 

SMM-U2 ultrasonic microphone with a cardioid directional pattern was connected to each detector. 

Detailed technical specifications about the recorders and microphones can be found at 

https://www.wildlifeacoustics.com/images/documentation/SM4-BAT-FS-USER-GUIDE.pdf. Four 

detector-microphone pairs were deployed at each site to monitor bat activity before, during, and after 

the deterrents were deployed. All team members were aware that the deterrent sounds may interfere 

with the ability to effectively monitor bat activity.  

2.5 BAT DETERRENT TECHNOLOGY 

The technical specifications of the bat deterrent technology by NRG Systems that was used in this study 

is presented in Appendix B. 

2.6 STUDY DETAILS 

2.6.1 Site Schedules 

The site schedule was dependent on bat activity and needed to be adjusted throughout the study in 

order to respond to any changes observed in the field. One objective of the project team and the TAP 

was to avoid separation of adults and pups during the study. At both sites, bats appeared earlier than 

assumed. The project team worked with the TAP for an earlier deployment of the deterrents at the sites 

with a shorter duration of initial acoustic monitoring. The schedule presented in Appendix C reflects the 

planned schedule before deployment. Due to the nature of this project, changes to the schedule as 

approved by the TAP were expected to take place during the project.  

2.6.2 Deterrent Schedule 

The initial plan was to start the deterrents just before sunset the first day that they were active at the 

sites and keep them active 24/7 during the study. However, the project team and a MnDOT ecologist 

were to inspect for pups before turning on the deterrents. If pups were present, in an alternative 

schedule, deterrents were to be turned on one hour before sunset in hopes of triggering the adults to 

take the pups with them for the night (adults can move the pups around). The TAP was concerned that if 

the adults left to forage for the night and left the pups behind (this is common), and if the deterrents 

were very effective, the adults may be unable or unwilling to return to care for their babies. The project 

team and the TAP planned to adjust the field implementation if necessary, to avoid this outcome.  
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2.6.3 Inspections 

For the field inspections, a site inspection document (Appendix D) was used during the study. Each 

abutment and section (space between beams on top of the abutments) was labeled. The site inspection 

document was filled in for each abutment to document the findings. The project team also took pictures 

of guano and bats for each section to compare bat activity during the study. An ultrasound detector was 

also used to identify species and activity at the time of inspection. Thermal images were taken to better 

capture bat presence at locations with limited visibility.  
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CHAPTER 3:  FIELD IMPLEMENTATION FINDINGS 

3.1 ACOUSTIC MONITORING REPORT 

3.1.1 Methods 

Bat activity was monitored by recording bat echolocations using Wildlife Acoustics’ Song Meter 

SM4BATFS bioacoustics recorders (detectors). The detectors were weatherproof, programmable, full-

spectrum ultrasonic recorders capable of long-term monitoring of bat activity. Full-spectrum, 16 bit 

WAV recordings were created to document bat activity and to attempt to determine what species were 

present. A weatherproof SMM-U2 ultrasonic microphone with a cardioid directional pattern was 

connected to each detector. Four detector-microphone pairs were deployed at each site to monitor bat 

activity before, during, and after deterrents were deployed (Figure 3-1).  
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Figure 3-1. Conceptual diagrams of acoustic detector positioning at Site 1 (top) and Site 2 (bottom) 

At the short-term site (Site 1), three detectors (B, C, and D) were positioned to monitor the abutments 

that were deterred and one detector (A) was positioned to monitor the abutments that were not 

deterred. At the long-term site (Site 2), prior to deterrent installation, two detectors were positioned to 

monitor the abutment that would be deterred, and two detectors were placed to monitor the abutment 

that would not be deterred. Prior to starting the deterrents, one detector was moved to also monitor 
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the deterred abutment for a total of three detectors (E, G, and H) monitoring the deterred abutment 

and one detector (F) monitoring the abutment that was not deterred. Each night, detectors were 

programmed to start recording one hour before sunset and to stop recording one hour after sunrise. 

Technicians visited sites to change batteries and SD cards throughout the study. There were no cases 

where SD cards were full, or batteries were drained prior to visits by the technicians. None of the 

equipment was disturbed by people or animals and appeared to function normally throughout the 

study. One exception was a generator ran out of gas and stopped on July 2. This exception and its 

impacts are discussed in the following section.  

In addition, severe weather resulted in flooding of the long-term site (Site 2) sometime between July 11 

and July 19. While no equipment was significantly disturbed by this event, the project team thinks, 

based on the presence of mud on the equipment, that at least two of the detectors and/or microphones 

were likely at least partially underwater very briefly during flooding but appeared to still be functional 

throughout the study.  

To identify files recorded by the detectors containing bat calls, acoustic data were analyzed in the full-

spectrum format using the program Kaleidoscope Pro v5.1.9g under the default settings. For automated 

species identification, the balanced setting was used, and the eight species of bats known to occur in 

Minnesota were considered (i.e., Eptesicus fuscus [big brown], Lasiurus borealis [eastern red], Lasiurus 

cinereus [hoary], Lasionycteris noctivagans [silver-haired], Myotis lucifugus [little brown], Myotis 

septentrionalis [northern long-eared], Nycticeius humeralis [evening], Perimyotis subflavus [tricolored]).  

