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Applicant Background 
 
We propose to address needs of the Great Lakes Wetlands Consortium in developing long-term 
basin-wide monitoring plan for the Great Lakes coasts by making modest changes in our current 
Lake Ontario Biocomplexity Project (http://Ontario.cfe.Cornell.edu/).  This large, multi-
university, interdisciplinary program is analyzing ecosystem structure and function for a series of 
Lake Ontario coastal bays and lagoons. The principal theme organizing the program is that open 
ecosystems like our coastal wetlands differ in ecosystem structure formation in relation to the 
average time water takes to move through them.  We believe that our study systems will be 
shaped by internal biological processes (e.g., competition for space in plant communities) under 
stable water environments, and driven by outside forces when water retention is low.   We set the 
stage for efficient and effective testing of environmental indicators by selecting a set of eight co-
located, wetland-rich study waters having very different hydrologic settings.  Indicators that are 
sensitive to changes in wetland conditions should show different values across our study waters.  
Also, because our program is an interdisciplinary research effort, we will be measuring and 
quantifying many of the Consortium’s indicator attributes simultaneously.  Finally, our extensive 
data will be made available for other Consortium indicator tests and evaluations in the context of 
well characterized wetland systems.   
 
The Lake Ontario Biocomplexity research team spans topics as diverse as water turbulence and 
human settlement patterns.  The team is organized at two levels; space-time interdisciplinary 
groups and whole study integration.  Three Cornell investigators will measure and model 
external processes working at the watershed scale to determine water quality and quantity 
entering the study systems.  They are developing watershed hydrologic simulators, modeling 
land use and land cover, and developing a hydrodynamic simulator to model water exchange 
between Lake Ontario and the bay systems. Investigators at Cornell and Syracuse University will  
study internal ecosystem processes that rapidly change (weekly-monthly) in the study waters: 
plankton, fishes, water quality, and water mixing.  Investigators at Cornell and the SUNY 
College of Environmental Science and Forestry  (Syracuse) will study the ecosystem properties 
that change seasonally: benthic invertebrates, aquatic plants, and wetland flora.  SUNY and 
Cornell investigators will also study internal system properties that change over long-time scales 
using historical patterns of human settlements and vegetation distributions.  Finally, all data and 
model simulations will be integrated mathematically to determine the conditions that allow 
ecosystem self organization or ecosystem property forcing by external factors.   
 
Study Waters  
 
We have identified eight study ecosystems that combine extremes of three main physical factors 
that will determine water residence time: bay volume, watershed size, and connectedness to Lake 
Ontario.  These study water bodies are located in far eastern Lake Ontario and along the 
southeast coast of the lake.  The eastern set of four study waters (Figure 1) all have extensive 
wetlands and are mostly separated from open Lake Ontario by a barrier composed mainly of 
sand.  For the purposes of this proposed study, we will add some data collections along the Lake 
Ontario shallow sloping beach zone.  The western set of four study waters (Figure 2) have 
varying amounts of wetlands and are separated from Lake Ontario by gravel and cobble barriers 
with some being reinforced and roaded.  As with the other set, we will add the open shoreline 
zone of Lake Ontario for this proposed study.   
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BLIND SODUS BAY 
Drainage area 35.16 km2 

Surface area    0.97 km2 

Protected Embayment 

LITTLE SODUS BAY 
Drainage area 8.58 km2 

Surface area   2.96 km2 

Protected Embayment 
 
 

STERLING POND 
Drainage area 202.96 km2 

Surface area      0.38 km2 

Lake-connected Inland Wetland 
 

JUNIPER POND 
Drainage area 0.602 km2 

Surface area   0.505 km2 

Protected Embayment 

LAKE ONTARIO 
Open Shoreline 

Figure 1.  Western set of biocomplexity study sites 
                 along the southeastern shore of Lake Ontario. 
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FLOODWOOD 
Drainage area 657.99 km2 

Surface area       0.078 km2

Barrier Beach Lagoon 

SOUTH COLWELL 
Drainage area 1.38 km2 

Surface area    0.42 km2

Barrier Beach Lagoon 

NORTH SANDY POND 
Drainage area 253.77 km2 

Surface area       9.73 km2 

Protected Embayment 

SOUTH SANDY POND 
Drainage area 8.26 km2 

Surface area   1.23 km2 

Protected Embayment 

LAKE ONTARIO 
Shallow Sloping Beach 

Figure 2.  Eastern set of biocomplexity study sites 
                 along the eastern shore of Lake Ontario. 
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Project Narrative/Workplan 
 
