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SUMMARY:

We propose to accurately delineate the biology and geology of lake-trout benthic habitat in northern Lake Michigan (Figure 1). We will apply state of the art laser technology and hyperspectral imagery to map principal lake trout spawning sites on Paleozoic reefs.  This study is a pilot effort within the Great Lakes Imaging and Mapping Program to Survey Ecosystems (GLIMPSE) concept, and is a collaborative effort with the US Army Corps of Engineers SHOALS (Scanning Hydrographic Operational Airborne Lidar Survey) program.  The high-definition maps developed from application of SHOALS will be integrated with known and developing data on fisheries, as well as substrate sedimentology and regional geology into habitat maps by USGS scientists to develop better spawning models and produce offshore geologic maps.  We will also analyze the laser backscatter waveform patterns for application to classification of the geomorphic, biologic and physical character of the substrate for habitat inventory and assessment.   The predictive potential of the surficial geology from this technique has implications for other biological/habitat issues and extension to a wide array of aquatic habitat inventory and assessment questions. 

SIGNIFICANT FINDINGS TO DATE:

As part of the effort to restore native lake trout, six areas of offshore and coastal Lake Michigan habitat were mapped with SHOALS bathymetric lidar in late summer 2001.  Decimeter elevation/bathymetric data referenced to IGLD85 datum were obtained on a 4 m grid over a total area of about 200 km2 in water depths from 0 to 30 m.  Shaded relief and color-coded depth images were developed within coarser regional gridded bathymetry and subaerial DEM as a basis for maps and initial interpretation.  Sparse substrate samples, underwater diver and useful but local video and camera observations supplement the morphologic information. 

Three criteria are thought important to forming ideal lake trout spawning habitat.  1) Coarse substrate with voids; 2) "Clean" substrate (devoid of biologic growth and fine sediment); and 3) Adjacency to steep slopes with access to deeper water.  Bedrock Devonian and Silurian carbonates along the northwestern rim of the Michigan Basin underlie the region and outcrop at the coast, and offshore forming coarse substrate, and slopes. Overlying bedrock in many areas are glacial deposits including compacted clay tills and outwash gravel and boulders which also form void filled substrate as small (1-3km) ice lobe cobble and boulder moraines with outwash deposits.  Post-glacial reworking appears minimal in depths greater than 10m.  Sample and video observations suggest "cleanliness" may be compromised by invasive zebra mussel colonies, or algal growth.  Laser waveform data is being analyzed for benthic albedo information which we hope will lead to an ability to assess both substrate texture and also substrate "cleanliness" and facilitate remote assessment of benthic habitat.
BACKGROUND:

Lake Michigan supported the largest and most valued commercial and recreational lake trout fishery in all the Great Lakes before it was driven to extinction in the middle of the last century by over fishing, predation by the exotic sea lamprey, and habitat degradation (Holey et al 1995).  With sea lampreys now under control, a Department of Interior sponsored program to rehabilitate lake trout is reliant on the intensive stocking of hatchery-reared lake trout. The current stocking strategy seeks to plant fish to re-colonize lake trout in areas of suitable habitat for growth and spawning.  The reefs in northern Lake Michigan, one of two historical areas that produced the majority of spawning activity in the early 1930s (Dawson et al. 1997), are prime targets for restocking.  

To date, stocked lake trout have survived well and have become abundant enough to support sport and commercial fisheries, and have developed stocks of significant size on some of the targeted rocky reefs in northern Lake Michigan (Holey et al. 1995).  However, many of these fish have been found to stray to varying degrees into other areas during spawning.  To document these movements and to understand the attraction of these other areas, USGS biologists are collaborators in a 3-year study to quantify the distribution of spawning lake trout in the region (Figure 1).  In this study, specific sampling areas were chosen based on documentation of historic catches of native lake trout, a representative distribution of reefs that have and have not been recently stocked, and a mixture of near shore and offshore sites.   An important part of this study is gaining an understanding of the geologic attributes of desirable spawning, the potential for those attributes to change and an understanding of the regional distribution of that habitat.

PROBLEM/HYPOTHESIS:

To achieve the goal of rehabilitating and protecting lake trout, knowledge of both the trout and its habitat needs at various life stages are essential. For example, the ability of stocked lake trout to return to release site selected for spawning, when they reach sexual maturity has been questioned (Krueger et al. 1986). We hypothesize that lake trout are responding to quality and quantity of specific substrate geologic types for selection of spawning sites.  A more thorough understanding (detailed biologic and geologic mapping) of the “quality and quantity” of benthic habitat will provide us with patterns and preferences exhibited by spawning lake trout. They will also allow management agencies to design future stocking, closure and regulatory strategies to maximize reproductive success of the planted fish and protection of essential habitat. 

