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General Information
Proposal ID: 2027-410

Proposal Title: Reducing Underwater Noise to Benefit Aquatic Life

Project Manager Information

Name: Allen Mensinger
Organization: U of MN - Duluth
Office Telephone: (218) 260-9641

Email: amensing@d.umn.edu

Project Basic Information

Project Summary: Underwater noise in Minnesota lakes will be assessed to determine its extent and impact on fishes
and develop strategies and methods to decrease noise without impacting recreational opportunities.

ENRTF Funds Requested: $236,000
Proposed Project Completion: June 30, 2029

LCCMR Funding Category: Small Projects (G)
Secondary Category: Fish and Wildlife (D)

Project Location

What is the best scale for describing where your work will take place?
Statewide

What is the best scale to describe the area impacted by your work?
Statewide

When will the work impact occur?
During the Project and In the Future



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

Underwater noise has been identified as a major pollutant in the world’s ocean however its impact on freshwater
ecosystems is just beginning to be understood. Fish hearing is limited to low frequency sounds and motorized watercraft
overlap these frequencies and can mask or "jam" important natural sounds and/or cause temporary or prolonged
deafness. Noise increases stress, reduces growth rates, decreases reproduction and increases predation. This is
especially true in shallow waters that are important nursery areas for game fishes.

The boundary between air and water is excellent at absorbing sounds. For example, when one dives underwater, surface
sounds are quickly muted. Thus 97% of the noise produced above water by an outboard motor is not transmitted
underwater and is not a major contributor to underwater noise. The majority of underwater noise is produced by the
boat's propellor which will be the focus of one experiment. The types and intensity of underwater sound produced by
recreational watercraft in freshwater has rarely been studied and the goal of this project is to determine the noise
produced by watercraft in Minnesota lakes, the effects of the noise on fish and suggest modifications or strategies to
reduce underwater noise without impacting recreational activities.

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones.

The initial step will be to quantify the environmental noise in lakes of various sizes throughout Minnesota. Underwater
hydrophones will record watercraft noise and correlate it to the specific boat type, speed, propellor and engine. The
types of sound produced and the distance traveled will be correlated for each engine. The effect of noise on fish
behavior will be monitored by using forward facing sonar and/or underwater cameras.

Following the sound mapping, controlled studies with a 50 Hp outboard motor will be done to reduce underwater noise.
Different propellors (i.e. 3 vs 4 blade, stainless vs aluminum) will be tested. Our boat will run past underwater
hydrophones at different speeds with different propellors to determine the noise produced and impact on fish behavior.
Sound can be also transmitted underwater through the boat transom and hull. The mounting points for outboard
motors provide a channel for sound to be transmitted underwater. It is hypothesized that gel pads inserted between the
mounting units and the transom will reduce the vibrations while allowing the motors to be properly mounted. If
successful, this would provide a low cost solution to reducing underwater noise.

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation,
and enhancement of the state’s natural resources?

The goal is to reduce noise in the underwater environment. Minnesota prides itself on clean waters and has policies to
reduce pollution. However underwater noise is paradoxically a “silent” polluter as little work has examined the effects of
underwater nosie in freshwater and it is rarely monitored. Minor adjustments in boat operation, propellor design and/or
engine mounting has the potential to disproportionally decrease noise in critical shallow water nursery areas while not
infringing on recreational enjoyment. Reductions in underwater noise would provide immediate benefits for a host of
aquatic species.



Activities and Milestones

Activity 1: Determing the underwater soundscape of Minnesota Lakes
Activity Budget: $112,811

Activity Description:

Underwater hydrophones will be deployed in Minnesota lakes to record underwater noise produced by motorized
watercraft. Four underwater hydrophones will be deployed from small buoys in a square, 500 yds apart. The arrays will
passively record underwater noise and allow boat position and speed to be calculated. Video cameras will record boat
and engine size and, the noise produced by each watercraft will be determined. Particular attention will be given to low
frequency sound as these frequencies will have the greatest impact on the hearing of most Minnesota game fish.
Simultaneously, forward facing sonar units from anchored research boats will monitor fish movement and their reaction
to the sound. Any change in swimming speeds or direction will be correlated with the noise emitted from motors.
Underwaters cameras will observe nest guarding species (i.e. sunfish) to determine if noise distracts the guardian males
and results in increased egg predation.

Sound can travel miles underwater with depth being an important factor. Therefore, we will sample lakes of varying
sizes and depths throughout the state. A sound library will be produced based on engine size and speed to determine
the potential impact and noise range of each engine on fish populations.

Activity Milestones:

Description Approximate
Completion Date

Determine the underwater soundscape of MN lakes June 30, 2028

Determine the effect of noise on fish populations August 31, 2028

Activity 2: Reducing underwater noise in Minnesota Lakes
Activity Budget: $122,310

Activity Description:

Controlled studies will be undertaken with a 50 Hp outboard motor mounted on our research boat to examine
mechanisms of reducing underwater noise. We will examine different propellors (3 or 4 blade, stainless vs aluminum)
and will run the boat through our hydrophone array at different speeds. The underwater sounds will be examined to
determine what type of propellor produces the least amount of noise. Tests will be run on different size lakes and in
different depths. An additional goal to is to map the "noise" field of the boat. Sound travels shorter distances in shallow
waters and minor modifications such as reducing engine speed within 50 to 100 yds of the shore line may significantly
decrease noise in shallow waters.

