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In my view, three biological options are open to liS in copi ng 
with the damage done by acid rain to freshwater fisheries. The first 
two are essentially useful only as palliatives in local areas. The 
third is the sole option that will allow us to solve the problem. 

First, we can select from nature organisms that can tolerate 
acid rain and breed improved strains from them, but we must bear in 
mind that we may also have to select for tolerance to the heavy 
metals and organic micropollutants that accompany acid rain. Pro
grams are already underway, as you have beard, in North America and 
in Scandinavia, indicating that it is possible to selectively breed 
strains of trout and other fish that will tolerate quite acid waters. 
However, ecological considerations suggest that if we go that route, 
and if hatchery-bred, acid-tolerant strains are to survive the 
stresses of acidification in nature, then we shall have to develop 
acid-tolerant food webs and decomposer organisms to accomp~ny them, 
because a major effect of acid rain upon aquatic ecosyst'ems is to 
shift the balance away from organisms that are prime fish food and at 
the same time lessen nutrient recycl ing by decomposers. Now there 
may be plenty of food for the remaining fish in acidified l~kes , but 
if we restore a full fishery to these lakes then the altered food 
chain may be quite insufficient. We do not have good information, 
but everything we know leads us to suppose that nature knows better 
than we do. Breeding whole food webs that are tolerant of acid and 
heavy metals would, in IllY view, be an impossi bl e task both techni 
cally and economically. 

A further problem is that the acid-tolerant fish we breed must 
also be tolerant of other toxins that accompany the acid rain and 
may, therefore, be accumulated. There is already some evidence that 
mercury accumulates in fish that are able to tolerate acid waters, at 
times perhaps to levels that exceed those recommended for human 
consumption. 

There is one other breed i ng option that has not been mentioned, 
a very esoteri c one. It mi ght be poss i b 1 e to breed ac i d-to 1 erant 
sulfate-reducing bacteria and denitrifiers to counteract acid rain by 
getting rid of the sulfate and nitrate anions, neutralizing hydrogen 
ions in the process. To my knowledge, nobody is attempting this or 
believes it to be a feasible solution, but it is something that could 
be thought about. 

The second biological option is to accept the damage wrought by 
acid rain and to compensate for it elsewhere by improving fish pro
duction in lakes and streams that are not sensitive to acid impact. 
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This can be done in a variety of ways -- by breeding programs . mani
pulation of food-web dynamics, fertilization of lakes, and other 
methods of fish~ry management. However, it is difficult to see this 
as compensating for the eventual loss of fish populations in thou
sands of streams and lakes overlying crystalline igneous rocks all 
across northern Europe and North America, and in many other places as 
well. The damage to wilderness lakes in particular would be irre
parable. At the same time there would be a massi ve loss of irre
placeable genetic diversity throughout aquatic food webs, not only 
among fish, as local strains died out and even species became 
exti nct. The smooth functioning of the global 1 ife-support system 
that we call the biosphere is maintained by the diversity of the life 
forms that inhabit it; we destroy them at our peril. Man is now 
destroying genetic diversity at an unprecedented rate in many ways, 
not only by acid rain but by clearing the tropical rain forests, and 
so on. We can ill-afford this extremely dangerous course. 

The third, an in mY view the only acceptable biological option, 
is to use the intelligence granted to us by the rather unusual con
figurations of DNA in our genes. If we do so, we shall see that it 
is only by reducing emissions of the oxides of sulfur and nitrogen, 
the gaseous precursors of acid rain, that the problem can really be 
solved. Th'is will involve the whole variety of technical options 
that Professor Loucks wi 11 descri be. It wi 11 also i n vol ve a very 
difficult biological option, the practice of self-denial through 
energy conservation. Conservation has no technological side effects 
and if it is practiced at the expense of the vast amount of energy we 
now waste, it wi 11 not threaten human welfare. It is the opt i on of 
choice • 
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