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Great Lakes Environmental Indicators 

(GLEI) Contributors



• Develop indicators that assess the ecological condition of 

the US Great Lakes coastal region AND point to causes of 

impairment

• Indicators examined 

• Birds & Amphibians

• Diatoms

• Contaminants

• Fish & Macroinvertebrates

• Wetland Vegetation

• Land use and landscapes ($ NASA)

• Basic questions – how are these biological communities 

related to human disturbances across the Great Lakes 

coastal region?

Great Lakes Environmental Indicators
Project Emphasis



US Great Lakes Stressor Gradient

large geographic extent (> 6500 km of coastline; > 750 wetlands)

many important human disturbances – overlapping in space and time
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Great Lakes Environmental Indicators
Stress Data Used

TIGER

National Land Cover Data National 

Atmospheric 

Deposition 

Program

• Over 200 variables from 19 data layers were 

available as GIS coverages

• Existed prior to sampling

• Required substantial processing effort

• Used to partially characterize stress regime for 

segment-sheds

http://www.epa.gov/enviro/html/ef_overview.html
http://www.noaa.gov/
D:/
http://www.epa.gov/
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Stress Data Used



Great Lakes Environmental Indicators
762 Segment-sheds



Overall Stress Index
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Morrice, et al, in preparation







•Project Components/Sample Design 



SUBPROJECT

GPS 

POINTS

CONTAMINANTS 124

DIATOMS 870

EPA WETLAND HABITAT 1,302

REFERENCE AREAS 1,591

BIRDS 3,246

WETLAND VEGETATION 3,276

FISH AND INVERTEBRATES 4,106

EPA EXPLORER 97,198



Environmental Indicators 

- 14 to 20 “groups of indicators” developed

1. Amphibians (frogs) – not very useful

2. Breeding birds – very useful in wetlands and upland 
areas

3. Polycyclic aromatic hydrocarbons (PAH’s) –
combination of light transmission and PAH in sediment 
– estimates toxicity to larval fish 

4. Diatoms – very useful – water quality; also provides a 
historical context 

5. Fish and macroinvertebrates – very useful

6. Wetland vegetation – four to ten taxa; invasive plant 
species are very important 

7. Land use and land cover – essential



Diatoms – are excellent indicators of water quality          



Fish species tolerances with respect to Agricultural Stressor
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Agricultural stress gradient
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Agricultural stress
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Results – a few examples



Integrated analysis
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Continued Activities

• Stressor Gradient:

– Expanded to the Great Lakes Basin

– Cross-walked stressors across US-Canada

– High-resolution sub-catchments delineated for 

Lake Superior.

– Integrating non-stressor data into gradient

– Refining data delivery tools (watershed 

thermometer)



Basin-wide stressors: Landuse



Lake Superior Basin Stressors





GLRI: Indicator Development & Testing
• What does the 

measurement indicate? 

(i.e., what is the story? Is 

the story accurate?)

• Is it reliable (through time / 

through space)?

• Repeatable by different 

sampling crews?

• Overlap with other 

metrics?

• Cost effective?

• Recommended suite of 

indicators for coastal 

ecosystems





Summary  

• Human disturbance gradient provides a 
framework for sampling across the Great 
Lakes coastal region – an independent 
variable(s) or the x-axis (“dose”)

• Primary stressors – agricultural activity, 
human population density, and point 
sources (primarily in industrial areas)

• What can we do about it? – implement 
best management practices (maintain 
effective riparian areas, reduce erosion, 
reduce use of fertilizers, etc.) 



http://glei.nrri.umn.edu

Visit our website


