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1. Introduction

We propose to develop a statistically tenable, Lake Superior-wide, assessment program for nearshore and offshore pelagic fishes using hydroacoustics.  The proposed program will provide vitally important data necessary to properly manage Lake Superior fish populations and communities.  Currently, only a relative abundance index from bottom-trawl surveys is used to describe trends in pelagic fish populations, and only limited data exist on absolute abundance and biomass of pelagic prey fishes in western Lake Superior.  It is the consensus of the Lake Superior Technical Committee that absolute abundance estimates of pelagic fish populations are required for the management of Lake superior fish populations and fisheries.  This emphasis on absolute estimates of abundance is ubiquitous throughout the Great Lakes region, where Lakes Michigan, Ontario, and Erie have developing hydroacoustics monitoring programs. Our proposed study will test and refine a prototype hydroacoustics assessment program designed to estimate abundance, biomass, and species composition of pelagic fishes in the nearshore and offshore waters of all Lake Superior.  

The proposed project is consistent with, and relevant to, the objectives of the Ontario Ministry of Natural Resources.  The Ontario Ministry in collaboration with the Great Lakes Fishery Commission are interested in fostering the development and implementation of a lake wide hydroacoustic assessment program on Lake Superior.  The goals of that program are to:

1.  Develop and implement a fish community assessment program,

2.  Develop and implement action/restoration plans for forage fish,

3.  Develop offshore capabilities,

4.  Evaluate ecological effects of stocking and revise stocking strategies, as necessary, to be consistent with proposed aquatic community and habitat goals and objectives. 

Lake Superior fishery management agencies have moved from single-species management to ecosystem based management strategies that incorporate energy flow among several trophic levels.  The fish biomass in Lake Superior is dominated by pelagic fish species such as rainbow smelt (Osmerus mordax), lake herring (Coregonus artedi), bloater (C. hoyi), kiyi (C. kiyi), shortjaw cisco (C. zenithicus) lake trout (Salvelinus namaycush namaycush) and siscowet lake trout (S. namaycush siscowet).  However, scarce data exist on pelagic fish communities, particularly in the offshore zone of the lake, and those data are critically important for managing that community.  To develop and implement scientific management and action plans for pelagic, nearshore and offshore forage fishes, measurement of absolute abundance and biomass of pelagic prey fish is required.   A standardized lake-wide acoustic assessment program in Lake Superior will provide management agencies with absolute abundance and biomass estimates of prey fish.  Those data will help agencies understand the ecological effects of harvest management and the existing stocking programs and provide the necessary information to adjust harvest rates of predator and prey fishes.  Ecosystem models developed from accurate forage fish data will allow agencies to develop management programs that will aide in the restoration of lake herring, which is arguably the most ecologically important native prey species for lake trout in the lake.  Restoration of lake herring is also necessary for the restoration of the nearshore native fish community in Lake Superior, and further progress toward lake herring restoration will help management agencies continue to sustain progress in restoring healthy Lake Superior fish populations and communities.

2.  Problem statement

Accurate measures of fish abundances are critical for assessing predator-prey dynamics and for establishing safe harvest limits and stocking rates in the Great Lakes.  Results of two recent bioenergetics modeling studies indicated that predator consumption rates in Lake Superior exceed prey supply (Negus 1995; Ebener 1995a).  Demand-supply analysis combines estimates of prey abundance with bioenergetics models to evaluate carrying capacity limitations (Ney 1990), and that analysis indicated that carrying capacity has limited salmonine production in Lakes Michigan and Ontario after abrupt declines in alewife abundance (Stewart and Ibara 1991, Jones et al. 1992).  Consequences of carrying capacity limitations for salmonines include: smaller sizes at age, smaller maximum attainable length and weight, slower maturation rates, decrease in returns of hatchery fish, and increased incidence of disease.  In Lake Superior, steady declines in hatchery returns of chinook salmon (Oncorhynchus tshawytscha) since 1981 suggested decreasing survival (Ebener 1995b).  Lake trout stocking is no longer occurring in much of Lake Superior, so natural reproduction is sustaining lake trout stocks and fisheries in most areas of the lake.  A study by one of us (T. Hrabik) is currently underway to analyze predator diet data collected by Federal, State, and Tribal agencies during 1991-2001.  However, accurate estimates of absolute abundance and biomass of the pelagic prey fishes would aid validation of the findings of this and other ongoing studies and analyses funded by the Great Lakes Fishery Commission.

The dominate salmonine predators in Lake Superior are the lean lake trout and siscowet lake trout, but chinook salmon, coho salmon (Oncorhynchus kisutch), rainbow trout (Oncorhynchus mykiss), and brown trout (Salmo trutta) are also ecologically important in certain localities.  The primary diets of these salmonines are the pelagic planktivores lake herring and rainbow smelt (Dryer et al. 1965; Negus 1995; Ebener 1995a).  Presently, population assessment for lake herring and rainbow smelt is conducted with bottom trawls by the United States Geological Survey-Great Lakes Science Center.  Those routine assessments provide a valuable index of relative abundance trends through time, but the assessments do not provide accurate estimates of absolute abundance and biomass for species like lake herring and rainbow smelt that occupy the pelagia.  A recent investigation of the applicability of hydroacoustics in Lake Superior indicated that acoustic estimates of abundance might be 2-51 times greater than estimates from bottom trawl surveys.  Accurate measures of absolute abundance and biomass of pelagic prey fishes will aid in scientifically assessing progress toward restoration of fish stocks, species, and communities in Lake Superior.

