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ADAMS, N.S., HOLBROOK, C.M., and HATTON, T.W., USGS Western Fisheries Research 

Center, 5501A Cook-Underwood Road, Cook, WA, 98605.  From Fine-Scale Fish Behavior to 

System-Wide Survival: Acoustic Telemetry Studies in Large Regulated Rivers. 
 

 Advances in acoustic telemetry technology have allowed fishery researchers and 

managers to gather data that were previously unattainable using other methods. In addition to 

characterizing movements over large scales (e.g., passage routes and survival of fish during 

migration) acoustic telemetry can provide two- and three-dimensional fish location data at small 

scales. The ability to obtain fine-scale fish position data has greatly expanded our knowledge of 

fish behavior in complex environments. Our objective is to demonstrate how this technology has 

advanced our knowledge of fish behavior in a variety of environments and aided in the 

development of management strategies designed to improve survival of juvenile fish in heavily 

managed rivers. We will review studies that evaluate fish passage, behavior, and survival of 

juvenile fish in the Snake and Columbia rivers as well as in the Sacramento-San Joaquin River 

Delta. In the last ten years, studies have evolved from behavioral analyses in the forebays of 

large dams to integrated behavior and survival studies that encompass river systems. We will 

discuss the challenges we have encountered and the benefits associated with the evolution of the 

application of this technology. Keywords:  Acoustics, Fish populations, Fish behavior. 

 

 

AGHSAEE, P.
1
, BOEGMAN, L.

1
, and LAMB, K.G.

2
, 

1
Department of Civil Engineering, 

Queen's university, Kingston, ON, K7L 3N6; 
2
Department of Applied Mathematics, University 

of Waterloo, Waterloo, ON, N2L 3G1.  Instability mechanisms and reflection of internal 

solitary waves shoaling upon coastal boundaries of lakes and oceans. 
 

 The instability and breaking of fully nonlinear internal solitary waves shoaling upon a 

uniformly sloping boundary was investigated using high resolution two-dimensional numerical 

simulations. The simulations were performed for a wide range of boundary and wave slopes 

(0.01 < S < 0.3). Over steep slopes (S > 0.1), three distinct breaking processes were observed; 

surging, plunging and collapsing breakers which are associated with reflection, convective 

instability and boundary layer separation, respectively. Over mild slopes S < 0.05 nonlinearity 

varies gradually and fission results from dispersion. The dynamics of each breaker type were 

investigated and the predominance of a particular mechanism was associated with each breaker 

type. The breaking location was modeled as a function of wave amplitude (a), characteristic 

wave length (Lw) and the isopycnal length along the slope (Li). The breaker type was 

characterized in wave slope (a/Lw) versus S space and the reflection coefficient (R) was 

modelled as a function of the internal Iribarren number. High Reynolds numbers (Re > 10^4) 

were found to trigger a global instability, which modifies the breaking process, relative to the 

lower Re case, but not necessarily the breaking location and results in an increase in the 

reflection coefficient by approximately 10%. Keywords:  Coastal processes, Waves. 

 

 

AHMED, S.I., RUDRA, R.P., HUE, R., DICKINSON, W.T., and GHARABAGHI, D., SWchool 

of Engineering, University of Guelph, Guelph, ON, N1G2W1, Canada.  The Possible Impact of 

Changing Climate Characteristics on Soil and Water Resources in the Ontario Great Lakes 

Basin. 
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 The objective of the study was to evaluate the effect of climate change on soil erosion, 

and water quality and quantity in the Ontario Great Lakes Basin. The approach followed includes 

the development of future precipitation and temperature scenario using CGCM, downscaling the 

generated data, calibration and validation of watershed scale model, Soil and Water Assessment 

Tool (SWAT), and a field scale model, Erosion Productivity Impact Calculator (EPIC), using 

historical data, and simulations of future scenarios using SWAT and EPIC for soil and water 

quality. The results of the modeling study using SWAT with future weather predictions showed 

more evapotranspiration and thus the total water yield may decrease significantly. Also, the 

future stream flow may have longer low flow periods which may result in severe annual water 

deficiency by 2030 in streamflow. It could also result in a decrease in stream sediment transport 

capacity. The evaluation of changing climate impact on soil and water quality at field scale using 

EPIC model is expected to shed light on soil and water quality at field scale. Keywords:  Water 

quality, Water Buget, Watersheds. 

 

 

AHRENSTORFF, T.D. and HRABIK, T.R., Department of Biology, University of Minnesota - 

Duluth, Duluth, MN, 55812.  Seasonally Dynamic Diel Vertical Migrations of the Opossum 

Shrimp Mysis relicta, Coregonids Coregonus spp., and Siscowet Lake Trout Salvelinus 

namaycush in the Pelagia of Western Lake Superior. 
 

 Diel vertical migrations of organisms are often associated with changing light levels, 

while the underlying mechanisms are generally attributed to optimizing foraging efficiency or 

growth rates, while avoiding predation risk. From 2005ï2008, we used an optical plankton 

counter, hydroacoustics, and midwater and bottom trawls to assess seasonal changes in vertical 

migration patterns of the Lake Superior pelagic food web containing opossum shrimp Mysis 

relicta, kiyi Coregonus kiyi, cisco C. artedi, and siscowet lake trout Salvelinus namaycush. In 

addition, we applied foraging, growth, and predation risk models to provide insight into why 

observed migration patterns vary between species and seasons. Our results suggest that mysis, 

kiyi, and siscowet lake trout migrate concurrently during each season, but to a lesser extent in 

spring compared to summer and fall. In comparison, cisco migrate less extensively regardless of 

season. Our modeling approach suggests that foraging potential and predation risk influences the 

movement patterns of mysis, kiyi, and cisco, while foraging potential alone describes the vertical 

movements of siscowet lake trout. Cisco movement patterns also relate to highest growth 

potential, while for the other species higher growth rates could be achieved at various other 

depths. Keywords:  Hydroacoustics, Fish behavior, Lake Superior. 

 

 

ALADIN, N.  and PLOTNIKOV, I., Universitetskaya nab. 1, St.-Petersburg, 199034, Russian 

Federation.  Changing of the biodiversity (paleo and recent) in the Caspian Sea. 

 

 The Caspian Sea is the world's largest lake and one of the most ancient lakes. It is the 

remnant of Paratethys. The whole Caspian area can be divided by three parts differing in 

hydrology. An important feature great diversity of physico-chemical conditions. Salinity differs 

in different parts of the lake. Recent biodiversity reflects the story of Palaeo-Caspian 

transgressions and regressions followed by freshening and salinization. Four main components 
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form the present biodiversity of the Caspian Sea: Caspian, Arctic, Atlantic and Mediterranean, 

fresh-water. Biodiversity began increase after building the Volga-Don canal due to invasions 

with boat ballast water or in biofouling. At the end of the 20th century ctenophore Mnemiopsis 

leidyi has invaded the Caspian Sea. In 2000 it was numerous in the Middle and Southern and 

appeared in the Northern Caspian. Due to recent Mnemiopsis invasion we have a great risk for 

Caspian Sea ecosystem. This organism could harvest nearly all plankton and due to this all 

ecosystem could collapse. In waters of Azerbaijan nearly all endemic Onychopoda already 

disappeared because of predation. Introduction of Beroe ovata to prevent catastrophe is 

discussed. Keywords:  Invasive species, Caspian Sea, Biodiversity. 

 

 

ALI, K.A. , WITTER, D.L., and ORTIZ, J.D., 221 McGilvrey Hall, Department of Geology, 

Kent State University, Kent, OH, 44242.  An improved method for optical-feature extraction 

from multi -spectral data. 
 

 Remote sensing has become very promising in providing temporal and spatial 

information regarding biogeodynamics in large, and open freshwater bodies. However, in 

optically complex environments, such as in the Western Basin of Lake Erie, the water contains 

multiple constituents including phytoplankton, sediment, and organic carbon. Identifying and 

analyzing in-water constituents in such waters is crucial for understanding and assessing the 

biogeochemical process of interest, i.e., phytoplankton and sediment dynamics. Determining the 

in-water constituents from satellite observations is complicated when working with mixed 

spectral signatures. This study focuses on improving the quantification of phytoplankton and 

sediment concentrations, independently, by applying signal decomposition to the reflectance data 

using spectra transformation. This study indicates that applying spectral transformation using 

wavelet analysis, results in increased accuracy as compared to using other feature extraction 

methods such as the principle component analysis of untransformed spectra and conventional 

spectral indices. The superior results of the wavelet technique in discriminating between the 

various water constituents can be attributed to the frequency content retrieved by the wavelet 

technique combined with the localization property of wavelets. Keywords:  Remote sensing, Lake 

Erie, Water quality. 

 

 

ALLAN, B.V.
1
, POND, B.R.

2
, GEE, K.R.

1
, HERNANDEZ, P.A.

3
, and MEYER, S.A.

1
, 

1
Ministry 

of Natural Resources, Midhurst District Office, 2284 Nursery Road, Midhurst, ON, LOL 1XO; 
2
Ministry of Natural Resources, Wildlife Research and Development Section, Peterborough, ON, 

K9J 7B8; 
3
Ministry of Natural Resources, Aurora District Office, 50 Bloomington Road, Aurora, 

ON, L4G 0L8.  Monitoring the Terrestrial Natural Heritage and Hydrologic Features in the 

Lake Simcoe Watershed. 
 

 The Lake Simcoe Protection Plan (LSPP) commits the Ministry of Natural Resources 

(MNR), and its partners the Ministry of the Environment (MOE) and the Lake Simcoe Region 

Conservation Authority (LSRCA) to develop and implement a monitoring program that 

measures the state of the natural heritage and hydrologic features in the terrestrial landscape of 

the Lake Simcoe watershed. This task was broken down into two phases, a program development 

phase and an implementation phase. A framework was drafted that uses a Pressure-State-
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Response model to develop and organize a suite of state indicators. The framework calls on the 

creation of a foundation report to provide the background materials and options for a watershed-

wide monitoring plan. The foundation report is a technical report that outlines the information 

for a theme that can be used to identify appropriate indicators for monitoring. Themes in the 

foundation report include natural cover, valleyland, riparian habitat and ecological health. Once 

the development phase is complete, an implementation report will guide phase 2 of the 

monitoring program. Through the LSPP, outputs of this monitoring program will help inform 

government policy and decision making. Keywords:  Ecosystem health, Monitoring, Lake 

Simcoe. 

 

 

ALLAN, B.V.
1
, NORMAN, A.J.

3
, MCINTYRE, C.A.

1
, GEE, K.R.

1
, HERNANDEZ, P.A.

2
, 

SEYSMITH, C.E.
2
, and OSMOK, J.P.

1
, 

1
Ministry of Natural Resources, Midhurst District 

Office, 2284 Nursery Road, Midhurst, ON, LOL 1XO; 
2
Ministry of Natural Resources, Aurora 

District Office, 50 Bloomington Road West, Aurora, ON, L4G 3G8; 
3
Minsitry of Natural 

Resources, Southern Science and Information Section, 659 Exeter Road, London, ON, N6E 1L3. 

 Wetland and Riparian Habitat Restoration in the Lake Simcoe Watershed. 
 

 The Lake Simcoe Protection Plan sets a number of targets and indicators to minimize 

future impacts on the lake and to protect and restore natural heritage features. Some of the 

natural heritage targets will be achieved through a strategy to delineate priority areas for wetland 

and riparian restoration. A thorough analysis of potential wetland and riparian restoration sites in 

the watershed was conducted and priority sites were established through a series of ecological, 

social and historical analyses. Initial scoping of the 18 Lake Simcoe subwatersheds was 

undertaken to identify 3 candidate subwatersheds. Whiteôs Creek, Innisfil Creeks and 

Maskinonge River were identified. From preliminary scoping within those three sub-watersheds 

approximately 75 potential sites were found. Data were collected on over 25 attributes for the 3 

subwatersheds in three main categories: biological, water quality/quantity and social/political. 

This analysis will provide a foundation for long-term wetland and riparian rehabilitation efforts 

by numerous partners and will help to inform future land management and planning decisions. 

Keywords:  Wetlands, Tributaries, Lake Simcoe. 

 

 

ALLAN, J.D., HAN, H., and BOSCH, N.S., School of Natural Resources and Environment, 

University of Michigan, Ann Arbor, MI, 48109.  Spatial and Temporal Variation in 

Phosphorus Budgets for 24 Lake Erie and Lake Michigan Watersheds. 
 

 We estimated net anthropogenic phosphorus inputs (NAPI) to 18 Lake Michigan (LM) 

and 6 Lake Erie (LE) watersheds for 1974, 1978, 1982, 1987, and 1992. NAPI quantifies all 

anthropogenic inputs of P (fertilizer use, atmospheric deposition, and detergents) as well as trade 

of P in food and feed, which can be a net input or output. Fertilizer was the dominant input 

overall, varying by three orders of magnitude among the 24 watersheds, but detergent was the 

largest input in the most urbanized watershed. NAPI increased in relation to area of disturbed 

land (R2=0.90) and decreased with forested and wetland area (R2= 0.90). Export of P by rivers 

varied with NAPI, especially for the 18 watersheds of LM (R2=0.93), whereas the relationship 

was more variable among the six LE watersheds (R2=0.59). On average, rivers of the LE 
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watersheds exported about 10% of NAPI, whereas LM watersheds exported 5% of estimated 

NAPI. A comparison of our results with others as well as nitrogen (N) budgets suggests that 

fractional export of P may vary regionally, as has been reported for N, and the proportion of P 

inputs exported by rivers appears lower than comparable findings with N. 

Keywords:  Watersheds, Nutrients, Phosphorus. 

 

 

ALLEN, J.
1
 and AUSTIN, J.A.

2
, 

1
Department of Geology, University of Minnesota, Duluth, 

Duluth, MN, 55812, USA; 
2
Large Lakes Observatory, University of Minnesota, Duluth, Duluth, 

MN, 55812, USA.  The sensitivity of lake thermal structure to changes in meteorological 

focring. 
 

 The formation of thermal structure in large lakes is dependent on complex interactions 

between the surface and the atmosphere. In order to gain an understanding of the sensitivity of 

the lake to various atmospheric inputs as well as seasonal variables we use numerical modeling 

techniques as well as observed data. We use a one dimensional model, forced with realistic 

meteorological measurements, to determine sensitivity of summer lake thermal structure 

including surface temperature, heat content, and mixed layer depth. Forcing parameters: air 

temperature, wind speed, and previous winter ice cover, are varied here to replicate long term 

trends over the past few decades. Average summer surface temperature increased with increased 

air temperatures, decreased ice cover, and decreased wind speeds. Heat content responded most 

significantly to ice cover variations, with changes in initial water temperatures (a proxy for 

winter ice cover) maintaining throughout the summer season. Mixed layer depth responded to 

wind speed, with increases in wind speed leading to increased depth of the surface mixed layer. 