3.1.2 Results  

Large numbers of files containing bat calls were recorded every night at both sites on all detectors 

during the monitoring period (May 29–June 10) prior to deterrent installation on June 11 (Table 3-1 and 

Table 3-2).  

Table 3-1. Number of files containing bat calls recorded by acoustic detectors at Site 1 

Detector ID Abutment 

Pre-deterrent  

(5/29–6/10) 

Deterrent on  

(6/11–6/20) 

Post-

deterrent 

(6/21–7/2) 

A Non-deterred 6,184 3,373 5,665 

B Deterred 6,008 2 3,162 

C Deterred 7,227 1 5,564 

D Deterred 6,248 19 5,097 

Note: The number files are for three different monitoring periods from May 29–July 2, 2019. Deterrents were 
active from the night of June 11 (midnight June 12) until the morning of June 21 (night of June 20). Data were 
analyzed using Kaleidoscope Pro v5.1.9g. 
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Table 3-2. Number of files containing bat calls recorded by acoustic detectors at Site 2 

Detector 

ID Abutment 

Pre-

deterrent 

(5/29–6/10) 

Deterrent 

on  

(6/11–7/1) 

Deterrent 

off  

(7/2–7/8) 

Deterrent 

on  

(7/9) 

Post-

deterrent 

(7/10–7/24) 

F 
Non-

deterred 
10,212 23 5,971 0 14,341 

E* Deterred 8,225 1 8,078 0 14,411 

G Deterred 9,734 3 8,205 0 14,826 

H Deterred 6,308 4 5,161 0 10,432 

* Detector E was initially positioned to monitor the non-deterred abutment and moved to monitor the deterred 
abutment on the morning of the night the deterrents were turned on.  
Note: The number files are for the different monitoring periods from May 29–July 24, 2019. Deterrents were 
turned on the night of June 11 (midnight June 12). Deterrents accidentally turned off at about 9 p.m. on July 2. 
Deterrents were turned on again for the night of July 9 and turned off for good on July 10. Data were analyzed 
using Kaleidoscope Pro v5.1.9g.  

On the night of June 11, bat calls were recorded until the deterrents were turned on at midnight, after 

which the acoustic detectors that were positioned to monitor the deterred abutments recorded minimal 

to no bat activity (Table 3-1 and Table 3-2). The detector at Site 1 positioned to monitor the non-

deterred abutment, however, continued to record high amounts of bat activity (Table 3-1). The detector 

at Site 2 positioned to monitor the non-deterred end of the abutment recorded a lower amount of bat 

activity after the deterrents were turned on (Table 3-1). The reduction in the number of files containing 

bat calls recorded by the detector monitoring the non-deterred abutment at Site 2 may be due to the 

shorter distance between abutments at Site 2 compared to Site 1.  

Once the deterrents were no longer running at Site 1 (beginning the night of June 21), the acoustic 

detectors again recorded high amounts of bat activity each night through to the end of monitoring at 

that site (July 2, Table 3-1). At Site 2, the deterrents were unexpectedly found to be off when the site 

was visited during the day of July 3. Examination of the acoustic detector data indicated files containing 

bat calls were recorded starting at approximately 9 p.m. on the night of July 2, suggesting that was the 

point at which the deterrents turned off. Bat calls continued to be recorded until the deterrents were 

turned on again the night of July 9, at which point no files containing bat calls were recorded until 

deterrents were no longer running at Site 2 (beginning the night of July 10) (Table 3-2). Once the 

deterrents were off, the acoustic detectors recorded high amounts of bat activity each night through to 

the end of monitoring at that site (July 24, Table 3-2). 

The number of files containing bat calls that were recorded is not a direct indicator of the number of 

bats at a site, as these detectors could have recorded the same bat repeatedly. However, at the 

deterred abutments, there is a clear difference in the number of files containing bat calls that were 

recorded by the acoustic detectors when the deterrents were on compared to when they were not on, 

which may reflect changes in bat activity (Table 3-1 and Table 3-2). Possible explanations for the 

reduction in bat call recordings when deterrents were on could be that bat activity declined as bats 

avoided the area in response to the sound produced by the deterrents and/or that the sound produced 
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by the deterrents inhibited the ability of the acoustic detectors to record bat calls even if bats activity 

did not change. The project team cannot say definitively if either or both explanations are correct.  

The acoustic detectors did record sounds associated with the deterrents being turned on but did not 

continuously record the deterrent sound. A small number of files containing bat calls were recorded by 

the detectors positioned to monitor the deterred abutments during nights the deterrents were on 

indicating that, at least in some cases, the detectors were able to detect the presence of bats despite 

the sound produced by the deterrents (Table 3-1 and Table 3-2). In these cases, some of the files 

contained evidence of both bat calls and the deterrent sound. These cases may be the result of bats 

being in particularly close proximity to the detector microphone, or these cases may indicate that bat 

activity was indeed suppressed by the deterrents except for these instances. It should be noted that the 

acoustic detectors were positioned to monitor bat activity under and around the abutments (Figure 3-1), 

but do not provide information about whether the detected bats were actually roosting in the 

abutments. 