Sound can be transmitted underwater through the boat transom and hull. The mounting points for outboard motors
provide a channel for sound to be transmitted underwater. It is hypothesized that gel pads can be inserted between the
mounting units and the transom that can reduce the vibrations while still allowing the motors to be properly mounted.
If successful, this would provide a low cost solution to reducing sound, while not affecting performance.

Activity Milestones:

Description Approximate
Completion Date

Boat engine propellor tests August 31, 2028

Boat engine mounting modifications August 31, 2028




Activity 3: Boater outreach and education
Activity Budget: $879

Activity Description:

Many boaters show interest in our underwater sound studies and are often surprised at what fish can hear. We will
develop an one page information sheet on fish hearing, underwater sound, the effects of noise on fish populations and
what the study may tell us. These will be shared with recreational boat users at boat launches and made available to
boat and fishing organizations. Our goal is to make suggestions on how they can reduce underwater noise with
minimum impact to their boats performances with the goal to educate not mandate.

It is imperative to indicate we are not trying to restrict recreation activities as mid lake, deeper water high speed transits
will probably have less effect on fish populations than boat operation in shallow areas that are critical nurseries areas. It
is in the near shore that minimizing noise could have the greatest impacts. For example, this study will allow us to
suggest how far from shore you should be before engaging full throttle. Fifty to one hundred yards in shallow water can
make a huge impact in the amount of noise reaching shallow water fish nursery areas.

Activity Milestones:

Description Approximate
Completion Date
Boater Outreach and Education June 30, 2029




Dissemination

Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.

The data will be disseminated through oral and poster presentations at the Minnesota American Fisheries Society annual
meeting, seminars and peer reviewed publications. Additionally, a one page illustrated project summary will be shared
with anglers at the various sites throughout the state to explain how underwater sound impacts aquatic life.

Long-Term Implementation and Funding

Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as
part of the project, how will findings, results, and products developed be implemented after project completion? If
additional work is needed, how will this work be funded?

Our data will be shared with Minnesota DNR, boating groups and manufacturers. Based on the sound mapping and boat
motor experiments, a list of suggestions to minimize noise especially in critical nursery areas will be produced. For
example, no wake zones, significantly reduce underwater sound but it is unclear how far they need to extend from
shore. In the future, we propose to partner with boat manufactures to reduce noise as this may provide them with new
markets to cater to environmentally conscience consumers or anglers that want to minimize noise that may impact fish
populations.

Project Manager and Organization Qualifications

Project Manager Name: Allen Mensinger
Job Title: Biology Professor

Provide description of the project manager’s qualifications to manage the proposed project.

The project manager has been investigating fish sensory systems for over 30 years and has focused on fish hearing and
underwater noise during the past decade. He initiated the work on acoustic deterrents that are currently being used
against invasive bighead carp. He was contracted by the MN DNR to investigate the sound profile at Lock and Dam 5.
Additionally he has surveyed ten small lakes in the Duluth area, the Boundary Waters and the Western Arm of Lake
Superior to establish baseline sound levels in the environment and how noise from watercraft can add to the sound
profile. In a recent study, sound from a small boat greatly increased attacks on nesting sunfish. He maintains a lab in the
MAISRC containment building and has recently found that a combined acoustic and carbon dioxide deterrent is 100%
effective in stopping the upstream migration of bigheaded carp in the lab. His current MAISCR project is investigating
the effects of the deterrent on native fishes and developing new methods to attract, trap and remove the bigheaded
carp.

He prioritizes recruiting in state graduate and undergraduate students for his research and currently has four Minnesota
natives as graduate students and three Minnesota undergraduates in his lab. The Mensinger lab is heavily involved in
outreach activities and believe it is crucial to educate the public on how state resources are expended. The project
manager was recently appointed to the Great Lakes Aquarium Board of Directors which will provide an additional forum
for him to share his activities.

Organization: U of MN - Duluth

Organization Description:
The University of Minnesota Duluth (UMD) is a medium-sized, public, four-year university in Duluth, Minnesota, part of
the UMN System. Located on a 244-acre campus on Lake Superior, it offers over 150 undergraduate majors and 25



graduate fields. It combines liberal arts education with research opportunities, focusing on experiential learning and a
96% graduate success rate. The UMD Biology Department sponsors both undergraduate and graduate student research.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Allen F. Project Manager One month summer salary is 26.8% | 0.16 $33,974
Mensinger requested per year
Graduate Conduct experiments, record sounds, correlate 45.5% 1 $115,950
student #1 sound with watercraft. 24 months is requested,
50% during the academic year and summer for two
years. tuition remission is included in the fringe
benefits calculation
Graduate Conduct experiments, record sounds, correlate 19.5% | 0.24 $19,627
student #2 sound with watercraft. summer salary only is
requested for two summers
Undergraduate Assist graduate students with experiments - full 0% | 0.5 $15,860
research time during summer
student
Sub $185,411
Total
Contracts and
Services
Sub -
Total
Equipment,
Tools, and
Supplies
Equipment 4 hydrophones, 4 Go Pro video cameras, Forward hydrophones record underwater $23,700
facing sonar unit, 5 external hard drives sound, video camera will record boat
and fish movement, forward facing
sonar will track fish movement and
external hard drives are needed for
data storage
Tools and buoys, rope, anchors, pipe, lumber, brackets, Need to making stands for $6,094
Supplies fasteners and boat fuel hydrophones cameras and sonar and
fuel for boat motor
Sub $29,794
Total
Capital