Keywords:  Hydrodynamic model, Climate change. 

 

 

ANDERSON, E.J.
1
 and SCHWAB, D.J.

2
, 

1
University of Michigan - CILER, 4840 S. State Rd, 

Ann Arbor, MI, 48108; 
2
NOAA - Great Lakes Environmental Research Lab, 4840 S. State Rd., 

Ann Arbor, MI, 48108.  Hydrodynamic Modeling and Contaminant Tracking in the St. 

Clair River for Public Water Safety and Spill Response. 
 

 The Huron-Erie Corridor (HEC) is home to commercial shipping and industrial plants in 

the St. Clair River and serves as source water for numerous surrounding communities. As such, 

the potential for contaminant spills in the river to reach public water intakes along the corridor is 

of great concern. In order to assess possible contaminant trajectories and provide information for 

public water management and spill response, a hydrodynamic model of the HEC has been 

developed for real-time predictions of currents and water levels. In August 2009, dye 

experiments were carried out to mimic a spill in the St. Clair River. Observations of travel time 

and plume dispersion were compared to computer simulations of dye and particle releases using 

the Huron-Erie Connecting Waterways Forecasting System (HECWFS). Overall, the path and 

concentrations of a potential release may be highly dependent on the location of the spill. A 

series of spill scenarios were carried out to quantify a range of potential releases in the river. 

These simulations have been incorporated into a library of spill scenario forecasts that can be 

used at the time of a spill to estimate travel time, peak concentration, and exposure time of the 
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spill at numerous water treatment plants along the corridor as well as for spill response. 

Keywords:  St. Clair River, Drinking water, Hydrodynamics. 

 

 

APFELBAUM, S.I.
1
, DEKKER, T.J.

2
, and VANVALKENBURGH, M.

3
, 

1
Applied Ecological 

Services, Brodhead, WI, 53520; 
2
LimnoTech, Ann Arbor, MI; 

3
Michale Van Valkenburgh and 

Associates, New York, NY.  An Ecologistôs Perspective on the Don River Naturalization: 

Toronto, Canada. 
 

 As urban rivers in the Great Lakes have been altered by the effects of shoreline 

development and watershed urbanization, many problems, including damages from flooding, 

impaired water quality, and impacts to biological communities have resulted. Like most urban 

rivers in the Great Lakes, the Don River in Toronto is impacted by a complex combination of 

factors that have not been successfully addressed historically. Solutions have typically focused 

only on a single aspect of the problem, rather than the complex whole. The Don River 

naturalization project design attempts to understand the challenges of restoring river function in a 

constrained urban setting, where urban infrastructure and land use contribute to extreme 

flooding, high sediment loads, compromised water quality, and limited biodiversity. Instead of 

the single problem, single solution, we have optimized a suite of solutions that first are driven by 

the site constraints and limitations, secondly by solving mandatory problems such as flooding, 

and then by conceptualizing a ririver restoration. The result is what may be the first-ever 

reconstruction and restoration of a new Great Lakes river mouth, with an associated park system 

that would accommodate floodwaters, create a restored river mouth ecology, and provide habitat 

for species diversification. Keywords:  Habitats, Ecosystems, Lake Ontario. 

 

 

ARHONDITSIS, G.B.
1
, CHENG, V.

1
, KUMARAPPAH, A.

1
, BRETT, M.T.

2
, and BHAVSAR, 

S.
3
, 

1
University of Toronto, Toronto, ON; 

2
University of Washington, Seattle, WA; 

3
Ontario 

Ministry of the Environment, Toronto, ON.  Should We Trust the Phosphorus Loading 

Models? A Bayesian Hierarchical Reassessment. 
 

 We revisit the phosphorus retention and nutrient loading models in limnology using a 

Bayesian hierarchical framework. This methodological tool relaxes a basic assumption of 

regression models fitted to data sets consisting of observations from multiple systems, i.e., the 

systems are assumed to be identical in behaviour, and therefore the models have a single 

common set of parameters for all systems. Under the hierarchical structure, the models are 

dissected into levels (hierarchies) that explicitly account for the role of significant sources of 

variability (e.g., morphometry, mixing regime, geographical location, land use patterns, trophic 

status), thereby allowing for intersystem parameter differences. Thus, the proposed approach is a 

compromise between site-specific (where limited local data is a problem) and globally-common 

(where heterogeneous systems in wide geographical areas are assumed to be identical) parameter 

estimates. Finally, our analysis demonstrates how the Bayesian hierarchical framework can be 

used for assessing the exceedance frequency and confidence of compliance of water quality 

standards. We conclude that the proposed methodological framework will be very useful in the 

policy-making process and can optimize environmental management actions in space and time. 
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Keywords:  Water quality criteria, Eutrophication, Bayesian inference, Phosphorus, Risk 

assessment, Model testing. 

 

 

ARMENIO, P.M. and MAYER, C.M., Department of Environmental Sciences and the Lake Erie 

Center, The University of Toledo, Toledo, OH, 43616.  Nutrient contributions from Dreissena 

to the benthic cyanobacterium Lyngbya wollei. 
 

 The cyanobacterium Lyngbya wollei has recently become abundant on the bottom of 

Lake Erie; it becomes a nuisance because it floats to the surface and can form meter-deep masses 

along the shoreline. Dreissena spp. (zebra and quagga mussels), clear the water column and 

increase light to the benthos and may also contribute a limiting nutrient to the benthic algae, 

facilitating blooms. Manipulative experiments showed that Lyngbya had higher chlorophyll a 

and phycocyanin in tanks with live dreissenid mussels than tanks without live mussels. Lyngbya 

also had a higher concentration of carbon, nitrogen, phosphorus, potassium, and sulfur in the 

tanks with live Dreissena. However, Lyngbya had a lower concentration of calcium in the tanks 

with live mussels. None of the tanks had a phosphorus deficiency, but did have a moderate 

nitrogen deficiency; although, Lyngbya from the live Dreissena tanks had less of a nitrogen 

deficiency, and was borderline no deficiency. These results suggest that Dreissena give nutrients 

to Lyngbya thereby making it photosynthetically healthier. Since Dreissena give these resources 

to the benthic algae, the mussels can therefore promote algal growth and productivity and aid in 

bloom formation. Keywords:  Invasive species, Productivity, Algae, Nutrients. 

 

 

ARNOLD, R.T., Drinking Water Source Protection, Grey Sauble Conservation Authority, Owen 

Sound, ON, N4K 5N6.  On certainty economics of integrated data management for Drinking 

Water Source Protection. 
 

 The Clean Water Act was passed by the Province of Ontario in 2006, leading to the 

Drinking Water Source Protection (DWSP) Program. After the Terms of References were 

negotiated, this program produces a science-based assessment report and then develops policies 

to protect drinking water sources through a committee of local stakeholders. The program legally 

establishes modeling as tool for planning and zoning. Scientific uncertainties remain, related to 

data sources and the conceptualization of the area. Regular improvements of model results and 

thus zoning are anticipated ï either as part of the 5-year update cycle, or in cases where scientific 

knowledge may be legally challenged, for example before the Ontario Municipal Board. How 

can the public agencies that oversee this process of regular updating minimize the costs of 

model- and data management over such time horizon, while ensuring that the certainty of 

information is actually improved? The certainty of information can be regarded as a good that a 

public agency generates. Certainty improvements should be optimized economically to minimize 

the costs for DWSP. This article discusses options for model and data management. A process is 

outlined that guarantees past knowledge is not lost in update cycles and ensures that information 

is generated consistently and transparently. Keywords:  Economic evaluation, Model testing, 

Drinking water. 
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ASHMORE, P.
1
, BEST, J.

2
, CZUBA, J.

2
, DENNY, J.

4
, FOSTER, D.

4
, OBERG, K.

3
, GARCIA, 

M.
2
, LIU, X.

2
, PARKER, G.

2
, and PARSONS, D.

5
, 

1
University of Western Ontario, London; 

2
University of Illinois, Urbana-Chapaign; 

3
U.S. Geological Survey, Urbana-Champaign; 

4
U.S. 

Geological Survey, Woods Hole; 
5
University of Leeds, Leeds, UK.  Morphology, 

sedimentology and dynamics of the upper St. Clair River. 
 

 Recent video and acoustic surveys of the upper St. Clair River, as part of the International 

Upper Great Lakes Study, have revealed new information about the geology, morphology and 

substrate of this unusual, non-alluvial, river. The upper 1-2 km of the river is underlain by a 

considerable thickness of fluvio-glacial gravel, which thins downstream, with clay till beneath. 

The river bed is dominated by this coarse gravel-cobble material but, where this deposit thins-

out, glacial till is exposed in some areas. Bed material grain size appears to be in equilibrium 

with prevailing flows, transport of the gravel is minimal and sediment load is restricted to low 

intensity background sand flux and suspension of fines in the lake. Features of the bed include 

local scour around obstacle (e.g. ship wrecks), deep pools in the bends, linear grooves and ridges 

in till, and some areas of transverse bed waves in gravel and sand. Hydraulic and grain size 

analysis indicates that much of the bed material is not erodible under present flow conditions, 

leading to the hypothesis that the bed waves and ridge-groove features are related to propeller 

wash and other ship effects that disturb the bed. Keywords:  St. Clair River, Acoustics, Sediment 

transport. 

 

 

ASPINALL, J.D.
1
, THUSS, E.P.

2
, and SWEENEY, S.J.

1
, 

1
1 Stone Rd W, Guelph, ON, N1G4Y2; 

2
200 University Avenue West, Waterloo, ON, N2L3G1.  Addressing soil landscape database 

challenges: an application of predictive soil mapping in the Lake Simcoe watershed. 
 

 The digital soil landscape database information for the Lake Simcoe watershed in 

southern Ontario requires significant improvements to facilitate meaningful multi-scale water 

quality modelling. This paper describes the approaches taken to address this issue. Legacy soil 

landscape information for this watershed included a digital elevation model (DEM) built from 

elevation contours in 2002 and a series of digitized county-level soil survey maps (1950ôs 

originals at 1ò:1mile). A predictive soil mapping method was employed to maintain the essence 

of the original soil map unit (soil series) concepts but automate the shifting on their digital 

polygon boundary positions into appropriate landscape positions as represented on the detailed 

DEM framework. A Laplacian operation was performed on the DEM to characterize landform 

feature curvatures ï concavities and convexities. The LandMapR toolkit of programs for 

processing DEMôs and classifying soil landscapes was applied to extract terrain attributes. The 

SoLIM (Soil Land Inference Model) was then employed in setting up a sequence of rules to 

assign soil catenas to their proper landscape positions. The resulting seamless, digital soil map 

layer now positions the legacy soil map units in correct alignment with the landscape feature 

resolution of the DEM. Keywords:  Pollution sources, Digital soil mapping, GIS, Lake Simcoe. 

 

 

AUER, M.T.
1
, BOWEN, G.

2
, and HOWELL, E.T.

3
, 

1
Department of Civil & Environmental 

Engineering, Michigan Technological University, Houghton, MI, 49931; 
2
Toronto and Region 

Conservation, Downsview, ON, M3N 1S4; 
3
Environmental Monitoring & Reporting Branch, 
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Ontario Ministry of the Environment, Etobicoke, ON, M4V 1P5.  Monitoring, Modeling & 

Management of Water Quality in the Lake Ontario Nearshore at Ajax, Ontario. 
 

 Water quality improvements achieved for the Lake Ontario offshore have not been 

universally realized in nearshore waters. Lost beneficial uses relate to proliferation of 

Cladophora, levels of fecal bacteria and poor clarity. Management of the systemôs óland sideô 

derives guidance from models supported by a comprehensive and sophisticated suite of 

monitoring and remote sensing capabilities. No comparable platform is widely available for the 

ówater sideô, i.e. to assess the response to óland-sideô management. Toronto and Region 

Conservation (TRCA), responsible for 60 km of Lake Ontario waterfront, presently manages 

watersheds including the Duffins/Carruthers Creek system located near Ajax, Ontario. Pollutant 

loads from this system have been reduced through a proactive program of education, land use 

management and land acquisition. Further progress would be facilitated by application of a tool 

quantifying the relative roles of lakewide, regional and local stressors in mediating water quality. 

Here, we describe a steady-state, 2D model applied for that purpose. The model uses loading 

estimates and field data from TRCAôs monitoring program to compare the impact of local 

(stormwater inputs, the Duffins and Carruthers Creek discharges and a treatment plant point 

source), regional (longshore) and lakewide (offshore) stressors. Keywords:  Lake Ontario, 

Nearshore, Model studies, Monitoring. 

 

 

AUSTIN, J.A., Large Lakes Observatory, University of Minnesota, Duluth, Duluth, MN, 55812, 

USA.  Resolving a persistent offshore temperature maximum using an Autonomous 

Underwater Glider. 
 

 In November 2009, we deployed a Webb Research Autonomous Underwater Glider in 

western Lake Superior. It continuously occupied a 12-km long cross-shelf section of the 

Wisconsin shelf for 12 days, making 26 full surveys of the section. The shelf waters were 

cooling off steadily during this period. We observed a persistent offshore temperature maximum 

on the order of 0.5C above the coastal or offshore surface temperature. This appears to be due to 

the competing effects of more rapid cooling in shallow, onshore water, and the mixing of deep 

cold water into offshore surface waters. While this temperature maximum may not be of 

fundamental importance in and of itself, it represents a phenomenon that would be difficult to 

resolve through more familiar sampling schemes, such as shipboard CTD surveys or moored 

instrumentation. Keywords:  Lake Superior, Thermal structure, Atmosphere-lake interaction, 

Coastal processes. 

 

 

AVON, L., KENNEDY, I., and MALIS, G., Health Canada, Pest Management Regulatory 

Agency, Environmental Assessment Directorate, 2720 Riverside Dr., Ottawa, ON, K1A 0K9. 

 Estimation of Pesticide Concentrations in Surface Water and Groundwater for Human 

Health and Ecological Exposure. 
 