The identification of bat calls to their species was restricted to automated identification, and a 

maximum-likelihood estimator determined the overall probability of each species’ presence at each site 

(small p-values suggest presence). Based on this analysis, all eight species of bats known to occur in 

Minnesota may have been present at Site 1, and all species except Lasionycteris noctivagans may have 

been present at Site 2 (Table 3-3 and Table 3-4).  

Table 3-3. Number of files containing bat calls recorded by acoustic detectors identified to species and the 

maximum-likelihood estimator p-value at Site 1 

Bat species 

# of files A  
(non-

deterred) 

P-
value 

A 
# of files B  
(deterred) 

P-
value 

B 
# of files C  
(deterred) 

P-
value 

C 
# of files D  
(deterred) 

P-
value 

D 
Eptesicus 
fuscus 

2,427 0 2,054 0 2,776 0 3,095 0 

Lasiurus 
borealis 

81 1 145 1 182 1 269 
0.001

3 
Lasiurus 
cinereus 

898 0 1,061 0 1,444 0 1,375 0 

Lasionycteris 
noctivagans 

298 1 552 0.0001 492 1 250 1 

Myotis 
lucifugus 

11,260 0 5,026 0 7,500 0 6,121 0 

Myotis 
septentrionalis 

17 1 189 0 263 0 47 1 

Nycticeius 
humeralis 

13 1 24 0.0024 32 0.024 88 0 

Perimyotis 

subflavus 
228 0 121 0 103 0 119 0 

Note: Small p-values indicate likely presence of the species for the different monitoring periods from May 29–July 
2, 2019. Data were analyzed using Kaleidoscope Pro v5.1.9g 
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Table 3-4. Number of files containing bat calls recorded by acoustic detectors identified to species and the 

maximum-likelihood estimator p-value at Site 2 

 

# of files F  
(non-

deterred) 
P-

value F 
# of files E* 
(deterred) 

P-
value 

E* 
# of files G  
(deterred) 

P-
value 

G 
# of files H  
(deterred) 

P-
value 

H 
Eptesicus 
fuscus 

24,147 0 22,733 0 25,284 0 18,750 0 

Lasiurus 
borealis 

91 1 106 1 96 1 111 0 

Lasiurus 
cinereus 

2,075 0 3,683 0 1,865 0 1,432 0 

Lasionycteris 
noctivagans 

573 1 656 1 796 1 378 1 

Myotis 
lucifugus 

2,566 0 3,046 0 3,630 0 742 0 

Myotis 
septentrionalis 

63 0 16 1 49 0.0003 14 1 

Nycticeius 
humeralis 

83 0 107 0 82 0 80 0 

Perimyotis 

subflavus 
949 0 368 1 966 0 398 0 

* Detector E was initially positioned to monitor the non-deterred abutment and moved to monitor the deterred 
abutment on the morning of the night the deterrents were turned on.  
Note: Small p-values indicate likely presence of the species for the different monitoring periods from May 29–July 
24, 2019. Data were analyzed using Kaleidoscope Pro v5.1.9g.  

The results of the automated identification of bat calls to their species should be viewed with caution 

without visual verification of the call data. Species in the genus Myotis are extremely difficult to tell 

apart when looking at their echolocation calls. A general comparison of the relative number of files 

containing bat calls for each species suggests Myotis lucifugus and Eptesicus fuscus were the primary 

species present at these sites with Myotis lucifugus dominating at Site 1 and Eptesicus fuscus dominating 

at Site 2 (Table 3-3 and Table 3-4).  

The pattern of bat activity for each night was also examined. In looking across all nights, at both sites, 

activity initially increased to a first peak between 10 and 11 p.m., and then was relatively steady or 

showed a small decline until a second peak in activity between 4 and 5 a.m., followed by a relatively 

sharp decline (Figure 3-2).  
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Figure 3-2. Proportion of total bat activity recorded by acoustic detectors for each hour of the night (e.g., 9 p.m. 

represents 9–10 p.m.) across all four detectors at each site 

Data were analyzed using Kaleidoscope Pro v5.1.9g. 

At Site 1, the highest proportion of total nightly activity occurred between 4 and 5 a.m. This was largely 

a function of a peak in Myotis lucifugus activity, which, as suggested by automated identification, was 

the most commonly recorded bat at the site. At Site 2, the highest proportion of total nightly activity 

occurred between 10 and 11 p.m. This was largely a function of a peak in Eptesicus fuscus activity, 

which, as suggested by automated identification, was the most commonly recorded bat at the site.  

3.2 FIELD INSPECTIONS REPORT 

In addition to acoustic monitoring, bat activity was also monitored using frequent field inspections, as 

outlined in Chapter 2. Data from Site 1 are presented in Figure 3-3.  



