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Abstract 

Assessing the health of the North American Great Lakes Basin ecosystem is a 
significant challenge. The Lakes themselves contain one-fifth of the world's fresh 
surface water with over 17,000 kilometres of shoreline. The Basin consists of 
over 520,000 square kilometres of land with about 33.5 million people living 
there. The Basin (including the St. Lawrence River) is governed by two nations, 
eight states, two provinces, and hundreds of municipal and local governments. A 
set of Great Lakes Basin ecosystem health indicators will enable the Great Lakes 
community to work together within a consistent framework to assess and monitor 
changes in the state of the ecosystem. Data collected through various government 
and non-government programs can be analyzed, interpreted, and ecosystem 
health information characterized within a series of such indicators. A consensus 
by environmental management agencies and other interested stakeholders about 
what information is necessary and sufficient to characterize the state of Great 
Lakes ecosystem health, and to measure progress toward ecosystem goals, will 
facilitate more efficient monitoring and reporting programs. This paper will 
present the process for indicator selection or development, with some examples 
of indicator reporting. 
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1 Introduction 

The purpose of the Great Lakes Water Quality Agreement (GLWQA) between 
the United States and Canada is "to restore and maintain the chemical, physical, 
and biological integrity of the waters of the Great Lakes Basin Ecosystem" [l]. 
The Agreement also calls for the development of ecosystem health indicators. 
Environmental and natural resource management agencies are now trying to 
demonstrate that past remediation programs have been successful, and that the 
results of future or continuing programs will be positive and proportionate to the 
resources expended (financial and personnel time). 

Assessing the health of the Great Lakes Basin ecosystem is a significant 
challenge. The Lakes themselves contain one-fifth of the world's fresh surface 
water with over 17,000 kilometres of shoreline. The basin consists of over 
520,000 square kilometres of land with about 33.5 million people living there. 
The basin is governed by two nations, eight states, one province, and hundreds of 
municipal and local governments. A set of Great Lakes basin ecosystem 
indicators will enable the Great Lakes community to work together within a 
consistent framework to assess and monitor changes in the state of the ecosystem, 
and will facilitate more efficient monitoring and reporting programs. 

Ecosystem health can be measured to some degree and characterized as 
having 7 key properties [2]. They are: 

(1) free from ecosystem distress syndrome; (2) resilient; (3) self-sustaining; (4) 
do not impair adjacent ecosystems; (5) free from risk factors; (6)  economically 
viable; and (7) capable of sustaining healthy human populations. 

Callicott [3] concluded that ecosystems do exist as sets of process functions 
within temporal boundaries, and that ecosystem health is an objective condition 
that can be measured, albeit with an overlay of societal values. Society is 
beginning to recognize that to achieve that health, socio-economic trade offs will 
be necessary, and the natural history of the resource must be recognized [4]. 

In Great Lakes, the ecosystem is given a spatial boundary, namely the 
watershed of the Great Lakes Basin. The temporal component to the definition is 
any arbitrary time chosen for management action or investigation. More 
importantly, the ecosystem approach is the defining mechanism by which 
management agencies are to carry out their research and deliver their regulatory 
programs [l, 5 ,6 ,7 ,  81. In real terms, the ecosystem approach has come to mean 
a comprehensive approach to environmental issues, considering the interacting 
living (including humans) and non-living components of the Great Lakes basin. 

With respect to the health of the Great Lakes, scientists and non-scientists 
have now engaged in the development of appropriate ecosystem indicators [g, 10, 
11, 121. At present, there is a continuum of proposed indicators from ones which 
are most easily understood by the non-scientific public to those understood by the 
scientific community. The indicators developed and explained in this paper fall 
into the former category. 
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An indicator is a parameter or value that reflects the condition of an 
environmental (or human health) component, usually with a significance that 
extends beyond the measurement or value itself [13]. Used alone or in 
combination, indicators provide the means to assess progress toward one or more 
objectives: are conditions improving so that the objective is closer to being met, 
or are conditions deteriorating? The achievement of these objectives leads 
towards achievement of higher order goals and vision for the ecosystem. 

The purpose of this paper is to present information on some of the indicators 
representing various ecosystem components. Over time, as the data sets become 
more complete as a time series, we will be able to draw conclusions regarding the 
trends in ecosystem components illustrated by the indicators, and relate them to 
ecosystem goals and objectives. 

2 Indicator selection 

The State of the Lakes Ecosystem Conferences (SOLEC) were established by the 
governments of Canada and the United States in 1992 in response to reporting 
requirements of the GLWQA [l]. 