 Estimating concentrations of pesticides in water bodies is an integral part of the 

environmental risk assessment process conducted by Health Canadaôs Pest Management 

Regulatory Agency (PMRA). The PMRA has developed a methodology for estimating pesticide 
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concentrations in relationship to proposed and registered pesticide application practices across 

Canada. Computer simulations are used to estimate pesticides concentrations in surface water 

and groundwater. For surface water, PMRA uses the linked PRZM and EXAMS models. For 

groundwater, PMRA uses the LEACHM model. Concentrations in surface water and 

groundwater are estimated for a series of agricultural scenarios that are typical of the major crop-

growing areas in Canada using regional meteorological data, characterisation of soils and crops, 

and chemistry and environmental fate data from the PMRA review process. For surface water, 

PMRA currently uses three scenarios, a small reservoir, prairie dugout and a small pond. Daily 

pesticide concentrations in surface water and groundwater are estimated for a multi-year period 

and summary statistics computed. These results are used to assess risks to human health and the 

environment in the context of registration decisions. Keywords:  Pesticides, Risk assessment 

methods, Assessments. 

 

 

AWAD, E., MAHON, C., BHAVSAR, S., and PETRO, S., Ontario Ministry of Environment, 

125 Resources Road, Etobicoke, ON, M9P 3V6.  Contaminants in Sport Fish from the 

Toronto Waterfront.  
 

 The Toronto area watershed was identified as an Area of Concern by the International 

Joint Commission in 1985 due to various impairments including restrictions on fish 

consumption. The Ontario Ministry of Environment has been collecting and analyzing fish from 

the Toronto waterfront since 1975 and this data has been used to assess this Beneficial Use 

Impairment. Currently, consumption restrictions exist for most species, but are most stringent for 

salmonids (i.e., salmon and trout) and other lipid-rich species. Restrictions are mainly caused by 

PCBs, with some species/sizes restricted due to elevated mercury and dioxins/furans. In July 

2009, a comprehensive sport fish sampling program was conducted in the Toronto waterfront in 

collaboration with the Toronto and Region Conservation Authority. In total, 217 samples of 10 

fish species were collected from 24 locations. These samples will result in over 8000 data points 

for various legacy and emerging-concern contaminants. This presentation will include the results 

of some of these chemical analyses as well as a comparison to previous data to evaluate 

contaminant trends. Updated sport fish consumption advisories, based on these new 

measurements, and a comparison to previous advisories will also be presented. Keywords:  Fish 

toxins, Urban watersheds, PCBs. 

 

 

AZIM, E.
1
, KUMARAPPAH, A.

1
, BHAVSAR, S.

2
, and ARHONDITSIS, G.B.

1
, 

1
University of 

Toronto, Toronto, ON; 
2
Ontario Ministry of the Environment, Toronto, ON.  Spatiotemporal 

Trends of Mercury in Lake Erie Fish Communities. 
 

 Founded upon Bayesian inference techniques, we introduce a modeling framework to 

evaluate the spatio-temporal trends of total mercury (Hg) in several pelagic and benthic fish 

species in Lake Erie. First, we use the exponential and mixed-order decay models to assess the 

declining rates in three intensively studied species, i.e., walleye, yellow perch, and smallmouth 

bass, over the last 35 years. Because the two models postulate monotonic decrease of the Hg 

levels, we included first- or second-order random error terms in our statistical formulations to 

accommodate any non-monotonic patterns in the time series data. Our analysis indeed reveals an 



53rd Annual Conference on Great Lakes Research   
Abstracts 

May 17-21, 2010  Toronto, Ontario 15 

increasing trend in the Hg concentrations, which becomes particularly evident after the mid-90s. 

Then, we introduce a Bayesian hierarchical model structure to infer about the Hg trends in less 

intensively studied species (coho salmon, lake trout, white bass, rainbow trout, northern pike, 

and freshwater drum) by "borrowing strength" from the three well-studied species. Finally, we 

argue that the recent increase in fish Hg may be explained by the Hogan et al. (2007) conceptual 

model that invokes the role of invasive species (dreissenid mussels and round goby) in inducing 

structural shifts of the Lake Erie food web. Keywords:  Mathematical models, Environmental 

contaminants, Bayesian inference, Fish management, Lake Erie, Mercury. 

 

 

BADE, D.L., CLEVINGER, C.C., and HEATH, R.T., Kent State University, Box 5190, Kent, 

OH, 44242.  A Review of Nitrification and I ts Role in Lake Erie. 

 

 Nitrification is the oxidation of ammonium to nitrite or nitrate. Nitrification is an 

autotrophic process, yet unlike photosynthesis, it consumes oxygen. This process, carried out by 

prokaryotes, has been studied extensively in soil and marine environments. However, relatively 

little work has been done to quantify nitrification and its limitations in freshwater habitats. Here 

we provide a review of knowledge about limitations to nitrification from other environments, and 

summarize rates of nitrification. These rates and limitations are then considered in the context of 

Lake Erie and compared with our own measurements. Limitations suggested from the literature 

include ammonium and oxygen availability, prokaryote density, and light. In Lake Erie we were 

not able to show limitation related to ammonium concentration. Rates from the literature are 

variable, but within a magnitude that could have significant influence on the biogeochemistry of 

Lake Erie. For example, literature results from a eutrophic lake found rates that ranged from .03 - 

.62 ɛg N L
-1 

hr
-1 

. In Lake Erie this would account for 4-80% of the average biological oxygen 

demand in the Central Basin. Our own measurements confirm that rates of this magnitude do 

occur in the lake. Keywords:  Biogeochemistry, Nitrogen, Lake Erie. 

 

 

BADIOU, P.
1
, PAGE, B.

1
, BOYCHUK, L.

2
, GABOR, S.

1
, YANG, W.

3
, and WANG, X.

4
, 

1
1. 

IWWR, Ducks Unlimited Canada, Stonewall, MB, R0C 2Z0; 
2
Ducks Unlimited Canada, Regina, 

SK; 
3
Department of Geography, University of Guelph, Guelph, ON; 

4
Department of Engineering 

and Physics, Tarleton State University, Stephenville, TX.  Discharge and water quality in a 

highly drained landscape: Impacts of Wetland Loss in South-Western Manitoba and 

implications for Lake Winnipeg. 
 

 Ducks Unlimited Canada has been studying the Broughtonôs Creek watershed for the last 

several years in order to determine the impacts of wetland drainage on water quality and 

downstream flows. Our results indicate that discharge in this prairie watershed occurs over a 

relatively short period of time in the spring when melt water is high in dissolved nutrients. Based 

on these findings protecting and restoring wetlands in the Canadian prairies is a cost effective 

way to help reduce nutrient loading to Lake Winnipeg. Our results also suggest that current water 

quality monitoring strategies in the Canadian Prairies should be revisited in order to accurately 

determine nutrient loading to rivers and lakes. Keywords:  Wetlands, Watersheds, Nutrients. 
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BAI, X.
1
 and WANG, J.

2
, 

1
CILER, University of Michigan, 4840 South State Rd., Ann Arbor, 

MI, 48108; 
2
NOAA/Great Lakes Environmental Research Lab., 4840 South State Rd., Ann 

Arbor, MI, 48108.  Simulations of water circulation and temperature in the Great Lakes 

with FVCOM.  
 

 An unstructured Finite Volume Coastal Ocean Model (FVCOM) was applied to all five 

Great Lakes to simultaneously simulate water circulation and temperature conditions over a 

seasonal cycle. Lakes Michigan, Huron, St. Clair and Erie were connected, while Lakes Superior 

and Ontario were kept disconnected with others due to the nature of human management. Daily 

means of winds, air temperature, specific humidity and cloudiness from the North American 

Regional Reanalysis (NARR) dataset were used to force the model. Seasonal cycle of circulation 

and water temperature of the Great Lakes were obtained. Response of each lake to atmospheric 

forcing was studied. Using the simulations, a comparative investigation of water circulation and 

temperature was conducted to study the horizontal and vertical structures of temperature and 

circulation under the same synoptic atmospheric forcing. Lake-wide measurements were 

collected to validate the model. This model will serve a backbone model for future coupling to a 

lake ice model, and ecosystems models. Keywords:  Great Lakes basin, Water temperature, 

Hydrodynamic model, Water currents. 

 

 

BAILEY, S.A.
1
, DENEAU, M.G.

1
, JEAN, L.

2
, WILEY, C.J.

3
, LEUNG, B.

4
, and MACISAAC, 

H.J.
5
, 

1
Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada, 

867 Lakeshore Road, Box 5050, Burlington, ON, L7R 4A6; 
2
Transport Canada, 901 Cap-

Diamant, Québec City, QC, G1K 4K1; 
3
Fisheries and Oceans Canada/Transport Canada Marine 

Safety, 100 Front Street South, Sarnia, ON, N7T 2M4; 
4
Department of Biology & the McGill 

School of Environment, McGill University, 1205 Docteur Penfield, Montréal, QC, H3A 1B1; 
5
Great Lakes Institute for Environmental Research, University of Windsor, 401 Sunset Ave, 

Windsor, ON, N9B 3P4.  Have Ballast Water Policies for the Great Lakes Reduced the Risk 

of Ship-mediated Aquatic Invasions? 
 

 Measuring the impact of environmental policy is particularly challenging for regulations 

targeting prevention of aquatic nonindigenous species (ANS) introductions due to a dearth of 

comparative data and the absence of direct indicators of successful management. Yet, 

understanding policy efficacy is essential for productive management decisions, especially given 

inadequate funding. International ballast water discharge standards have been proposed to 

minimize spread of ANS. In order to evaluate the efficacy of the proposed standards, we must 

first have a comprehensive understanding of current risks. Here, we explore the efficacy of 

ballast water management policies in the Great Lakes using four lines of evidence. First, we 

extend previous analyses of rates of discovery of ANS to determine if a decline is evident. We 

then examine the theoretical efficacy of ballast exchange by modeling expected loss ratios based 

on empirical data. Third, we examine vessel compliance statistics and, finally, compare biotic 

composition of ballast water collected before and after the introduction of regulations. Our 

results indicate that ballast water exchange and tank flushing provide robust protection for the 

Great Lakes, but that the proposed international standards would further reduce the number of 

individuals transported in ballast tanks. Keywords:  Ballast, Biological invasions, Zooplankton. 
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BAKELAAR, C., DOOLITTLE, A., and DOKA, S., Fisheries & Oceans, 867 Lakeshore Rd, 

Burlington, ON, L7R 4A6.  Integrated Spatial Framework for Storage & Analyses of Fish 

Habitat Data in Hamilton Harbour, Lake Ontario.  
 

 Hamilton Harbour (Lake Ontario) has been identified as a Great Lakesô Area of Concern 

(AOC) signifying that its ability to support aquatic life has been impaired. Contributing to 

science and restoration efforts in this degraded area reflects Fisheries & Oceans Canadaôs (DFO) 

commitment to ensuring healthy and productive ecosystems. In 2006, DFOôs Great Lakes 

Laboratory for Fisheries and Aquatic Sciences (GLLFAS) began a number of projects to assess 

the current state of Hamilton Harbour. Together, they will assess progress toward Remedial 

Action Plan (RAP) targets for fish habitat and populations of phytoplankton, zooplankton, 

benthos and fishes, and evaluate the ability of the ecosystem to meet all of the RAP's targets. An 

integrated spatial framework approach has been used to assemble physical and modelled fish 

habitat data into a geographic information system (GIS). This approach synthesizes data from 

different projects, and is used as a guide in standardizing formats, data structures and data layers 

that are used in generating and mapping key habitat features (vegetation, substrate, depth), as 

well as supporting fish habitat, population and ecosystem modelling needs. Difficulties 

encountered will be discussed as well as rationale for the approach used. Keywords:  Ecosystem 

modeling, Spatial analysis, Fish habitat, GIS. 

 

 

BAKER, D.B., RICHARDS, R.P., and CRUMRINE, J.P., Heidelberg University, 310 E. Market 

Street, Tiffin, OH, 44883.  Causes of Increased Dissolved Reactive Phosphorus Loading to 

Lake Erie. 
 

 After declining between 1975 and 2005, concentrations and loads of dissolved reactive 

phosphorus to Lake Erie from predominantly agricultural watersheds in Ohio have increased 

sharply during the past ten years. Suggested causes include increased soil phosphorus 

concentrations, focusing of phosphorus in the upper several centimeters of the soil 

(stratification), application of fertilizer and manure in the fall and winter, and application of 

fertilizer and manure to the soil surface without incorporation. The objectives of this presentation 

are to communicate results of recent research into the extent of soil phosphorus concentration 

increases and stratification in these watersheds, to evaluate the probable relative importance of 

the causes for increased phosphorus loading proposed above, and to suggest better management 

practices and explore why they are not already in place. Keywords:  Eutrophication, Phosphorus, 

Lake Erie. 

 

 

BALDWIN, B.S., 123 Johnson Hall, St. Lawrence University, Canton, NY, 13617.  Are 

Ecosystem Impacts of Exotics Pronounced Near Confluences of the St. Lawrence River and 

its Tributaries? 
 

 Populations of exotic dreissenid mussels and round gobies vary in density along the 

international section of the St. Lawrence River as well as those tributary rivers that drain the 

Adirondack mountains. Densities appear to increase in confluence areas, where seston load is 
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high, and decrease within tributaries, where water conductivity is very low. As a result, 

ecosystem impacts of these exotics may be pronounced near tributary confluence areas, where 

energy and contaminant transfer to sport fish and birds may be elevated. Although these 

predators may benefit from the additional forage round gobies provide, mercury levels, 

especially those of sport fish, appear high enough to cause them reproductive problems. As a 

consequence, resource managers might focus their efforts to regulate fisheries and to limit human 

fish consumption in confluence areas. Keywords:  St. Lawrence River, Round goby, Exotic 

species. 

 

 

BALTHASAR, A.R., XENOPOULOS, M.A., SPOONER, D.E., and EVANS, R.D., Trent 

University, 1600 West Bank Drive, Peterborough, ON, K9J 7B8, Canada.  Concentration and 

Isotope Ratios of Zinc in Streams Along a Gradient of Agricultural Land Use. 
 

 With recent advances in mass spectrometry it is now possible to measure differences in 

isotopic ratios of metals and track pollution pathways. Here, we used high precision MC-ICP-

MS to quantify Zn concentration and isotope ratios in 12 streams in southern Ontario flowing 

through variable agriculture land use. Zinc isotopic ratios have been used to track pollution 

derived from mining practices and waste but less is known about how fertilizer and pesticide 

pollution can affect Zn ratios and fractionation based on geochemical and biological processes. 