 

 

Figure 3-3. Summary of field inspections at Site 1

1 2 3 1 2 3 4

5/29/2019 No 17 4 7 28 57 No 2 2 0 0 4 11 68

6/10/2019 No 10 12 15 37 49 No 3 1 8 10 22 29 78

6/11/2019-DI No No

6/12/2019 Yes 1 0 0 1 49 Yes 0 0 0 0 0 5 54

6/13/2019 Yes 0 0 0 0 54 Yes 0 0 0 0 0 7 61

6/20/2019 Yes Yes

6/21/2019-DU Yes 0 0 0 0 52 Yes 0 0 0 0 0 15 67

6/22/2019 No 2 2 4 8 49 No 0 1 4 2 7 25 74

6/27/2019 No 3 15 6 24 50 No 3 4 2 1 10 19 69

7/3/2019 No 3 8 1 12 30 No 0 3 6 0 9 23 53

7/9/2019

7/10/2019

7/11/2019

7/12/2019

7/19/2019

7/27/2019

7/27/2019

7/19/2019

7/12/2019

7/11/2019

7/10/2019

7/9/2019

7/3/2019 No 2 15 1 18 No 0 6 8 0 14

6/27/2019 No 1 21 4 26 No 1 3 4 1 9

6/22/2019 No 7 24 10 41 No 3 9 6 0 18

6/21/2019-DU No 5 20 27 52 No 5 2 1 7 15

6/20/2019 No No

6/13/2019 No 4 35 15 54 No 1 1 2 3 7

6/12/2019 No 9 30 9 48 No 1 0 1 3 5

6/11/2019-DI No No

6/10/2019 No 2 5 5 12 No 2 2 2 1 7

5/29/2019 No 6 19 4 29 No 4 1 1 1 7
DI: Deterrents Installed 1 2 3 1 2 3 4 No inspection

DU: Deterrents uninstalled
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Total site (two 

bridges)
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In Figure 3-3, the date column on the left identifies the day of inspection for the bat counts to its right. 

Each abutment has an identifier (1-A and 1-B on top, 1-C and 1-D at the bottom), and the abutment 

sections between beams are also numbered. Counts were done for each section of each abutment 

throughout the study and recorded accordingly. At Site 1, acoustic deterrents were used only on the 

north abutments (1-A and 1-B). A column on deterrent use indicates whether deterrents were active for 

an abutment for a specific inspection date. The total number of bat counts are indicated for each 

abutment, for each bridge (1-A and 1-C are on the first bridge while 1-B and 1-D are on the second 

bridge at Site 1), and the overall site. These numbers are helpful to assess the impact of deterrent 

activity on bat presence at specific abutments, bridges, and the overall site. 

When the bridges were inspected on May 29, 2019, 68 bats were counted overall. On June 10, 2019, the 

second inspection before deterrent installation, 78 bats were counted overall. For both inspections, 

abutment 1-A, 1-B, and 1-C had higher bat counts. After the deterrents were activated on June 11, 2019, 

inspections on the following days (June 12–13) showed that bats left the deterred abutments 1-A and 1-

B, except for one bat on section 1 of 1-A on June 12. On June 13, no bats were observed on the deterred 

abutments. While the overall bats counted at the site were lower on these days, the majority of the bats 

appear to have gone to the non-deterred abutment, 1-C. The counts for 1-C were consistently higher on 

inspection days June 12, June 13, June 21, and June 22. Once active, the acoustic deterrents appear to 

have successfully deterred the bats from the targeted abutments at the short-term site.  

After the deterrents were removed on June 21, 2019, no bats were observed the following day. 

However, the second day after removal, bats were observed on previously deterred abutments, 1-A and 

1-B. Inspections on June 27 and July 3 indicated that overall bat counts were similar to initial bat counts 

before deterrent installation. There was day-to-day variation in these numbers, and it is hard to 

comment on the impact of deterrents on bat activity after their removal. However, 74 bats were 

counted on June 22, a higher number than the 68 bats counted on May 29; therefore, the research team 

did not see any evidence of long-term impact.  

Considering bat counts for each abutment throughout the study at Site 1, abutment 1-A appears to be 

the most preferred by bats. Once deterrents were active, the project team saw an increase in bat counts 

for the opposite abutment on the same bridge (1-C). After deterrents were removed, bat counts 

increased again on the previously deterred abutment 1-A. Bats appeared to return to previously 

deterred abutments shortly after deterrents were removed.  

At the long-term site (Site 2) there was only one bridge and two abutments. Data from Site 2 are 

presented in Figure 3-4. 