3.  Proposed work

Our overall goal is to develop a lake-wide acoustic assessment program to quantify the abundance of pelagic prey fishes (rainbow smelt and various species of coregonines) in Lake Superior.  That overall goal is to be achieved in two steps.  The objectives of the first phase, which is nearly completed, were to 1) develop species-specific acoustic size-length (mass) relationships for pelagic prey fishes in Lake Superior; 2) quantify species-specific spatial distribution patterns with respect to environmental conditions (e.g., water temperature, bathymetric depth, water column depth, etc); and 3) develop statistical models for remote species identification of fishes with estimates of variance using information from objective 2 and trawling.  The objectives of the second study phase is to develop, implement, test, and evaluate a prototype sampling design to estimate mean density and biomass, and variances of the means, and total abundance and biomass of rainbow smelt, lake herring, and deepwater cisco (bloater, kiyi, and shortjaw cisco combined) populations in Lake Superior.  Evaluation of the acoustic survey prototype design will include design modifications to maximize effectiveness and efficiency of the survey program for long-term monitoring of pelagic prey populations.

General Methods—The proposed study represents the first two years of a four-year project to assess pelagic prey fish abundance and biomass that will be estimated during night surveys conducted during August.  A 120-kHz split-beam acoustics system will be used to estimate pelagic fish target strength, density, and biomass using a stratified-random sampling design.  Lake Superior will be divided into four quadrants (northwest, southwest, northeast, and southeast) and an acoustic survey will be conducted in one quadrant per year.  In the proposed study, the two northern quadrants, which are nearly entirely contained in Ontario waters, will be addressed.  The starting points for transects to be sampled during year one are shown in Figure 1.  Strata in the design will be depths of 0-100, 100-199, 200-299, and >300 m.  Approximately thirty transects traversing more than 300 km will be sampled in each quadrant, and the proportion of transects in each stratum will be equal to the proportion of the stratum area to that of the lake.  Coordinates of all transects will be selected to uniformly cover the sample areas (Figure 1). 

Acoustic data will be collected while towing the transducer housed in a towbody at a speed of approximately 5 km/hr.  Acoustic equipment performance will be monitored using an oscilloscope and digitized echograms.  Raw digitized acoustic signals will be time-marked and geocoded using a Differential GPS (DGPS) unit.  Raw acoustic and DGPS data will be saved on computer hard drives and later copied to compact disks for data processing and archiving.  Calibrations will be performed using a tungsten carbide reference sphere (Foote et al. 1987, Foote 1990).  Fish and lake substrate composition data will be collected.  Acoustic data will be collected using Biosonics Visualization Acquisition software, and data will be analyzed using Echoview analysis software (Sonardata, Inc.).  No ground-truthing of substrate types will be conducted during this study, and substrate data will be archived and analyzed later as part of another study. 

Midwater trawls will be used to sample fish aggregations viewed with the acoustic system, but at least two trawl tows will be executed per night to collect fish from occupied strata.  The trawls will be aimed at depths of fish aggregations observed from the acoustic system, and fish data from those tows will be used for species identification and to refine target strength relationships by incorporating additional species length and weight data.  Temperature profile data will be collected using bathythermographs, and vertical thermal structure will be related to fish species distribution. Data from bathythermograph profiles and midwater trawl tows will be integrated with species identification models developed from the project being conducted by Hoff and Mason (2000), and those models together with the acoustic data will result in estimates of density and biomass for lake herring, rainbow smelt, and deepwater ciscoes.

After the final year of study, future acoustic survey design alternatives will be evaluated using tradeoffs of cost and varying levels of precision.  The number of transects per quadrant needed for varying levels of precision will be calculated (Elliott 1973), and costs of surveys will be calculated for each level of precision.  The costs of sampling at each precision level will be used to recommend the number of transects needed for sampling each quadrant and the entire lake.

4.  Deliverables

A report will be filed at the end of April following each field year of the project.  The final report will be submitted by March 31 of the year following fieldwork completion.  Expected products and deliverables will include: 1) the recommended design for a yearly integrated acoustics and midwater trawl prey fish assessment program for Lake Superior, 2) estimates, with measures of variance, of absolute abundance and biomass of pelagic prey fishes in Lake Superior, 3) summer spatial distribution of pelagic prey fishes in Lake Superior, and 4) associations of pelagic prey fishes to thermal structure and other habitat in Lake Superior.

5.  Key personnel

Dr. Owen T. Gorman of the USGS-BRD in Ashland, WI has collaborated on designing the study, and will lead in the collection, analysis, and interpretation of data collected with midwater trawls.  Dr. Gorman has investigated the ecology, life history of freshwater fishes and fish communities for more than 30 years and has led the Lake Superior Biological Station investigations for four years.  

Dr. Thomas R. Hrabik and a graduate student advisee of the University of Minnesota – Duluth will lead the collection, analysis, and interpretation of the acoustic data.  Dr. Hrabik is currently involved with a research project on Lake Superior with the Large Lakes Observatory (UMN – Duluth) and has experience from additional hydroacoustic surveys on Lake Superior, Lake Champlain, and many inland lakes in the upper Midwest; several analyses have led to peer-reviewed publications and manuscripts in preparation.

6.  Plans for Future Use

We expect that the acoustic assessment design, which is tested and modified during this study, will be used to assess pelagic prey fish populations in Lake Superior for many years.  In addition, data collected during this study will fuel bioenergetics and ecosystems models of the Lake Superior food web that are being undertaken by researchers studying the lake.
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Figure 1.  Proposed start points for transects to be sampled during August 2003 (year 1 of Phase II hydroacoustic assessments of Lake Superior).
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