We measured and traced the potential accumulation and isotope ratio variation of zinc in an 

indicator species Unionoida (freshwater mussels) along a gradient of agriculture. Preliminary 

analysis on water samples show that water column zinc is variable across sites. Several other 

metals were highly correlated with agricultural land use, including molybdenum which ranged 

from 0.02 ppb to 0.16 ppb with increasing monoculture. The study will contribute to the 

understanding of how land use can affect amounts of metals leached from soils into streams and 

lakes. The techniques used in this project will also contribute to how metal accumulation in 

aquatic organisms may be facilitated by nutrient loading and landscape changes associated with 

agriculture. Keywords:  Metals, Agriculture, Stable isotopes, Mussels. 

 

 

BANTELMAN, A.
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2
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3
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MATISOFF, G.
4
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1
Department of Biology, Niagara University, Lewiston, NY, 14109; 

2
Department of Geosciences, DePauw University, Greencastle, IN, 46135; 

3
USGS Great Lakes 

Science Center, 1451 Green Road, Ann Arbor, MI, 48105; 
4
Department of Geological Sciences, 

Case Western Reserve University, Cleveland, OH, 44106.  Internal nutrient recycling by 

burrow irrigation in Chironomus spp.: implications for eutrophication.  
 

 Chironomus spp. were shown to have an impact on Lake Erie hypoxia via burrow 

irrigation and that impact is altered by environmental conditions. However, it was unclear how 

changing seasonal environmental conditions alter burrow irrigation and thus their potential 

impact on recycling of nutrients from the benthic sediments. We conducted laboratory 

experiments to determine the effects of changing oxygen, food and temperature on both burrow 

irrigation activity and nutrient flux from the sediment. Forth instar larvae were placed in two 

dimensional mesocosms in defaunated sediment. After acclimation, larvae were exposed to 

changing food, temperature and oxygen regimes. Burrow velocities were measured using hot 
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film anemometry and incurrent and excurrent oxygen concentrations were measured using Clark 

style micro electrodes. Nitrate, ammonia, TP and SRP were measured in both experimental 

treatments and controls. Higher temperatures resulted in higher pumping activity, but food 

quantity did not. Low oxygen concentrations resulted in increased irrigation. Increases in 

irrigation resulted in increased nutrient flux from the sediment, relative to controls. These results 

indicate changing temperature, oxygen and food availability in the hypolimnion will alter the 

effects of macrobenthos on nutrient recycling from the sediment. Keywords:  Benthos, 

Eutrophication, Nutrients. 

 

 

BARBIERO, R.P.
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, SCHMUDE, K.

2
, LESHT, B.M.
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4
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CSC and Loyola Unversity, 1359 W Elmdale #2, Chicago, IL, 60660; 

2
University Wisconsin-Superior, 801 North 28th St., Superior, WI, 54880; 

3
CSC and University 

of Illinois Chicago, 845 W. Taylor St., Chicago, IL, 60607; 
4
University of Michigan, 440 Church 

St., Ann Arbor, MI, 48109; 
5
US EPA Great Lakes National Program Office, 77 W. Jackson 

Blvd, Chicago, IL, 60604.  Trends in Diporeia populations across the Laurentian Great 

Lakes, 1997-2008. 
 

 Diporeia populations have been monitored in all five great lakes by the US EPA since 

1997. No Diporeia have been found in Lake Erie during the twelve years of our study, 

corroborating that Diporeia is now effectively absent from that lake. Populations have also 

largely disappeared from shallow (< 90 m) sites in lakes Ontario, Huron and Michigan. As of 

2008, mean population densities at deeper (> 90 m) sites in lakes Huron and Michigan were 

554/m
2
 and 370/m

2
, respectively, similar to those found in Lake Superior (average = 442/m

2
), 

while densities were somewhat lower in Lake Ontario (average = 134/m
2
). Deep populations in 

lakes Michigan and Huron were relatively stable between 2004 and 2008. No evidence of 

declines was seen in Lake Superior. Regressions between average May chlorophyll 

concentrations and Diporeia densities at deeper (> 90 m) sites in lakes Huron and Michigan were 

highly significant, and explained a substantial amount of variability (adjusted r
2
 for Lake Huron 

and Lake Michigan = 0.58 and 0.44, respectively, the latter with a one-year time step). We 

believe that decreases in the supply of spring phytoplankton may have contributed to the declines 

in deep populations in those lakes. Keywords:  Benthos, Productivity, Diporeia. 

 

 

BARNES, R.
1
, ROY, J.W.

2
, and BICKERTON, G.

2
, 

1
McMaster University, Hamilton; 

2
Environment Canada, Burlington.  Groundwater contaminants affecting urban streams in 

the Lake Simcoe watershed. 
 

 In this study, we investigated the potential risk posed by groundwater contaminants 

discharging to two urban streams that drain into Lake Simcoe. These contaminants may pose a 

direct toxicity threat or lead to eutrophication in the streams, potentially affecting aquatic and 

riparian plants, benthic organisms and fish spawning areas, with secondary influences on the lake 

ecosystem. For each stream, groundwater samples from below the stream bed (typically 25-75 

cm) were collected using a drive-point mini-profiler at intervals of 10-15 m for 100s-1000s m 

and were subsequently analysed for a wide range of urban contaminants. This screening 

technique focuses on detection of potential areas of concern rather than precise quantification of 
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contaminant concentrations or fluxes. Identified contaminants at both streams included 

perchlorate, various pesticides (e.g. glyphosate, glufosinate), and elevated levels of nitrate, 

phosphate, and chloride (may be road salt). Both sites also had samples with artificial 

sweeteners, suggesting the influence of septic systems or leaking sewers or old landfills. One 

stream also had multiple locations (along a 500-m section) with detections of chlorinated 

solvents, specifically trichloroethene (TCE) and its daughter products, and petroleum 

hydrocarbons, such as benzene, toluene, and naphthalene. Keywords:  Environmental 

contaminants, Groundwater-surface water interaction, Lake Simcoe, Streams, Urban areas. 

 

 

BARTLETT, A.J., BROWN, L.R., and STRUGER, J., 867 Lakeshore Road, P.O. Box 5050, 

Burlington, ON, L7R4A6.  In situ exposures of Hyalella azteca: A tool to assess the impacts 

of pesticide use on freshwater ecosystems. 
 

 Previous studies have shown that in situ exposures of Hyalella azteca can be used to 

evaluate the impacts of pesticide use in freshwater streams. This study examines sites in southern 

Ontario where acetylcholinesterase (AChE) inhibiting pesticides (organophosphates [OPs] and 

carbamates [CBs]) are consistently measured in surface waters. One-week exposures were 

conducted in 2008 and 2009 at two agricultural sites (Two-Mile and Vineland Creeks), one 

urban stream (Indian Creek), and one reference site (Spencer Creek). Two additional agricultural 

sites were added in 2009: Richardson Creek and Twenty-Mile Creek (at Bailey Bridge). 

Exposures were conducted monthly during the growing season: once pre-pesticide use (May), 

four times during peak pesticide use (June-September), and once post-pesticide use (October). 

Significant mortality and AChE inhibition occurred during peak pesticide use at Two-Mile and 

Vineland Creeks, where OPs and CBs were consistently measured in surface waters. Significant 

AChE inhibition also occurred in some cases at sites where survival was not impacted and lower 

levels of OPs and CBs were measured, which may indicate that AChE inhibition occurs before 

effects on survival. The validity of using in situ methods to evaluate pesticide impacts on 

freshwater ecosystems will be discussed. Keywords:  Bioindicators, In situ, Amphipods, 

Acetylcholinesterase, Pesticides. 
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Deptartment of Biology, University of 

Waterloo, Waterloo, ON, N2L 3G1, Canada; 
2
Ontario Ministry of Natural Resources, Trent 

University, Peterborough, ON, K9J 7B8, Canada.  Changes In The Benthic Invertebrate 

Community And Trophic Relationships In The Nearshore Of Lake Simcoe Following The 

Introduction of Dreissena polymorpha. 
 

 Dreissena polymorpha was probably introduced into Lake Simcoe in about 1991, and 

was well-established by 1996, primarily in rocky nearshore areas. We compared air-lift samples 

of benthic macroinvertebrates and stable isotope analyses of invertebrates and fish collected in 

1993 and 2008, to evaluate the impact of zebra mussels on nearshore (2 - 6 m depths) community 

structure and trophic relationships. No dreissenids were found in 1993. The mean density of D. 

polymorpha was 3439 individuals m
-2
 in 2008, and the densities of other invertebrates were 40x 

greater than in 1993. With the exception of substantial shifts in the absolute abundance and 

species composition of the amphipod assemblage, there was no evidence of change in overall 
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diversity or the relative abundances of the major groups of invertebrates. Stable isotopes 

indicated a less diverse trophic base in 2008, with most consumers depending primarily on 

mussel biodeposits and periphyton. Our results provide strong support for the nearshore shunt 

hypothesis and the status of dreissenid mussels as "ecosystem engineers". Keywords:  Lake 

Simcoe, Food web, Benthos, Dreissena, Stable isotopes. 
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Central Michigan University, Mount Pleasant, MI, 48858; 
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Charlevoix Fisheries Research 

Station, 96 Grant Street, Charlevoix, MI, 49720; 
3
Department of Fisheries and Oceans, Bayfield 

Institute, Burlington, ON, L7R 4A6.  A Comparison of Egg Bag and Funnel Estimates of 

Native Fish Egg Deposition Rates in Grand Traverse Bay, Lake Michigan. 
 

 Native Great Lakes fishes such as lake trout (Salvelinus namaycush) and lake whitefish 

(Coregonus clupeaformis) use reefs for spawning in the Great Lakes. These hard substrates are 

difficult to sample using traditional sampling gears. Two gear types, egg bags and egg funnels, 

were used to measure egg deposition rates to determine site selection by spawning fish. In 

addition, the efficiencies of the egg bags and funnels was measured by seeding each gear type 

with artificial eggs of lake trout and lake whitefish in situ. Artificial egg recovery data suggests 

similar recoveries in egg bags and egg funnels; however, egg funnels were more useful because 

they could be checked weekly while the egg bags collected one sample between deployment and 

retrieval. Estimates of natural egg deposition from egg bags were higher than the funnel 

estimates, likely resulting from gear avoidance or other limitations in 2008. However, in 2009, 

further modifications were made upon the egg funnels to decrease gear avoidance. Accurate 

estimates of native fish egg deposition rates and spawning habitat use will assist fisheries 

managers in making more informed decisions for management actions such as stocking and 

habitat protection. Keywords:  Gear comparison, Egg deposition, Trout. 
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Cole Engineering Group Ltd., 100-100 Renfrew 

Drive, Markham, ON, L3R9R6; 
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City of Hamilton, 700 Woodward Ave, Hamilton, ON, 

L8H6P4.  The Enhancement of Windermere Basin - Sediment Management, Habitat 

Restoration and Aesthetic Improvement within the City of Hamilton. 
 

 Windermere Basin, located at the outlet of Red Hill Creek to Hamilton Harbour in the 

City of Hamilton, was re-constructed in 1990 to act as a sediment trap to prevent sedimentation 

in downstream shipping routes near Pier 25 within Hamilton Harbour. The Basin has reached its 

capacity as a sediment trap and is no longer functioning effectively. In its current state, the Basin 

is degraded habitat with low diversity. Enhancement of the Basin is proposed by the City through 

sediment management and construction of a wetland. In order to regulate water quality, the 

wetland area will be isolated from Red Hill Creek by construction of a dyke. Distinct habitat 

zones will be created in the wetland supporting a wide range of vegetation and wildlife species. 

Existing sediment will be capped with clean fill and planted with native wetland vegetation. A 

fishway will also be installed to assist entry of desired species while discouraging undesirable 

species. Ecological success of the project will be measured by growth of diversified aquatic and 

terrestrial habitat. The Enhancement of Windermere Basin will create passive recreational 
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opportunities by tying into existing trails and habitat corridors and contribute to the delisting of 

Hamilton Harbour as an Area of Concern. Keywords:  Coastal wetlands, Biodiversity, Sediments. 
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, 

1
McMaster University, School of Geography 

and Earth Sciences, 1280 Main Street, Hamilton, ON, L8S4L8; 
2
Environment Canada, National 

Water Research Institute, Burlington, ON, L7R4A6.  Carbon Dioxide and Nitrous Oxide 

Accumulation in Lake Erieôs Central Basin Hypolimnion. 
 

 In the 1960s and 1970s phosphorus loadings to Lake Erie promoted increased 

productivity which led to hypolimnetic anoxia, particularly in the central basin. Although 

significant efforts reduced anthropogenic inputs, the central basin continues to develop 

hypolimnetic hypoxia during summer stratification. To determine the course and extent of 

greenhouse gas (GHG) accumulation in the central basin hypolimnion, samples collected on ten 

cruises from January ï October 2009 were analyzed for dissolved CO2, N2O, NO3
-
, Dissolved 

Oxygen (DO) and other water chemistry parameters. We observed that decreases in DO and 

NO3
-
 concentrations were accompanied by increases in CO2 and N2O in the hypolimnion. 

Sustained hypoxia in the hypolimnion promoted the accumulation of CO2 and N2O until it was 

interrupted by a period of cold weather in July and August. This phenomenon is pronounced in 

the central basin, non-existent in the western basin and subdued in the eastern basin. 

Keywords:  Hypolimnion, Oxygen, Greenhouse gases. 
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Madison, WI, 53706; 
2
NOAA/GLERL 4840 S. State Rd, Ann Arbor, MI, 48108.  Automated 

stereo imaging system for three-dimensional surface wave measurements in Lakes. 
 

 Instantaneous and irregular wave phenomenon such as freak waves are insufficiently 

characterized by conventional sensors. The spatial and temporal measurements necessary to 

describe these processes are attained with stereo imaging, a highly flexible remote sensing 

technique. Using an automated trinocular stereo imaging system (ATSIS), a stereo-triplet of 

images is analyzed using a triangulation procedure to produce a 3D map of the water surface. 

When sequential time series of stereo-triplet video are processed, four-dimensional wave data 

can be obtained to reveal non-stationary wave phenomenon in a random sea state. Several 

examples including freak waves in Lake Superior, breaking waves and capillary waves in Lake 

Mendota, and waves interacting with ice floes will be given in this talk. Finally an innovative 

virtual wave gauge arrays will be introduced so that real-time wave monitoring can be realized. 