18 

 

Figure 3-4. Summary of field inspections at Site 2 

1 2 3 4 5

No 0 0 0 1 0 1 43 5/29/2019

No 0 0 0 1 0 1 52 6/10/2019

No 6/11/2019

No 0 10 30 9 0 49 67 6/12/2019

No 4 12 0 0 0 16 16 6/13/2019

No 0 0 0 0 20 20 20 6/20/2019

No 0 0 0 0 20 20 20 6/21/2019

No 6/22/2019

No 30 0 0 0 0 30 30 6/27/2019

No 0 0 0 0 0 0 45 7/3/2019

No 0 42 6 1 0 49 49 7/9/2019

No 0 0 0 51 0 51 51 7/10/2019

No 0 0 0 0 18 18 18 7/11/2019

No 0 0 0 33 0 33 33 7/12/2019

No 0 0 0 0 0 0 14 7/19/2019

No 0 0 0 0 17 17 17 7/27/2019

No 0 0 0 0 0 0 7/27/2019

No 0 0 0 0 14 14 7/19/2019

No 0 0 0 0 0 0 7/12/2019

No 0 0 0 0 0 0 7/11/2019

Yes/ Shut off:2:10 pm 0 0 0 0 0 0 7/10/2019

Yes 0 0 0 0 0 0 7/9/2019

NO (Generator problem) 45 0 0 0 0 45 7/3/2019

Yes 0 0 0 0 0 0 6/27/2019

Yes 6/22/2019

Yes 0 0 0 0 0 0 6/21/2019

Yes 0 0 0 0 0 0 6/20/2019

Yes 0 0 0 0 0 0 6/13/2019

Yes 0 0 0 18 0 18 6/12/2019

No 6/11/2019

No 0 0 0 50 1 51 6/10/2019

No 1 40 0 0 1 42 5/29/2019

1 2 3 4 5

No inspection

DateDeterrents Used?
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Total 
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Deterrents were installed only for the south abutment (2-B). Initially almost all bats (except one bat on 

2-A) were found on abutment 2-B. Once the deterrents were active, the project team observed a similar 

shift in roosting from 2-B to 2-A. Although 18 bats were counted on 2-B, one day after deterrents were 

activated, bat counts were consistently zero on 2-B until the generators shut down unexpectedly, 

probably around 9 p.m. on the night of July 2 as suggested by the acoustic monitoring data. The bat 

counts the next day (45 bats were counted on July 3 at abutment 2-B) indicated that bats quickly 

returned to 2-B once the deterrents were inactive. However, after the generator started running again, 

no bats were counted on the deterred abutment 2-B (July 9–10). The deterrents were shut off again 

around 2 p.m. on July 10, 2019. Unlike the short-term site, bats did not return to the previously deterred 

abutment as quickly. On July 19, nine days after the deterrents were shut off, 14 bats were counted on 

abutment 2-B. However, no bats were observed during the final inspection, eight days after, on July 27. 
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The total number of bats at Site 2 dropped to 16 from 67 after the deterrents were activated. While the 

counts were at the lower end for following inspections, the project team saw an increase in counts on 

July 3, July 9, and July 10, after the generators stopped working on July 2. However, the total decreased 

again on July 11 and stayed on the lower end until the final day of the inspections. At the long-term site, 

a decrease was observed in the overall number of bats. The team did not observe the quick recovery in 

bat numbers at the long-term site that was observed at the short-term site.  

Use of the bridge(s) as a maternity roost continued at abutments that were undeterred. At the long-

term site (Site 2), three pups were observed at the undeterred abutment on July 9, 10 and 12 

inspections. We only observed little browns (Myotis lucifugus) at Site 1, and only big browns at Site 2 

(Eptesicus fuscus), which is consistent with the acoustic data findings. 

3.3 SUMMARY  

Acoustic monitoring data showed a consistent reduction in bat call recordings when deterrents were on 

for the deterred abutments. This can be explained either by bats avoiding the area in response to the 

sound produced by the deterrents and/or that the sound produced by the deterrents inhibited the 

ability of the acoustic detectors to record bat calls even if bat activity did not change. However, the field 

inspections heavily suggest that the deterrents were quite effective at reducing and/or eliminating bat 

presence. Considering the findings from both acoustic monitoring data and the field inspections, 

acoustic deterrents appear to effectively work to temporarily deter bats from select abutments.  
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CHAPTER 4:  RESEARCH BENEFITS AND IMPLEMENTATION STEPS 

4.1 RESEARCH BENEFITS 

The proposed study investigated the efficiency and feasibility of utilizing ultrasonic bat deterrent 

technology for the temporary exclusion of bat species at bridges. The benefits from using this 

technology to temporarily deter bats at construction sites are threefold: potential ecological benefits 

from minimizing harm to bats at construction sites; decreased engineering, administrative, and 

construction costs; and increased agency efficiency. 

4.1.1 Potential Ecological Benefits 

For this project, the potential ecological benefits are the most critical benefits that temporary exclusion 

of bat species from construction sites can provide. The field study findings showed that the technology 

worked quickly and efficiently to temporarily deter bats from a targeted abutment. Once the deterrents 

started working, bats quickly either left the targeted abutments and occupied the other abutment in the 

bridge or inhabited another location based on the collected bat counts. The intent of the deterrents is to 

temporarily relocate bats, not to permanently remove a bridge as a potential roosting habitat. Thus, it 

was beneficial that the data showed that the bats returned to the previously deterred abutments quickly 

once the deterrents were turned off. The bat counts indicated that the deterrence was indeed 

temporary as intended and did not have a long-term impact on the bats’ roosting behavior.  

