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, 2021 and March 31, 2022.

II. WORK REQUIREMENTS

A. Technical Requirements

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

1. Upgrade two Tethys-class AUVs to carry (vehicle 1) fisheries acoustics and sensor payloads appropriate for addressing the uncertainties described above, and (vehicle 2) an archiving ESP and limnology sensor payload.  Echosounders will consist of up- and down-looking 200 and 333 kHz split beam echosounders.  Both vehicles will carry limnology sensor payloads to include sensors for chlorophyll a, photosynthetically active radiation, particle backscatter, Dissolved Oxygen, temperature, and depth.

2. Conduct two weeks of coordinated sampling with the two AUVs described in item 1 and USGS research vessel(s) to compare measured fish densities and target strengths between the Tethys with up- and down-looking acoustics and ship-based down-looking echosounders, and eDNA to trawl catch composition.  Assist with survey design and field campaigns, provide datasets to USGS for analysis, and participate in manuscript generation and review.


3. While the vessel is not underway, the LRAUV’s will conduct spatially ranging missions to characterize spatiotemporal variation in fish densities on larger spatial scales scales.  Assist with survey design and field campaigns, provide datasets to USGS for analysis, and participate in manuscript generation and review.

4. Assist with eDNA data collection to test species apportionment methods using meta-barcoding.

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.

The Environmental Sample Processor (ESP) is among a new generation of robotic sensors specifically designed for use with the LRAUV.  Modeled as an ‘ecogenomic sensor’, the ESP provides for subsurface, hands-off collection of discrete water samples, particle concentration and application of various molecular biological analyses for detection of a variety of organisms, genes and metabolites.  At present, the instrument can perform these types of assays with daily resolution and in real-time, and transmit data from remote locations.  Relevant to the proposed activity, the ESP can also archive samples for more in-depth analyses upon instrument retrieval. 

This project has a clear division of labor between the vehicle acoustics operations, and the sample collection operations.  Thus, the Project Managers of the LRAUV and ESP projects will employ their respective teams for each component, according to the following breakdown:

LRAUV operations/Bioacoustics
Brett Hobson—ME and Project Manager
Brian Kieft—SE and SR. LRAUV operator
Ben Raanan—SE and LRAUV operator
Erik Trauschke—LRAUV Operations
Brent Jones—nosecone build technician

ESP operations
Jim Birch – Project Manager
Chris Preston—Sr. Research Specialist/ ESP operator

Vehicle retro-fit
Aaron Schnittger--Mechanical technician
Jose Rosal--Electronic technician
[bookmark: _GoBack]Mike Parker--machinist

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

	Deliverable
	Delivery date(s)
	Point of delivery

	Proof that two Tethys-class AUVs have been upgraded to carry acoustic and ESP payloads
	July 16, 2021
	P. Esselman

	Two AUVs transported to the Great Lakes, prepared, launched, monitored during a two-week deployment, recovered and shipped home.
	September 30, 2021
	P. Esselman

	Data and metadata from coordinated sampling and wide-ranging surveys with up- and down-looking acoustics.  Provision of technical advice on study design and participation in manuscript production.
	November 6, 2021
	P. Esselman

	N = 50-100 filters containing preserved eDNA.  Data and metadata from other sensors aboard the eDNA vehicles.  Provision of technical input on study design, advice on data interpretation, and participation in manuscript production.
	November 6, 2021
	P. Esselman




C. Proposed Budget
[image: ]


Budget justification

Overview

Total MBARI costs are $366,822.

1.  Personnel
A total of $72,752 is requested in order to accomplish three inter-related tasks.  The first is to build a new acoustic nosecone, requiring 78 hrs of machinist time for manufacture of custom mounting parts, 44 hrs of mechanical technician time for assembly, and 72 hrs of mechanical engineer and 92 hrs of software engineer for testing and calibration.  Total labor for nosecone construction is estimated at 1.5mo FTE.  

Second, updating two LRAUV’s will require approx. 60 hrs of mechanical technician for the replacement of older mechanical parts, and 96 hrs of electrical technician to upgrade electronics boards that have changed since these early LRAUV versions were built.  This updating will also require  approx.. 50 hrs of mechanical engineer and 70 hrs of software engineer for integration/testing once the build is complete. Total labor for this task is estimated at 1.6mo FTE.

The third task will be the deployment in L. Michigan.  ESP preparation will require 120 hrs of a research specialist and 80 hrs of a research technician to clean, prepare, and load cartridges, and test the ESP in preparation of deployment.  Preparation of the LRAUV prior to deployment, oversight during deployment, and all recovery/return operations will be overseen by an software engineer (130 hrs) and marine operations tech (160 hrs).  Total labor for task two is estimated at 2.8mo FTE.

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 $48,537 is requested.  The supply budget will be used to purchase non-capital equipment necessary in the nose-cone construction (bioacoustics cables, connectors [$1,692], nosecone and frame parts; $12,380), as well as expendables necessary during the deployment (filters, reagents, tubing, etc.; $2,000).  Additionally, $32,465 will be used to bring two LRAUV vehicles to current operating capacity.  These funds will pay for new battery sticks, antennas, updated compasses and housings, PAR sensors, and various sensors, cables, and mounting brackets, all components that have changed since these early-edition vehicles were manufactured.

3.  Travel: We estimate travel costs based on prior deployment experience.  The deployment will require travel to Ann Arbor, MI from Moss Landing, CA.  Two people will travel to deploy, one for mid-deployment recovery/re-deploy, and two will travel to recover for a total of 5 person/trips.  Airfare is estimated at ($500/person/trip—total $2,500).  Lodging is estimated for 30 person/nights total ($150/night—total $4,500).  Per diem and incidentals (e.g., rental car) are estimated at $166.67/day for 30 person/days = $5,000; 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

April 1, 2021 – March 31, 2025

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

Not applicable.

D. Special Considerations:

Not applicable.
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SALARIES/WAGES # Hours Y1 Charge



Machinist 78 4,820
Mech Tech 104 6,381
Mechanical Engineer 122 10,636
Software Engineer 292 25,255
E Tech 96 5,744
Operations 160 10,712
Research Technician 80 2,000
Research Specialist 120 7,204



Total Reg Salary 1052 72,752



BENEFITS (Rate-Reg) 57.15% 41,578



TOTAL SAL & BEN 114,330



Acoustic Nose Cone Package
Capital Equipment



Kongsberg WBT Mini 35,000
200 kHz split beam transducer 26,000
333 kHz single beam transducer 18,000
Pressure housing shell 7,000
Endcap 5,000



Total Capital: 91,000
Supplies



bioacoustic cables 1,692
nosecone parts 12,380
Reagents, filters, o-rings,  cartridge parts, 2,000
parts for 2 vehicle rebuild 32,465



Total Supplies: 48,537
Travel



Deployment Travel/Lodging 12,000
Shipping



Shipping (return from MI only) 6,000



Total Non-Capital: 66,537



Subtotal Expenses 157,537



Total Direct Costs 271,867



Total Direct Costs less Capital Costs 180,867



Total Indirect Costs Rate: 52.5% 94,955



TOTAL DIRECT & INDIRECT COSTS 366,822



Yr 1