To guide the development of a suite of indicators for the Great Lakes basin 
ecosystem, the SOLEC organizers built upon the work of others both in the Great 
lakes and worldwide; focused on broad spatial scales reflecting the whole Great 
Lakes basin, whole lake watersheds, and sub-basins of the larger Lakes; selected 
a framework for subdividing the Great Lakes Basin ecosystem based on 
geographic zones and non-geographic issues; and selected an indicator system. 
There are several classification schemes or models for indicators [14, 15, 16, 17, 
181 one of which is the State-Pressure-Human Activity (Response) model [19, 
201. The S-P-A model is simple and broadly applicable and was selected as the 
system for Great Lakes indicators. The selection process for the Great Lakes 
indicator suite is described in detail in Bertram et al. [12]. 

At SOLEC 2002, reports were presented on 45 of the 84 indicators. These 45 
were selected because data were readily available. The indicators were discussed 
in workshop sessions, and comments, criticisms, and suggestions for 
improvements were noted. After SOLEC 2002, the indicator reports were posted 
on the SOLEC websites for several months to solicit additional input. 
Refinements will be made to some of the indicators before the State of the Great 
Lakes, 2003 report is released in mid 2003. 

Data for a few of the 45 indicators are not yet basin-wide. In other cases only 
some of the data for the indicators were presented. The remaining indicators have 
yet to be reported because the required data have not been collected. Changes to 
existing monitoring programs or the initiation of new monitoring programs may 
be necessary. Additionally, some indicators are still in the development stage. 
Over time, as monitoring and reporting on the full suite of indicators is 
implemented, we will have a clearer, more complete picture of the health of the 
Great Lakes basin ecosystem. 
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3 Some results from selected indicators 

3.1 Ecosystem health 

3.1.1 Hexagenia 
The distribution, abundance, biomass, and annual production of the burrowing 
mayfly Hexagenia in mesotrophic Great Lakes habitats are measured directly. 
These metrics are used as the indicator of ecosystem health because Hexagenia is 
intolerant of pollution, and is therefore a good reflection of water and lake bed 
sediment quality in mesotrophic Great Lakes habitats. Hexagenia was historically 
the dominant, large, benthic invertebrate in these habitats, and was an important 
item in the diets of may valuable fishes. Figure 1 shows the populations of 
Hexagenia in Western Lake Erie over the past 11 years, with a clear indication of 
a population recovery [21]. 

5 5  
O.ll990 1992 1994 1996 1998 2000 

Year 

Figure 1 : Density of Hexagenia in Western Lake Erie. 

3.1.2 Sea Lamprey populations 
This indicator estimates the abundance of sea lampreys as an indicator of the 
status of this invasive species, and of the damage it causes to the fish 
communities and aquatic ecosystems of the Great Lakes. Populations of native 
top predator, lake trout, and other fishes are negatively affected by mortality 
caused by sea lampreys. Figure 2 presents these lake-wide estimates since 1980 
P21. 

3.1.3 Contaminants affecting the productivity of bald eagles 
This indicator assesses the number of territorial pairs, success rate of nesting 
attempts, and number of fledged young per territorial pair as well as the number 
of developmental deformities in young. The concentrations of persistent organic 
pollutants and selected heavy metals are also determined in unhatched bald eagle 
eggs, and in nestling blood and feathers. 
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Figure 3 shows the effects on eagle populations in the Great Lakes. The 
number of occupied territories has steadily risen for four of the Great Lakes, and 
in 2000, a pair of eagles was observed nesting on Lake Ontario [23]. 
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Figure 2: Lakewide estimates of adult sea lamprey populations. 

Year 

Figure 3: Average number of occupied bald eagle territories per year by lake. 
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3.1.4 Phosphorus concentrations and loadings 
This indicator assesses total phosphorus levels in the Great Lakes, and is used to 
support the evaluation of trophic status and food web dynamics in the Great 
Lakes. Efforts begun in the 1970s to reduce phosphorus loadings have been 
successful in maintaining or reducing nutrient concentrations in the Lakes, 
although high concentrations still occur locally in some embayments and 
harbours. Phosphorus loads have decreased in part due to changes in agricultural 
practices (e.g., conservation tillage and integrated crop management), promotion 
of phosphorus-free detergents, and improvements made to sewage treatment 
plants and sewer systems. 

Figure 4 shows the average concentrations in the open waters of Lakes 
Superior, Michigan, Huron, and Ontario are at or below expected levels 1241. 
Concentrations in the three basins of Lake Erie fluctuate from year to year, and 
frequently exceed target concentrations. In Lakes Ontario and Huron, although 
most offshore waters meet the desired guideline, some offshore and nearshore 
areas and embayments experience elevated levels which could promote nuisance 
algae growths such as the attached green algae, Cladophora. 