During the field study design, the timing of enabling the deterrents was discussed by the project team 

and MnDOT TAP members thoroughly. The major concern for the timing was to avoid any potential 

harm to the pups. As such, the intention was to start the deterrents as soon as bats were noticed in the 

field and before pups were born. Bats appeared sooner than expected and by the time the deterrents 

were activated, bats were already observed. Yet, no harm to the pups was observed during the study. 

One concern was whether the bats would leave the pups behind and not be able to take them with 

them. Since most bat species produce one pup per year and bat populations are already declining due to 

factors such as White-Nose Syndrome and wind turbine collision, not harming the reproduction of bats 

by using this technology was critical. Although it is not possible to know what happened when bats left 

the bridge, there was no evidence that bats abandoned their pups. These findings show the potential 

flexibility in timing when deterrents are utilized for real projects. Overall, the method proved to be 

efficient in deterring bats without harm for a limited time and provide a solution to both enable 

necessary construction projects and avoid harm to bat species. 

4.1.2 Decreased Engineering, Construction, and Administrative Costs 

Having an effective strategy to temporarily deter bat roosting at potential construction sites will provide 

MnDOT with more predictable timelines for permitting, construction, and maintenance activities. Based 

on information from the USFWS, if ESA-listed species and/or designated critical habitats are present in a 

potential construction site, necessary authorizations from the USFWS must be obtained to avoid 

jeopardy to the species and/or the habitat.  
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Transportation agencies are also responsible to deliver necessary repair, rehabilitation, and replacement 

activities on bridges for safe transportation of the public. Temporary deterrence of bats by acoustic 

deterrents, where bat species relocate themselves, is potentially an appropriate measure to minimize 

the likelihood of adverse effects to bat species roosting at bridges. 

One solution to facilitating projects on structures with known or potential bat presence, utilized by 

MnDOT and other transportation agencies, has been putting projects for bids with restrictive timing. The 

main disadvantage of this option is the higher cost of such projects. Also, it is difficult to predict the 

exact time bats will appear at a site. When contractors are already at a bridge location for a project and 

they need to stop construction due to the appearance of bat species, they may need to demobilize and 

come back at a later date. Demobilization may increase project construction costs. Having a viable 

methodology to temporarily deter bats will help MnDOT avoid additional administrative and 

construction costs that are incurred under such scenarios. 

By having a process to temporarily deter bats from bridges, potential project delays, sudden changes to 

projects, and associated engineering and administrative costs from these delays and changes will be 

decreased. When a planned project is delayed, in addition to added incurred costs associated with that 

project, the timing of other projects also may be impacted. Already scarce resources are allocated to 

prioritized bridge projects, with significant time and resources associated with planning and designing 

these projects. When bridge projects, which are needed for safe and improved service for users, are 

canceled, all resources that were used for planning, design, and sometimes demobilization of the 

contractor are wasted. Furthermore, funds that could have been allocated to another viable project are 

not utilized right away. The project delays also have operational consequences on traffic. Therefore, the 

costs that can be saved by having a process in place for temporary deterrence of bats from bridges are 

substantial and related to many aspects of planning, design, operation, and construction.  

4.1.3 Increased Agency Efficiency 

Identification of bat species at project locations leads to significant interdepartmental work at MnDOT. If 

MnDOT creates a process that uses this technology, through collaboration of relevant agency offices, 

management of bridge projects where ESA-listed species are encountered can be efficient. Having a 

process in place will enable the agency to manage a project efficiently across multiple departments, 

rather than canceling or delaying needed bridge work. 

4.2 IMPLEMENTATION STEPS 

The field study confirmed that ultrasonic bat deterrent technology can be utilized by MnDOT to 

temporarily deter bats at construction sites. However, the implementation of this technology by MnDOT 

will require the development of an agency protocol, through collaboration of relevant offices. These 

offices at a minimum should include, Environmental Stewardship, Bridge, Project Management & 

Technical Support, and Construction and Innovative Contracting. 
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There are three major issues that MnDOT needs to address in order to implement this technology: 

access to the technology, power source(s), and the development of an agency protocol to use this 

technology.  

Use of ultrasonic bat deterrent technology for temporary deterrence of bats from bridges for this 

research project was a novel approach. At the time of the field implementation, NRG Systems deterrents 

were the only ones available in the market. There are other companies with similar technology now.  

MnDOT, ideally through a task force formed by the collaboration of previously mentioned offices, will 

need to inquire as to access options and associated costs. Access to the technology and any limitations 

will impact the development of an agency protocol. MnDOT would reevaluate the access constraints and 

adjust the agency protocol based on the availability of alternative products on the market. 

For effective implementation, MnDOT will need to have a clear protocol in place. Formation of a task 

force is recommended to develop this protocol. Some recommendations regarding this protocol are 

outlined as follows: 

 The task force should have initial meetings to outline the most common scenarios that the 

technology could be utilized for.  