Keywords:  Waves, Remote sensing, Measuring instruments. 
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 In most thermally stratified lakes, the summer thermocline has the shape of a "dome", 

being shallower offshore and deeper nearshore. Lake-wide observations of subsurface 

temperature at several moorings in central Lake Erie in 2005 revealed a traditional dome-shaped 

thermocline in May-early July and an unusual "reversed" or "bowl-type" shape of the 

thermocline during about half of the time during the late July-September period, with deeper 

thermocline in the middle of the lake and shallower thermocline nearshore. We also note that 

currents measured in the central basin when the bowl-shaped thermocline was observed were 

strongly anticyclonic, forming a single basin-wide gyre. Analysis of 2007 data confirmed these 

findings, although the occurrence of a bowl-shaped thermocline was less frequent than in 2005. 

We hypothesize that the unusual bowl-shaped thermocline is a result of the so-called Ekman 

pumping (upwelling nearshore, downwelling offshore) during passages of atmospheric 

anticyclones intensified over the lake surface in summer. Keywords:  Hydrodynamic model, 

Coastal processes, Lake Erie. 
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3
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4
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Peterborough.  Development of a Climate Change Hydrologic Assessment Framework for 

the Province of Ontario. 
 

 The Province of Ontario has developed a comprehensive guidance manual for the 

assessment of climate change impacts on surface water and groundwater resources. This guide is 

aimed towards water resources engineers and hydrologists responsible for watershed-based water 

budget studies under the Clean Water Act (2004) as well as similar types of investigations such 

as subwatershed planning studies and hydrologic impact assessments. The guidelines are 

developed specifically to aid in the estimation of the impact of climate change on hydrologic 

processes relating to precipitation, evapotranspiration, runoff, and groundwater recharge. This 

presentation provides a brief summary of several aspects related to the guidance document, 

including: the recommended guidelines which includes a methodology for representing the 

predictive variability of water budget parameters associated with alternative Global Climate 

Model scenarios; a summary of a case study; and current efforts to develop a database of climate 

scenarios for climate stations across the Province. Keywords:  Climate change, Hydrologic 

budget, Watersheds. 
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3
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MI, 49931.  Lake Superior Circulation 1979-2006: a Modeling Study. 

 

 From direct observations and previous modeling studies, we have a limited understanding 

of the climatology and variability of large-scale circulation in Lake Superior. We use a 3D 

hydrodynamic model (MITgcm) at 2km horizontal resolution to study the structure and driving 

mechanisms of Lake Superior circulation from 1979 to 2006. The model is forced by 3-hourly 
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atmospheric conditions from the North American Regional Reanalyis Project. Modeled thermal 

structure and circulation compare well to observations throughout the lake. We examine lake-

wide circulation patterns above and below the thermocline; the relative effects of temperature 

gradients, wind, and bathymetry on currents; and trends in lake temperature, speed, evaporation, 

and mixed layer depth. We find temperature gradients control currents near shore, but winds 

drive currents offshore. From a uniform bathymetry simulation, we conclude topographic effects 

are responsible for small-scale structures in the open lake and set up nearshore-offshore 

temperature gradients. In the 28 years, wind speed increases 0.18 m/s/decade causing an increase 

in surface speeds of 0.37 cm/s/decade. Lake surface temperatures increase 0.34°C/decade. 

Increasing winds and surface temperatures counteract each other, causing mixed layer depths to 

remain unchanged. We find no trend in evaporation. Keywords:  Hydrodynamic model, Large-

scale circulation, Lake Superior, Climatology, Water currents. 

 

 

BENOIT, N.B.
1
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1
Ontario Ministry of the Environment, 125 Resources 

Rd, Etobicoke, ON, M9P 3V6; 
2
Water Quality and Surveillance Office, Ontario Environment 

Canada, 867 Lakeshore Rd, Burlington, ON, L7R 4A6.  Tracking PCB Contamination in 

Great Lakes Tributaries. 
 

 Project Trackdown is an investigative monitoring program aimed at tracking sources of 

PCB contamination in Great Lakes tributaries. Throughout the development of the program, our 

approach has focused on using an assemblage of matrices in a concentration-based weight of 

evidence approach, combined with simple chemometric analyses of PCB congener profiles to 

derive information on potential ongoing and locally controllable sources of contamination. The 

program has also emphasized defining background conditions in typical urban areas, and 

differentiating these from ongoing and locally controllable sources of contamination to Great 

Lakes tributaries. A collaborative initiative between the Ontario Ministry of the Environment and 

Environment Canada, Project Trackdown has successfully identified several areas of PCB 

contamination that have led to substantial cleanup efforts aimed ultimately at reducing PCB 

contamination to the Great Lakes. Keywords:  Watersheds, Pollution sources, PCBs. 

 

 

BERGER, A.M. and JONES, M.L., Department of Fisheries and Wildlife, Michigan State 

University, East Lansing, MI, 48824.  Decision Analysis and the Central Role of Uncertainty 

in Quantitative Models Used to Evaluate Management Strategies. 
 

 Applications of decision analysis methods to resource management are becoming more 

commonplace and are often used to identify management strategies that perform well despite 

uncertainties about the managed system. These approaches often use quantitative models to 

forecast the expected outcome of different management actions. A major advantage of using 

quantitative models is the ability to explicitly incorporate uncertainty into the process. 

Uncertainties are pervasive in resource management and can have important effects on the 

performance of management options. Explicitly including uncertainty in models can be very 

useful for identifying the most robust management strategies to uncertain future system states. 

Decision analyses should incorporate, in addition to key uncertainties, objectives that include the 

full suite (biological, economic, social, and cultural) of stakeholder values. This also helps 
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inform good decisions, by allowing explicit consideration of the trade-offs that commonly exist 

among objectives. We review the role of uncertainty in developing management strategies and 

highlight several quantitative approaches used to aid complex resource management decisions. 

Keywords:  Policy making, Fish populations, Fish management. 

 

 

BETZHOLD, L.D. and MATAOSKY, R.L., 2234 S. Hobson Ave, Charleston, SC, 29412. 

 Topographic and Bathymetric Inventory for the Great Lakes. 
 

 The Topographic and Bathymetric Data Inventory, newly available for the Great Lakes 

region, is a national-scale online viewer that serves as an index to the best-available elevation 

data sets by region. The Inventory is designed to increase awareness of existing elevation data 

sets, identify gaps in coverage, and encourage collaboration for collection of new data sets. Since 

data sets are often hosted in many locations or are not directly accessible, the Inventory seeks to 

provide a snapshot of data availability, accessibility, type, and quality. Users can zoom in to an 

area on the map and click on the data set to access up to 20 attributes, including vertical 

accuracy, datums, collection date, and point spacing. This work was completed with input from 

several federal, state, local, and regional groups and with support from EPAôs Great Lakes 

Restoration Initiative. The Topographic and Bathymetric Data Inventory can be accessed online 

at www.csc.noaa.gov/digitalcoast/tools/topobathy/index.html. Keywords:  Benthos, Coasts, 

Coastal engineering. 

 

 

BHAGAT, Y. and RUETZ III, C.R., Annis Water Resources Institute, Grand Valley State 

University, 740 West Shoreline Drive, Muskegon, MI, 49441.  Assessing patterns of spatial 

and temporal variation of fish assemblages in a drowned river mouth (DRM) system of 

Lake Michigan. 
 

 Drowned river mouth (DRM) lakes serve as unique ecosystems to investigate patterns of 

fish community composition because they contain wetland-type habitats as well as open 

lacustrine areas and as such, can serve as refugia for juveniles, act as spawning grounds, and 

provide alternate food sources for several species. Muskegon Lake, a DRM system connected to 

Lake Michigan, has received much focus in recent years due to its history of anthropogenic 

influences and its subsequent classification as an Area of Concern. Yet, little is known about the 

spatial and temporal variation in species assemblages and how it relates to environmental 

variation. We used overnight fyke nets to sample fish communities at four littoral sites in the 

spring, summer and fall of 2003-2009. Ordinations showed that fish assemblages most strongly 

differed by season and location sampled but were also influenced by conductivity, dissolved 

oxygen, temperature and macrophyte coverage. While lepomis sp. were positively correlated 

with macrophyte density and fall sampling season, round gobies were negatively correlated with 

temperature and pH. Overall, our results suggest that patterns in species distribution and 

abundance respond more strongly to short term, seasonal variation rather than long term annual 

variation in the environment. Keywords:  Fish, Drowned river mouth systems, Lake Michigan, 

Environmental variation, Distribution patterns, Temporal and spatial patterns. 
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BHAVSAR, S.P., AWAD, E., MAHON, C., PETRO, S., VAILLANCOURT, A., and 

FLETCHER, R., Ontario Ministry of the Environment, Environmental Monitoring Reporting 

Branch, Toronto, ON, M9P 3V6.  Risk-based fish consumption advisories for the Canadian 

Great Lakes (2009-2010). 
 

 About 4-5 million adults living in the U.S. and Canada consume sport fish from the Great 

Lakes. Risk-based fish consumption advisories are issued to advise the public on 

eliminating/restricting consumption of certain fish species/sizes in order to avoid adverse health 

effects due to elevated contaminant levels. To establish how restrictive the advisories are and 

which contaminants are causing these restrictions on a lake-wide as well as a smaller scale basis 

for both the general and sensitive population (women of child-bearing age and children under 

15), we examined fish consumption advisories issued by the Ontario Ministry of the 

Environment through the 2009-2010 Guide to Eating Ontario Sport Fish. The restrictions are 

generally in the order of Lakes Superior < Huron < Erie < Ontario and are primarily caused by 

PCBs and secondarily by dioxins/furans and mercury. Toxaphene is the only other contaminant 

causing restrictions for Lake Superior fish (<8% contribution to the restrictions). Restrictions for 

salmon species, which are expected to contain relatively higher levels of beneficial Omega-3 

fatty acids, generally ranged from 33-100% (except 9% for pink salmon in Superior) with little 

difference for the general and sensitive populations. Keywords:  Fish, Fishing, Environmental 

contaminants. 

 

 

BIDDANDA, B.A. , KENDALL, S.T., STRICKLER, E.A., WEINERT, M.E., DEFORE, A.L., 

and DRIZA, K.M., Annis Water Resources Inst., Grand Valley State U, 740 W. Shoreline Dr, 

Muskegon, MI, 49441.  Balance of Production and Respiration in Lake Michigan: Insights 

into Land-Lake Linkages and the Carbon Cycle. 
 

 Respiration (R) and primary production (P) are the major pathways for carbon and energy 

flow in ecosystems. A series of measurements of planktonic R made in southeastern Lake 

Michigan over the past decade demonstrate that the major fate of the P in this large lake is indeed 

R. Annually, input of nutrients and carbon from the watershed and major rivers may support 

substantial autotrophy (~20%) as well as heterotrophy (~10%) in southern Lake Michigan. Thus, 

microbial lake plankton (autotrophs and heterotrophs) link terrestrial nutrients and carbon to 

aquatic metabolism. Other trends that were observed include decreasing R (on a volumetric 

basis) and increasing R (relative to ambient primary production) along a gradient of decreasing P 

extending from land to lake in this Great Lake watershed. Indeed, preliminary evidence from 

simultaneous measurements of R and P show that R/P ratios were greater in offshore waters 

relative to near shore waters and that R/P ratios are higher in summer than in winter. It appears 

that the open lake system tend to be a source of carbon in the summer, whereas the nearshore 

ecosystem tends to be a sink for carbon especially during the winter. In this paper, we discuss 

some of the implications of these observed trends to our understanding of carbon cycling and 

food webs in this Great Lakes basin. Keywords:  Biogeochemistry, Carbon cycle, Lake 

Michigan. 
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Metro Hall, 55 John Street, 27th Floor, Toronto, ON, M5V 3C6; 
4
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Suite 301, Burlington, ON, L7L 6B2.  Forecast Receiving Water Response to alternative 

Control Levels for Combined sewer overflows discharging to Torontoôs Inner harbour. 
 

 This paper evaluates the role that different levels of control of combined sewer overflows 

have in addressing the recreational water quality objectives for the Inner harbour of the Toronto 

AOC. Three models were used to establish the predictive methodology ï the Infoworks model to 

address rainfall ï runoff processes for combined sewer overflows and storm sewer discharges 

within the combined sewer service area, the HSPF model to evaluate runoff and water quality 

from separated storm sewer areas and compute river water quality, and the MIKE 3 computer 

code to evaluate Lake Ontario water quality. Each model was calibrated with E Coli levels 

observed respectively in discharges, instream, and in the Inner Harbour and near-by beaches. 

Cost ï effectiveness curves have been constructed, and used to evaluate two alternative Inner 

Harbour response indices ï fraction of surface area under Blue Flag status, and portion of 

swimming season above recreational objectives. Economic analysis leads to the recommendation 

that one overflow per year strategy should be pursued, rather than the lower level of control of 90 

% volume control, which is the minimum provincial environmental requirement. 

Keywords:  Water quality. 

 

 

BLACK, T.J., 10701 Murphy Road, Roscommon, MI, 48653.  Karst Water Input to Lakes 

Huron and Michigan. 
 

 Over 200 major surface and ground water swallowing sink holes are visible in Michigan. 

Three discharging sink holes in Lake Huron have been studied. One known as the El Cajon Bay 

Sink has a discharge over 10 cu ft/sec (Curl, 1980) which matches the volume of the only 

measured swallow at Rainy Lake (MDNR, 1982). This author estimates that the three studied 

discharge points account for less than one percent from the known karst system to lakes 

Michigan and Huron. The inland swallows represent significant bypass and divergence of 

surface and ground water through a major karst system. Swallows occur from near lake level 

near the shoreline to 290 feet above 20 or more miles inland (50 miles along the sink hole trend). 

One stream swallow is 10 miles from the shoreline and less than 50 ft above lake level, an 

underground gradient of less than 5 ft/mile. Swallowed water travels vertically downward to the 

Detroit River Group of rock formations (over 1,000 ft in areas) where gypsum and other minerals 

are dissolved. It then flows laterally to the lakes and discharged as far as 3.4 miles (13.5 Km) 

from shore. Water flowing out of these sink holes was uniformly DO 0.1-2 and sulfate near 

1,600 mg/l (Biddanda, 2006; Morrow, 1967). Work is progressing to identify the locations, flow 

volume, and water chemistry of more submerged sink holes. Keywords:  Geochemistry, Karst, 

Lake Huron, Ground water, Water quality. 
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1
Environment Canada, Toronto, ON, Canada; 

2
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and Oceans Canada, Burlington, ON, Canada.  A Mass-Balance Remediation Approach 

towards Reaching Delisting Targets in Areas of Concern. 
 