Our field investigations at the Lake Ontario Biocomplexity sites began in 2001 and were limited 
to assembling basic information on the sites and establishing protocols for an integrated 
sampling effort to begin in 2002.  Several dimensions of our work will provide data of direct use 
in comparing indicator performance among our sites, and some additional tasks will substantially 
expand the comparability of our efforts with Consortium indicator evaluation goals.  Our 
objectives in this proposed project are: 
 

1.  To test the feasibility of applying indicators in a monitoring plan, and  
 
2. To test the comparability and usefulness of indicators across the wetland 

geomorphic classes named in Figures 1 and 2. 
 
By making our data and findings available to the Consortium and other project proponents 
identified below, we will work to advance the following objectives: 
 

3. Working with others to identify how data collection and analytical 
methods can be coordinated, and  

 
4. Testing the variability of indicators across the Great Lakes 

 
Below we list a selection of Consortium specified indicators where our current and proposed 
efforts would provide the most data and application experience.    
 
 
 
Invertebrate Community Health 
 
We are currently collecting macroinvertebrates at randomly located coordinates in all study 
waters using a petite ponar grab.  This gear was selected as a powerful grab capable of pulling up 
most bottom materials including plants.  Samples are field sorted in trays following the common 
USEPA stream bioassessment approach of counting 100 organisms on random tray cells.  
Identifications will be done to the lowest commonly used taxonomic level (mostly genus) for 
biomonitoring.  Common habitat data are collected such as water depth, substrate type, and 
relative macrophyte abundance.  We propose here to add Hester-Dendy samplers deployed at 
random coordinates and retrieved at four week intervals two times in 2002.  Unlike our current 
grad samples, all organisms would be counted and identified to the lowest commonly used 
taxonomic level for biomonitoring.  Community measures such as diversity, dominant taxa, 
proportion of sensitive taxa (mayflies, caddisflies), and modified biotic indices would be 
reported with raw data files.  Field data on invertebrates will be collected in open lake shoreline 
and beach habitats. 
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Fish Community Health  
 
Currently we are conducting standardized (15 minutes) electrofishing around randomly selected 
coordinates in water less than 4 m deep.  We have been using gill nets in deeper water but this 
may be discontinued in 2002.  Most waters being studied are shallower than our deep water 
criteria, and most deep waters are anoxic in the summer.  Hence we have little room left for gill 
nets, and the catch has not been greatly different than the more productive electrofishing 
samples.  All captured fish are identified and measured with basic habitat attributes recorded for 
all samples.  Initially we electrofished on randomly located transacts but this designed was 
judged impractical because of crossing numerous habitats and running out of room in some water 
bodies.  For the purposes of Consortium specified indicator testing, we will add fyke nets set for 
two consecutive nights in multiple random locations per water body at about 2 of 3 meters depths 
and oriented parallel to shore or structure. Counts of deformities, eroded fins, lesions, and tumors 
(DELT data as in Sanders et al. 1999) will also be added to our recording protocol for all 
sampling.  While our sites do not vary greatly in human stresses, the DELT data can be 
compared to wetlands with heavy physical and chemical stresses in other studies (see 
collaborations below). Field data on fish will be collected in open lake shoreline and beach 
habitats as practical (i.e., no electrofishing in rough open lake waters).   
 
 
 
Plant Community Health 
 
In 2001 we collected field data on all wetlands associated with our study waters and aquatic 
macrophytes in five of our waters.  Plant species identified at sampling points on transects 
arranged across wetlands, and by raking three times at coordinates of 100 m or 50 m grids 
imposed on aquatic habitats.  In August, the International Joint Commission study of water 
management in Lake Ontario and the St. Lawrence River commissioned color-infrared aerial 
photography at a scale of 1:10,000 covering all our study waters plus others.  We also developed 
a methodology using our GIS data layers for depicting water body morphology from a dense 
field survey of water depths. The final GIS will allow three dimensional representations of our 
waters and their plant communities.  Taken together then, we now have the ability to estimate 
several of your plant community metrics such as percent dominant vegetation types, percent 
invasive types, percent wetland obligate species, percent native taxa, and others.  To make the 
most of these data, we propose to integrate the aerial photographs with our field data to depict 
plant communities in our study waters with our GIS.  Our current Biocomplexity study does not 
include this exacting and time consuming step, but we will complete this full level of analysis for 
this proposed project.   
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Water Levels 
 