 The technology potentially can be used for most bridge projects. The task force should also find out, 

based on the field study findings and the setup used for research, if there would be exceptions. 

 The field setup for the technology would be different based on the type of the project and duration 

of the construction. The protocol should also address these variables. 

 Walking through current agency steps when ESA-listed species are encountered at construction sites 

can help the task force determine critical components of this protocol.  

The protocol should clearly define when and how this protocol should be triggered. Past records on bat 

activity at bridges and special inspections after project selection and during design stages can be used as 

potential triggers. Currently, the Office of Environmental Stewardship reviews bridge inspection reports, 

specifically Element #900, which documents whether or not bats or bat signs have been documented on 

the bridge. They then work with USFWS and the DNR as needed to avoid, minimize, and mitigate 

potential impacts. In some cases, the Office of Environmental Stewardship also performs additional 

bridge surveys to determine the specific species of bats using the bridge(s). These surveys are 

incorporated into the project schedule and the results are part of the environmental document 

prepared for the project. The task force should decide if any changes are needed to this process and 

how this process should be integrated with the use of deterrent technology. 
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CHAPTER 5:  CONCLUSION 

The objective of this project was to evaluate the feasibility and efficacy of deploying non-lethal 

ultrasonic acoustic devices in the field to temporarily deter bats from roosting on bridges ahead of 

construction or maintenance activities, while minimizing harm to bats and non-target species. The 

technology was evaluated at two test sites in Minnesota, one short-term and one long-term, during the 

summer of 2019. 

Acoustic monitoring data showed a consistent reduction in bat call recordings when deterrents were on 

the deterred abutments. This can be explained either by bats avoiding the area in response to the sound 

produced by the deterrents and/or that the sound produced by the deterrents inhibited the ability of 

the acoustic detectors to record bat calls even if bat activity did not change. However, the field 

inspections heavily suggest that the deterrents were quite effective at reducing and/or eliminating bat 

presence. Considering the findings from both the acoustic monitoring data and the field inspections, 

acoustic deterrents appear to effectively work to temporarily deter bats from select abutments.  

Based on the field study findings, it is suggested that MnDOT implement ultrasonic bat deterrent 

technology to temporarily deter bats at construction sites. Temporary deterrence of bats from 

construction sites has the potential to minimize harm to bats by temporarily relocating them while 

enabling construction activities; decreasing engineering, construction, and administrative costs that are 

incurred due to delayed or canceled construction projects; and increasing agency efficiency when ESA-

listed species are encountered at bridge project sites. The implementation of this technology by MnDOT 

will require the development of an agency protocol through collaboration with relevant offices.  
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APPENDIX C: TENTATIVE SCHEDULE FOR THE SITES 
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Day Date Site #1 Details 

Wednesday May 29, 2019 1 Acoustic, Inspection, Deploy SD cards (set 1) 

Thursday May 30, 2019 2 Acoustic 

Friday May 31, 2019 3 Acoustic  

Saturday June 1, 2019 4 Acoustic  

Sunday June 2, 2019 5 Acoustic  

Monday June 3, 2019 6 Acoustic  

Tuesday June 4, 2019 7 Acoustic  

Wednesday June 5, 2019 8 Acoustic  

Thursday June 6, 2019 9 Acoustic  

Friday June 7, 2019 10 Acoustic  

Saturday June 8, 2019 11 Acoustic  

Sunday June 9, 2019 12 Acoustic  

Monday June 10, 2019 13 Acoustic 

Tuesday June 11, 2019 14 

Deterrent installation, Acoustic, Inspection, Replace 

D batteries 

Wednesday June 12, 2019 15 

Deter as of June 11 night, Inspection, Change SD 

cards (deploy set 2) 

Thursday June 13, 2019 16 Deter, Inspection 

Friday June 14, 2019 17 Deter (download SD cards in lab) 

Saturday June 15, 2019 18 Deter 

Sunday June 16, 2019 19 Deter 

Monday June 17, 2019 20 Deter, Inspection  

Tuesday June 18, 2019 21 Deter 

Wednesday June 19, 2019 22 Deter 

Thursday June 20, 2019 23 

Deter, Inspection, Change SD cards (deploy set 1), 

Replace D batteries, remove deterrents 

Friday June 21, 2019 24 Acoustic, Inspection 

Saturday June 22, 2019 25 Acoustic (download SD cards in lab) 

Sunday June 23, 2019 26 Acoustic 

Monday June 24, 2019 27 Acoustic 

Tuesday June 25, 2019 28 Acoustic 

Wednesday June 26, 2019 29 Acoustic 

Day Date Site #1 Details 

Thursday June 27, 2019 30 Acoustic, Inspection 
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Day Date Site #1 Details 

Friday June 28, 2019 31 Acoustic 

Saturday June 29, 2019 32 Acoustic 

Sunday June 30, 2019 33 Acoustic 

Monday July 1, 2019 34 Acoustic 

Tuesday July 2, 2019 35 Acoustic 

Wednesday July 3, 2019 36 Acoustic, Inspection, Collect SD cards (set 1) 