 The International Joint Commission (IJC) identified the Bay of Quinte as an Area of 

Concern (AOC) due to its degraded ecosystem. A Remediation Action Plan (RAP) was 

established with delisting targets including the goals of decreasing phosphorous loading and 

restoring the upper (fish and wildlife) and lower (phytoplankton, zooplankton, and benthic 

invertebrates) trophic levels. The ultimate goal is to delist the Bay of Quinte as an AOC. To date, 

phosphorous control efforts have reduced phytoplankton abundance; however invasion by non-

native species (e.g., zebra mussels, cormorants) has led to further disruption. We use a mass-

balanced ecosystem modelling approach to examine the feasibility of reaching the current 

delisting targets for the upper Bay of Quinte. We modified an Ecopath model representing the 

post-zebra mussel invasion period (1995-2002). To address specific delisting targets, we 

modified the functional groups in the original model to examine how readily we can re-balance 

the model under the current remediation plan. The re-balanced model will help determine 

whether the current targets are feasible and help revise targets if necessary. 

Keywords:  Ecosystem modeling, Recovery targets, Bay of Quinte. 
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University of Toronto, 25 Willcocks St., Toronto.  Wind-driven patchiness; 

spatial-patterns, trophic interactions and monitoring implications. 
 

 Wind creates, maintains, and destroys plankton patchiness which can affect predator-prey 

spatial overlap and consequently trophic interactions. To assess these relationships, we 

repeatedly sampled the same linear transects in two basins of Lake Opeongo (ON, Canada) over 

100 times at various times of day and many days throughout the summer so we could follow 

spatial patterns under changing wind conditions. Spatially explicit in situ simulations that include 

activity costs associated with feeding were used to examine the effects of chlorophyll patchiness 

on the energy gain in different zooplankton communities. Simulations were repeated for all 

combinations of zooplankton size-classes (bulk, small, and large) and for each simulated 

combination, a spatial energetic differential (SED) was estimated. Large zooplankton had the 

greatest SED with a maximum increase of 20% while small zooplankton showed a marginal 

increase. High SED were frequent when zooplankton and chlorophyll were positively correlated 

as shown by wavelet analysis, indicating that predator-prey spatial overlap is an important 

determinant of high SED values. We discuss the implications that such patterns can have on 

monitoring both nearshore and offshore spatial patterns. Keywords:  Waves, Zooplankton, 

Plankton. 
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 Modelling the three dimensional spatial dynamics of nutrients, phytoplankton and 

dissolved oxygen in Lake Erie. 
 

 Hypoxia continues to be a concern in many large aquatic ecosystems, including Lake 

Erie. In large systems, the distribution of hypoxic water masses can be very dynamic and can 

have serious ecological consequences. One such consequence is fish mortality due to upwelling 

of hypoxic water, which is suspected to occur in parts of the central basin of Lake Erie. We show 

here that a three dimensional model (ELCOM-CAEDYM) captures the major patterns of 

variability in phytoplankton and nutrients (important drivers of hypoxia) in two years of 

observation (2002 and 2005) in Lake Erie. Observations of dissolved oxygen (DO) concentration 

profiles provided snapshots of the vertical distributions of DO and the seasonal progression of 

hypolimnetic hypoxia in the central basin of the lake. We document here the correspondence 

between modeled and observed DO. We then use the model to characterize the spatial dynamics 

of DO and examine the potential for intrusion of hypoxic layers into surface and/or nearshore 

waters. Keywords:  Nutrients, Model studies, Lake Erie. 
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National Water Research Institute, Environment Canada, Burlington, 

ON.  Process oriented modeling of Lake Ontario hydrodynamics. 

 

 A three-dimensional hydrostatic Reynolds-averaged Navier-Stokes equation model has 

been applied to simulate the ice-free hydrodynamics of Lake Ontario during 2006. The model is 

compared to field observations to assess its ability to reproduce the fundamental physical 

processes driving hydrodynamics. The model correctly simulates the seasonal stratification, 

surface seiches and internal Poincaré waves without adjustment. Scaling of inflows is required to 

reproduce water levels. Surface topographic and internal Kelvin waves are simulated; however, 

these motions are under-resolved with the 2 km horizontal grid used in this study. 

Keywords:  Lake Ontario, Hydrodynamic model, Hydrodynamics. 

 

 

BOEHRER, B., Helmholtz Centre for Environmental Research - UFZ, Brueckstrasse 3a, 

Magdeburg, D-39114, Germany.  Lakes density stratified by biogeochemical processes. 

 

 Biogeochemical reactions change the composition of the dissolved substances. Solutes 

may be transformed into insoluble forms, and hence be removed from the water column. 

Redissolution may enhance the concentration of dissolved substances in other parts of the lake. 

In some cases, gradients are created which suffice to inhibit the vertical full circulation of the 

lake during the annual cycle. Such lakes are termed biogenically, internally or geochemically 

meromictic. A small number of geochemical cycles are known to produce meromixis. We 

present an overview of these known processes, such as oxic decomposition and iron meromixis. 

We show data about special stratification and the dynamics of the chemocline over several 

annual cycles. Finally, the reactivity of dissolved substances even enhances the double diffusive 

convection in the deep water body, that under favourable circumstances, a full monimolimnetic 

overturn can occur. This overturn redistributes the solutes in the monimolimnion and hence is of 

great importance for the evolution of water quality in the entire lake. Reference: Boehrer, B., S. 
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Dietz, C. von Rohden, U. Kiwel, K. D. Jöhnk, S. Naujoks, J. Ilmberger, and D. Lessmann 

(2009), Double-diffusive deep water circulation in an iron-meromictic lake, Geochem. Geophys. 

Geosyst., 10, Q06006, doi:10.1029/2009GC002389. Keywords:  Hydrodynamics, Meromixis, 

Biogeochemistry, Physical limnology, Iron, Density stratification. 
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MN, 55812.  Mechanisms Controlling Carbon Dynamics in Lake Malawi. 

 

 Although photosynthetic rates have been measured in many tropical lakes, few studies 

have examined other carbon input and output processes in these systems. We present the results 

of a multi-year study in which photosynthesis, river inputs, atmospheric deposition, 

sedimentation, and burial were measured in Lake Malawi. High organic carbon concentrations 

and high particulate:dissolved organic carbon ratios in rivers reflect a large impact of land-use 

practices on allochthonous carbon inputs . However, most organic carbon input to the lake is via 

algal photosynthesis. A comparison of inputs and outputs indicates that photosynthesis and 

respiration are approximately balanced, with permanent burial representing about 10% of total 

organic carbon input. Dissolved inorganic carbon profiles suggest that the lake is a carbon sink 

during the productive period following mixing, and a carbon source to the atmosphere during the 

stratified season. Sediment profiles suggest that carbon burial is tightly coupled to silica burial. 

We present a simple model to illustrate how the ultimate fate of carbon (burial versus respiration 

and degassing) may be controlled by silica dynamics. Keywords:  Lake Malawi, 

Biogeochemistry, Carbon. 
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Shoreham Drive, Downsview, ON, M3N1S4.  Watershed Nutrient and Sediment Loadings on 

the Canadian Side of Lake Ontario. 
 

 The nearshore of Lake Ontario is a valued amenity. It is an area of contrasting uses, 

including public green spaces, Provincially Significant Wetlands, recreational boating, municipal 

and private sector infrastructure related to the treatment of wastewater and potable water, and the 

generation of electric power. There is a shared interest in the health of the nearshore areas of 

Lake Ontario. In order to understand conditions in the nearshore, estimates of contaminant loads 

and watershed pollutant transport mechanisms are required. As part of the 2008 International 

Special Year of Study for Lake Ontario, Environment Canada and the Toronto and Region 

Conservation Authority have completed watershed loadings analysis for six representative 

tributaries to the Canadian side of Lake Ontario. For the Lake Ontario Drinking Water 

Collaborative Study, we previously developed estimates of pollutants loads for Canadian 

tributaries between the Niagara River and Prince Edward County, based upon event mean 

concentration and unit area methods. These load estimates have been verified with 2008 and 

2009 sampling data and our revised estimates will be compared with previous published studies 

for the Great Lakes. Keywords:  Nutrients, Lake Ontario, Watersheds. 
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2
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Ontario Biological Station, 17 Lake Street, Oswego, NY, 13126.  Substrate preference and 

benthic predator avoidance responses of Great Lakes mysids. 
 

 We examine the substrate preferences of both species of Great Lakes mysid shrimp, 

Mysis diluviana and Hemimysis anomala, and determine how these preferences are altered by 

both light and predator presence. Mysis showed no substrate preference when given the choice of 

quagga mussel or sandy bottoms under dark conditions in the laboratory, but strongly preferred 

sandy substrates under simulated daytime light conditions. Alternatively, Hemimysis preferred 

sandy bottoms relative to quagga mussel, rock or cobble substrates in the dark only. Hemimysis 

shifted from preferring sandy substrates to rocky habitats in the presence of either pumpkinseed 

sunfish or round goby predators or in lighted conditions. Rocky habitat was most preferred when 

both light and fish were present. Mysis also responded to fish by choosing positions in the water 

column that were as far away as possible from their predators. This shift was even more 

pronounced under simulated daylight conditions relative to complete darkness. These results 

suggest that both species of Great Lakes mysids respond to predators by selecting habitats that 

either provide cover or are furthest away from fish, but differ in terms of their habitat preferences 

in lighted versus dark conditions in the absence of predators. Keywords:  Habitats, Predator 

avoidance, Benthos, Invasive species, Experimental design. 
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Assessment Tool (SWAT) to Evaluate the Impact of Agricultural BMPs on Riverine 

Nutrient Expor t to Lake Erie. 
 

 We used the Soil and Water Assessment Tool (SWAT) applied to six watersheds draining 

into Lake Erie to simulate implementation of various agricultural best management practices 

(BMPs). The SWAT watershed models were calibrated and validated for stream discharge and 

water quality parameters using data from 1998-2005 by using time series plots and statistical 

measures to verify model predictions. The models were calibrated and validated against daily 

flow measurements and near-daily sediment and nutrient concentration measurements near the 

watershed outlets. Simulated hydrology and water quality parameters closely resembled 

observed data overall. For a number of BMP scenarios we predict changes in daily and annual 

streamflow and sediment and nutrient loads in river export. SWAT scenarios showed that the 

implementation of agricultural BMPs had a marked effect on sediment and nutrient export from 

all watersheds. Furthermore, certain BMPs were shown to be much more effective at reducing 

riverine sediment and nutrient fluxes than others. For example, we predicted that adding 10 m 

grass filter strips to agricultural land in one watershed would result in 22%, 27%, and 3% 

reductions in annual river loads for total phosphorus, total nitrogen, and sediment respectively. 

Keywords:  Lake Erie, Agricultural BMPs, Watersheds, SWAT, Nutrients. 
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BOUCHARD, R.R.
1
 and MOORE, L.

2
, 

1
Regional Municipality of Peel, Brampton, ON, L6T 

4B9; 
2
Ontario Clean Water Agency, Toronto, ON.  The "Collaborative" - Purpose, Structure 

and Objectives. 
 

 The Collaborative Study to Protect Lake Ontario Drinking Water identifies and evaluates 

both local and lake-wide drinking water hazards. This Collaborative includes 19 municipalities 

(population of 6 million) in the Province of Ontario, stretching from Niagara Region to Prince 

Edward County, as well as 9 Source Protection Authorities. Scientists from government, 

universities and consultants support the Collaborative. The Ontario Ministry of Environment 

funded Phase 1 and 2 technical studies to support the development of source protection plans for 

each member of the Collaborative. The Phase 3 study was initiated in 2009 to address rules 

released by the Ontario Ministry of Environment in November 2008. Studies have focused on: 

1)Lake Ontario physical processes and lake-wide hydrodynamic modeling; 2)Lake Ontario 

Watershed/Tributary Pollutant Loading Studies; 3)Pathogen monitoring and source tracking; and 

4)Spill Scenario Modeling for Identification of Drinking Water Issues and Threats. The 

Collaborative is a model of cooperative effort and is making a contribution to sound decision 

making on protection of Lake Ontario as a critical source of drinking water. Keywords:  Drinking 

water, Collaboration, Lake Ontario, Management. 
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Queen's University, Kingston, ON, K7L 3N6, Canada; 
2
National Water Research Institute, 

Burlington, ON, K7LR 4A6, Canada.  Spatial and temporal variability of turbulent hot spots 

in Lake Erie. 
 

 Recent temperature microstructure profiles from central Lake Erie have shown more 

unstable small scale density inversions than expected near the thermocline. These observations 

raise questions about the required spatial and temporal sampling to capture mixing events. Data 

is presented from two intensive measuring campaigns during the summers 2008/2009 in Lake 

Erie. The primary objective of the study is to investigate the spatial and temporal variability of 

turbulent events with respect to two processes. First, the role of the lateral boundaries are 

demonstrated with an increase of unstable profiles in the nearshore region. Second, the question 

of enhanced turbulence induced by the large internal wave is addressed. The main wind driven 

oscillation was identified as a Poincaré wave and overturning events are in phase with the crest 

of the wave. Gradient Richardson numbers in this region were not below the canonical 1/4 value 

for instability during these events. We believe that the spatial (1 m) and temporal (15 min) 

averaging associated with the resolution of the ADCP prevented the instrument from capturing 

the low Ri thin layers that have been observed by others to be associated with shear instability. 

For this reason, we investigate the link between induced turbulence and large scale internal wave 

activity using Thorpe scale. Keywords:  Lake Erie, Patchy mixing, Measuring instruments. 
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4A6.  Watershed Pollutant Loadings Estimates Developed for Lake Ontario Intake 

Protection Zone Studies. 
 

 Lake Ontario is the source of drinking water for over 6 million residents. There are 

special provisions under Ontarioôs Clean Water Act, 2006, the Provincial Source Water 

Protection Legislation, to ensure that Lake Ontario continues to be a safe and reliable supply. 