Equipment




50 hp 4 stroke outboard motor

To allow controlled testing of boat
motor sound and how different
speeds and propellors affect sound.
The proposal will quantify the effects
of underwater sound on fishes. While
much of the work will take advantage
of the public use of watercraft, a
dedicated motor that we can use is
essential to test how different
propellors and mounting strategies
can decrease underwater sound

$9,000

Sub $9,000
Total
Acquisitions
and
Stewardship
Sub -
Total
Travel In
Minnesota
Conference MN AFS meeting registration ( Faculty $300, two The MN AFS meeting will allow us to $2,000
Registration students $150 per year) and lodging (two rooms at provide the DNR and other fisheries
Miles/ Meals/ | two night per year $400) for the project manager manager the opportunity to share our
Lodging and two graduate students for two years. results
Miles/ Meals/ | RT travel to lakes across the state to record sound. Different lakes will have different $2,070
Lodging 4 trips with two rooms lodging for two night for soundscapes. This allow us to travel
each trip ($800). Average RT 300 miles ($870). Two | to the larger lakes across the state
students and 8 days diem ($400). and sample sound
Miles/ Meals/ | Day trips to sample lakes near Duluth and to test Different lakes have different $725
Lodging motor. 20 trips at average 50 miles per round trip soundscapes. This will allow us to test
725 sound in a wide variety of lakes
Sub $4,795
Total
Travel Outside
Minnesota
Sub -
Total
Printing and
Publication
Publication 2 peer reviewed research papers The average publishing cost for similar $5,000

research papers from the project
managers lab has been $2400 per




paper over the last three years. $200
has been budgeted to print the
information pamphlet to share with
boaters

Sub $5,000
Total
Other
Expenses
Repairs and maintenance UMD has several boat trailers $2,000
available for use but they have not
been on the road for several years.
Funds are requested for new tires and
lubricating the trailers
Sub $2,000
Total
Grand $236,000

Total




Classified Staff or Generally Ineligible Expenses

Category/Name

Subcategory or
Type

Description

Justification Ineligible Expense or Classified Staff Request

Capital Equipment

50 hp 4 stroke outboard motor

While most of the study will take advantage of watercraft operated by the public, the
researchers cannot control the speed or location of these watercraft of test different
propellor types. The motor will allow controlled testing that is not possible by just
passively monitoring watercraft sound.

Additional Explanation : UM Duluth has an extensive number of faculty that conduct
research local waters. When the project manage is not using this motor, it will be
available to support research and education at UMD. The boat motor could also be used
to support future studies on underwater sound. If the motor is not used for these
purposes during its useful life we commit to pay back the Environment and Natural
Resources Trust Fund an amount equal to either the cash value received or a residual
value approved by the LCCMR director if it is not sold

10




Non ENRTF Funds

Category | Specific Source Use Status Amount
State
In-Kind UMN unrecovered indirect costs are calculated at the Indirect costs are those costs incurred for common or joint objectives Secured $107,244
UMN negotiated rate for research of 54% modified that cannot be readily identified with a specific sponsored program or
total direct costs. institutional activity. Examples include utilities, building maintenance,
clerical salaries, and general supplies.
(https://research.umn.edu/units/oca/fa-costs/direct-indirect-costs)
State Sub $107,244
Total
Non-State
Non State -
Sub Total
Funds $107,244
Total

Total Project Cost: $343,244

This amount accurately reflects total project cost?
Yes

11




Attachments

Required Attachments

Visual Component
File: c7c74735-63d.docx

Alternate Text for Visual Component
Graphic shows fish reaction to underwater noise and a potential fact sheet that can be shared with boaters...

Supplemental Attachments

Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other

Title File
Mensinger_LCCMR Transmittal letter ddlecc31-97b.pdf

Administrative Use

Does your project include restoration or acquisition of land rights?
No

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota
plan?

Yes, | understand the UMN Policy on travel applies.

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue
generation?
No

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?
N/A

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?
N/A

Does your project include original, hypothesis-driven research?
Yes

Does the organization have a fiscal agent for this project?
No

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration?
No

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care,
treatment, education, training, instruction, or recreation to children")?

No

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:

12



https://lccmrprojectmgmt.leg.mn/media/map/c7c74735-63d.docx
https://lccmrprojectmgmt.leg.mn/media/attachments/dd1ecc31-97b.pdf

Michael Jacob University of Minnesota Duluth

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include
competitive bidding and prevailing wage requirements

N/A
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