Using Acoustically-Enabled Long-Range AUVs to Reduce Key Uncertainties in Great Lakes Prey Fish Assessment

I. GENERAL INFORMATION

A. Introduction

[bookmark: _Hlk516638018]The US Geological Survey (USGS) has the Federal authority to conduct monitoring, assessment, and research in support of the binational fisheries of the Laurentian Great Lakes.  In this capacity the USGS Great Lakes Science Center (GLSC) conducts annual surveys to index prey fish abundances on all five lakes using a combination of bottom trawling and active acoustics coupled with midwater trawls.  Acoustic telemetry is another important research area.  The data that emanate from these surveys support decision making by federal, state, provincial, and tribal fisheries managers about predator stocking decisions, tracking of lake productive status, sea lamprey status and impacts, and native species population restoration.

With the signing of the Great Lakes Fisheries Research Authorization Act in 2019, the US Congress authorized new funding to support the expansion of GLSC’s science activities, among other things, use “…existing, new, and experimental biological assessment tools, equipment, vessels, other scientific instrumentation and laboratory capabilities…to support fishery management decisions”.  The thrust of GLSC’s efforts is to improve its prey fish stock estimates, including through the evaluation and adoption of advanced survey technologies that can improve the accuracy and precision of annual fish density and standing stock estimates.

B. Background
Uncertainties in USGS’s annual abundance estimates emanate from the following sources:(1) magnitudes of biases associated with down-looking ship-based acoustics, (2) low precision of estimated abundances, (3) fish distributional patterns relative to environmental stressors.  Each of these uncertainties is described briefly below.

Major sources of bias currently affecting the accuracy of USGS’s acoustic prey fish density estimates include vessel noise and acoustic dead zones (ADZs) near the lakebed and lake surface.  Large survey vessels generate substantial low-frequency noise that can cause fish to flee the vicinity of the vessel[footnoteRef:1].  Vessel noise has been shown to cause significantly underestimated fish densities by 30% to 60% for species in the alewife and smelt families[footnoteRef:2],[footnoteRef:3].  ADZs occur near the lakebed and water surface where split-beam echosounders cannot detect fishes.  Fishes near the lakebed cannot be discriminated from bottom habitats, while fishes near the lake surface cannot be detected because of surface noise (e.g., waves and bubbles), transducer deployment depth, and “near-field effects” (distance for a beam to form)[footnoteRef:4].  Small sonar beam volumes near the surface further exacerbate undersampling of shallow distributed fishes.  Thorough sampling of fish in the bottom ADZ in Alaska has shown that fish within the ADZ can comprise up to 60% of water column density on average[footnoteRef:5].  Accounting for fishes in the surface ADZ can also lead to large increases in estimated density.  Comparison on of vessel estimates to up-looking echosounders found that accounting for fish in the surface ADZ resulted in double the alewife density in Lake Ontario[footnoteRef:6], and nearly three times the prey fish density in Lake Superior[footnoteRef:7].  Quantifying the magnitudes of these biases in USGS’s surveys of prey fish in lakes Michigan, Huron, and Superior, and then correcting for them is a high priority for USGS. [1:  Fréon, P., F. Gerlotto and O.A. Misund.  1993.  Consequences of fish behaviour for stock assessment.  ICES Marine Science Symposia 196: 190-195.]  [2:  De Robertis, A., and N.O. Handegard.  2013.  Fish avoidance of research vessels and the efficacy of noise-reduced vessels: a review.  ICES Journal of Marine Science 70: 34-45.]  [3:  De Robertis, A., N. Lawrence-Slavas, R. Jenkins, I. Wangen, C.W. Mordy, C. Meinig, M. Levine, D. Peacock, and H. Tabisola.  2019.  Long-term measurements of fish backscatter from Saildrone unmanned surface vehicles and comparison with observations from a noise-reduced research vessel.  ICES Journal of Marine Science 76: 2459-2470.]  [4:  Rudstam, L.G., S.L. Parker-Stetter, P.J. Sullivan, and D.M. Warner.  2009.  Towards a standard operating procedure for fishery acoustic surveys in the Laurentian Great Lakes, North America. ICES Journal of Marine Science 66: 1391-1397.]  [5:  Kotwicki, S., A. De Robertis, J.N. Ianelli, A.E. Punt and J.K. Horne.  2013.  Combining bottom trawl and acoustic data to model acoustic dead zone correction and bottom trawl efficiency parameters for semipelagic species. Canadian Journal of Fisheries and Aquatic Sciences 70: 208-219.]  [6:  Connerton, M.J. and J. Holden.  2016.  Acoustic assessment of pelagic planktivores 2015. 2015 NYSDEC Annual Report: 296-302.]  [7:  Grow, R.C., T.R. Hrabik, D.L. Yule, B.G. Matthias, J.T. Myers, and C. Abel.  In review. Comparison of down-looking to multi-directional acoustic density estimates of pelagic fishes in Lake Superior. Journal of Great Lakes Research.] 