Dawson (et al.) 1997 found evidence of concentrations of historic spawning lake trout to be related to lakebed geology.  Spawning sites in Lake Michigan were most numerous where middle Silurian rocks outcrop along the north and northwest shores and where middle Devonian rocks outcrop in the northeastern area of the lake.  Another cluster of offshore spawning reefs occurs at the major geological unconformity occurring between upper Silurian and middle Devonian rocks, which exhibits slumping and irregular fracturing. This process may have constructed the reefs that attracted the historic concentrations spawning lake trout in northern Lake Michigan. The extent and geological details of the unconformity and fracturing are not well known.  Evaluation of the lakebed geology and biology over the entire range of spawning areas used by lake trout is required to test the hypothesis that these fish are selecting specific substrate types for spawning. 

Recent morphologic assessments of the Great Lakes basins are based on 1950's and earlier measurements, which include positioned data points that are rudimentary by today's standards.  The current data densities are derived on a 2-kilometer to 90 meter grid spacing.  These measures of lake morphology, geologic character and geologic processes are inadequate for addressing the relation of habitat character and lake trout spawning site selection, which requires accurate geo-referenced lakebed measures at a much finer – about one-meter horizontal and decimeter vertical resolution.  A suite of new mapping tools and technologies is currently available that can be applied to fisheries habitat and other research in the Great Lakes. These techniques are the foundation of a bi-national initiative - Great Lakes Imaging and Mapping Program to Survey the Ecosystem [GLIMPSE].  The study proposed here is a pilot effort of that larger initiative utilizing new laser technology, which has wide application with the window-of-opportunity provided by recent increased water clarity in Lake Michigan. 

OBJECTIVES:

This project, with the cooperation of the U.S. Army Corps of Engineers, will apply high-resolution laser and hyperspectral techniques to accurately map approximately 20 square kilometers of shallow lakebed morphology on a 4 to 8 meter grid. Further, we propose to apply new techniques to extract spectral, laser reflection and amplitude information from the same data to allow additional classification of biologic and geologic information for classification of substrate types selected by spawning lake trout. 

The northern Lake Michigan region, identified as a principal area for lake trout rehabilitation (Figure 1), defines the area for the proposed work and includes both shoreline and offshore reefs.

EXPECTED RESULTS/PRODUCTS/OUTCOMES:

This project will advance an on-going bi-national initiative (GLIMPSE) to map the benthic habitats in all of the Great Lakes.  The products from this effort will include state-of-art benthic terrain maps, digital databases, hyperspectral images and interpretive maps of the substrate for selected sites in the lake trout rehabilitation area of northern Lake Michigan. Known patterns of lake trout distribution and spawning will be compared to substrate biology, geology and sedimentology.  In addition, the data will serve as a long-term baseline for monitoring the status of lake trout habitat.  We also expect these results to help define new techniques to remotely identify high quality spawning habitat that can play a significant role in enhancing and developing naturally reproducing lake trout stocks in Lake Michigan.  The potential of the inventory and mapping of surficial geology from this technique has implications for other biological/habitat issues throughout the Great Lakes and extension to a wide array of aquatic habitat inventory and assessment questions in both freshwater and marine environments. 

With successful funding, we have tentative commitments to leverage the combination of USGS funds and mobilization support from USACE, for add-on support from U.S. Environmental Protection Agency, U.S. Fish and Wildlife Service, and the Great Lakes Fishery Commission to expand the mapping effort and to broaden the interpretative analyses for geological and biological application.

SCHEDULE: 

Spring-Summer 2001 – 

• Seek additional funding partners to expand mapping coverage.

• Final selection of data sites and coordinate expanded data acquisition and analysis; 

• Two or more field days of aircraft data acquisition in northern Lake Michigan; 

• Complete initial analysis of laser amplitude data for substrate/biota reflectivity data.

2001-2002 – 

• Develop bathymetric and benthic reflectivity maps and GIS data sets from mapping effort; 

• Add additional GIS information on biology, geology and ecology and create benthic terrain maps of the pilot areas; 

• Develop hypothesis/model to link “backscatter” to ecologic and geologic substrate character.

• Work with cooperators and colleagues to develop additional derivative research products.
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