:l Superior 

Figure 4: Phosphorus concentrations in the Great Lakes 1970-2002. 

3.1.5 Contaminants in colonial nesting waterbirds 
This indicator assesses current chemical concentration levels and trends as well 
as ecological and physiological endpoints in representative colonial waterbirds 
(gulls, terns, cormorants andlor herons). These features will be used to infer and 
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measure the impact of contaminants on the health. An example of the kind of 
information provided by this indicator is shown figure 5 [25]. Levels of DDE in 
herring gull eggs are shown for a time series from 1974-2001. 

Year 
Figure 5: Concentrations of DDE in herring gull eggs, Lake Ontario. 1974-2001. 

3.1.6 Wetland dependent bird diversity and abundance 
Assessments of wetland-dependent bird diversity and abundance in the Great 
Lakes basin are used to evaluate health and function of coastal and inland 
wetlands. Breeding birds are valuable components of Great Lakes wetlands and 
rely on physical, chemical and biological health of their habitats. Because these 
relationships are particularly strong during the breeding season, presence and 
abundance of breeding individuals can provide a source of information about 
wetland status and trends. When long-term monitoring data are combined with an 
analysis of habitat characteristics, trends in species abundance and diversity can 
contribute to an assessment of how well Great Lakes coastal wetlands are able to 
support birds and other wetland-dependent wildlife. Populations of several 
wetland-dependent birds are believed to be at risk due to continuing loss and 
degradation of their habitats. Figure 6 [26] shows results for 4 bird species. 

While 5 years of data are not enough to draw any definitive conclusions, 
clearly the trends in these populations are declining or at best remaining static. 

3.2 Human health 

3.2.1 Contaminants in edible fish tissue 
This indicator assesses the historical trends of the edibility of fish in the Great 
Lakes using fish contaminant data and a standardized fish advisory protocol. The 
approach is illustrated in figure 7 where two of the Great Lakes are shown [27]. 
The various action levels for human consumption of fish are shown as horizontal 
lines with the corresponding action level noted. Unfortunately data gaps and data 
variability do not allow one to discern statistically significant trends at this time. 
Nevertheless, since the 197OYs, there have been declines in many persistent 
bioaccumulative toxic (PBT) chemicals in the Great Lakes basin. However, these 
chemicals, continue to be a significant concern regarding fish consumption. 
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Figure 6: Population indices for selected wetland dependent birds. 
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Figure 7: PCB Concentration in edible fish tissue in each Great Lake. 

4 Summary 

This paper has presented information on a limited number of examples of Great 
Lakes indicators. More information can be found in the State of the Great Lakes, 
2001 [28]. The entire suite of indicators addresses most of the Great Lakes 
ecosystem components. The indicator list is dynamic and indicators may be 
added or dropped as required by Great Lakes managers. 

Several challenges remain to fully implement the indicators. They include the 
following: 
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Gaining acceptance of the list by various levels of government; 
Building appropriate monitoring and reporting activities into Great 
Lakes programs; and 
Reporting on indicators in a format that will meet the needs of multiple 
users. 

References 

United States and Canada:, Great L k e s  Water Quality Agreement, as 
amended by Protocol. Ottawa and Washington, 84 pp. 1987. 
Rapport, DJ., Ecosystem Health: Exploring the Territory. Ecosystem 
Health. l (l), 5-13, 1995 
Callicott, J.B., A review of Some Problems with the Concept of 
Ecosystem Health. Ecosystem Health l (2), pp. 101-1 12, (1995) 
Steedman, R.J., Ecosystem Health as a Management Goal. J. N. Ant. 
Benthol. Soc. 13(4), pp. 605-610, 1994. 
Vallentyne, J.R. and Beeton, A.M., The Ecosystem Approach to 
Managing Human Uses and Abuses of Natural Resources in the Great 
Lakes Basin. Environmental Conservation 15(1), pp. 58-62, 1988. 
Hartig, J.H., and Vallentyne, J.R., Use of an Ecosystem Approach to 
Restore Degraded Areas of the Great Lakes. Ambio 18 (S), pp. 423-428, 
1989. 
Hartig, J.H. and Zarull, M.A., Towards Defining Aquatic Ecosystem 
Health for the Great Lakes. Journal of Aquatic Ecosystem Health 1 (2), 
pp. 97-107, 1992. 
International Joint Commission, Practical Steps to Implementing the 
Ecosystem Approach in Great Lakes Management. Windsor, Canada. 71 
pp., 1995. 
Ryder. R.A. and Edwards, C. J., A Conceptual Approach for the 
Application of Biological Indicators of Ecosystem Quality in the Great 
Lakes Basin. Report to the Science Advisory Board of the International 
Joint Commission. Windsor, Ontario, 1985. 
Edwards, C.J. and Ryder, R.A., Biological Surrogates of Mesotrophic 
Ecosystem Health in the Laurentian Great Lakes. Report to the Science 
Advisory Board of the International Joint Commission. Windsor, Ontario, 
1990. 
Bertram, P., and Reynoldson, T.B., Developing Ecosystem Objectives for 
the Great Lakes: Policy, Progress and Public Participation. Journal of 
Aquatic Ecosystem Health 1 (2), pp. 89-95, 1992. 
Bertram, P.; Stadler-Salt, N.; Horvatin, P.; and Shear, H., %-National 
Assessment of the Great Lakes: SOLEC Partnerships'. Environmental 
Monitoring and Assessment, 81:l-3, pp.27-33,2002. 
Canada and the United States, State of the Great Lakes 1999, Toronto and 
Chicago, 89 pp. 1999. 