At present we rely on NOAA lake stage data for mean water surface elevations in our study 
waters.  Use of local stage recorder data by others is being investigated now, and we are seeking 
additional National Science Foundation funding for detailed water level recording instruments. 
However, we completed one survey of 12 tributary discharges (23 measurement sites) during 
summer base flow, and this will be repeated at higher fall streamflows.  Additional stream 
discharge surveys in 2002 will allow prediction of stream volumes for all inflows calibrated to 
USGS gages on nearby streams.  Predicted hydrologic data for all sites will be provided from 
these efforts.  In 2001 we completed a detailed field survey of water body bathymetry, and the 
International Joint Commission obtained both topographic LIDAR and SHOALS bathymetric 
aerial surveys in May 2001.  Our study areas GIS exists now and in 2002 it will be expanded in 
data layers to allow accurate projections of water exchange rates between our study waters and 
lake Ontario associated with changes in lake stage and streamflow.  Thus we will soon have the 
capability to estimate daily changes in water body volume from both change in lake Ontario 
levels and streamflow inputs.  We anticipate being able distribute a programmed spreadsheet 
keyed to a few web linked NOAA and USGS hydrologic stations to allow anyone to simulate 
water exchange in our bays and lagoons. 
 
 
Sediment Flow, Phosphorus and Total Nitrates 
 
Concurrent with our stream discharge surveys we collected water quality samples, and repeated 
sampling was done in our study bays and lagoons and adjacent Lake Ontario shoreline waters. 
These samples have been analyzed for a wide range of physicochemical parameters including 
base cations, NH4, dissolved SiO2, NO3, SO4, Cl, total nitrogen, DIC, DOC, total phosphorus, 
soluble reactive phosphorus, particulate organic carbon, and total suspended solids.  When 
combined with predicted streamflow volumes, we would be able to accurately project the 
requested suspended sediment unit area yield (tonnes/km2 of upstream watershed) for each study 
water.  All physicochemical data will be made available for the Consortium’s use and these data 
will allow testing of different water quality indices for later use in distinguishing site quality 
within our range of conditions or through comparison with other data sets. 
 
 
Landscape Measures 
 
The Consortium’s interest in landscape-scale indicators can be tested using a wide range of GIS 
data layers collected and created for the Biocomplexity Project.  We have already assessed the 
land cover composition of all our study site watersheds. The land classification and summary 
statistics are at the project web site (http://Ontario.cfe.Cornell.edu/) under Study Sites.  All the 
Consortium’s landscape indicators can be computed now, or easily with some minor additions 
like navigation channels (few and prominent) or air photo and field based channel inspections.  
These data and spatial images of indicator distributions will be contributed from our current 
work. 
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Project-Wide Tasks 
 
All data collections will be made with precise UTM coordinates using global positioning system 
(GPS) readings.  Spatial displays of all data collections will be made using our study areas GIS.  
Field protocols will be accurately described with data on the actual effort expended in people, 
equipment (costs for acquisition and operation), and analysis.  Data and all research findings are 
being posted on the Lake Ontario Biocomplexity web server at: http://Ontario.cfe.Cornell.edu/.  
We are aware of the large number of Great Lakes coastal ecology studies that can provide a 
context for interpreting our results.  We will consolidate relevant data from original study reports 
for our sites (numerous reports and theses by New York universities and organizations) and 
others, reviews and syntheses in SOLEC Conference publications, agency sources (e.g., 
www.epa.gov/glnpo/ecopage), and current investigations in New York.  Finally, we have 
developed integrated (biophysical/multi-taxa levels) environmental indicator sets for lakes 
(Harig and Bain 1999) that were very effective at detecting stress.  We want to do this again for 
Consortium needs and it requires broad based systems data and results from a range of stressed 
and unstressed sites.  We will have broad based data on the biocomplexity sites, and the results 
from a range of stressed systems will come from collaborations with other project teams. 
 