Quantifying the magnitudes of vessel-noise effects will require comparisons of vessel-based density estimates to those collected with nearly silent sampling platforms.  Saildrone®—a wind-propelled unmanned surface vehicle (USV) carrying fisheries echosounders—has emerged as a valuable tool for quantifying vessel noise3 and will be brought to the Great Lakes for this purpose on an exploratory basis.  However, Saildrone is still subject to biases associated with ADZs.  Acoustically-enabled AUV(s), like MBARI’s ‘Tethys’ vehicle, can detect fishes in the surface ADZ by pinging upward, and can resolve fish near the lakebed by (a) improving the signal-to-noise ratio allowing for better target detection, (b) narrowing the beam to reduce the likelihood of detection of non-fish, and (c) shortening pulse duration thereby improving vertical resolution of acoustic data (i.e., the ability to detect a fish closer to the bottom).  The high persistence and range of the Tethys AUV may offer additional benefits for accuracy and precision.  The wide transect spacing of vessel-based surveys leads to high likelihoods of missing some areas with high fish densities.  Low sampling effort relative to the scale of the lakes may contribute to the relatively high relative standard errors of species densities (20 – 40%) reported in lakes Michigan and Huron since 2004.  A large increase in effort could improve accuracy and precision (lower standard error)[footnoteRef:8], and create an opportunity to define optimal effort levels.  The uncertainties of USGS’s acoustic fisheries assessment could be quantified with side-by-side deployments of USGS ship-based acoustics and MBARI’s Tethys-class autonomous underwater vehicles (AUV) capable of gathering up- and down-looking fish density data.   [8:  Yule, D.L., J.V. Adams, D.M. Warner, T.R. Hrabik, P.M. Kocovsky, B.C. Weidel, L.G. Rudstam, and P.J. Sullivan. 2013. Evaluating analytical approaches for estimating pelagic fish biomass using simulated fish communities.  Canadian Journal of Fisheries and Aquatic Sciences 70:1845-1857.] 


A long-term goal of GLSC is to complete its acoustic fisheries surveys autonomously.  While new technologies are mature that can autonomously collect the active acoustic data (i.e., Saildrone), the problem of how to apportion species composition and relative abundance to the densities observed in acoustic samples has yet to be solved.  In ship-based surveys, this challenge is addressed by sampling fish with mid-water trawls along the acoustic survey track.  Environmental DNA (eDNA) has been successfully used to positively identify the presence of multiple aquatic species in a community using metabarcoding[footnoteRef:9], but more research is needed to determine whether and how eDNA can be used to reliably estimate relative abundances of species in a community.  Having the ability to collect eDNA autonomously in conjunction with mid-water trawl samples is an initial methodological step that will allow for development and application of efficient analytical routines for meta-barcoding of Great Lakes fishes.  In addition to having the ability to collect fisheries acoustic data, MBARI’s Tethys-class AUV also has a demonstrated capacity to collect and preserve eDNA samples with a high degree of spatial and temporal specificity. [9:  Yamamoto, S., R. Masuda, Y. Sato, T. Sado, H. Araki, M. Kondoh, T. Minamoto and M. Miya. 2017. Environmental DNA metabarcoding reveals local fish communities in a species-rich coastal sea. Scientific reports 7:1-12.] 


The over-arching goal of the proposed cooperative agreement is to use AUVs carrying appropriate payloads to help reduce key uncertainties in USGS Great Lakes prey fish assessment, and to also test for the utility of eDNA to assist with the species apportionment problem in acoustic fish assessment.

C. Scope

[bookmark: _Hlk516683972]The work described below will take place between April 1, 2024 and March 31, 2025.

II. WORK REQUIREMENTS

A. Technical Requirements

The Monterey Bay Aquarium Research Institute (MBARI) will undertake the following activities:

1. Prep and ship an LRAUV equipped with a Simrad EK80 mini scientific echo sounder to an air freight depot at the Detroit airport.  USGS will receive that shipment in Detroit and move the crates to their facility in Cheboygan Michigan.  An LRAUV engineer will travel from Moss Landing CA to support assembly and testing, then help USGS deploy the LRAUV into Lake Huron for 10 days of fishery surveys.  USGS and their collaborators will operate the vehicle and conduct the recovery.  The MBARI engineering team will support mission planning and be on standby support during the operations.

2. An LRAUV engineer will travel from Moss Landing CA to Munising Michigan to check out and deploy the LRAUV into Lake Superior MBARI engineering team will support mission planning and be on standby support during the operations.  USGS and their collaborators will operate the vehicle and conduct the recovery.