                                                             Transactions on Ecology and the Environment vol 63, © 2003 WIT Press, www.witpress.com, ISSN 1743-3541 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 



Green Mountain Institute for Environmental Democracy (GMIED), The 
Resource Guide to Indicators, 2"-dition, Montpelier, Vermont, U.S.A. 
[http://www/gmied.org], 1998. 
International Joint Commission (WC), A Froposed Framework for 
Developing Indicators of Ecosystem Health for the Great Lakes, ISBN 1- 
895085-29-2, Windsor, Ontario, 1991 
International Joint Commission (IJC), Indicators to Evaluate Progress 
under the Great Lakes Water Quality Agreement, Prepared by the 
Indicators for Evaluation Task Force, ISBN 1-895085-85-3, Windsor, 
Ontario, 1996. 
Messer, Jay J., Indicators in regional ecological monitoring and risk 
assessment. Ecological Indicators, Vol. I ,  eds. D.H. Makenzie, 
D.E. Hyatt, and V.J. McDonald. Elsevier Applied Science: New York, 
U.S.A., pp.135 - 146, 1992. 
Regier, H.A., Indicators of Ecosystem Integrity. Ecological Indicators, 
Vol. l, eds. D.H. Makenzie, D.E. Hyatt, and V.J. McDonald. Elsevier 
Applied Science: New York, U.S.A., pp. 183 - 200, 1992. 
OECD (Organization for Economic Cooperation and Development). Core 
set of indicators for environmental performance reviews. Environmental 
Monographs 83, 1993. 
Bertram, P. and Stadler-Salt, N., Selection of Indicators for Great Lakes 
Basin Ecosystem Health. Version 4. Prepared for the State of the Lakes 
Ecosystem Conference. U.S. Environmental Protection Agency, Chicago, 
Illinois U.S.A. and Environment Canada, Burlington, Ontario. 
[http:Nwww.on.ec.gc.ca/solec] or [http://www.epa.gov/glnpo/solec/9~, 
1999. 
Ciboroski J. J. H, 2002 (in prep.) 
GLFC. Great Lakes Fishery Commission. Unpublished sea lamprey data; 
provided to the State of the Lakes Ecosystem Conference, 2002 
Bowerman, W., Roe, S.A., Gilberton, M., Best, D.A., Sikarskie, J.G., 
Mitchell, R.S., and Summer, C.L., Using Bald Eagles to Indicate the 
Health of the Great Lakes Environment. Lakes and Reservoirs: Research 
and Management, Special Edition: Shiga-Michigan Joint Symposium 
2001,2002. 
Environment Canada and United States Environmental Protection Agency, 
unpublished data. 
Environment Canada, Canadian Wildlife service, unpublished data. 
Weeber, R.C. and Vallianatos, M., The Marsh Monitoring Program 1995- 
1999: Monitoring the Great Lakes Wetlands and their Amphibian and 
Bird Inhabitants. Bird Studies Canada, Environment Canada, and the 
United States Environmental Protection Agency, 47 pp. 2000. 
United States Environmental Protection Agency, unpublished data. 
Canada and the United States., State of the Great Lakes 2001, Toronto 

and Chicago, 82 pp., 2001. Also on line at [http://www.binational.net]. 

                                                             Transactions on Ecology and the Environment vol 63, © 2003 WIT Press, www.witpress.com, ISSN 1743-3541 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
                                                                                  
 
                                                                      
 
                                                                                  
 
 
 
 
 
 

                            
                                                                                  
                                                                                  
                                                                                  
 
 

 
                                                                                                                                         
                                                        

 
                   

 
 
 