 
 
 
Project Team 
 
Lake Ontario Biocomplexity Project Team 
 
The Lake Ontario Biocomplexity Project is based at Cornell University in the Center for the 
Environment with Mark Bain serving as the research team leader.   Short resumes for all team 
members are below.  Dr. D. Peter Loucks (Cornell Civil & Environmental Engineering) is 
developing watershed hydrologic simulation capability.  Dr. Rolf J. Pendall (Cornell City & 
Regional Planning) is modeling land use and land cover.  Ms. Andrea Parmenter (Cornell Center 
for the Environment) is the project’s computing specialist focused on executing in these tasks.  
Dr. Edwin A. Cowen (Cornell Civil & Environmental Engineering) is modeling waterbody 
hydrodynamics, especially water exchange between the lake and bay systems.  Dr. Nelson 
Hairston (Cornell Ecology and Evolutionary Biology) and Dr. Mark Bain (Cornell Natural 
Resources) are covering biological limnology and fish.  Dr. Charles Driscoll (Syracuse 
University Civil and Environmental Engineering) is analyzing chemical budgets and nutrients.  
Dr. Donald Leopold (SUNY College of Environmental Science and Forestry) and Mr. Robert 
Johnson (Cornell Ecology and Evolutionary Biology) are characterizing wetland and aquatic 
plant communities.  Ms. Gail Steinhart (Cornell Center for the Environment) is leading all field 
activities and serving as the operational coordinator for the Biocomplexity project.  Dr. Stephen 
Ellner (Cornell Ecology and Evolutionary Biology) provides our integrative analytic capability 
to synthesize group efforts.   A new project leader will be hired to serve as a point of contact for 
coordinating activities with the Consortium and other investigators identified below.  This 
specialist will be charged with conducting the new activities funded by this proposed project and 
assembling data from the ongoing efforts of the Biocomplexity Study Team.   
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Collaborations with Related Investigations 
 
We have discussed how we can maximize the opportunity to compare and contrast our results 
with similar investigations by other scientists.  Without the perspective of having completed 
parallel studies, it appears the most productive approach for coordinating the analysis and 
interpretation among related Consortium teams would be to hold a meeting for this purpose after 
fieldwork is completed.  Therefore we plan to work with other Consortium sponsored projects 
and interested scientists to hold a coordination meeting in September 2002.  At this time we can 
exchange data and compare our efforts and study sites to make the most of our joint efforts.  
From our collaboration discussions to date, Joel Ingram of Environment Canada (Downsview, 
ON) is proposing to evaluate plant community indicators with data from 10 sites on lakes 
Ontario and Huron.  Donald Uzarski of Grand Valley State University (Muskegon, MI) is 
proposing invertebrate indicator evaluations in a large set of sites on lakes Michigan and Huron.  
His proposed work includes sites with known stresses, and the protocol follows that used by 
Burton et al. (1999) in proposing an invertebrate biotic index for Lake Huron wetlands.  Doug 
Wilcox of the US Geological Survey (Great Lakes Science Center, Ann Arbor, MI) will be 
conducting detailed wetland plant analyses on 16 Lake Ontario sites with 2 sites in common with 
the Biocomplexity study waters.  William Coon (USGS Water Division NY) will not be 
requesting consortium funding but he wants to join this proposed coordination effort to extend 
the value of his extensive physical and biological data on the wetland south of Irondequoit Bay.  
Steve Timmermans (Bird Studies Canada, Ontario) seeks coordination involvement as part of his 
proposed work on marsh bird and amphibian indicators and standardized sampling approaches 
(http://www.bsc-eoc.org/mmpreport.html).   We expect further collaboration opportunities to 
emerge as the Consortium’s program is defined and we will seek to include these efforts in our 
coordination meeting. 
 
 
 
Project Schedule 
 
Begin Project 3 December 2001 
Quality Assurance Project Plan 3 December 2001 
Assembly and analysis of 2000 data December - January 
Relate 2000 data with other studies February 
Quarterly update report 28 February 2002 
Prepare for 2002 fieldwork March - April 
Start 2002 field activities May 
Semi-annual progress report 31 May 2002 
2002 fieldwork June-August 
Quarterly update report 30 August 2002 
Summarize 2002 data  September 
Coordination meeting with matched studies Early September 
Final analysis and report preparation October - November 
Final report completed 29 November 2002 
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