3. An LRAUV engineer will travel from Moss Landing CA to the USGS facility in Cheboygan Michigan to disassemble and pack up the system for shipping back to Moss Landing CA.  USGS will move the packed crates from Cheboygan to the air-freight terminal in Detroit.

MBARI has unique capabilities pertinent to this USGS activity.  Since MBARI’s founding in 1984, one area of continued emphasis has been in the development of autonomous, robotic platform and sensing systems.  In particular, the Long Range Autonomous Underwater Vehicle (LRAUV) is an MBARI-developed platform that has special energy-saving features to allow 2 to 3-week missions before recovery is necessary. The LRAUV currently carries a suite of contextual sensors including chlorophyll, nitrate, oxygen, turbidity, salinity, and temperature, and other more specialized sensors (e.g., bioacoustics packages) have occasionally been added.  The LRAUV also has the ability to react adaptively, watching for certain contextual measurements in order to modify its flight behavior.
:

LRAUV operations/Bioacoustics
Brett Hobson—ME and Project Manager
Brian Kieft—SE and Sr. LRAUV operations engineer
Quinn Shemet – SE and Sr. LRAUV operations engineer
Cole Grasse – SE and LAUV operations engineer

B. Deliverables
Year 1 deliverables under the project are as follows:

	Deliverable
	Delivery date(s)
	Point of delivery

	LRAUV deployed in Lake Huron
	July 19, 2024
	P. Esselman

	LRAUV deployed in Lake Superior.
	August 2nd, 2024
	P. Esselman

	LRAUV packed up at USGS Cheboygan facility 
	August 16th, 2024
	P. Esselman

	MBARI receives LRAUV back in CA and puts it back into service
	August 30th, 2024
	P. Esselman




C. Proposed Budget



Budget justification

Overview

Total MBARI costs are $125,198
[image: ]

1.  Personnel
A total of $64707 is requested in order to accomplish the three field operations. 

Fringe Benefits for MBARI personnel.  Fringe Benefits are negotiated by our Cognizant Federal Agency, NOAA, and are paid based on salary classification (e.g., full time, part time, temporary). Such benefits may include but are not limited to health, dental and vision insurance, FICA, Workers’ compensation, retirement plan, and paid off time for holiday, sick and vacation. Annual rate used for full-time employees in all budget years is 57.15% salary.

2.  Supplies.  A total of $1,000 is requested for consumables and minor repairs to the AUV.  

3.  Travel: We estimate travel costs based on prior deployment experience.  The deployments will require travel to Michigan from Moss Landing, CA.  One engineer will travel to deploy, one for mid-deployment recovery/re-deploy, and a final trip for final return shipping for a total of 3 person/trips.  Summer airfare is estimated at ($1000/person/trip—total $3,000).  Lodging is estimated for 10 person/nights total ($200/night—total $2,000).  Per diem  for 10 person/days = $690, plus $1200 for rental cars; total travel expense= $12,000).

4. Other Costs:  We plan to use other funds to send vehicles and supplies to Ann Arbor, MI.  Thus, we seek funds only to return-ship the vehicles, instruments, and supplies from Ann Arbor back to Moss Landing, CA ($6000).  This cost is based on experience from prior years of shipping LRAUV’s to/from Ann Arbor.

5. Capital Equipment (> $5000):  Given the bioacoustics problem to be solved in L. Michigan and our prior experience with various bioacoustics packages, we will purchase the following Capital Equipment—Kongsberg WBT mini ($35,000), 200 kHz split beam transducer ($26,000), 333 kHz single beam transducer ($18,000).  These particular models meet the size, mass, and energy requirements for inclusion on an autonomous robot and have been used successfully in the past in Monterey Bay.  In addition, LRAUV will need pressure housing shell ($7,000) and a custom bulkhead endcap ($5,000).  MBARI has designed and had these manufactured for vehicles in the past. Total Capital = $91,000.

6. Indirect Cost Rate: The negotiated institutional indirect cost rate is 52.5% Modified Total Direct Cost. The base excludes capital items, participant support costs, subcontract costs exceeding the first $25K of each subcontract, internal ship time, and MARS port fees. MBARI also excludes costs associated with fixed assets from OH. The exclusion applies to all costs directly associated with the internal construction costs of an asset including, but not limited to wages, fringe, components, and any costs necessary to make the asset operational. The Federal Cognizant Agency Official at NOAA is Lamar Revis: lamar.revis@noaa.gov, 301-628-1308, Grants Management Division, NOAA, 1325 EAST WEST HWY, Room # 9332, Silver Spring, MD 20910-3283.


III. SUPPORTING INFORMATION

A. Place of Performance

Monterey Aquarium Research Institute; 4840 State Rd.; Ann Arbor, MI 48108

B. Period of Performance

[bookmark: _GoBack]April 1, 20241 – March 31, 2025

C. Government Furnished Property (GFP), list property and its value.

Not applicable.

D. Special Considerations:

Not applicable.
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