This paper will describe water quality studies conducted by Environment Canada and the 

Toronto and Region Conservation Authority for the Lake Ontario Drinking Water Collaborative 

and the Source Protection Areas for Lake Ontario to provide estimates of watershed pollutant 

loading to Lake Ontario. This paper will describe how the loading estimates will be incorporated 

into the Drinking Water Intake Protection Zone 3 regulatory approach for the Great Lakes. Based 

upon sampling completed in 2008 and 2009, differences in pollutant contribution due to 

watershed size and land use patterns will be discussed for watersheds entering the lake on the 

Canadian side, between the Niagara River and Prince Edward County. Comparisons will be 

presented for non point source and sewage treatment plant loads. Recommendations will be 

provided for cost effective strategies to track future watershed loads and approaches for 

interfacing watershed water quality contributions with lake wide water quality modelling as an 

approach for understanding threats and risks to nearshore intakes. Keywords:  Lake Ontario, 

Pollutant loads, Tributaries, Water quality. 
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On, M9P 3V6.  Spatial and temporal patterns in E. coli, across the Ajax-Pickering 

Waterfront of Lake Ontario.  
 

 For the past four years, we have been monitoring water quality and fecal pollution 

indicators such as E.coli and Enterococcus over onshore-offshore transects across the largely 

urban waterfront of Lake Ontario adjacent to the communities of Ajax and Pickering. Surveys 

were undertaken during dry weather and 24 hours after major rain storm events. Samples were 

also collected in embaymentôs (Frenchmanôs Bay), watershed outlets and coastal marshes 

(Rouge, Duffins and Carruthers). Situated along these transects, are the water intake for the Ajax 

Drinking Water Treatment Plant, the Duffin Creek Water Pollution Control Plant effluent 

diffuser and the Pickering Nuclear Generating Station. Distinct onshore - offshore gradients in 

E.coli counts were observed, with plate counts meeting Ontario recreational swimming 

objectives usually within 100m of the shoreline. During periods of extended dry warm weather, 

background levels of E.coli were below method detection. Water temperature, currents and water 

quality were used to provide insight on transport and dilution of fecal pollution as inferred from 

levels of E.coli. Keywords:  Pollution sources, Microbiological studies, Coastal processes. 

 

 

BOWEN, K.L., JOHANNSSON, O.E., BEDFORD, A., and GERLOFSMA, J., Fisheries and 

Oceans Canada, 867 Lakeshore Rd., Burlington, ON, L7R 4A6.  Changes in Zooplankton 

Production and Biomass in the Bay of Quinte, 1975 to 2008. 
 



53rd Annual Conference on Great Lakes Research   
Abstracts 

May 17-21, 2010  Toronto, Ontario 34 

 Cultural eutrophication has been a concern in Lake Ontarioôs Bay of Quinte since the 

early 1970s. Weekly or biweekly zooplankton samples have been collected at 3 stations in the 

eutrophic upper bay (Belleville - B), mesotrophic middle (Hay Bay - HB), and meso-oligotrophic 

lower bay (Conway - C) from 1975 to the present. Water depths are 5 m at B, 12 m at C and 32 

m at C. The zooplankton community is constantly changing in response to phosphorus control 

and invasion by new species. Following dreissenid mussel invasion, dry zooplankton biomass 

averaged 166, 192 and 48 mg.m
-3

 at B, HB, and C, respectively, between 1995 and 2008 (01 

May to 06 Oct). The lowest biomass values were from the coldest years, 1992 and 2000. Both 

zooplankton production and biomass have declined since the post-phosphorus control, pre-

dreissenid period of the 1980s and early 1990s. Cladocerans dominate zooplankton biomass, 

averaging 78% at B, 71% at HB and 55% at C during the 1995-2008 period. Rotifers have been 

collected since 2000, but their biomass is low compared to that of crustacean zooplankton and 

veligers. Measured zooplankton lengths in the Bay of Quinte (taken since 1995) were often much 

lower than mean species dry weights for the Great Lakes. Cladoceran mean lengths were usually 

<0.5 mm, indicating high rates of planktivory. Keywords:  Zooplankton, Bay of Quinte, Invasive 

species. 
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Burlington, ON, L7R 4A6.  Nucleic Acid Ratios and other Growth Indicators in Great Lakes 

Mysids. 
 

 The native opossum shrimp Mysis diluviana fills a critical intermediate position in the 

pelagic food web of the Great Lakes. Mysids have been collected in the spring, summer and fall 

as part of the Great Lakes Binational Monitoring Program ï Ontario in 2003 and 2008, Superior 

in 2005 and Huron in 2007. Mysid densities are typically lowest in the spring and increase in the 

summer and fall. Mysid densities at depths <100 m were similar across lakes, but in deeper 

water, numbers were lowest in Huron. Nucleic acid and protein content are presented as 

indicators of growth and condition in mysids. For example, total RNA decreases rapidly with 

starvation. In Huron in 2007, juvenile RNA levels were highest in August, intermediate in 

October, and lowest in May, when zooplankton was scarcer. There were no consistent 

differences in mysid RNA levels between 2007 and 2002 in Huron. In August, the station with 

the lowest mysid RNA (station 138 in 2002) also supported mysid densities over 4 times greater 

than the other stations sampled. This suggests that even in the summer of 2002, prior to the lower 

food web collapse, mysids at the highest observed densities may be food-limited and 

experiencing reduced growth. Further insight may be gained by comparing Huron nucleic acid 

levels to those in mysids from other lakes. Keywords:  Mysids, Food chains, Indicators. 
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 Toronto Wet Weather Flow Management Master Plan : Status of Its implementation and 

Anticipated receiving water Benefits. 
 

 This paper outlines the projects which have been implemented during the first 5 year of 

the 25 year Master Plan and documents the anticipated benefits toward delisting the associated 

beneficial use impairments (beach closures, combined sewer overflow control). It evaluates the 

relative role that source controls (including low impact development practices), conveyance 

control, and end-of pipe solutions have in achieving these benefits. Keywords:  Impared water 

use. 

 

 

BOWLBY, J.N. and HOYLE, J.A., Ontario Ministry of Natural Resources, R.r. 4, Picton, 

ONTARIO, K0K 2T0, Canada.  Distributi on and Movement of Bay of Quinte Walleye in 

Eastern Lake Ontario. 
 

 Gillnetting during summer 1992-2008 in the Bay of Quinte and eastern Lake Ontario 

described the distribution of walleye and prey fish. All age classes of walleye were caught in the 

Bay of Quinte during April, May, October, and November. During June to September fewer 

mature walleye were caught in the Bay of Quinte, but dominated the catch outside the Bay. 

Walleye catches were greater in the eastern basin than central and western basins of Lake 

Ontario. From 1998 to 2003, we marked 50,948 walleye in the Bay of Quinte and eastern Lake 

Ontario and tagged 9,161 of them. Anglers and commercial fishermen recaptured 678 tagged 

walleye and our nets recaptured 1,266 marked walleye. Recaptures indicate mature walleye 

migrate from the upper Bay of Quinte to the lower Bay and Lake Ontario, peaking in May and 

continuing into July. Walleye migrate back into the Bay of Quinte starting in September and 

peaking in October. Mature walleye migrate into Lake Ontario toward less optimum water 

temperatures and abundant prey, alewife. Summer temperature of Lake Ontario is optimum for 

walleye growth, and above optimum in the Bay of Quinte. During fall temperature of the Bay of 

Quinte drops faster than Lake Ontario. Again migration is toward less optimum water 

temperature and abundant prey, young-of-the-year alewife and gizzard shad. Keywords:  Bay of 

Quinte, Migration, Walleye, Fish behavior. 

 

 

BOYER, G.L. and SATCHWELL, M.F., Department of Chemistry, SUNY-College of 

Environmental Science and Forestry, Syracuse, NY, 13210.  Good News for Managers: The 

Cyanobacteria Neurotoxin Beta-Methyl Amino Alanine (BMAA) does not appear to be a 

major new hazard in the Great Lakes. 
 

 Cyanobacteria produce a wide range of natural toxins. The most recently described 

cyanobacterial toxin is the amino acid ɓ-N-methyl amino alanine (BMAA). BMAA is a non-

protein amino acid produced by a wide range of cyanobacteria (Cox et al., 2005). Originally 

discovered in cyacad seeds from Guam, it has been associated as a possible cause of amyotrophic 

lateral sclerosis or Parkinsonism dementia complex. Many potential BMAA-producing genera 

(e.g. Microcystis, Anabaena) are common in the Great Lakes. To investigate if BMAA is an 

emerging threat in Great Lakes ecosystems, voucher samples from more than 1000 samples 

collected between 2006 and 2009 as part of the NOAAôs MERHAB-LGL and OHHI 
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cyanobacterial toxin monitoring efforts are being retroactively analyzed for BMAA using a 

highly sensitive HPLC-positive ion electrospray mass spectroscopy method. The detection limit 

for free BMAA contained within the cells is generally less than 0.01 ɛg/L of raw lake water. 

These samples span a wide range of biomass, cyanobacteria species, and many contain one or 

more known cyanobacterial toxins. However results to date suggest that detectable levels of free 

BMAA contained within the cells is extremely rare, indicating that this neurotoxin is unlikely to 

be a major emerging threat to the Great Lakes. Keywords:  Cyanophyta, Harmful algal blooms, 

Toxic substances. 

 

 

BRAVENER, G.A. and MCLAUGHLIN, R.L., 50 Stone Rd. E., Guelph, ON, ON, N1G 2W1, 

Canada.  Behaviour of Sea Lamprey Approaching Traps on the St. Marys River. 

 

 We used acoustic, radio and integrated transponder (PIT) telemetry, along with 

underwater video, to examine the behaviour of sea lamprey approaching traps in the St. Marys 

River. The sea lamprey is an invasive species in the Great Lakes and the target of a bi-national 

control program. Trapping would provide an important control option if trapping success could 

be improved. 3-dimensional movement paths were quantified to test whether individuals used 

common routes to approach trap sites. PIT telemetry and video were used to quantify encounter, 

entrance and retention rates at study traps, including testing for differences between sex and class 

of lamprey. Results suggest that individual sea lamprey differ markedly in their movement paths, 

but generally confine their movements to the boundary layer near the river bottom. Many sea 

lamprey did not encounter traps, and many did not enter upon encounter, but retention of those 

that did enter was high. Differences between sex and class of lamprey were negligible. Our 

findings suggest that trapping success could be improved by adjusting traps in ways that increase 

the probability of encounter and entrance into traps. Keywords:  Invasive species, Fish behavior, 

Sea lamprey, Acoustics. 
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Wellington Square, P.O. Box 818, Brantford, ON, N3T5R7.  Waterfront Master Planning as a 

Tool to Protect and Restore River Ecosystems in an Urban Context. 
 

 Waterfront Master Planning in urban areas present an opportunity for scientists and 

planners to develop outcome based policy direction for the protection and restoration of river 

ecosystems. A 35 km stretch of the Grand River, a Heritage River, flows through the City of 

Brantford, and provides important habitat for a diversity of species, including species at risk. The 

Grand River is also the source of drinking water for the City of Brantford. A multi-disciplinary 

team is developing a Master Plan framework and policy direction for future land use decision 

making along the waterfront. Initiatives put forward by the team include: 1) use of bio-swales to 

polish urban runoff 2) provision of 30 m riparian buffers 3) changes to turf grass management 

practices in urban parks 4) creation of an urban forestry program to increase tree cover 5) public 

stewardship and education along a 70 km trail system 6) protection of key natural areas and 
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groundwater recharge zones 7) use of Stormceptors to polish runoff from older neighborhoods 8) 

strict controls to mitigate siltation and erosion during land development and 9) performance 

monitoring. Key to the success of these initiatives will be the formulation of ñoutcomeò based 

policies to achieve environmental sustainability in a waterfront context. 

Keywords:  Remediation, Planning, Urban watersheds. 
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University, Tiffin, OH, 44883.  Lake Erie Algal Source Tracking (LEAST): Contributions of 

the Maumee River and Lake Sediments to Microcystis Blooms. 
 

 The LEAST project was initiated in summer 2009 with several objectives: identifying 

potential Microcystis ñseedò populations that initiate summer blooms in western Lake Erie, 

tracking the biovolume and toxicity of the bloom, and the partitioning of phosphorus into various 

categories. Coordinated river (5 sites) and lake (6 sites) sampling activities were conducted 

during 3 periods, pre-bloom (mid-June), early bloom (early August), and late bloom (early 

September). Only trace Microcystis was detected in the river and lake water in June, however 

sediment from 2 of 6 lake sites contained significant Microcystis (10,000 cells/g wet sediment). 

On August 6-9, high Microcystis counts were obtained sediments at all lake sites and overlying 

waters (4 of 6 sites), and at 2 of 5 river sites. The visible bloom had decreased by September 9-

11 in the water column at all lake sites, but high Microcystis counts continued to be obtained 

from the lake sediments and Maumee River. Microcystin LR was dectected at all river and lake 

sites, with highest concentrations measured in Maumee Bay during August bloom conditions. 

Keywords:  Harmful algal blooms, Lake Erie, Microcystis. 
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Lakeshore Road, Burlington, On, L7R 4A6.  Lake Huron Southeast Shore Working Group - 

A Multi -stakeholder Effort to Address Nearshore Water Quality Issues. 
 

 The Southeast Shore Area of Lake Huron (Sarnia to Southampton) has seen ongoing 

issues with respect to beach postings (from pathogens) and algal fouling at various locations 

along the nearshore which has prompted various complaints from the public and response from 

various agencies, municipalities and organizations over the past few years. The Southeast Shore 

Working Group was created in July 2002, in response to these issues under the Lake Huron Bi-

national Partnership. The Southeast Shore Working Group is co-chaired by the Ministry of the 

Environment and Environment Canada and membership includes various federal and provincial 

government agencies, conservation authorities and local health units. The group is looking at 

ways to better identify sources of pollution, as well as working at implementing Best 

Management Practices (BMP) within the region. A Technical Committee of this working group 

was formed in 2005 to help move forward some of the technical issues that were identified in the 
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area, with membership including technical resource people from the various groups on the 

Working Group. This presentation will outline some of the multi-partnered activities that have 

occurred through this effort and some of the plans for future activities. Keywords:  Watersheds, 

Multi-stakeholder, Lake Huron, Water quality. 
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Resources, 41 Hatchery Lane, Picton, ON, K0K 2T0.  Fish community indices of ecosystem 

health: Are Index of Biotic Integrity values at Bay of Quinte relatively high compared to 

other coastal sites in Lake Ontario? 
 