Thursday July 4, 2019 37 HOLIDAY 

Friday July 5, 2019 38 (download SD cards in lab) 

 

Day Date Site #2 Details 

Wednesday May 29, 2019 1 Acoustic, Inspection, Deploy SD cards (set 1) 

Thursday May 30, 2019 2 Acoustic 

Friday May 31, 2019 3 Acoustic  

Saturday June 1, 2019 4 Acoustic  

Sunday June 2, 2019 5 Acoustic  

Monday June 3, 2019 6 Acoustic  

Tuesday June 4, 2019 7 Acoustic  

Wednesday June 5, 2019 8 Acoustic  

Thursday June 6, 2019 9 Acoustic  

Friday June 7, 2019 10 Acoustic  

Saturday June 8, 2019 11 Acoustic  

Sunday June 9, 2019 12 Acoustic  

Monday June 10, 2019 13 Acoustic  

Tuesday June 11, 2019 14 

Deterrent installation, Acoustic, Inspection, 

Replace D batteries 

Wednesday June 12, 2019 15 

Deter as of June 11 night, Inspection, Change 

SD cards (deploy set 2) 

Thursday June 13, 2019 16 

Deter, Inspection, Check acoustic batteries/SD 

cards…adjust change out schedule as necessary  

Friday June 14, 2019 17 Deter (download SD cards in lab) 

Saturday June 15, 2019 18 Deter 

Sunday June 16, 2019 19 Deter 

Monday June 17, 2019 20 

Deter, Inspection, Check acoustic batteries/SD 

cards  

Tuesday June 18, 2019 21 Deter 

Wednesday June 19, 2019 22 Deter 

 

Thursday June 20, 2019 23 

Deter, Inspection, Change SD cards (deploy set 

1), Replace D batteries 

Friday June 21, 2019 24 Deter 

Saturday June 22, 2019 25 Deter 

Sunday June 23, 2019 26 Deter 

Monday June 24, 2019 27 Deter 

Tuesday June 25, 2019 28 Deter 

Wednesday June 26, 2019 29 Deter 
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Day Date Site #2 Details 

Thursday June 27, 2019 30 

Deter, Inspection, Change SD cards (deploy set 

2), Replace D batteries 

Friday June 28, 2019 31 Deter (download SD cards in lab) 

Saturday June 29, 2019 32 Deter 

Sunday June 30, 2019 33 Deter 

Monday July 1, 2019 34 Deter 

Tuesday July 2, 2019 35 Deter 

Wednesday July 3, 2019 36 Deter, Inspection, Replace D batteries 

Thursday July 4, 2019 37 Deter 

Friday July 5, 2019 38 Deter 

Saturday July 6, 2019 39 Deter 

Sunday July 7, 2019 40 Deter 

Monday July 8, 2019 41 Deter 

Tuesday July 9, 2019 42 Deter 

Wednesday July 10, 2019 43 

Deter, SHUT OFF DETERRENTS July 10 

evening 

Thursday July 11, 2019 44 

Inspection, Change SD cards (deploy set 1), 

Replace D batteries 

Friday July 12, 2019 45 Removal of deterrents. Acoustic, Inspection 

Saturday July 13, 2019 46 Acoustic 

Sunday July 14, 2019 47 Acoustic 

Monday July 15, 2019 48 Acoustic 

Tuesday July 16, 2019 49 Acoustic 

Wednesday July 17, 2019 50 Acoustic 

Thursday July 18, 2019 51 Acoustic 

Friday July 19, 2019 52 Acoustic, Inspection 

Saturday July 20, 2019 53 Acoustic 

Sunday July 21, 2019 54 Acoustic 

Monday July 22, 2019 55 Acoustic 

Tuesday July 23, 2019 56 Acoustic 

Wednesday July 24, 2019 57 Acoustic 

Thursday July 25, 2019 58 Acoustic 

Friday July 26, 2019 59 

Acoustic, Inspection, Collect SD cards (set 1), 

Removal of acoustic monitoring equipment 

Saturday July 27, 2019 60 TESTS COMPLETE…analysis 

 

 

  



 

APPENDIX D: SITE INSPECTION DOCUMENT 



D-1 

 

 
 

 
Date: ________  
Time:  ________ 
Weather conditions: : ________ 

Attendees: ___ 
Site Information:  
Site#: _______|Bound: _________|Abutment: _________ 
Notes: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________ 
Inspection 

Number of Bats Sec.1:___| Sec.2:___| Sec.3:___| 
Sec.4:___|T=__ 

Detection Method  Visual __ Thermal Camera __ Ultrasound__  

Guano quantity. (Low – Medium- High) Sec.1:___| Sec.2:___| Sec.3:___| Sec.4:___ 

Notes  

Deterrent technology used?  Yes - No 

Ultrasound detector findings (Bat species)  

  
 

SITE VISIT
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