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Effects of Pollutants in the North American Great Lakes on Fish-Eating Birds and Mammals 

The case study of the reproductive failure of fish-eating birds and mammals in the North American Great Lakes, is an example of two entirely different lines of research, molecular biology and field investigations that eventually provided a comprehensive answer to what were the causes of various health problems in wildlife. 

The initial observations in the early 1970s showed severe reproductive impairment of the herring gull, Larus argentatus, and the disappearance of the double-crested cormorant, Phalacrocorax auritus, in the lower Great Lakes (Gilman et al., 1977). Trapping records indicate that population declines of two fish-eating mammals, the mink Mustela vison and the otter Lutra canadensis, also occurred (Environment Canada, 1991). The population increase of the cormorant, from ten to twenty times the pre-pollutant level, after restriction on pollutants had been put in place indicates that effects were exerted on the community structure (Price and Weseloh, 1986). 

A correlation was found between polyhalogenated aromatic hydrocarbon (PHAH) levels and reproductive effects. Relating these effects to a specific chemical(s) was much more difficult. Apart from the difficulties inherent in tackling the effects of complex mixtures, two additional problems arose. First, the levels of most PHAHs, cross-correlated strongly to each other, and second the effects seenembryotoxicity, edema, structural abnormalities, behavioural changes-were known from laboratory studies to be caused by a wide range of PHAHs. Only in the case of eggshell thinning in cormorants was it possible to assign a specific cause with a high degree of certainty. Detailed field studies, which included egg injection, egg exchange experiments, and nest attentiveness studies, were undertaken (Mineau et al., 1984). These investigations were all the more difficult to conduct because the levels of PHAHs rapidly decreased following bans and restrictions on their usage in the late 1970s. 

The identification of the Ah receptor (Poland et al., 1976) by highly specific binding to 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8- TCDD) was a key finding in bringing molecular biology into the realm of toxicology. This receptor controls the induction of the mixed function oxidase (MFO) systems that are of considerable importance in detoxifying a wide variety of pollutants. Studies were broadened to cover several polychlorinated biphenyls (PCBs), polychlorinated dibenzofurans (PCDFs), and polychlorinated dibenzodioxins (PCDDs). A strong correlation between potency to induce MFO activity and their toxicity was found. 

The application of this complex biochemistry into field investigations by means of expressing the complex mixtures of PHAHs as "dioxin equivalents" is based on this correlation. The most toxic compound and most potent inducer is 2,3,7,8- TCDD, whose assigned value is 1. All other compounds have lower values; however, when they are multiplied by their concentration, they can give larger values than that obtained for 2,3,7,8- TCDD. This value, potency times concentration, is the "dioxin equivalent." Since the potency is correlated with the ability to induce mixed function oxidases enzymes, the induction of these enzymes can be used to calculate dioxin equivalents (TCDD-EQs). 

Significant differences in the ability of egg samples from fish-eating birds from various regions around the Great Lakes to cause induction was found by Tillitt et al. (1991). The relative ranking of colonies correlates well with known areas of contamination. When the overall reproductive success of double-crested cormorant and Caspian tern (Hydroprogne caspia) colonies was plotted against TCDD-EQs of eggs from each colony, a high degree of correlation was found, suggesting that these pollutants, expressed as dioxin equivalents, are the cause of reproductive failure. 

The data on mammals are not as clear.  Trapping data, which have severe limitations, indicate decreases of both species, especially along the lake shore where contamination would be expected to be highest (Environment Canada, 1991). Feeding Great Lakes fish to ranch mink can cause reproductive failure, as was demonstrated many years ago. Detailed studies have shown that PCBs caused adverse reproductive effects that are at the environmental levels (Aulerich and Ringer, 1977); however, no such examination has been undertaken in terms of dioxin equivalents. 

Conclusions

Evaluating the effects of chemicals individually or as mixtures on ecosystems is a difficult task, because of the levels of organization and complexity of ecosystems, and the matrix of interactions between all components of the ecosystem. Measurement of effects is not possible on all components or levels, because of constraints on manpower, time, and money. The task of evaluating chemical effects on ecosystems thus converges on selecting a series of indicators, regardless of whether they are at the molecular, individual, population, or ecosystem level. 

Birds and mammals are ideal as indicators for several reasons. They are usually high on the food chain, and thus they can bioaccumulate chemicals, making chemicals easier to detect before they can be detected in other organisms, and making the organisms vulnerable to morphological, behavioural, and physiological effects that can be observed easily. These sublethal effects, as well as direct mortality, can result in catastrophic population declines, that is an immediate and clear sign of intolerable levels of contaminants in the environment. Because birds are so visible to the general public, as well as to conservationists and scientists, any changes in their health or population levels are likely to be noted. The public cares about birds and mammals, not only for themselves, but as indicators of environmental health, and ultimately of their own health. The disadvantages of using birds (e.g., many migrate) or mammals (e.g., some migrate, and some are nocturnal) can be overcome by examining the levels of chemicals and their effects in young, using laboratory experiments to ascertain causation and dose-response relationships, and carefully monitoring reproductive success in wild populations. 

Overall, the advantages of using birds and mammals, as indicated by these case studies, indicate that each is an important indicator species to evaluate the effects of chemicals. They have provided early warnings of adverse effects of chemicals (e.g., DDT), even before any other organismic or larger ecosystem effects were noted. After birds indicated a problem, similar or other effects were noted in other organisms. Thus, birds and mammals are likely to continue to serve as early warnings of adverse chemical effects, and they should be incorporated into any suite of indicators used to evaluate the effects of chemicals on ecosystems and their component parts. 
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