 Fish survey data from the Bay of Quinte, together with data from Hamilton Harbour and 

Severn Sound, were used to develop a Great Lakes Index of Biotic Integrity (Minns et al. 1994) 

for littoral fish assemblages. Despite being a degraded area (designated as an Area of Concern by 

the International Joint Commission), the Index of Biotic Integrity (IBI) values were relatively 

high at the Bay of Quinte. Fish survey data collected since 1988 at the Bay of Quinte and 

elsewhere indicated that: 1) Quinte IBI scores have remained high and increased at certain 

locations; 2) IBI values at Quinte were similar to reference sites (in the vicinity but outside the 

Area of Concern); and 3) IBI and fish catches varied along the Canadian shoreline of Lake 

Ontario. IBI and fish catch values were correlated with physical and biological attributes at the 

survey locations, both spatially and temporally. The littoral fish community data confirmed that 

the Bay of Quinte continues to be a highly productive and diverse ecosystem, and that the Index 

of Biotic Integrity is a useful index of ecosystem health. Keywords:  Fish, Bay of Quinte, 

Ecosystem health. 
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MI, 48105.  BathyBoat: Autonomous Survey Platform. Autonomous Environmental Surveys 

of Nearshore Regions, Lakes, and Rivers. 
 

 This paper reports the design, construction, and testing of a new autonomous surface 

vessel (ASV) for environmental survey and sampling. The University of Michigan (UMich) as 

partnered with Michigan Tech. Research Institute (MTRI) to design and fabricate the new ASV 

òBathyBoatò as a targeted remote sensing platform. The BathyBoat is outýtted with depth 

sensors, GPS, a high-accuracy digital compass and accelerometer, water temperature and 

conductivity probes, and other environmental sensors discussed subsequently. An onboard 

wireless data transmission system offers the ability to monitor, in real-time, the BathyBoat vitals 

as well as the current sensor readings. In addition, updated mission objectives can be relayed 

from ship, shore, or aircraft, to the ASV for mid-mission adjustments. Ongoing scientific and 

engineering research missions are discussed, along with an overview of completed missions in 

and around the Great Lakes and a summary of field trials on the North Slope of Alaska. 

Keywords:  Observing systems, Autonomous, Assessments, Boat, Arctic, Surface. 
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BROWNSCOMBE, J.W. and FOX, M.G., 1600 West Bank Drive, Peterborough, ON, K9J 7B8. 

 The Rate of Spread of Round Gobies in the Trent Severn Waterway: Modeling Upstream 

and Downstream Movements. 
 

 The round goby (Neogobius melanostomus) is an invasive fish found throughout the 

Great Lakes and is currently expanding its range in the Trent Severn Waterway. Its rate of spread 

through specific habitat types is not well documented in North American rivers. Thus the 

objective of this research is to quantify its rate and pattern of spread in the Trent Severn 

Waterway, and to develop a predictive model for estimating its future distribution. To estimate 

their density and rate of range expansion, round gobies were angled at sites across the edges of 

their range in May and August of 2009. Preliminary results indicate very large increases in round 

goby density at the edges of their range over the summer months, but minimal range expansion 

over this period. In ideal, rocky habitats at the northern edge of expansion the average goby 

density increased from 2/m2 in May to 8/m2 in August with a maximum density of 16.5/m2. At 

the southern edge of expansion, densities increased from 0.5/m2 in May to 3/m2 in August, with 

a maximum density of 6/m2. It is likely that densities were not yet high enough to motivate 

individuals to move further up or downstream, and that more rapid expansion will be observed in 

2010. Keywords:  Biological invasions, Ecosystem modeling, Fish populations. 
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Hydrodynamics and Sediment Transport as Environmental Assessment Tools for the Don 

River Mouth Naturalizat ion. 
 

 Part of the planning for the revitalization of the Toronto Waterfront is the naturalization 

of the mouth of the Don River. Flood protection of the lower Don River is a key component of 

this project, along with sustainable sediment management throughout the study area. TRCA has 

identified the lower Don River as the number one priority for flood protection in their 

jurisdiction. A Class EA was recently completed to provide a solution to flooding west of the 

Don and this project will be soon under construction. Baird and TRCA are part of the team 

undertaking the environmental assessment for naturalizing the Don River and addressing 

flooding in the Port Lands. This presentation presents the analysis of flooding, flood protection 

performance and sediment transport through numerical modeling of the mouth of the Don using 

the Delft3-D hydrodynamic and sediment transport model. This includes sediment trap analysis 

and evaluation of dredging options; assessment of sediment transport and deposition in different 

naturalized channel alternatives, plus geomorphic analysis, analytical modelling of sediment 

transport and deposition, and evaluation of the functional design for the restored channel, 

wetlands and flood spillways. Keywords:  Hydrogeomorphology, Hydrodynamics, Sediment 

transport. 

 

 

BRUSH, J.
1
, JOHNSON, T.

2
, JAKOBI, N.

2
, TARABORELLI, C.

2
, and FISK, A.

1
, 

1
Great Lakes 

Institute for Environmental Research, University of Windsor, Windsor, ON, N9V 3Y2; 
2
Ontario 



53rd Annual Conference on Great Lakes Research   
Abstracts 

May 17-21, 2010  Toronto, Ontario 40 

Ministry of Natural Resources, Picton, ON, K0K 2T0.  Using Stable Isotopes and Fatty Acids 

to Understand the Influence of Temperature in Structuring Freshwater Fish Communities. 
 

 Abiotic and biotic resources have the ability to significantly impact ecological 

communities. In particular, temperature has been recognized to limit the range of species, affect 

community composition and therefore influence species-interactions. Chemical tracers such as 

stable isotopes and fatty acids provide relatively new tools to assess feeding relationships in 

order to delineate species interactions within a food web and feeding preferences at the 

individual level. This study aims to evaluate the role of temperature on physiologic processes by 

comparing stable isotope values in wild-caught organisms collected from two areas of 

contrasting temperature within the Bay of Quinte and eastern Lake Ontario. We expect to 

observe a decline in ŭ13C and an increase in ŭ15N with increasing temperature along the spatial 

thermal gradient in the Bay of Quinte-Lake Ontario ecosystem,corresponding to an increased 

physiological demand associated with inhabiting warmer temperature environments. We will 

evaluate how chemical tracers vary across a temperature gradient and how this influences 

individual level responses as well as food web structure within an ecosystem. We aim to couple 

chemical tracer data with traditional metrics to better understand food web relationships and 

organismal health in large and often complex ecosystems. Keywords:  Stable isotopes, Food 

chains, Bay of Quinte. 

 

 

BRYANT, J.C., BOLISETTI, T., and BALACHANDAR, R., 401 Sunset Avenue, Windsor, ON, 

N9B 3P4, Canada.  A Case Study on the Impact of the Canard Watershed on the 

Amherstburg Water Treatment Plant (WTP) Intake Water Quality using Finite Volume 

Method in FVCOM.  
 

 Computational Fluid Dynamics (CFD) is being used to model hydrodynamics and 

sediment transport in the Detroit River. The purpose of the study is to determine the impact of 

the Canard Watershed on the Amherstburg drinking water intake pipe, located approximately 5 

kilometres downstream of the Canard River outlet. This research will enable insight into intake 

protection zone (IPZ) delineation, which is mandated by O. Reg. 287/07 under the Clean Water 

Act (2006) for all intake pipes in the Great Lakes and Great Lake connecting channels. Finite 

Volume Method is being used in FVCOM to model the hydrodynamics of the Detroit River. The 

computational domain extends from the connection of Lake St. Claire and the Detroit River until 

Lake Erie. The water surface is divided into approximately 6500 triangular shaped elements with 

sides ranging from 300 m down to 100 m. The vertical domain is divided into equal layers using 

a terrain following sigma-coordinate transformation. Flow and surface elevation are used as the 

inlet and outlet boundary conditions for the Detroit River, respectively, with zero seepage along 

the walls and bed. Canard watershed sediment loadings are injected into a tracer control element, 

where the sediment transport is determined by continuity and momentum transport governing 

equations. Keywords:  Detroit River, Hydrodynamic model, Sediment transport. 

 

 

BUMSTEAD, N.L. and LONGSTAFFE, F.J., University of Western Ontario, London, ON, N6A 

5B7.  The Stable Isotope Paleolimnology of Lake Simcoe. 
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 This study examines variations in lake water sources and productivity within the Lake 

Simcoe Basin during the last 10,000 years using the oxygen- and carbon-isotope compositions of 

ostracodes. During the retreat of the Laurentide Ice Sheet there was a minimum of two 

significant meltwater inputs into the basin ï as signaled by negative shifts of ~10 ă in the 

oxygen-isotope compositions of ostracodes from sediment cores. Periods of more positive 

oxygen-isotope compositions reflect a basin dominated by water originating in the local/regional 

watershed or, possibly, from overflow of 
18

O-enriched surface waters from a stratified Lake 

Agassiz. The changes in oxygen-isotope composition coincide with shifts in ostracode 

populations. Candona subtriangulata thrived during periods of meltwater influx characterized by 

very low ŭ18O values while Candona rawsoni, Fabaeformiscandona caudata and/or Cytherissa 

lacustris flourished during periods of limited low-
18

O meltwater input, during which time 

lakewater ŭ18O values were much higher. The periods largely free of low-
18

O meltwater influx 

are also characterized by a ~2 to 3 ă decrease in ostracode ŭ13C values. This difference likely 

arises from elevated levels of decay and respiration within the lake. Keywords:  Lake Simcoe, 

Stable isotopes, Oxygen. 
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Biology, Ohio State University, Columbus, OH, 43212.  Dominance Of Exotic Invertebrates 

Changes The Structure Of The Lake Erie Benthic Community. 
 

 To estimate the role of exotic species in the benthic community of Lake Erie, we 

collected samples from all lake basins in the summer of 2009, and compared these data to a 1979 

survey (Dermott 1994). In 1979, 3 exotic species (Gastropoda: Bithynia tentaculata, and 

Oligochaeta: Branchiura sowerbyi, Potamothrix vejdovskyi) constituted < 2% of the total benthic 

density and biomass. The 1979 community was dominated (density) by oligochaetes, the mollusc 

Pisidium and the amphipod Diporeia, while chironomids, oligochaetes, Sphaerium, Diporeia, and 

Pisidium dominated in terms of biomass. Eight exotics were found 30 yrs later, including 

molluscs Dreissena r. bugensis, D. polymorpha, Sphaerium corneum, Cipangopaludina 

chinensis, Potamopyrgus antipodarum, Valvata piscinalis, the oligochaete B. sowerbyi, 

amphipod Echinogammarus ischnus, and numerous shells of B. tentaculata. Exotics were 

disproportionally abundant among molluscs, and were absent from the most diverse group of 

native invertebrates - insects. Benthic invaders now constitute 40% of total benthic density, and 

over 95% of the total wet mass. Benthic community structure and dominance has changed 

significantly since 1979, and the community is currently dominated by exotic species. 

Keywords:  Exotic species, Community, Benthos, Lake Erie. 

 

 

BURNISTON, D.A., Canada Center for Inland Waters, 867 Lakeshore Rd., Burlington, ON, 

L7R 4A6.  Contaminants in Hamilton Harbour Water.  

 

 During the 2008 and 2009 field season, WQM&S conducted extensive water quality 

monitoring in Hamilton Harbour to determine ambient contaminant levels in the water column, 

and in support of the proposed Randle Reef remediation project. Polycyclic Aromatic 
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Hydrocarbon (PAH) and metal concentrations for monthly whole water samples were 

determined at 9 sites in the Harbour. Ambient background PAH levels were roughly 30 ng/L, 

while the Randle Reef and Windermere arm sites were typically 60 and 200 ng/L, respectively. 

Levels of copper were consistently above the CCME guidelines; background levels in the 

Harbour were only slightly lower than concentrations found at Randle Reef, with Windermere 

arm samples generally the highest. Concentrations of PCBs were determined in both dissolved 

and particulate phases at ten sites in the harbour to investigate partitioning between the two 

phases. The whole (combined phase) water ambient background concentrations were typically 2 

ng/L, which included the Randle Reef sites. PCB concentrations at Windermere arm sites 

averaged 15 ng/L; the highest levels of PCBs were associated with boat slips along the highly 

industrialized southern shoreline of the harbour. Keywords:  PCBs, Environmental contaminants, 

PAHs. 

 

 

CALABRO, E.J., MURRY, B.A., UZARSKI, D.G., CLEMENT, T.A., and WOOLNOUGH, 

D.A., Department of Biology Central Michigan University, Brooks 156, Mt. Pleasant, MI, 

48858.  Applying Great Lakes Coastal Wetlands Indices of Biotic Integrity to Inland Lakes 

of Beaver Island. 
 

 Biological indicators or indices of biotic integrity (IBI) have been developed for some 

systems for land management and regulatory agencies to categorize the level of degradation of a 

given ecosystem. IBIs are most often used in lotic systems and those IBIs that can be used over 

wide geographic regions and/or many system types are deemed most valuable. Lacustrine 

systemôs intrinsic complexity and multidimensionality greatly affects the transferability of 

particular indices created for certain lakes. The robustness and transferability of IBIs created for 

macroinvertebrates and fish (Uzarski et al. in 2004, 2005) for fringing, lacustrine marshes of the 

Great Lakes are currently being tested on the inland lakes of Beaver Island, Lake Michigan. In 

contrast to many other IBIs that tend to be system specific, Uzarski et al.ôs (2004, 2005) IBIs 

should be transferable since they assess food web structure and are therefore, not dependant on a 

specific species pool. The transferability of both IBIs is probable; however species richness is a 

component that may need to be redefined for the lower diversity found in the inland lakes when 

compared to the Great Lakes. The transferability of both IBIs will be determined by relating 

rescaled scores with an established disturbance gradient. Keywords:  Bioindicators, Water 

quality, Wetlands. 

 

 

CALDWELL, T.J. and WILHELM, F.M., The University of Idaho, Dept. of Fish and Wildlife 

Resources, CNR Room 105 P.O. Box 441136, Moscow, ID, 83844.  The role of the opossum 

shrimp (Mysis relicta) in the nutrient and zooplankton community dynamics of a large and 

deep (>350 m) oligotrophic lake in Northern Idaho, USA. 
 

 In general, Mysis introduced into Pacific Northwest lakes in the 1960ôs disrupted lake 

food webs because of competition with fish fry for zooplankton prey. Additionally, mysids may 

remove nutrients from surface waters via diel vertical migration (DVM) thus limiting lake 

productivity. Lake Pend Oreille (LPO) is a large (38,000ha) and deep (351m) oligotrophic lake. 

We hypothesized and tested that; i) mysids represent a net sink of nutrients from the surface to 




